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1.0 INTRODUCTION 

National emission standards for hazardous air pollutants 

(NESHAP) are under development for the pulp and paper industry 

under authority of Section 112(d) of the Clean Air Act as 

amended in 1990. This background information document (BID) 

provides technical information and analyses used in the 

development of the proposed pulp and paper NESHAP. Effluent 

guidelines limitations for pulp and paper mills are being 

developed concurrently under the Clean Water Act. The U. S. 

Environmental Protection Agency (EPA) is coordinating these 

efforts to produce integrated decision-making for the air and 

water regulations for the pulp and paper industry. Technical 

information used for the development of effluent guidelines 

limitations is in separate documents. However, this BID does 

include air emission impact factors for the process technology 

options considered for establishing effluent guidelines 

limitations. 

The EPA has conducted a number of public meetings to 

review and discuss the technical approach to developing these 

joint air and water regulations. An April 1994 preliminary 

.draft of this document was revie.wed by the public. All of the 

comments received on the preliminary draft, in addition to 

information provided at the public meetings, were reviewed and 

considered in revising this document. Comments and 

corrections were incorporated into the BID to ensure that the 

BID is technically accurate and describes the Agency's 

documented conclusions about the control technologies, 

emission factors, control costs, and other impacts upon which 

the proposed rule is based. Comments and data received that 

modify the proposal analyses were considered and evaluated to 
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determine the impact on proposal, but they were not 

incorporated into the proposal's analyses or this document. 

The EPA will continue to evaluate those comments and data, 

along with other public comments received on the proposed 

rule, and all comments will be considered in the development 

of the final NESHAP. 

1.1 SCOPE OF THE BACKGROUND INFORMATION DOCUMENT 

The scope of this document covers wood pulping and 

bleaching processes at pulp mills and integrated mills (mills 

that combine on-site production of both pulp and paper). Such 

mills would typically fall under standard industrial 

classification codes 2611 and 2621, respectively. Figure 1-r 

provides an overview of the pulp and paper industry and 

identifies the segment of the industry discussed in this 

document. Detailed information about the production of paper 

(at integrated or non-integrated mills) is not included in 

this document. The secondary fibers segment of the industry, 

which consists of mills that manufacture pulp from recycled 

paper products, is also not included. 

The pulping process is designed to separate the 

cellulose fibers in the wood chips. Pulp mills and integrated 

mills use a variety of methods to pulp wood. The three main 

types of pulping processes are chemical, semi-chemical, and 

mechanical. Chemical pulping is the most common of the three 

pulping processes. Chemical and semi-chemical pulping 

processes are the focus of this BID. Mechanical pulping 

processes are not included. 

As shown in Figure l-l, chemical and semi-chemical . 

pulping processes are divided into two groups: process 

operations and chemical recovery. Air emissions from process 

operations are discussed in detail in this BID; emissions from 

the chemical recovery process will be evaluated at a later 

date in separate documents. The process operations covered 

in this BID include the pulping of wood chips, evaporation of 

weak spent cooking liquor, and pulp bleaching. Chemical 

recovery operations (not included in this document) include 
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the equipment used to recover the cooking chemicals from the 

strong spent cooking liquor. 

The purpose of this BID is to document the Agency's 

conclusions about hazardous air pollutant (HAP) emissions from 

this industry, the demonstrated technologies available to 

control RAP emissions, and the costs and other impacts of 

applying these technologies. Regulatory alternatives and the 

national environmental and cost impacts will be presented in 

other EPA documents. 

1.2 DOCUMENT ORGANIZATION 

Chapter 2.0 presents an overview of the pulp and paper 

industry, including process descriptions, air emission points, 

and estimated national baseline emissions. Control 

technologies are discussed in Chapter 3.0. The model process 

units that were developed to estimate the regulatory impacts 

on the industry are discussed in Chapter 4.0, along with 

options for controlling RAP emissions from pulping and 

bleaching vents and wastewater streams. Example environmental 

impacts are also shown in Chapter 4.0. Costs for controlling 

RAP emissions from the various emission points in the pulp and 

paper industry are discussed in Chapter 5.0. Chapter 6.0 

gives a brief overview of the data base developed to estimate 

national environmental and cost impacts for the pulp and paper 

industry discussed above. The appendices include Field Test 

Data (Appendix A), Air Emission Estimates and Emission Factors 

Development (Appendix B), and Model Process Units 

(Appendix C). 
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2.0 PROCESS DESCRIPTIONS AND EMISSIONS ESTIMATES 

This chapter presents an overview of the pulp and paper 

industry, focusing on the chemical pulping and bleaching 

processes used in the industry. Section 2.1 describes the 

character and distribution of pulp and paper mills in the 

United States; Section 2.2 discusses unit processes and their 

emission points; and Section 2.3 describes baseline emissions. 

and control technologies. 

2.1 INDUSTRY CHARACTERIZATION 

The pulp and paper industry includes facilities that 

manufacture pulp, paper, or other products from pulp. 

Converting operations such as the piroduction of paperboard 

products (e.g., containers and boxes) and coating or 

laminating are not included in the pulp and paper industry. 

Based on responses to a 1992 EPA Office of Water survey 

(which are considered Confidential Business Information),1 

there are 565 operating pulp and paper facilities in the 

United States. Many of these pulp and paper facilities 

operate more than one type of pulping process; for example, 

they may produce pulps using a chemical (e.g., kraftor 

sulfite) process and a mechanical or semi-chemical process. 

Based on this survey, there are 253 wood pulping processes 

(chemical, semi-chemical, and mechanical) operating in the 

industry. 

2.1.1 Pulp Production 

Although other raw materials can be used, the material 

most commonly used in the manufacture of pulp is wood. Based 

on 1992 estimates, approximately 71.8 million tons of wood 

pulp are produced annually in the United States.1 Figure 2-l 

illustrates the percentage of wood pulp produced in the United 

States by each pulping process and the approximate number of 
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mills of each type. The pulping processes discussed in this 

document (kraft, soda, sulfite, and semi-chemical) account for 

approximately 68.4 million tons or 95 percent of total U.S. 

wood pulp production and are present at 161 mills that are 

being considered for the NESHAP supported by this document. 

Table 2-l shows the distribution of the 565 mills in each 

State by type of chemical or semi-chemical pulping process 

used.2 The States with the highest concentration of chemical 

pulp mills are Washington, Alabama, and Georgia. 

Kraft (including soda) pulp production accounts for 

approximately 85 percent of U.S. wood pulp production.lr3. 

There are approximately 149 kraft pulping processes,l located 

primarily in the southeastern United States. This region 

provides over 60 percent of the wood pulp in the United 

States.3 

Figure 2-l also shows that there are currently 16 sulfite 

pulping processes in the United States, which contribute 

approximately 4 percent of total U.S. wood pulp production.1 

The majority of sulfite mills are located in the north'and 

northwest, where the softwood species used in sulfite pulping 

(spruce, hemlock, and fir) are more prevalent. However, 

sulfite pulp can also be produced using hardwoods such as 

poplar and eucalyptus.4 

Approximately 32 pulping processes in the United States 

use semi-chemical' pulping, which contributes approximately 

6 percent of nationwide wood pulp production.lr3 There is no 

geographic concentration of mills.employing semi-chemical 

pulping technology because the technology can use a wide 

variety of wood species and, thus, is not restricted to a 

given region of the country. 

2.1.2 Paper Production 

According to the 1991 Lockwood-Post's Directory for Pulp,, 

Paper and Allied Trades, approximately 38.7 million short tons 

Of paper were produced in the United States in 1991.5 Based 

on responses to the 1992 EPA Office of Water survey, 
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TABLE 2-l. DISTRIBUTION OF CHEMICAL AND SEMI-CHEMICAL 
PULP PROCESSES IN THE UNITED STATESarb 

Kraft/soda Sulfite Semi-chemical 

Alabama 
Alaska 
Arizona 
Arkansas 
California 
Florida 
Georgia 
Idaho 
Indiana 
Iowa 
Kentucky 
Louisiana 
Maine 
Maryland 
Michigan 
Minnesota 
Mississippi 
Montana 
New Hampshire 
New York 
North Carolina 
Ohio 
Oklahoma 
.Oregon 
Pennsylvania 
South Carolina 
Tennessee 
Texas 
Virginia 
Washington 
Wisconsin 

Total 

16 

2 
7 
3 
11 
13 
1 

2 
11 
8 
1 
3 
3 
5 
2 
2 
1 
7 
1 
1 
7 
4 
6 
3 
8 
5 
12 
4 

-2 
2 

1 

1 

1 

5 
5 

16 32 

3 

1 
2 
1. 
2 
1 
3 

1 
i 

3 
3 
2 

E 
Based on Reference 2. 
Mills producing more than one pulp process are counted once 
for each pulp process. 
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integrated mills accounted for 25 percent of production, non- 

integrated mills for approximately 10 percent,1 and secondary 

fiber mills for approximately 65 percent.l 

2.2 PROCESSES AND THEIR EMISSION POINTS 

This section provides a detailed discussion of process 

emission points for chemical and semi-chemical mills pulping 

wood, as well as the specific HAP's emitted from these points. 

Industry review of the emission factors presented in this 

section suggests that further testing be conducted to 

supplement existing data. Industry has provided some 

emissions data and is currently testing several pulp mills. 

These and any additional test data provided to'the EPA will be 

considered for review and for incorporation into the final 

regulatory analysis. 

A list of HAP's associated with process emission points 

is given in Table 2-2. As discussed in Chapter 1.0, the scope 

of this document is limited to points referred to as process 

oper'ation points. Included in this group of points are the 

digester system, the knotter, the washer system, the 

evap'orator system (in the chemical recovery area), coproduct 

recovery, and the bleaching process. Figure 2-2 provides a 

flow diagram of a typical kraft pulping operation and depicts 

process operations and chemical recovery points. Chemical 

recovery air emission points (other than the evaporator 

.system) will be-discussed in future documents. 

The pulp production can be divided into two steps: the 

pulping process and the bleaching process. .The exact 

processes used for pulping and bleaching depend on the end use 

of the pulp. 

2.2.1 The Puloins Process 

The pulping processes discussed in this document are 

kraft, sulfite, semi-chemical, and soda. Detailed 

documentation of the differences between the kraft and soda, 

sulfite, and semi-chemical.pulping processes was provided by 

the industry. These differences are being considered in the 
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TABLE 2-2. MAJOR HAZARDOUS AIR POLLUTANTS EMITTED FROM 
PROCESS POINTS 

Chemical name 

1,4-Dichlorobenzene 

2,4,5-Trichlorophenol 

2-Butanone (MEK) 

Acetaldehyde 

Acetophenone 

Acrolein 

Carbon disulfide 

Carbon tetrachloride 

Chlorine 

Chloroform 

Formaldehyde 

Hexane 

Hydrochloric Acid 

Methanol 

Methyl chloroform 

Methylene chloride 

Pkopionaldehyde 

Toluene 
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rule; however, they are not included specifically in this 

document. 

The remainder of this section discusses these three 

pulping processes and their emission points. Despite their 

differences, all three pulping processes begin with the 

preparation of wood into wood chips. Wood chips are sent 

through a digestion process to chemically reduce the chips 

into a pulp. The pulp then goes through several steps where 

knots and oversize particles and spent chemicals from the 

digestion process are removed from the pulp. Some pulping 

processes, such as kraft, recover the spent chemicals for 

reuse in the pulping process. The remainder of this section 

discusses these three pulping processes and their emission 

points. 

2.2.1.1 The Kraft Process. Figure 2-3 presents a 

typical kraft pulping process, with the emission points 

identified. Table 2-3 presents the vent and wastewater stream 

characteristics and the HAP emission characteristics, for the 

emission points shown in Figure 2-3.1r3t6t7 Table 2-4 

presents emission factors for these points. Emission factor 

ranges are given in Table 2-4 for the various emission points. 

Table 2-4 provides only a summary of the emission factors 

developed and shown in Appendix B. In most cases, the 

emission factors presented in Table 2-4 are of the same order 

of magnitude as those supplied by industry in June 1993 (NCASI 

technical bulletin 650). 

The key components of the kraft pulping process, as shown 

in Figure 2-3, are digestion, deknotting, brownstock washing, 

screening, chemical recovery, and coproduct recovery. The 

kraft pulping process involves cooking wood chips in a white 

liquor solution of sodium hydroxide and sodium sulfide. This 

cooking or digestion process breaks down the wood structure by 

dissolving the lignin that holds the wood fibers together. 

The digestion process produces unbleached pulp (brownstock) 

and weak black liquor, which is a solution of solubilized 

lignin, water, hydrolysis salts, and sulphonation products.* 
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TABLE 2-3. TYPICAL VENT AND WASTEWATER STREAM CHARACTERISTICS FOR KRAFT PULPING 
EMISSION POINTS 

Emission 
point 

Emission 
point 
ID Emission point 

klinimus Haxirmn 
capaci tya 

FL0 
capaci tya 

Average 
capaci tya ‘b 

Moisture Heat 
rate 

(ADT/day) 
Tellp.b cantent b contentd 

(ADT/day) (ADT/day) (scWMs pulp/day) (“c) (Xl (Kj/scm) 

Vent 1 

2 

Batch digester blow gas 

Continuous digester blow 
gas 

94 

94 

1.3 82.5 30-99 70 

0.026 112.5 35-70 6 

3 

4 

Digester relief gas 

Knotter hood (vibratory 
screens) 

94 

94 

0.0026 42.5 3-20 18,400 

0.9 30 NAc 20 

Uasher 

Uasher real and foam tank 

Decker/screen 

Oxygen delignification 
blow tank 

65 

65 

65 

498 

0.9 32.5 2-10 40 

0.18 65 15-35 20 

0.9 NA NA 0.2 

0.026 NA NA 150 

9 Oxygen delignification 
washer and seal tank 

498 0.18 NA NA 50 

10 

11 

12 

13 

14 

Evaporator/hotwelI 

Condensate stripper 

Turpentine condenser 

Tall oil reactor 

Ueak black liquor/storage 
tank 

65 

94 

94 

65 

65 

0.0027 112.5 SO-90 21,300 

0.0027 112.5 NA WA 

0.00257 42.5 IA 18,800 

0.000069-0.00763 40 NA 210 

0.00274 NA NA 2,000 

Wastewater 15 

16 

Digester blow condensates 94 

94 

1800 720 

1800 720 

1800 720 

1800 720 

1625 650 

1625 650 

1625 720 

1300 930 

1300 930 

1625 650 

1800 720 

1800 720 

1625 720 

1625 650 

1800 720 

1800 720 

0.69-l .4 NA NA 

Turpentine decanter 
underf Low 

0.11 

40 

40 IA IA 

17 Evaporator condensates 65 1625 650 4.2-4.9 40 IA %A 

a Capacities are from Reference 3. ADT/day = Air dried short tons/day. 
I 

b Based on References 1, 3, and 7. 
’ NA = Not available at this time. 

Flow rate’s are reported at standard conditions of dry gas (21.l”C and 760 rmr Hg). 

d The heat content is the heating value released by the organics in the vent stream. 
increase these estimated values. 

Turpentine concentrations vary based on wood type and could 



N 
I 

=: 

TABLE 2-4. TYPICAL UNCONTROLLED EMISSION FACTORS FOR KRAFT PULPING FACILITIESasb 

Emission factor range (Kg/Rg pulp) 

Emission Emission 
source point ID Emission point Total HAP' Total VOCc Methanol Acetone TRS 

Vent 1 Batch digester blow gas 

2 Continuous digester blow gas 

Uastewater 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Digester relief gas 

Knotter hood (vibratory screens) 

Uasher 

Uasher seal and foam tank 

Decker/screen 

Oxygen delignification blow tank 

Oxygen delignification washer and 
seal tank 

Evaporator/hotwelI 

Condensate stripper 

Turpentine condenser 

Tall oil reactor 

Ueak black liquor storage tank 

Digester blow condensates 

Turpentine decanter underflow 

Evaporator condensates 

Evaporator surface condenser 
condensates 

I 

0.1 2.4-4.4 

0.00035-0.00039 4-4.9 

0.004 2.6-2.7 

0.1-0.6 0.8-2.6 

O-026-0.35 1.8-3.4 

0.2 1.6-5.8 

0.003-0.005 0.01-0.023 

0.019-0.050 0.14 

O-24 0.41 

0.002-0.02 

NA 

0.004 

NA 

0.043-0.1s 

0.10-0.62 

0.51 

0.17-3.04 

O-039-0.63 

3.1-5.4 

NA 

4.1 

0.006 

0.069-0.15 

0.34-l .20 

0.97 

0.17-3.04 

0.11-0.71 

I 

0.0062-0.091 

0.00024- 
0.0003 

0.003 

0.02-0.03 

0.0022-0.15 

0.18-0.19 

0.002-0.003 

0.05-0.005 

0.076 

0.0015 2.37-4.02 

0.00004-0.0002 2.4-4-O 

0.00006 2.6-2.7 

0.005-0.007 NAd 

0.0005-0.033 1.4-2.1 

0.01-0.04 0.22 

0.005-0.007 NA 

0.001 WA 

0.073 NA 

0.0014-0.02 0.000007-0.002 3.5 

NA NA HA 

0.003 0.0001 2.7 

NA NA 0.10 

o-043-0.1 0.0005-0.01 WA 

0.1-0.59 0.0012-0.0043 0.33 

0.5 0.004 0.07 

0.15-3.0 0.0039-0.01 0.52 

0;031-0.62 0.0025-0.001 0.26 

i Capacities are shown on Table 2-3. 
Specific emission factors for these and other coqxsmds are given in Appendix 8. .These ranges represent the variability of the emission factors 
associated with the model plants given in Appendix C. 

' NA 
Total HAP and VOC emission factors are based on the sue of individual RAP and VDC emission factors. 

= Not available at this time. 

- 



The pulp and spent chemical slurry from the digester pass 

through a knotter, which removes oversize or undigested wood. 

The spent chemicals are then removed from the pulp in the 

washing process and are recovered for reuse in the chemical 

recovery process. The pulp is then screened to remove 

additional oversize wood particles and excess water is removed 

in the decker. In some processes, the pulp undergoes oxygen 

delignification to remove additional lignin prior to storage 

or bleaching. The following sections describe digestion, 

deknotting, brownstock washing, oxygen delignification, 

evaporation, and coproduct recovery. 

2.2.1.1.1 Diaester system. The digester system, which 

may be a batch or continuous process, is one of the key 

components in the pulping process and generally comprises a 

digester and blow tank or similar vessel. After cooking is 

completed in the digester, the weak black liquor and pulp are 

discharged into a low-pressure vess.el typically called a blow 

tank. Heat recovery from the blow tank gases is often part of 

the blow tank system. 

Blow gases may be vented to an accumulator or a vapor 

sphere for collection. Based on the total reduced sulfur 

(TRS) and terpene concentrations of the blow gas emissions, 

the gases may then be incinerated, stripped, or condensed for 

the recovery of turpentine. (The processes for recovering 

coproducts from digestion are discussed in Section 2.2.1.1.6) 

The pulp from.the blow tank may then enter a defibering or 

deknotting stage prior to pulp washing to produce a higher- 

quality chemical pulp. 

Because digester blow gas emissions differ between batch 

and continuous digesters, two emission point identifiers are 

shown in Figure 2-3 for digester blow gases (emission point 

ID's 1 and 2). Specifically, the batch digester releases 

gases in surges when the digester blows its entire load into a 

blow tank; continuous digester emissions are released at a 

constant rate. Thus, overall volumes of gases from continuous 

digesters are less than those from batch digesters. High- 
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pressure gases from the blow tank are typically sent to a 

primary condenser and then to an accumulator. The accumulator 

discharges foul condensate and blow gas. Vapors from the blow 

tank are recovered and condensed to recover some of the 

organic compounds. 

Digester relief gases are alSO a point of potential 

emissions (emission point ID 3). However, as shown in 

Figure 2-3, relief gases from the pulping of softwoods can be 

condensed and retained to recover turpentine (see Section 

2.2.1.14.7 

A wide variety of volatile organic compounds (VOC) and 

reduced sulfur compound emissions are produced by the 

digestion process. In addition to HAP emissions from process 

vents, the wastewater produced by the digestion process 

(digester blow condensates, turpentine decanter underflows, 

and evaporator condensates) is a point of HAP emissions 

(predominantly methanol, as shown in Table 2-4, [emission 

point ID's 15, 16, 17, and 181). 

2.2.1.1.2 Deknottina nrocess. The next step in'the 

kraft process is often deknotting, as shown in Figure 2-3. 

Knots are large pieces of fiber bundles or wood that were not 

fully broken down during digestion. They are generally 

defined as the fraction of pulp that is retained (as-wood 

chips or fiber bundles) on a 3/8-inch perforated plate.9 

Knots are removed from the pulp prior to washing and are 

either discarded as waste, burned, or returned to the digester 

for further digestion. 

Two types of knotters are in current use. One type, an 

older design, is the open-top vibratory screen. The vibratory 

screen, which releases emissions directly to the atmosphere, 

is being phased out because of the large quantity of foam 

generated, which lowers the efficiency of the brownstock 

washer.10 Emission factors for vibratory screen knotters 

are shown in Table 2-4. 

The second type of knotter consists of a totally 

enclosed, pressurized, cylindrical, perforated screen. A 
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rotating foil in this type of knotter produces a series of 

vacuum and pressure pulses, which keeps the perforations clean 

and reduces foam buildup. Lower emissions are associated with 

this second type of knotter because it is an enclosed system. 

2.2.1.1.3 Brownstock washinq. Pulp from the blow tank 

and knotter is washed with water in a process commonly called 

brownstock washing, as shown in Figure 2-3. The purpose of 

washing is to remove weak black liquor from the pulp to 

recover sodium and sulfur and to avoid contamination during 

subsequent processing steps. The most common type of washer 

'used in the industry is the rotary vacuum washer. Other types 

of washers include diffusion washers, rotary pressure washers, 

horizontal belt washers, wash press, and dilution/extraction. 

Washers differ according to the method used to separate 

black liquor from brownstock pulp. All washers require the 

addition of water (fresh or recycled) to rinse the pulp and 

recover the black liquor. The rinsed pulp is screened for 

oversize particles and thickened in a decker (emission point 

ID 7), where excess water is removed prior to oxygen 

delignification, bleaching, or storage. The diluted or llweaktU 

black liquor is recovered in filtrate tanks and sent to the 

chemical recovery process. 

A foam tank is typically used to capture the foam 

separated in the filtrate tanks. Foam is formed when soap, 

which is dissolved by the caustic cooking liquors, goes 

through the washing process. If foam remains with the pulp, 

it can saponify and form "pellets!* on wood that are extremely 

hard to disperse in the washing process, thereby reducing the 

washing efficiency.11 Generally, defoaming is completed in 

the foam tank using centrifugal or mechanical force to break 

up the foamed mass. This force allows air trapped in the foam 

mass to vent to the atmosphere, as shown in Figure 2-3 and 

Tables 2-3 and 2-4 (emission point ID 6). The defoamed weak 

black liquor is typically piped to the chemical recovery 

process. 
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Emissions occur from the washing process as HAP compounds 

entrained in the pulp and black liquor slurry volatilize. The 

typical vent and stream characteristics and HAP emission 

characteristics of the brownstock washer are summarized in 

Tables 2-3 and 2-4, respectively (emission point ID.5). As 

with the digestion process, the quantity and type of emissions 

from a brownstock washer are a function of the pulp 

production, type of digestion (batch or continuous), and the 

type of wood pulped (softwood or hardwood), and also the point 

of shower water. Vent streams from washers are considerably 

lower in temperature and in moisture content than digester 

streams. The heat content of the brownstock washer vent 

varies with the type of enclosure used on the washer. 

Washers such as the rotary vacuum drum washer are 

typically hooded and, therefore, not fully enclosed. These 

washers require large volumes of air to capture and vent 

moisture and fugitive emissions and, consequently, will have a 

dilute HAP concentration (and thus a. lower heat content). 

Washers such as the diffusion washer or horizontal belt washer 

are enclosed or have limited exposure to ambient air. Vent 

streams from these washers, therefore, will have lower flow 

rates with higher HAP concentrations. 

2.2.1.1.4 Oxvaen delisnification stage. Treatment of 

pulp with oxygen is used in some cases as a delignification 

.step prior to bleaching; however, it may also be used for 

bleaching in alkaline conditions. Oxygen delignification, 

when used as a step prior to bleaching with chlorine 

chemicals, can help reduce bleach plant chemical use by 

removing more of the lignin from the pulp. In addition, the 

oxygen delignification stage effluent is compatible with the 

kraft chemical recovery process. l2 Because the resulting 

effluent can be recycled to the chemical recovery sy-stem, 

organic.loading in the bleach plant wastewater is reduced.12 

Vent stream characteristics and HAP emission factors for the 

oxygen delignification stage are presented in Tables 2-3 and' 

2-4, respectively. 
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2.2.1.1.5 Chemical recovery. An essential element in 

the kraft pulp process is the recovery of sodium and sulfur 

from the weak black liquor recovered from brownstock washing 

and oxygen delignification processes, as shown in Figure 2-3. 

The general steps in the recovery of cooking chemicals (as 

shown in Figure 2-2) are evaporation or concentration, black 

liquor oxidation (optional), combustion/oxidation/reduction 

(recovery furnace), and recausticizing and calcining. This 

section only discusses evaporation; the remaining chemical 

recovery processes will be discussed in future documents. 

For efficient chemical recovery of the inorganic 

chemicals, the evaporation of excess water is required. Large 

amounts of water (5 to 7 kilograms of water per kilogram of 

dry solids) are evaporated to achieve a desired black liquor 

solids concentration of 60 to 65 percent.13 The water is 

typically removed from the spent cooking liquor in multiple- 

effect evaporators, which comprise a series of direct or 

indirect contact evaporators operated at different pressures 

so that the vapor from one evaporator body becomes the steam 

supply to the next evaporator. 

Hazardous air pollutants are emitted from the evaporation 

process by two basic mechanisms. Non-condensible gases 

containing HAP's that have been vaporized during the process 

of concentrating the cooking liquor are emitted from the 

.evaporator vents and hotwells. Hazardous air pollutant 

emissions also occur from the evaporator condensate streams 

because of the partitioning of certain compounds to the -air 

from the liquid phase. These points are depicted in Figure 2-3 

and Tables 2-3 and 2-4 (emission point .ID's 10, 17, and 18). 

2.2.1.1.6 Cooroduct recoverv. The kraft pulping process 

produces two saleable coproducts: turpentine and soap (tall 

oil). Turpentine is recovered from digester relief gases (as 

shown in Figure 2-3) when resinous softwoods such as pine are 

pulped. Generally, the digester relief gases are vented to a 

condenser to reduce the gas moisture content and to a cyclone 

separator to remove any small wood chips or fines. The 
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turpentine and water removed by the condenser are separated in 

a decanter. The turpentine, which is lighter than water, 

overflows from the decanter to a storage tank. The water 

removed from the decanter bottom overflow is combined with 

other process condensates for treatment. During the decanting 

process, HAP's are emitted through vents. As shown in 

Table 2-4 (emission point ID 16), methanol is emitted from the 

turpentine decanter at a level similar to that from a decker 

or screen. 

Tall oil can also be recovered from the kraft pulping 

process. Tall oils are.also found in resinous softwoods and 

are recovered from the evaporation process using a tall oil 

reactor, as shown.in Figure 2-3. Significant HAP emissions 

are not expected from this step because it occurs after the 

weak black liquor has been stripped of volatiles in the 

evaporation process. Table 2-4 provides emission factors for 

this point (emission point ID 13). 

2.2.1.1.7 Condensate steam striwinq. Condensates from 

the.digester and evaporator, as well as from turpentine 

recovery, are often combined and steam-stripped to remove VOC 

from the waste streams and to reduce odors. The VOC-laden 

steam is then typically sent to an existing combustion device, 

such as the power boiler, to take advantage of the heat 

content and to destroy the VOC. Table 2-3 provides vent 

characteristics for condensate steam stripping (emission point 

ID 11). Emission factor data for the condensate stripper vent 

are not available at this time. . . - 

2.2.1.2 The Sulfite Process. Figure 2-4 presents a 

typical sulfite process diagram. The sulfite process follows 

the same basic steps as the kraft system with the exception of 

coproduct recovery, which is not typically practiced in the 

sulfite pulping process. As in the kraft process, wood chips 

are transferred to a continuous or batch digester and cooked 

with cooking liquor. However, the sulfite process chemically 

pulps wood using sulfur dioxide absorbed in an acidic 

solution. Typical bases include calcium, magnesium, ammonium, 
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or sodium. AS shown in Figure 2-4, after digestion, oversize 

particles are removed in the deknotting process and the pulp 

is washed to remove the spent chemicals, screened to remove 

oversize particles, and thickened to remove excess water. 'The 

chemicals removed in the washing process may then be recovered 

for reuse. 

Spent cooking liquor removed from the washing process may 

be collected and recovered. In addition, chemicals can be 

recovered from gaseous streams (i.e., red stock washers). The 

cost of all the soluble bases (with the exception of calcium) 

makes chemical recovery economically feasible, which is also 

attractive because of the pollution control achieved. 

Chemical recovery is not practiced with the calcium-based 

sulfite process because recovery is not cost-effective. 

The general steps of sulfite chemical recovery vary with 

the type of base being recovered. However, the process begins 

with evaporation, as discussed in Section 2.2.1.1.5. Because 

this BID only focuses on process operation points, the sulfite 

recovery process is not discussed in further detail. 

Appendix C includes HAP emission factors and vent and 

wastewater stream characteristics for the sulfite process. For 

a description of the deknotting and washing processes, refer 

to Sections 2.2.1.1.2 and 2.2.1.1.3. 

2.2.1.3 The Semi-Chemical Process. The semi-chemical 

pulping process is a combination of the chemical pulping 

process and the mechanical pulping process and was developed 

to produce high-yield chemical pulps.14 Figure 2-5 presents 

a typical semi-chemical process. The semi-chemical process 

follows steps similar to the kraft or sulfite processes 

discussed in Sections 2.2.1.1 and 2.2.1.2, namely, digestion 

and washing. 

In the semi-chemical process, wood chips are partially 

digested with cooking.chemicals to weaken the bonds between 

the lignin and the wood. Oversize particles are removed from 

the softened wood chips, then the chips are mechanically 

reduced to pulp by grinding them in a refiner, as in the 
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mechanical pulping process. The pulp is then sent to storage. 

Based on a voluntary industry survey, there are no semi- 

chemical mills that practice chemical recovery. However, some 

mills combine spent liquor from on-site semi-chemical process 

with spent liquor from an adjacent kraft process for chemical 

recovery. 

There are two main types of semi-chemical pulping: 

neutral sulfite semi-chemical (NSSC) and neutral sulfite 

chemimechanical (NSCM). The most common semi-chemical process 

is the NSSC process.15 

The only major difference between semi-chemical and 

kraft/sulfite pulping processes is that. the semi-chemical 

digestion process is shorter and only partially delignifies 

wood chips. As with the kraft/sulfite pulping processes, HAP 

emission rates from the semi-chemical process are dependent on 

pulp production, wood type, and the chemicals used to weaken 

the bonds in the wood. Appendix C includes HAP emission 

factors and vent and wastewater stream characteristics for the 

semi-chemical process. 

2.2.1.4 The Soda Process. The soda pulping process is 

essentially identical to the kraft pulping process, except 

that the chemicals used in the cooking process are 

predominantly sodium hydroxide. A small amount of sodium 

sulfide is added to the sodium hydroxide to maintain greater 

pulp strength and yield. 16 Kraft digestion and washing 

processes are.discussed in Sections 2.2.1.1.1 and 2.2.1.1.3, 

respectively. Chemicals removed in the washing process are 

collected and recovered. Similar to the kraft process, the 

soda chemical recovery process begins with evaporation, as 

discussed in Section 2.2.1.1.5. As previously discussed, this 

BID only focuses on process operation points; therefore, the 

soda recovery process is not discussed in further detail. 

Data for vent and stream characteristics and emission 

factors for the soda process are not available. Because 

little sulfur is added in the cooking liquor, sulfur compound 
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emissions will be small. However,. organic emissions will be 

similar to those from the kraft process. 

2.2.2 The Bleaching Process 

. The purpose of the bleaching process is to enhance the 

physical and optical qualities (whiteness and brightness) of 

the pulp. Two approaches are used in the chemical bleaching 

of pulps. One approach, called brightening, uses selective 

chemicals, such as hydrogen peroxide, that destroy 

chromatographic groups but do not materially attack the 

lignin. Brightening produces a product with a temporary 

brightness (such as newspaper). The other approach -(true 

bleaching) seeks to almost totally remove residual lignin by 

adding oxidizing chemicals to the pulp in varying combinations 

of sequences, depending on the end use of the product. To 

produce a high-quality, stable paper pulp (such as for bond 

paper) I bleaching methods that delignify the pulp must be 

used. 

The most common bleaching and brightening agents are 

chlorine, chlorine dioxide, hydrogen peroxide, oxygen, caustic 

(sodium hydroxide), and sodium hypochlorite.17 Two less 

common compounds presently used in the industry are ozone and 

hydrosulfite. Concern over chlorinated compounds such as 

dioxins, furans, and chloroform have prompted the pulp and 

paper industry to shift away from the application of chlorine 

and hypochlorite and toward the use of other bleaching 

chemicals such as chlorine dioxide in the bleaching process. 

Table 2-5 provides a summary of the basic functions of each of 

these bleaching chemicals. 

Typically, the pulp is treated with each chemical in a 

separate stage, as shown in Figure 2-6. Each stage includes a 

tower, where the bleaching occurs; a washer, which removes 

bleaching chemicals and dissolved lignins from the pulp prior 

to entering the next stage;, and a seal tank, which collects 

the washer effluent to be used as wash water in other stages 

or to be sewered. Bleaching processes use various 

combinations of chemical stages called bleaching sequences. 
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TABLE 2-5. COifPARISON OF'COMMON CHEMICALS USED IN 
PULP BLEACHING 

Bleaching Bleaching 
c80mpounds notation Function 

Chlorine C Oxidize and chlorinate lignin. 

Caustic E Hydrolyze chlorolignin and 
(sodium solubilize lignin. 
hydroxide) 

Hypochlorite 

Chlorine 
dioxide 

H 

D 

Oxidize and solubilize lignin. 

Oxidize and,solubilize lignin. 
In amounts with Cl2 protects 
against degradation of pulp. 

Oxygen 0 Oxidize .and solubilize lignin. 

Hydrogen P Oxidize and solubilize lignin in 
peroxide chemical and high-yield pulps. 

Ozone Z Oxidize and solubilize lignin. 

Hydrosulfite S or Y Reduce and decolorize l&in in 
high-yield pulps. 
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Figure 2-6. Typical Down-flow Bleach Tower and Washer 
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Table 2-6 presents the most common sequences used in kraft 

bleaching. 

Sections 2.2.2.1 through' 2.2.2.6 present information on 

typical bleach stages. Tables 2-7 and 2-8 provide the typical 

vent and wastewater stream characteristics for bleaching kraft 

pulps, and HAP emission factors, respectively. Some of the 

identified HAP's emitted by bleaching vents include chlorine, 

chloroform, and methanol. The wastewater from bleach plants 

typically contains chloroform and methanol. In most cases, 

the emission factors presented in Table 2-8 are of the same 

order of magnitude as those supplied by industry in June 1993 

(NCASI technical bulletin 650). 

2.2.2.1 Chlorination Stase (C-Stase). The first stage 

in the bleaching process is typically chlorination. The 

primary function of the chlorination stage is to further 

delignify the pulp. I8 The pulp is generally pumped into a 

tower or stage similar to the one shown in Figure 2-6. During 

this process, chlorine reacts with lignin to form compounds 

that are water-soluble or soluble in an alkaline medium, which 

aids in delignifying the pulp before it proceeds to the next 

bleaching stage or stages.18 

During bleaching, side reactions produce chloroform, 

phenol, chlorinated phenolics, and other chlorinated organics. 

These byproduct emissions, as well as unreacted chlorine, may 

.be vented from the chlorination stage tower, the washer, and 

the seal tank. Tables 2-7 and 2-8 provide emissions data for 

these points. 

2.2.2.2. Extraction Stase (E-Stase). The next stage 

after chlorination is typically the extraction stage. This 

stage and the remaining stages serve to bleach and whiten the 

delignified pulp. The extraction stage removes the 

chlorinated and oxidized lignin by solubilization in a caustic 

solution. After the extraction stage, the pulp is washed to 

remove the excess chemicals and solubilized lignin. The 

largest amount of unwanted lignin is removed in these first 

two stages (chlorination and extraction).17 A portion of the 
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TABLE 2-6. MOST COMMON KBAFT BLEACH SEQUENCES' 

Bleach sequencesb 

Number of mills with 

bleach sequence 

C-E-H 

C-E-HE-D 

C-EO-HE-H-DE 

CD-E-D-E-D 

CD-E-H-D 

CD-E-Hi-D-E-D 

CD-EO-D . . 

CD-EO-H-D - 

CD-EOP-D 

DC-EOP-D 

DCD-EOP-D 

4 

3 

3 

4 

3. 

3 

9 

3 

3 

4 

6 

a Bleaching sequences performed at three or more mills are 
listed. 
two mills 

Approximately 90 other sequences are used at one or 
for each sequence. 

b Key: C = 

E = 
D = 

H = 
0 = 
P = 
CD = 
EO = 
EOP = 

Chlorination 
Extraction 
Chlorine dioxide 
Hypochlorite 
Oxygen 
Peroxide 
Chlorine dioxide substitution 
Oxygen added to extraction stage 
Peroxide and oxygen added to extraction 
stage 
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TABLE 2-7. TYPICAL VENT AND WASTEWATER STREAM CHARACTERISTICS FOR KRAFT BLEACH PLANT 
EMISSION POINTS 

Hinimun Haximun Average FlO Moisture' neat 
Emission capaci tya capaci tya cepaci tya ll rate klilp.b content b content d 

source Emission point fADT/day) fADT/day) fAOT/day) (scmn/Hg pulp/day) ("c) co fKj/scm) 

Vent C-stage tower 90 1500 600 0.024 60 NAC 20 

C-stage uasher 90 1500 600 0.362 60 WA 6 

C-stage seal tank 90 1500 600 0.014 60 NA 1900 

E-stage tower 90 1500 600 0.024 60 NA 30 

E-stage washer 90 1500 600 0.362 60 NA 10 

E-stage seal tank 90 1500 600 0.014 60 WA 230 

D-stage tower 90 1500 600 0.024 60 NA 0.2 

D-stage uasher 90 1500 600 0.362 60 WA 0.2 

D-stage seal tank 90 1500 600 0.014 60 NA 0.02 

H-stage tower 90 1500 600 0.024 60 WA 0.1 

R-stage uasher 90 1500 600 0.362 60 WA 20 

H stage seal tank 90 1500 600 0.014 60 NA 5 . 

Uasteuater Acid sewer (C,D, and H-stage 90 1500 600 NA -- -- -. 

filtrate) 

Caustic sewer (E-stage filtrate) 90 1500 600 NA' -- -- -_ 

z Capacities are from References 1 end 3. ADT/day = Air dried short tons/day. 
Based on Reference 8. Flowrates are reported at standard conditions of dry gas (21.1'C and 760 mn Hg). 

c NA = Not available at this time. 
d The heat content is the heat released based on compounds in the vent stream (reference 6) and is at.standard dry conditions. 
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TABLE 2-8. SUMMARY OF TYPICAL UNCONTROLLED EMISSION FACTORS FOR 
KRAFT BLEACH PLANT FACILITIES 

Emission factor rangea 
(Kg/M9 pulp) 

Emission 
source Emission pointb Total HAP' Total VOCc Chloroform Chlorine Methanol 

Vent C-stage touer 

C-stage washer 

C-stage seal tank 

E-stage touer 

E-stage washer 

E-stage seal tank 

D-stage tower 

D-stage washer 

D-stage seal tank 

H-stage tower 

H-stage washer 

H stage seal tank 

Wastewater Acid sewer (C,D, and H-stage 
filtrate) 

Caustic seuer (E-stage 
filtrate) 

0.054-0.252 

0.062-0.647 

0.0084-0.323 

0.013-0.026 

0.031-0.168 

0.013-0.101 

0.011-0.036 

0.01-0.06 

O.ODOS-0.02 

0.088-0.62 

0.15 

0.074 

0.12-0.52 

0.042-O-32 D-04-0.32 O.ODD2-0.0023 0 D-03-0.3 

0.008-0.041 

0.012-0.439 

0.007-0.32 

0.011-0.026 

0.044-0.091 

0.023-0.161 

0.00004-0.018 

O.OODl-0.042 

0.00006-0.02 

0.056-0.119 

0.15 

0.076 

O-12-0.53 

0.0009-0.01 

0.0009-0.0113 

5.5 x 10‘5 - 
7.2 x 1O-4 

0.0014-0.01 

0.0014-0.01 

0.00009-0.0005 

0.00003-0.02 

D.O0003-0.02 

0.000003-0.001 

0.04-0.05 

0.04 

0.003 

0.0008-0.005 

0.05-0.21 0.00062-0.029 

0.05-0.21 0.009-0.415 

0.00127-0.0053 0.0067-0.311 

0-0.003 0.0027-0.0054 

o-0.003 0.0035-0.078 

0-0.000076 0.0026-0.029 

0.01 0.0000007-0.0002 

0.01 0.00001-0.003 

0.0003 0.000008-0.002 

0.01 D.D0049-0.0063 . 

0.01 0.091 

0.0003 0.068 

0 0.05-0.5 

a Specific emission factors for these and other compounds are given in Appendix 6. These ranges represent the variability of the emission 
factors associated uith the model plants given in Appendix C. 

b Key: C-stage = Chlorination 1 
E-stage = Extraction 

I 

D-stage = Chlorine dioxide 
H-stage = Hypochlorite 

c Total HAP and WC emission factors are based on the sun of individual HAP and VOC emission factors. 



filtrate from these stages may be reused.and the remaining 

filtrate sewered to prevent precipitation of the solubilized 

chlorolignin compounds.1g Emission factors for total HAP, 

chloroform, methanol, and chlorine released from the 

extraction stage tower, washer, and seal tank are shown in 

Table 2-8. 

2.2.2.3 Chlorine Dioxide Stase (D-Stase) and 

Substitution Staae (C/D-Staae). Chlorine dioxide is often 

used in bleaching, either in the chlorination stage (as a 

substitute for some of the chlorine usage - chlorine dioxide 

'substitution) or as an additional chlorine dioxide stage. The 

chlorine dioxide stage is similar to the chlorination stage 

and has similar emission points. Chlorine dioxide has 

2.63 times greater oxidizing power (on a pound-per-pound 

basis) than chlorine and is used for nearly all high-- 

brightness pul~s.2~ 

Chlorine dioxide has a high selectivity in destroying 

lignin without degradation of cellulose or hemicellulose. 

When chorine dioxide is added before chlorine less chlorinated 

organics are released into the effluent. Consequently, using 

the additional chlorine dioxide step has improved the 

delignification of the pulp and effluent characteristics.21 

Chlorine dioxide is typically generated on site as a gas 

from the reaction of sodium chlorate in an acidic 

solution.22 Tables 2-7 and 2-8 provide vent and wastewater 

stream characteristics and emission factor data for the 

chlorine dioxide stage components. 

2.2.2.4 Hvoochlorite Stase (H-Stase). Another common 

bleaching stage is hypochlorite. Hypochlorite is a true 

bleaching agent that destroys certain chromophoric groups of 

lignin; however, it also attacks the cellulose to some extent. 

High cellulose degradation occurs in kraft pulp, so the 

application of hypochlorite to kraft pulp is usually used only 

as an intermediate stage of the sequence or to produce semi- 

bleached pulps. Hypochlorite can also be used as an effective 

bleaching agent for sulfite pulps. However, the hypochlorite 
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stage has been identified as one of the most Significant 

points of chloroform emissions.23 Studies conducted by 

NCASI show that bleaching sequences without hypochlorite have 

lower chloroform emissions.23 Vent and wastewater stream 

characteristics and HAP emission factors for the hypochlorite 

stage are given in Tables 2-7 and 2-8, respectively. 

2.2.2.5 Ozone Bleachins Staqe IZ-Stase). Ozone 

bleaching is effective for further delignification as well as 

bleaching and brightening. Ozone bleaching does not result in 

the formation or emission of chlorinated organic compounds 

'such as chloroform.24 Currently there is only one full- 

scale ozone bleaching line operating in the United States, and 

HAP emissions from this process havd not been measured. 

2.2.2.6 Peroxide Stase fP-Stase). Another potential 

bleaching stage is the peroxide stage. Peroxides, generally 

hydrogen peroxide, are effective lignin-preserving bleaching 

agents. Peroxides are frequently used as bleaching agents in 

the first extraction stage or in later stages of the bleaching 

process. Peroxides increase brightness without significant 

losses in the yield strength of highly lignified pulps and 

generate fewer chlorinated organic emissions. Emissions from 

this stage have not been measured. 

2.3 BASELINE EMISSIONS 

This section presents national baseline emission 

estimates for the process operation points in the pulp and 

paper- industry. These emission estimates were developed based 

on the uncontrolled emission factors presented in this 

chapter, adjusted to account for the baseline level of control 

in place on these points. Baseline control levels were 

determined through a review of applicable State and Federal 

regulations and from information provided by many facilities 

regarding their current level of control. Sections 2.3.1 and 

2.3.2 summarize Federal and State regulations, respectively, 

for the pulp and paper industry. Section 2.3.3 summarizes 

baseline controls assumed to be in place because of these 
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regulations. Section 2.3.4 presents national estimates of 

baseline emissions. 

2.3.1 Summarv of Federal Regulations 

The EPA has developed new source performance standards 

(NSPS) for kraft pulp mills. 25 The NSPS established two 

emission limits for TRS compounds from points that include 

digester systems, multiple-effect evaporator systems, 

brownstock washers, and condensate strippers. Table 2-9 

summarizes the Federal regulations for these processYoperation 

emission points and provides the maximum emission rates on a 

concentration basis. 

Although these regulations do not specifically address 

HAP's from the pulping process, facilities with new processes 

affected by this rule are achieving the required TRS limits 

through the collection and combustion of vent gases, and are 

thereby reducing organic HAP emissions from these vents by at 

least 98 percent. 

2.3.2 Summarv of State Resulations 

In addition to the NSPS, which applies to new and 

modified sources, many States have adopted similar limits for 

existing sources. State regulations pertaining specifically 

to process operation emission points are summarized in 

Table 2-10. Over 60 percent of the facilities in the United 

States are in States with current pulp and paper regulations. 

.In determining baseline levels of control, it was assumed that 

facilities in States with TRS emission limits on digester 

systems, evaporators, brownstock washers, and condensate 

strippers are controlling these points through combustion, and 

facilities in States with bleach plant chlorine and chlorine 

dioxide limits are scrubbing the vents from these stages. 

Industry has commented that some States reported in Table 2-10 

may have additional control. This. information was used as a 

secondary determination of control if no information was 

provided through industry survey responses.26 

In addition to the regulations summarized in Table 2-10, 

North Carolina, Tennessee, Maryland, and Michigan have passed 
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TABLE 2-9. SUMMARY OF FEDERAL REGULATIONS (NSPS) FOR 
EMISSIONS FROM KRAFT PULPING FACILITIESa 

Process unit Emission limitsb Method of control 

Kraft digester 
system 

Kraft brownstock 
washer system 

Multiple-effect 
evaporator system 

Condensate stripper 
system 

New, modified, or 
reconstructed kraft 
digester system 

5 ppm of TRSC Lime kiln, recovery 
furnace, or 
combustion at a 
minimum of 1200 OF 
for 0.5 set 

5 ppm of TRScrd Lime kiln, recovery 
furnace, or 
combustion at a 
minimum of 1200 oF 
for '0.5 set 

5 ppm of TRSC Lime kiln; recovery 
furnace, or 
combustion at a 
minimum of 1200 oF 
for 0.5 set 

5 ppm of TRSyc Lime kiln, recovery 
furnace, or 
combustion at a 
minimum of 1200 oF 
for 0.5 set 

5 ppm of TRSc Lime kiln, recovery 
furnace, or 
combustion at a 
minimum of 1200 OF 
for 0.5 set 

.a New Source Performance Standards, 40 CFR 60, Subpart BB. 
b Key : TRS = Total Reduced Sulfur 

wm = parts per million (by volume, dry basis) 

: 
Corrected to 10 percent oxygen. 
Standard does not apply to facilities where implementation 
has been demonstrated to be technically or economically 
unfeasible. 
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TABLE 2-10. SUMMARY OF STATE REGULATIONS FOR EMISSIONS FROM PULPING FACILITIES 

Process unit Emission limitsa States regulating Method of control 

Xraft digester 5 ppm of TRS ME, VA Combustion 
system SC, GA, FL Incineration 

ID, IN, CA, MS, LA Not specified 
1.2 lb TRS/ton ADP AL Incineration 

Xraft digester 0.6 lb TRS/ton ADP MD Not specified 
system/multiple- 20 ppm of,TRS PA Not specified 
effect evaporators 

Xraft multiple- 5 ppm of TRS VA, ME Combustion 
effect evaporators FL, SC, GA Incineration 
. 

MS, TN, LA, CA Not specified 
1.2 lb TRS/ton ADP AL Not specified : 

Xraft brownstock 5 ppm of TRS MEb Combustion 
washer 

h) 
CA Not specified 

I 
W Xraft condensate 5 ppm of TRS VA, ME Combustion 
W stripper CA, LA Not specified 

SC Incineration 

Bleach plant 3 lb/hr of Cl2 ME Not specified 
0.2 lb/hr of Cl2 GA Not specified 
3 lb/hr of clo2 ME Not specified 
0.1 lb of cl02 GA Not specified 

Tall oil plant 0.5 lb TRS/ton oil FL Incineration 

Sulfite mills 9.1 kg TRS/ton ADP NH Not specified 

Effluent ponds 50 ppm H2S MT Not specified 
1 I I 

a Key: TRS = Total Reduced Sulfur Cl2 = Chlorine 
wm = parts per million Cl02 = Chlorine dioxide 
ADP = Air-Dried Pulp H2S = Hydrogen sulfide 

b After January 1994. 



regulations that limit toxic air pollutant emissions. These 

regulations limit the maximum ambient air concentrations of 

toxic air pollutants surrounding the pulping facilities, as 

determined by dispersion modeling. Although these regulations 

do not specifically limit HAP emissions from the pulping 

process, to compliance with these ambient air concentration 

limits achieves some HAP emission reduction. Some of the 

additional controls reported by facilities and incorporated 

into the baseline control evaluation were likely put-into 

place to comply with these toxic air pollutant regulations. 

2.3.3 Baseline Emission-Controls 

Summaries of existing control techniques used for pulping 

and bleaching vent points are presented in Tables 2-11 and 

2-12, respectively. As shown in Table 2-11, emissions from 

nearly all kraft and sulfite digester blow and relief gases 

are being controlled, as are those from some of the semi- 

chemical digesters. In addition, turpentine decanter vents, 

evaporator noncondensibles, and evaporator hotwell vents are 

being controlled at most kraft and some sulfite mills. Much 

smaller percentages of washers, deckers, and knotters at kraft 

mills are being controlled. However, washers are being 

controlled at almost half of all sulfite mills. As shown in 

Table 2-12, scrubbing of bleach plant vents ranges from 

approximately 30 percent of individual extraction stage vents 

to.-approximately 90 percent of first stage chlorine dioxide 

vents. Combustion devices and gas absorbers (scrubbers) are 

discussed in Chapter 3.0. 

Table 2-13 summarizes the extent to which wastewater from 

pulping unit processes is pretreated prior to discharge to the 

wastewater treatment system. Condensates from approximately 

25 percent of kraft mill turpentine recovery units and 

evaporator systems are pretreated with air or steam stripping. 

A smaller percentage of the digester blow tank condensates in 

kraft, sulfite, and semi-chemical mills are pretreated as 

well. Steam strippers. and air strippers are discussed in 

Chapter 3.0. 
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TABLE 2-11. SUMMARY OF EXISTING TECHNIQUES TO CONTROL HAP 
EMISSIONS FROM PULPING VENT SOURCESa 

Percent controlled in industryb 

Semi- 
Vent emission source Kraft Sulfite chemical 

Batch relief gas 

Continuous relief gas 

Batch blow gas 

Continuous blow gas 

Turpentine decanter 
vent 

Evaporator (hotwell 
noncondensibles) 

Washer screens 

Washer filtrate tanks 

Washer hood vent 

Deckers 

Knotters 

97 100 0 

95 0 33 

91 92 0 

88 0 25 

73 0 NAC 

88 

5 0 0 

11 57 0 

6 38 - 0 

9 0 0 

8 0 NAc 

55 NAc 

E 
Data taken from Reference 3. 
Sources are assumed to be controlled with at least 
98 percent destruction efficiency for VOC and organic 
HAP. 

C For this analysis, only one semi-chemical mill was 
known to practice chemical recovery and none'were 
known to practice turpentine recovery or bleaching. 
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TABLE 2. SUMMARY OF EXISTING TECHNIQUES TO CONTROL HAP 
EMISSIONS PROM BLEACH VENT SOURCES 

Stage 

Bleach lines Assumed 
Emission controlling Control 
points at baselinea efficiencyb 

controlled (%) (%) 

Chlorination 

First 
extraction 

Hypochlorite 

First Tower 95 
chlorine Washer 79 
dioxide Seal tank 92 

Second 
extraction 

Tower 32 
Washer 41 
Seal tank 59 

Second 
chlorine 
dioxide 

Tower 69 
Washer 69 
Seal tank 62 

Tower 28 
Washer 34 
Seal tank 51 

Tower 18 
Washer 26 
Seal tank 41 

Tower 76 
Washer 57 

99% Cl and HCl 

99% Cl and HCl 

99% Cl and HCl 

99% Cl and HCl 

99% Cl and HCl 

99% Cl and HCl 

Seal tank 76 

a Percent controlled at baseline for individual bleach stages. 
However, when the level of control is evaluated on a 
sequence basis, 
controlled. 

15 percent of facilities have all equipment 

b Control applied is a scrubber. 



TABLE 2-13. SUMMARY OF ADD-ON CONTROL STATUS OF 
WASTEWATER EMISSION SOURCESa 

Percent of unit processes 
controlled 

Wastewater emission source 
Semi- 

Kraft Sulfite Chemical 

Digester blow condensates 12 3 3 

Turpentine decanter underflow 22 0 NAb 

"Foul" evaporator condensates 26 0 NAb 

t8Cleantf evaporator condensates 0 0 NAb 

Bleach plant wastewater 0 0 - NAb 

a Data taken from References 1 and 3. 
b For this analysis, only one semi-chemical mill was known to 

practice chemical recovery and none were known to practice 
turpentine recovery or bleaching. 
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2.3.4 Baseline Emissions 

Baseline emissions are essentially uncontrolled emissions 

adjusted for the effects of current State and Federal 

regulations, as well as additional controls known to be 

currently in place. Estimated baseline emissions from process 

operation points in the pulp and paper industry are summarized 

in Table 2-14. Estimates for baseline emissions of total HAP, 

total VOC, TRS, and 15 major HAP and VOC contributors are 

presented in Table 2-14. As shown in the table, methanol is 

the largest constituent contributing to total HAP and total 

VOC emissions for the included emission points. 

Descriptions of the process used to estimate including 

national emissions using estimation process, the models and 

database developed for this purpose are given in Chapter 4.0 

and Chapter 6.0, respectively. The estimated baseline 

emissions are based on emission factors (Appendix C), mill- 

specific data (e.g., pulp/bleach production), Federal/State 

regulations (Tables 2-11 and 2-12), and capture efficiency and 

emission reduction efficiency of the control devices 

(Chapter 3.0). 
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TABLE 2-14. SUMMARY OF ESTIMATED NATIONAL BASELINE EMISSIONS 
FROM CHEMICAL AND SEMI-CHEMICAL 
PULPING AND BLEACHING OPERATIONSa 

Major Pollutants Emissions (Mg/yr) 

-Total HAP 

Total VOC 

Total reduced sulfur 

Methanol 

Hexane 

Toluene 

Methyl ethyl ketone 

Chloroform 

Chlorine 

Formaldehyde 

Acetaldehyde 

Methylene chloride 

Propionaldehyde 

Acrolein 

Acetophenone 

Hydrochloric acid 

Methyl chloroform 

Carbon disulfide 

170,000 

830,000 

350,000 

120,000 

18,000 

14,000 

6,000 

3,300 

2,800 

2,100 

2,oou 

1,200 

700 

700 

60 

59 

22 

8 

a Baked on process operation emission points only (chemical 
recovery sources other than evaporation are not included). 
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3.0 EMISSION CONTROL TECHNIQUES 

3.1 INTRODUCTION 

This chapter discusses demonstrated techniques that can 

be applied to reduce HAP emissions from the pulping and 

bleaching process points discussed in Chapter 2.0. Control 

devices are typically applied to an emission point vent or 

wastewater stream to reduce HAP's in the vent gas or- 

wastewater stream.. Details of these controls are presented in 

Section 3.2 (vent controls) and Section 3.3 (wastewater 

controls). The techniques presented are candidates for 

control options that may provide the basis for the emission 

reduction requirements of the pulp NESHAP. Industry has 

commented that the methanol removal efficiencies for scrubbers 

and steam strippers presented in this document are overstated. 

However, the information provided in this chapter documents 

the analyses to date, based on available data. As the 

industry provides data to support these comments, these data 

will be considered. 

Process modifications and substitutions affect the 

formation of HAP compounds in pulping and bleaching processes 

by changing the emission point or by altering the process 

operating conditions or process chemicals used.1 *Table 3-l 

presents a summary of the process modifications and process 

substitutions under consideration as candidate control 

techniques. 

The pulping process modifications (extended cooking, 

oxygen delignification, and improved washing) reduce the 

quantity of lignin in the pulp going to the bleach plant, 

thereby potentially reducing the quantity of chlorinated 

organics formed. Appendix C includes emission factors for 
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TABLE 3-l. PULPING PROCESS MODIFICATIONS 
AND BLEACHING PROCESS SUBSTITUTIONSa 

Puloina Process Modifications 

Extended Cooking 
(modified continuous cook [MCC] and rapid displacement 

heating [RDH]) 

Oxygen Delignification 

Improved Brownstock Washing 

Bleachina Process Substitutions 

Chlorine Dioxide Substitution 

Elimination of Hypochlorite 

Oxygen/Peroxide Use in Extraction 

Split Chlorine Addition 

Ozonation 

a Reference 1. 

. - 
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several of the process modifications and substitutions 

discussed above. 

The bleach plant process modifications and substitutions 

focus on reduced use of chlorine and hypochlorite to achieve a 

reduction in chloroform generation. 

3.2 APPLICABLE CONTROL TECHNIQUES FOR VENTS 

This section presents control devices that are applicable 

for reducing HAP emissions from pulping and bleaching process 

vents. Many kraft facilities currently control some of their 

pulping vents by ducting to a combustion device and some of 

their bleaching vents by scrubbing. Table 3-2 presents a 

summary of the combustion devices currently being used to 

control different pulping vents in kraft pulp mills.2 As 

shown, the most commonly used combustion control devices are 

lime kilns and power boilers, and most facilities currently 

control their digester relief and blow gases, evaporator 

noncondensibles and hotwells, and (where applicable) 

turpentine decanter vents. 

Although less frequently controlled than vents, fugitive 

sources such as knotters and washers are controlled by some 

facilities. Sulfite mills typically control their pulping and 

bleaching vents by scrubbing. Scrubbing of the pulping vents 

is used to recover sulfur dioxide, which is used to generate 

cooking liquor. These scrubbers are also believed.to remove 

the majority of the methanol in the vent streams. 

To determine a control strategy for the identified 

pulping and bleaching emission points, those points that are 

currently controlled were evaluated. For pulping vents, 

combustion devices were considered; for bleaching vents, 

scrubbing alone, scrubbing and-ducting the scrubber off gases 

to a combustion device, and incineration followed by scrubbing 

were evaluated. For pulping emission points that may be 

currently hooded but not fully enclosed (i.e., fugitive points 

such as knotters and rotary vacuum pulp washers), enclosure 

followed by conveyance to a combustion device was evaluated. 

Table 3-3 presents pulping emission point vent stream 
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TABLE 3-2. PERCENT OF KRAFT MILLS USING COMBUSTION CONTROL DEVICESa 

Combustion device 

Emission Sources 
Lime Power Recovery 
kiln boiler furnace Incinerator Total 

Batch digester relief gas 

Continuous digester relief gas 

Batch digester blow gas 

Continuous digester blow gas 

Turpentine decanter vent 

Evaporator vents 
(e.g., noncondensibles, hotwells) 

Washer screens 

Washer filtrate tanks 

Washer hood vent 

Deckers 

Knotters 

44 26 

63 20 

68 6 

47 30 

49 16 

68 20 

5 

11 

0 

3 

3 

27 97 

3 95 

17 91 

4 88 

8 73 

0 88 

5 

11 

6 

9 

8 

a Data taken from Reference 2. 



TABLE 3-3. TYPICAL VENT CHARACTERISTICS FOR KRAFT PULPING EMISSION POINTS 

Flow rateb Moisture Enclosure 
Capacity rangea i scmW% Temp.b content Heat content'= needed fc$ 

Emission point (ADT/day) pulp/day) (OC) (%I (Kj/scm) capture 

Batch digester blow gas 94-1800 1.3 65-100 30-99 70 No 

Continuous digester blow 1 94-1800 0.026 75-150 35-70 6 No 
gas 

Digester relief gas 94-1800 0.0026 25-60 3-20 18,400 No 

Knotter hood (vibratory 94-1800 0.9 20-75 2-10 20 Yes 
screens) 

Washer 65-1625 0.9 20-45 2-10 40 Yes 

Washer seal tank and foam 65-1625 0.18 55-75 15-35 20 No 
tank 

Decker/screen 65-1625 0.9 20-45 2-10 0.2 Yes 

Evaporator/hotwell 65-1625 0.0027 80-145 50-90 21,300 No 
W 

Turpentine condenser 
l!l 

94-1800 0.0026 25-60 3-20 18,800 No 

Capacities are from Reference 3. ADT = Air dried short tons/day. 
;: Based on Reference 2. Flow rates are reported at standard conditions of dry gas (21.1°C and 760 mm Hg). 
C The heat content is the heat released based on the compounds in the vent stream (reference 4) and is at dry 

standard conditions. 
d If an emission point is open to the atmosphere (i.e., fugitive), an enclosure is needed for complete capture 

prior to conveyance; otherwise, the emission point is assumed to be achieving complete capture and only 
requires conveyance. 
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characteristics and identifies which points needed enclosures 

prior to routing to a combustion device.*r3#4 The emission 

point characteristics presented in this table should be 

considered in selecting an appropriate control device. 

Section 3.2.1 discusses the vent gas collection and transport 

system that is used to capture and convey vent gas to a 

control device. Section 3.2.2 discusses applicable control 

devices for pulping and bleaching vent streams. 

3.2.1 Vent Gas Collection and Transnort Svstem 

To control HAP emissions from pulping and bleaching 

operations using stand-alone or existing devices,.vent streams 

must be captured and transported to the control device. 

Additionally, the vent gas may be conditioned in the transport 

system to alter its characteristics before it reaches the 

control device. 

Typical components of the capture and conveyance system 

are the hoods or enclosures, pipe or ductwork, the prime mover 

employed (i.e., fan), gas conditioning equipment (if needed), 

and safety devices. 

Two methods are generally used to capture vent streams: 

(1) hard-piping and (2) hoods or enclosures. The method used 

depends on the emission point type and will affect the , 

volumetric flow rate and relative organic compound 

concentration of the vent stream. When an emission point is 

an enclosed process with a vent, the vent can be hard-piped to 

a control device, thereby reducing the introduction of ambient 

air into the vent stream, and reducing the vent stream flow 

rate. Digester gases and evaporator vent gases are examples 

of vent points that can be hard-piped to a control device. 

When an emission point is diffuse or large, such as a 

washer or decker, vent emissions may be captured using an 

enclosure or well-enclosed hood and then hard-piped to a 

control device. Hood collection efficiency is a function of 

capture velocity, which depends on the creation of an air flow 
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that is sufficient to capture the contaminated air emitted 

from the point and draw the air into the exhaust hood.5 At a 

constant volumetric air flow rate, hood capture efficiency 

decreases as the distance between the point and the hood 

increases.6 Based on discussions with vendors, encJosures 

can be constructed to achieve complete capture. A 34-percent 

reduction in flow was assumed when replacinga hood with an 

enclosure for pulping vent streams.' 

The type of duct material used is determined by the 

characteristics of the gas in the vent stream. Two materials 

commonly used for ducts in the pulp industry are fiberglass 

and stainless steel. Fiberglass ducts have the advantages of 

relatively low cost, light weight, and corrosion resistance. 

Fiberglass is commonly used for venting bleach plant towers 

and washer hoods. The problems identified with using 

fiberglass ducting in the pulp industry are its inability to 

be electrically grounded to prevent the buildup of static 

charge and the absorption of hydrocarbons in its fiberglass 

resin. 

Stainless steel is the preferred material of construction 

for non-condensible gas (NCG) transport systems.8 Although 

it resists.corrosion by water and sulfur compounds, stainless 

steel is susceptible to corrosion by chlorides and is, 

therefore, not used for conveying bleach plant vent gas 

streams.9 . 

-Ductwork may be insulated to reduce the amount of vent 

gas cooling that takes place in the ducting and to prevent 

freezing of moisture in the duct during winter. 

Vent streams in the pulp industry, such as those from 

digester blow gas vents, may have sufficient pressure to 

convey the vent gases through the transport system to the 

control device. When insufficient pressure is provided by an, 

emission point, or where the source of emissions has to be 

captured (such as pulp washer hood vents), fans must be used 

to convey the vent gases. However, fans may not be the most 

desirable prime movers in transport systems conveying 
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combustible gases. Process upsets and operating problems can 

occur at any pulp mill, and fans have been.reported to be the 

spark source for explosions in transport systems where design 

flaws, inadequate maintenance, or improper operation allowed 

explosive gases to enter a fan that was designed for handling 

gases below their lower explosion limit (LEL).lO 

Explosion proof motors can be used; however, based on the 

concentrations of organics in the vent gases, the vent streams 

from points examined in this document would be below the LEL. 

In some cases, such as with low-volume,.high-concentration 

'(LVHC) streams (e.g., weak liquor storage tank vent stream), 

the gas concentration may exceed 25 percent of the LEL, the 

typical safety guideline level. I1 The explosive potential 

of the vent streams varies greatly depending on the 

concentration of turpentine. Flame arrestors have been 

incorporated into the duct design as a safety precaution. 

Steam ejectors are preferred as prime movers in transport 

systems handling high-concentration NCG's. Steam ejectors 

eliminate the source of sparks from the system and provide 

dilution of NCG's with steam, which lowers the LEL. However, 

steam ejectors require a significant amount of steam, which is 

subsequently vented to the control device. Because of the 

potential impact of this steam on the control device, such as 

reduced heat content and increased volume of vent streams, 

steam ejectors are not normally used on high-volume, low- 

concentration (HVLC) vent streams.12 

Vent gas may.be conditioned to alter the moisture content 

or the temperature of the stream before it is vented to the 

control device. This may be accomplished using condensers, 

knockout drums, or entrainment separators in the gas transport 

system. 

Preheating of vent gases is only performed when the 

stream is controlled with a combustion device. Vent streams 

may be preheated if their volumetric flow rates are large 

enough to affect combustion in the control device. Preheating 
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is generally only practiced on HVLC streams or streams with 

little or no turpentine, where the risk of explosion is 

sufficiently low.13 Preheating would therefore be more 

applicable for streams such as knotter and washer vent streams 

in hardwood pulping processes and softwood pulping processes, 

where the turpentine concentration is sufficiently below the 

LEL. For this analysis, no preheating was assumed. 

When ducting vent streams that contain potentially 

explosive compound concentrations, safety devices must be 

incorporated into the gas transport system. Flame arresters 

and rupture discs are components typically found in transport 

systems. Flame arresters prevent the propagation of fires 

through the duct system. Rupture discs are used to prevent 

damage to the gas transport system by rapidly venting gases 

during explosions. Monitoring equipment may also be used to 

provide real-time observations of vent stream parameters such 

as temperature and volume percent of combustible compounds 

(percent LEL). 

3.2.2 Applicable Vent Control Devices 

3.2.2.1 Combustion Control Devices. Combustion control 

devices destroy the chemical structure of the organic compound 

by oxidation at elevated temperatures. These devices operate 

on the principle that any VOC heated to a high enough 

temperature in the presence of sufficient oxygen will oxidize 

to carbon dioxide and water. I4 Combustion devices have been 

-documented to control organic compounds by at least 98 percent 

under a wide range of vent stream and VOC characteristics.15 

Two strategies are used in controlling vent gases with 

combustion devices. First, the vent gas stream may be used as 

auxiliary fuel if the stream has a high enough heat content 

(approximately 100 Btu/scf or greater).l6#17 Secondly, 

the vent gas stream may be used ascombustion air if the 

stream has sufficient oxygen content (approximately 

20 percent). 

Because the basic operating principle of the various 

combustion control devices is similar, the factors that affect 
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their destruction efficiency are also similar. The 

destruction efficiency of these devices is a function of the 

temperature of the combustion chamber (or zone), the residence 

time of the pollutant in the combustion chamber, and the 

mixing in the combustion chamber of the pollutant, oxygen, and 

the hot gases generated by combustion.14 Typical residence 

times for incinerators achieving at least 98 percent 

destruction efficiencies range from 0.25 to 1.5 seconds.18 

The temperature of the combustion chamber depends on the 

amount and heat content of the fuel burned, the percent excess 

air, the moisture content of the stream, and the amount of 

oxygen. 

Applicable combustion devices discussed in this section 

include lime kilns, power boilers, recovery furnaces, thermal 

incinerators, and flares. Properly operated, each of these 

combustion devices can achieve destruction efficiencies of 

98 percent or greater. 

The lime kiln, power boiler, and recovery furnace are 

integral to mill processes. However, vent streams may be 

routed to these devices without interfering with the normal 

operation of the process. Mill combustion devices such as 

lime kilns and power boilers are occasionally shut down 

because of process upsets or maintenance. During this time, 

these devices will not be available to control vent gases. 

-However, interruptions in combustion device service may also 

correspond with suspension of the processes that generate the 

emissions. For example, a mill may halt pulping processes 

b-3. f digestion) shortly after its recovery furnace goes down 

because of limited liquor reserve. Available data show an 

average unscheduled downtime between 1 and 5 percent for pulp 

mill combustion devices.19 For costing purposes, these 

devices were assumed to operate 350 days per year. 

3.2.2.1.1 Lime kiln. The lime kiln is an essential 

element of the causticizing cycle, and is used to calcine lime 

mud (calcium carbonate) to produce calcium oxide. The high 

temperatures encountered in the lime kiln (950 to 1,250oC) 
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make it very efficient in destroying VOC, with control 

efficiencies reported to.,be greater than 98 percent. 

The lime kiln has been demonstrated in the pulp industry 

as a control device for LVHC emission points such as digester 

relief gases, digester blow gases, turpentine recovery system 

NCG's, and evaporator vent gases. These LVHC vent gas streams 

are generally used as supplementary fuel because these streams 

have been demonstrated to contain sufficient heat content. 

However, these vent streams may exceed the LEL if high levels 

of turpentine are present. Preheating of the vent gases is 

generally not practiced because of the risk of explosions from 

the turpentine in the vent stream.13 The volumetric flow rate 

generated by typical pulp washers is usually too large to vent 

to the lime kiln. Therefore, the lime kiln may be less 

applicable for controlling HVLC vent streams. 

The cross-media impacts resulting from venting HAP 

emission points to the lime kiln are the generation of the 

HAP-laden liquid stream from any gas conditioning equipment 

used (i.e., entrainment separator, condenser, or knock-out 

drum) and a potential increase in sulfur oxides emissions from 

the kiln exhaust due to the TRS compounds in the pulping vent 

streams. The condensate streams may be recycled back to mill 

processes (e.g., pulp washers) or sent to wastewater treatment 

depending on the volumes and characteristics of the wastewater 

generated. 

3.2.2.1.2 Power boiler. Power boilers, which include 

coal, natural gas, oil, wood waste, or combination fuel-fired 

boilers, are designed to produce heat, steam, and electricity' 

for mill operations. Power boilers with capacities greater 

than or equal to 150 million Btu/hr operate at high - 

temperatures (generally greater than l,OOO°C) and can serve as 

excellent control devices, providing at least 98 percent 

destruction of VOC.*O 

Power boilers have been demonstrated in the pulp industry 

as a control device for pulping vent emission points, and may 

be preferred over the lime kiln for burning vent gases because 
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they have less downtime and can handle larger vent gas volumes 

than the lime kiln.*l .. 

The vent gas stream is generally used as part or all of 

the combustion air needed by the boiler, although the stream 

may also serve as auxiliary fue1.22 The emission po-ints 

vented to the power boiler are both LVHC and HVLC streams such 

as digester relief and blow gases, turpentine recovery system, 

evaporator, and pulp washer hood vent gases. However, streams 

that contain high levels of turpentine, such as digester 

relief and blow gases from softwood pulping, may approach the 

LEL, and are more often vented to the lime kiln instead of to 

the power boiler. Other streams contain methanol and TRS, 

which at the reported concentrations in the HVLC streams, 

would be below the LEL yet still have some fuel value. The 

fuel credit from the heat of combustion of the organics in the 

stream, as well as the fuel penalty of heating the stream's 

moisture and air to combustion temperatures, were considered 

when venting these streams to.existing combustion devices.23 

Power boilers are not currently applied to control the 

unscrubbed halogenated vent gases associated with the 

bleaching process. However, a halogenated stream may first be 

scrubbed to remove the majority of the halogens prior to 

combustion. The impacts of venting chlorinated streams to the 

power boiler have not been fully evaluated. However, the 

introduction of bleach plant vent streams would likely result 

in an accelerated corrosion rate of the boiler. 

Information detailing the use of gas conditioning 

techniques for vents ducted to power boilers is not available. 

The assumptions and basis for venting gas streams to an 

existing combustion device are discussed in Chapter 5.0. The 

cross-media impacts resulting from venting HAP emission points 

to the power boiler are identical to those discussed for lime 

kilns in Section 3.2.2.1.1. 

3.2.2.1.3 Recovery furnace. The recovery furnace is the 

heart of the kraft liquor recovery process, and is used to 

recover the chemicals used in cooking liquor. Furnaces 
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generally serve as excellent control devices, providing at 

least a 98 percent destruction of VOC because of their high 

operating temperatures (generally exceeding 1,000°C).15 

The recovery furnace has been demonstrated in the pulp 

industry as a control device for HVLC emission points. 

However, this combustion device is generally not preferred for 

controlling vent gases with high levels of turpentine because 

of the risk of explosions. The vent gases controlled by the 

recovery furnace should be conditioned to remove moisture 

because water may react violently with the smelt bedin the 

furnace. l5 The vent streams controlled in the recovery 

furnace would have similar characteristics and LEL to those 

controlled in the power boiler. 

Recovery furnaces do not currently receive the unscrubbed 

halogenated vent gases associated with the bleaching process. 

However, a halogenated stream may first be scrubbed to remove 

the majority of the halogens prior to combustion. The impacts 

of venting chlorinated streams to the recovery furnace have 

not been fully evaluated. 

The cross-media impacts resulting from venting HAP 

emission points to the recovery furnace are similar to those 

of lime kilns, as discussed in Section 3.2.2.1.1. 

3.2.2.1.4 Thermal incinerator. Thermal incinerators 

operate on the principle that any VOC will oxidize to carbon 

dioxide and water if heated to a high enough temperature in 

the presence of a sufficient amount of oxygen.24 A thermal 

incinerator is a refractory-lined chamber containing a burner 

or burners used to oxidize VOC-containing vent streams. 

Although there are many different incinerator designs, an 

example incinerator is shown in Figure 3-l. A discrete 

dual-fuel burner, an inlet for the vent stream, and a 

combustion air inlet are arranged in a premixing chamber to 

ensure thorough mixing. The mixture of hot cornbusting gases 

then passes into the main combustion chamber. This chamber is 

sized to allow the mixture enough time at the elevated 

temperature for oxidation to reach completion (residence times 
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of 0.3 to 1.0 seconds are common).. Performance tests have 

demonstrated that properly operated thermal incinerators can 

achieve 98 percent or greater destruction efficiency for most 

voc;15 

Incinerators have been demonstrated in the pulp industry 

as an applicable control device for reducing gaseous 

emissions, and can be designed to control both LVHC and HVLC 

vent streams. Package single-unit thermal incinerators exist 

that can control streams with flow rates in the range of 14 to 

1,400 standard cubic meters per minute (500 to 50,000 standard 

cubic feet per minute). However, combustion of a vent stream 

with a heat content less than approximately 100 Btu/scf, such. 

as vent streams from the pulp washers, usually requires 

burning supplemental fuel to maintain the desired combustion 

temperature.4rl5 

Incinerators can be used in conjunction with gas 

absorbers to reduce HAP emissions from bleach plant vents. 

However, thermal oxidation of halogenated VOC requires higher 

temperatures to oxidize the halogenated organic compounds. 

The halogenated exhaust streams from the incinerator are 

quenched in order to lower their temperature and then routed 

through absorption equipment, such as a packed tower 

scrubber.25 Section 3.2i3.2.3 discusses the operation and 

application of absorption equipment. 

It has been reported in a literature survey that some 

mills (approximately 33 percent of the mills that responded to 

the survey) use entrainment separators to remove moisture from 

the vent gas prior to venting to an incinerator.26 Loss of 

flame due to excessive moisture was also'reported in the 

survey. *' It is not known whether preheating of the vent 

gas is practiced with the use of an incinerator. Although 

incinerators can be designed with heat recovery to reduce 

auxiliary fuel costs, none of the facilities that responded to 

the survey use heat recovery because of the risk of _ 

explosions.26 
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Cross-media impacts resulting.from venting emission 

points to an incinerator involve the liquid stream generated 

from the gas-conditioning equipment used to remove moisture 

from the vent stream, and potentially unburned hydrocarbons, 

nitrogen oxide, carbon monoxide, and sulfur oxides emissions 

associated with the incinerator exhaust. The impact of 

condensate streams has not been fully evaluated. These 

streams may be recycled back to mill processes (e.g., pulp 

washers) or sent to wastewater treatment, depending on the 

volumes generated. If a gas scrubber is used to remove acid 

gases from incinerator exhaust, brine solution, formed when 

neutralizing acid gases with caustic solution, must be 

disposed of, and is typically sent to the wastewater treatment 

system. 

3.2.2.1.5 Flare. Flares are open combustion devices in 

which the oxygen necessary for combustion is provided by the 

ambient air in the proximity of the flame. Properly operated, 

flares have been shown to have VOC/HAP destruction 

efficiencies of 98 percent or greater.28 Flares are capable 

of accepting fluctuations in VOC concentration and flow rate 

and are applicable for continuous, batch, and variable flow 

rate vent stream applications. However, sufficient heat 

content is necessary in the vent stream for proper operation. 

For this reason, flares are only used as backup systems at a 

few facilities in the pulp industry to primary combustion 

devices such as lime kilns. 

3.2.2.2 Gas absorbers. Gas absorbers are used to 

recover sulfur dioxide from sulfite mill pulping vents and to 

control chorine, hydrochloric acid, and chlorine dioxide in 

bleach plant vent streams. Polar organic compounds such as 

methanol are also removed. This section only discusses bleach 

plant scrubbers because sulfite pulping vent scrubbers are an 

integral part of the chemical recovery process. 

In the absorption process, soluble components of a waste 

gas mixture are dissolved in the scrubbing medium. The 

pollutant diffuses from the gas into the caustic solution when 
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the liquid contains less than the equilibrium concentration of 

the gaseous component. The difference between the actual 

concentration and the equilibrium concentration provides the 

driving force for absorption.2g 

Figure 3-2 presents a schematic of a packed absorption 

tower using countercurrent flow. The vent stream containing 

compounds to be absorbed is introduced near the bottom of the 

tower, passes through the packing material, and exits the 

tower near the top. The packing in the absorber tower helps 

to increase contact between the soluble.compounds and the 

'absorbing solution. The absorbing solution flows from the top 

of the column, countercurrent to the vapors, absorbing the 

solute from the gas phase. 2g The absorbing solution used in 

pulp mill bleach plant scrubbers is typically caustic and 

originates from bleach plant extraction stage filtrates 

(i.e., the caustic sewer), weak wash from the chemical 

recovery process, white liquor, sodium bisulfite (a byproduct 

from some chemical manufacturing operations), or from fresh 

caustic solution. Other media used include sulfur dioxide and 

chilled water.30 

Removal efficiencies for gas absorbers vary based on 

column design, the type of absorbing solution, and.the 

solubility of the compound being absorbed. Chlorine removal 

efficiencies as high as 99 percent have been documented with a 

caustic solution.30 The chlorine reacts to form sodium 

chloride and sodium hypochloride. 

Removal efficiencies for other compounds range from 0 to 

99 percent. For example, polar compounds such as methanol 

approach 99 percent removal, and compounds such as chloroform 

have insignificant (approximately 0 percent) removal.31 

However, absorbed compounds such as methanol may volatilize 

back into the atmosphere from the waste treatment process, 

thus lowering the overall efficiencies of the scrubber as an 

air control device. 

Using an Advanced System for Process Engineering (ASPEN) 

modeling approach, the scrubber removal efficiencies for 
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specific compounds were estimated.31 The emissions from the 

scrubber effluent (due to volatilization) were then estimated 

to approximate a net emission reduction.3l Table 3-4 presents 

the modeled scrubber removal efficiencies and net emission 

reductions. 

The cross-media impact associated with using gas 

absorbers with a caustic solution is the production of a brine 

solution. This solution is typically sewered with the bleach 

plant effluent into the wastewater treatment operations, This 

impact is discussed in Chapter 4.0. Some facilities use fresh 

caustic as the scrubbing medium and use the scrubber effluent 

in the extraction stage of the bleaching process. 

3.2.2.3 Condensers. Moisture, VOC, and volatile HAP's 

can be removed from vent streams using condensation. In this 

technique, VOC, HAP and moisture are separated from vent 

streams by lowering the gas temperature enough to create a 

change from gas to liquid phase. In a two-component system 

where one of the components is non-condensible (e.g., air), 

condensation occurs at dew point (saturation) when the partial 

pressure of the volatile compound is equal to its vapor 

pressure. Condenser flow capacities are typically limited to 

approximately 57 scmm (2,000 scfm) for a single unit.32 

Condensers are currently used in the pulp industry 

primarily to condition vent gases by removing moisture. 

.Organics, such as turpentine, can also be recovered from 

digester blow gases using condensers. The removal efficiency 

of condensers varies, but can achieve as high as 90 percent in 

some cases.33 Condensers may also be ,used as supplemental 

control techniques to lower moisture content and remove 

potentially explosive organic compounds from LVHC and HVLC 

streams before they are sent to the primary control device. 

The resulting condensate streams may be recycled back to mill 

processes (e.g., pulp washers), steam stripped, or sent to 

wastewater treatment, depending on the volumes generated. 
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TABLE 3-4. SCRUBBER REDUCTION ESTIMATES 

Compound Classificationa 

Estimated 
Scrubber Estimated 

Removal (%)b Reduction (%)c 

Chlorine 

Hioh Solubilitv 
Methanol 
Acetone 
Formaldehyde 
2,4,5-Trichlorophenol 
Pentachlorophenol 
Chlorophenolics 
Hydrochloric Acid 
Chlorine Dioxide 

99 99 

99 75 

Medium Solubilitv 
Methyl Ethyl'Ketone 
Acrolein 
Acetaldehyde 
Propionaldehyde 
Dichloroacetaldehyde 

Low Solubilitv 
Chloroform 
Carbon Tetrachloride 
Methylene Chloride 
Toluene 
l,l,l-Trichloroethane 
Alpha-Pinene 
Beta-Pinene 
Chloromethane 
p-Cymene 

60 35 

0 0 

Average M-w 70 

a Compounds are classified by solubility. High-solubility 
compounds have solubilities greater than. or equal to 
methanol; low-solubility compounds have solubilities less 
than or equal to chloroform; medium-solubility compounds 
were between methanol and chloroform. 

b Based on a model scrubber designed to remove 99 percent of 
the chlorine, 99 percent of the methanol was removed and 
less than 1 percent of the chloroform was removed. 
(Reference 30) 

C The volatility of the speciated compounds was evaluated and 
a fraction emitted was estimated based on the mass removed 
in the scrubber effluent. 

3-20 



3.2.2.4 Adsorbers. Carbon adsorbers are not currently 

used in the pulp industry, although regenerative carbon 

adsorbers, in conjunction with incineration, can be used to - 
control HVLC vent streams. 

3.3 APPLICABLE CONT OL TECHNIQUES FOR WASTEWATER EMISSION 

POINTS 
1 

In wood pulping, bleaching, and chemical recovery 

processes, wastewater streams containing HAP compounds are 

generated. Generally, wastewater passes through a series of 

collection units before being sent to treatment units. Many 

of the collection system units are open to the atmosphere and 

allow some of the HAP's to be emitted to the ambient air.34 

This section discusses control devices used to reduce HAP 

emissions from wastewater points. Section 3.3.1 briefly 

describes the techniques used to reduce HAP emissions from the 

wastewater collection system. Sections 3.3.2 and 3.3.3 

discuss steam and air strippers with vent control, 

respectively. 

3.3.1 Wastewater Collection System 

To reduce HAP emissions from the pulping and bleaching 

wastewater points described in Chapter 2.0, the collection 

system that conveys the wastewaters to treatment operations 

(including strippers) should be designed in such a way as to 

reduce the amount of contact between the HAP-containing 

wastewater and the ambient air. This can be accomplished by 

using covers and water seals on collection system 

components.35 Hard-piping the wastewater point to the 

treatment system or control device provides the best control 

of HAP emissions from wastewater. 

3.3.2 Steam Strinoer with Vent Control 

Steam strippers are currently used to reduce organic and 

sulfur compound loading in condensate streams generated by the 

pulping processes. Steam stripping involves the fractional 

distillation of wastewater to remove organic compounds. The 

basic operating principle of steam stripping is the direct 

contact of steam with wastewater. This contact provides heat 

for vaporization of the more volatile organic compounds.37 

3-21 



At a pulp mill, the steam stripper can be a stand-alone system 

or it can be integrated into the evaporator effects. 

In the stand-alone steam stripping process, wastewater 

containing organic compounds is pumped to the stripping 

column. Heat is provided to the stripping column by direct 

injection of steam into the bottom of the column.38 

Generally, steam stripping columns are equipped with trays or 

packing to provide contact between the vapor and liquid 

phases. In the pulp industry, the overhead vapor stream 

containing organics and water is typically partially 

condensed, with the condensate routed back to the-stripper 

column as reflux. The vapor stream is then incinerated in an 

on-site combustion device, as described in Section 3.2.2.39 

The treated wastewater stream is passed through a heat 

exchanger that cools the treated wastewater and preheats the 

stripper feed stream. The stripped wastewater is either 

reused in the process (i.e., as wash water) or discharged to 

wastewater treatment operations. 

Alternatively, a steam stripper can be integrated with 

the evaporator set, as shown in Figure 3-3. In this case, the 

overhead vapor stream, which is predominantly steam, is routed 

to the next effects. A reflux tank is also incorporated to 

direct the bottoms from the upstream effect into thesteam 

stripper. The vent gases from the reflux tank are typically 

sent to a combustion device. 

Achievable VOC and HAP emission reductions are highly 

dependent on wastewater characteristics, such as organic 

concentration and composition, and the design and operation of 

the stripper as well as the collection and treatment systems. 

Steam stripper removal efficiencies ranging from 75 to 

99 percent have been reported in the literature.40 

The steam stripper design and operating parameters that 

have the greatest effect on the removal performance of organic 

compounds are the number of trays (or height of packing) and 

the steam-to-feed ratio (SFR). In general, the removal 

efficiency increases as the number of trays (height of 

packing) increases. (For a given stripper system, there will 
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be a maximum number of trays (packing height) beyond which no 

additional removal will be achieved.) 

An increase in the SFR ratio will increase the ratio of 

the vapor-to-liquid flow through the column. This increases 

the stripping of organics into the vapor phase. Because 

additional heat is provided when the steam rate is increased, 

additional water is also volatilized. Therefore, an increase 

in the SFR ratio is also normally accompanied by an increase 

in the steam rate flowing out of the column in the overhead 

stream.41 

Based on responses to an industry survey, the average SFR 

used for controlling pulping wastewater streams is 

1.5 lb. stream/gal. wastewater. The Kremser equation was 

then used to generate a relationship between the fraction of 

compound removed (Fr) and compound Henry's Law constant at an 

SFR of 1.5 lb/gal.43 These Fr's are summarized in Table 3-5. 

Predicted HAP removals at an SFR of 1.5 lb/gal range from 90 

to 99 percent.42 

Steam strippers are currently used in the pulp industry 

to reduce TRS and organic compound loading in pulping process 

and chemical recovery evaporator wastewater or condensates. 

Typically, steam stripping is applied to condensate streams 

from the blow tank, turpentine recovery system, and the 

evaporators. Liquid streams from any gas-conditioning 

equipment used to remove moisture from vent gases may also be 

stripped to remove organics before being sewered. 

The cross-media impacts associated with the use of steam 

strippers involve the organic-laden vent stream and stripped 

wastewater stream. Criteria pollutants (i.e., sulfur dioxide, 

oxides of nitrogen, carbon monoxide and particulates) will 

also be emitted from the fossil fuel burning required to 

generate the steam to operate the stripper. Sludges may be 

generated from the feed tanks and must be disposed. 
_. 
For this 

analysis, no auxiliary fuel is necessary for burning the steam 

stripper overheads vent stream because the heat content of. 

this stream offsets the fuel required to bring to combustion 

temperature.23 
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TABLE 3-5. STEAM STRIPPER.REMOVAL EFFICIENCIES 

HAP Compound Removal Efficiencya 

Acetaldehyde 

Acrolein 

2-Butanone (MEK) 

Formaldehyde 

99 

99 - 

99 

99 

Methanol 90 

Propionaldehyde 

Total Reduced Sulfur (TRS) 

99 

94b 

a Removal efficiency is based on a steam-to-feed ratio of 
1.5 pounds of steam per gallon of wastewater. 
(Reference 42) 

b Removal efficiency for TRS is based on the average removal 
efficiencies for hydrogen sulfide, dimethyl disulfide, 
dimethyl sulfide, and methyl mercaptan. 
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3.3.3 Air Strioner with Vent Control 

Another control technique for reducing HAP emissions from 

wastewater is air stripping. The underlying principle for air 

stripping is vapor-liquid equilibrium. By forcing large 

volumes of air through the contaminated water, the air-water 

interface is increased, resulting in an increase in the 

transfer rate of the organic compounds into the vapor 

phase.43 The overhead vent stream is then sent to a 

combustion device. 

Although air strippers have been employed in the pulp 

industry to reduce TRS emissions, the organic concentrations 

in the condensate streams from the blow'tank, turpentine 

recovery operations, and evaporators are generally too high to 

be effectively controlled by an air stripper. 
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4.0 MODEL PROCESS UNITS, CONTROL OPTIONS, PND 
ENVIRONMENTAL IMPACTS 

This chapter defines the model process units that were 

developed to analyze environmental and cost impacts on the 

pulp industry, the emission control options that were 

selected, and the environmental impacts of applying these 

controls to an example facility. Model process units are 

parametric descriptions of the types of processes that exist 

and that are likely to be constructed in the future. Control 

options are the set of demonstrated emission control 

techniques currently being evaluated in analyzing the MACT. 

The environmental impacts for these options include air, 

water, energy I and other impacts. 

Section 4.1 describes the model process units developed 

for pulping and bleaching operations and how the units were 

used to estimate national emissions. The emission control 

options and environmental impacts for an example mill are 

presented in Section 4.2 and Section 4.3, respectively. 

4.1 MODEL PROCESS UNITS 

This section presents a discussion of the development of 

model process units and a brief description of how these 

models were used in estimating national emissions and impacts 

of control options. For the purpose of the analysis, the 

emission points within the scope of this document were divided 

into pulping and bleaching areas (as discussed in 

Chapter 2.0). The pulping area represents the pulping and 

washing processes, as well as chemical recovery through 

evaporation and oxygen delignification processes (where 

applicable). The bleaching area represents the chemical. 

bleaching process. Industry has commented that the pulping 

and bleaching models used to analyze the environmental and 
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cost impacts do not represent the variability of emissions 

within the pulp industry. Industry is currently conducting a 

test program and all data provided to the EPA in a timely 

manner will be considered for review and incorporation into 

the final regulatory alternatives. Development of the pulping 

model process units is discussed in Section 4.1.1, and 

development of the bleaching model process units is discussed 

in Section 4.1.2. Section 4.1.3 briefly discusses the 

assignment of pulping and bleaching model process units to 

pulp mills within the industry for estimating national 

.emissions and control impacts. 

4.1.1 Puloina Model Process Units 

Existing literature and source‘test data were used to 

develop air emission factors, as presented in Appendices B and 

C and Chapter 2.0. These data were evaluated to determine 

which parameters of the pulping process affect HAP emissions. 

Table 4-l identifies seven parameters that have an effect on 

HAP emissions. Some of these parameters (e.g., pulping 

process, wood type, and pulp production capacity) affect the 

nature and quantity of the HAP formed and, therefore, 

potentially emitted. Other parameters (e.g., washer type, and 

digestion process) affect the concentration and flow rate of 

the emission point vent streams and, therefore, affect the 

control of these streams. 

Eighteen model units were developed to characterize the 

pulping process area. I,2 Table 4-2 describes each model unit 

and presents total uncontrolled H.AP emission factors. The 

uncontrolled HAP emission factors were developed from the sum 

of individual HAP compound emission factors for both process 

vent and wastewater emission points. Speciated HAP, total 

volatile organic compounds (VOC), and total reduced sulfur 

(TRS) emission factors are presented in Appendix C for each 

emission point for these 18 model process units. In addition, 

other vent stream and wastewater stream characteristics 

(e.g., flow rate and concentration) are presented in 

Appendix C. As shown in Table 4-2, the total uncontrolled HAP 
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TABLE 4-l. PULPING PROCESS CHARACTERISTICS 
AFFECTING EMISSIONS 

Process characteristics Process parameters 

Chemical pulping process Kraft/soda 
Sulfite 
Semichemical 

Wood type Softwood 
Hardwood 

Digestion process Batch 
Continuous 

Washer type Vacuum drum 
Improved washinga 

Additional delignification 

Coproduct recovery 

Capacity 

Oxygen delignification 

Turpentine 
Tall oil 

Pulp production capacity 

a Horizontal belt, diffusion, and baffle washer systems 
affected emissions in a similar manner (i.e., enclosed 
versus open or hooded). 
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TABLE 4-2. PULPING MODEL PROCESS UNITS 

Model Uncontrolled 
process Pulping Digestion 

Oxygen 
Wood Chemical Washer 

unit 
delignification HAP emission 

type type type recovery type (Yes or No) factora 

P-l 

P-2 

P-3 

P&4 

P-5 

P-6 

P-7 

P-8 

P-9 

P-i0 

P-11 

P-12 

Kraft 

Kraft 

Kraft 

Kraft 

Kraft 

Kraft 

Sulfite 

Sulfite 

Semichem/ 
kraft 

Semichem/ 
kraft 

Kraft 

Kraft 

Batch 

Batch 

Continuous 

Continuous 

Continuous 

Continuous 

NDb 

NDb 

NDb 

NDb 

Continuous 

Continuous 

Hard 

Soft 

Hard 

Hard 

Soft 

Soft 

Soft 

Hard 

Soft 

Soft 

Hard 

Soft 

Kraft 

Kraft 

Kraft 

Kraft 

Kraft 

Kraft 

Sulfite 

Sulfite 

Kraft 

suifite 

Kraft 

Kraft 

Rotary 
drum 

Rotary 
drum 

Improved 
washing 

Rotary 
drum 

Improved 
washing 

Rotary 
drum 

Rotary 
drum 

Rotary 
drum 

Rotary 
drum 

Rotary 
drum 

Improved 
washing 

Improved 
washing 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

Yes 

Yes 

5.02 

1.99 

4.90 

5.05 

1.94 

2.26 

1.51 

4.46 

1.64 

' 1.05 

5.16 

2.23 



TABLE 4-2. PULPING MODEL PROCESS UNITS (Continued) 

Model Oxygen Uncontrolled 
process Pulping Digestion Wood Chemical Washer delignification HAP emission 
unit type type type recovery type (Yes or No) factora 

(kg/W pulp) 

P-13 Kraft Batch Hard Kraft Improved Yes 5.13 
washing 

P-14 Kraft Batch Soft Kraft Improved Yes 1.96 
washing 

P-15 Sulfite Batch Hard Sulfite Rotary Yes 4.68 
drum 

P-16 Suifite Batch Soft Sulfite Rotary Yes 1.75 
drum 

P-17 Kraft 

.P-18 Kraft 

Batch 

Batch 

Hard Kraft Improved No 4.87 
washing 

Soft Kraft Improved No 1.67 
washing 

a Includes emissions from vent and wastewater streams (See Appendix C for model process 
unit emission factors by individual emission point and compound). 

b ND = Not defined. 
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emission factors vary from 1.05 to 5.16 kg HAP/Mg of pulp for 

the model process units. Other than pulping capacity, the 

factor that most affects emissions is wood type, with hardwood 

emission factors (4.46 to 5.16 kg HAP/Mg) being greater than 

softwood emission factors (1.05 to 2.26 kg HAP/Mg)% Based on. 

available data, other parameters have little effect on total 

pulping process emissions. 

4.1.2 Bleachina Model Process Units 

Bleaching model process units were developed in a similar 

manner as the pulping model process units described in the 

previous section. The bleaching process characteristics 

determined to have the most effect on HAP emissions are wood 

type, chemical use, and pulp bleaching capacity. The use of 

hypochlorite, chlorine, or chlorine dioxide was determined to 

affect HAP emissions. 

From a review of available emissions data, twelve model 

process units were developed to characterize the bleaching 

area.lr2 Table 4-3 describes each of these model process 

units and presents the total uncontrolled HAP emission factors 

for each model. The twelve models represent six bleaching 

sequences for hardwood and six for softwood, with variations 

in chemical use. 

The model emission factors presented in Table 4-3 

represent the total uncontrolled bleach plant emissions from 

both process vents and wastewater. The process vents include 

the tower vent, washer vent, and seal tank vent for each 

bleaching stage. The wastewater. emission points-include the 

caustic sewer and acid sewer. As shown in Table 4-3, the 

bleach plant total HAP emission factors range from 0.56 to 

2.11 kg HAP/MS of pulp. Similar to pulping, the hardwood 

bleaching emission factors are generally higher than those for 

softwood. However, the greatest decrease in HAP emissions is 

achieved through the elimination of all chlorine and 

chlorinated compounds. Speciated HAP and total VOC emission 

factors and other stream characteristics for each emission 
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TABLE 4-3. BLEACHING MODEL PROCESS UNITS 

Model Uncontrolled HAP 

process Bleaching sequence Wood emission factor 

unit (% c102 substitution)a type (kg/W pulp) 

B-l CEHD (0%) Hard 1.98 

B-2 CEHD (0%) Soft 1.30 

B-3 CEDED (0%) Hard 1.75 

B-4 CEDED (0%) Soft 1.06 

B-5 CdEDED (10w)~ Hard 2.11 

B-6 CdEDED (10~)~ Soft 1.04 

B-7 CdEDED (high)c Hard 1.67 

B-8 CdEDED (high)c Soft 1.45 

B-9 CdEDED (100%) Hard 1.66 

B-10 CdEDED (100%) Soft 1.45 

B-11 O-Ed Hard 0.56 

B-12 O-Ed Soft 0.59 

a Key: C = Chlorine 
Cd = Chlorine dioxide substituted for chlorine 
D = Chlorine dioxide 
H = Hypochlorite 
E = Extraction 
0 = Oxygen/ozone 

b A low substitution range is 10 to 50 percent substitution. 
Less than 10 percent is considered to have the same 
emissions as 0 percent substitution. 

C A high substitution range is 50 to 90 percent substitution. 
Greater than 90 percent is considered to have the same 
emissions as 100 percent substitution. 

d The totally chlorine free model bleaching sequence is used 
in conjunction with oxygen delignification in the pulping 
model process units. 
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point for the twelve model process units are presented in 

Appendix C. 

4.1.3 Use of Model Process Units in Estimatins National 

Emissions 

To estimate emissions on a national level, model mills 

were constructed using combinations of the 18 model pulping 

and 12 model bleaching processes. The composition and 

distribution of these model mills were designed to approximate 

the structure of the U.S. pulp industry. A database 

(discussed in Chapter 6.0) was assembled that contains 

production information and the geographic location of each 

wood pulp mill in the United States. Production information 

(including capacity, wood type, digestion type, washing type, 

and bleach sequence) was used to assign appropriate model 

pulping and bleaching units to individual mills. Geographic 

location was used to determine baseline control levels from 

State regulations. Section 4.1.3.1 discusses how the model 

process units were assigned to pulping and bleaching lines at 

individual mills and Section 4.1.3.2 summarizes how emissions 

were estimated using these models. 

4.1.3.1 Model Assisnment. Pulping and bleaching model 

process units.were assigned to pulp mills within the industry 

based on the criteria presented in Tables 4-2 and 4-3. 

Because a mill could contain more than one pulping or 

bleaching process, individual pulp and bleach lines were 

evaluated for each facility. A pulping line was defined as 

the digesters associated with a specific washer. In other 

words, each line contained only,one washer, but could contain 

multiple digesters. The pulping and bleaching model process 

units were presented in Sections 4.1.1 and 4.1.2. These 

models were assigned on a pulp and bleach-line basis, and then 

aggregated to represent the whole facility for each facility 

in the industry data base. 
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4.1.3.2 Estimating Emissions. Uncontrolled emissions 

for model process unit emission points were calculated by 

multiplying the assigned emission factors by the process unit 

production capacity. If the mill reported control of specific 

points, or baseline controls were required by applicable State 

or Federal regulations, baseline emissions were estimated by 

adjusting the uncontrolled emissions with the documented 

emission reduction efficiency of the assumed or documented 

control device in place. As discussed in Chapter 3.0, process 

vents were assumed to use combustion technology or scrubbing 

(sulfite mills); and a 98 percent organic HAP reduction 

efficiency was applied. Applicable wastewater points were 

assumed to be controlled by a steam stripper achieving a 70 to 

99 percent removal efficiency of individual HAP's, depending 

on the pollutants present. Applicable bleach plant points 

were assumed to be controlled by a scrubber achieving 0 to 

99 percent removal efficiency of individual HAP's, depending 

on the pollutants present as discussed in Section 3.2.2.2 on 

gas absorbers. To obtain the total baseline emissions for a 

process unit, emissions from individual streams were- summed in 

the same manner as for uncontrolled emissions. Chapter 2.0 

provides details on the basis for baseline controls in the 

pulp and paper industry. 

4.2 CONTROL OPTIONS 

Four control options are discussed in this document. 

One option applies to all pulping vents, two options apply to 

bleaching vents, and one option applies to pulping wastewater 

streams. Due to the high cost and low air emission 

reductions, no control options are currently being evaluated 

for bleaching wastewater streams. Table 4-4 describes each 

option, the control requirements, and specific emission points 

to which the option applies. 

The control option for pulping vent emission points is 

collection and conveyance to an existing combustion device 

such as a power boiler or lime kiln (or scrubbing for sulfite 

mills), assuming a 98-percent organic reduction. As discussed 
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TABLE 4-4. SELECTED CONTROL OPTIONS AND CONTROL TECHNOLOGY EFFICIENCY 

Option 

Control 
efficiency Process Emission 

Costing basis (% reduction) area 8ource Emission points 

Combustion: Individual 
capture and conveyance of 
conveyance to an vents with 
existing combined 
combustion device combustion 

OP 
I 

Scrubbing 

P 
0 

Combustion 
followed by 
scrubbing 

Steam stripper 
w/air emissions 
control device: 
conveyance to an 
existing 
combustion device 

100/98a Pulping 

Combined and 
individual control 
of vents 

o-9oc 

Combined and 98/9gCId 
individual control 
of vents 

Combined and 
individual control 
of,wastewater 
streams 

80-9ge 

Bleaching 

Bleaching 

Pulping 

Vents . 

. 

Vent . 
. 
. 

Vent . 
. 
. 

Wastewater 0 

. 

. 

. 

Digester blow tank 
gases 
Digester relief 
gases 
Washerb 
Foam tank 
Evaporator vent 
Knotterb 
02 Delignification 
blow tank 
02 Delignification 
washer 
02 Delignification 
seal tank 
Deckers/screensb 
Weak black liquor 
storage tank 

Bleach plant washerb 
Bleach plant tower 
Bleach plant Seal 
tank 

Bleach plant washerb 
Bleach plant tower 
Bleach plant seal 
tank 

Digester blow tank 
condensates 
Evaporator 
condensates 
Evaporator, surface 
condenser 
condensates 
Turpentine recovery 
underflow 1 

a With sources requiring enclosure, a 100 percent capture efficiency is assumed. Combustion reduces 

b 
captured organice by 98 percent. (All sources requiring capture are footnoted with "b".) 
Emission point8 may require enclosure because they are hooded or partially open to the atmosphere. 

C The emissions reduction for this control technology is variable and dependent on the solubility of the 
compound in the scrubbing medium and the volatility of the organic HAP's present. 

d Ninety-eight percent reduction of organice/ percent reduction of acid gases. 
e The removal efficiency and emissions reduction for this control technology is variable and dependent 

on the volatility of the organic HAP's present. 



in Chapter 3.0, these controls are currently being applied to 

some existing vent streams at most facilities. (Combustion of 

pulping vents in a stand-alone incinerator is possible, but 

for this option existing combustion devices were selected.). 

Capture is also necessary for those emission points that are 

hooded or partially open to the atmosphere (washers, 

knotters/screens, and deckers). As discussed in Chapter 3.0, 

complete capture was assumed to be achieved with enclosure of 

these points. 

One control option for bleaching vent emission points is 

caustic scrubbing which achieves a weighted average of 

70 percent reduction for organics and 99 percent reduction for 

chlorine.3 A second control option for bleaching vent 

emission points is scrubbing the vent stream first, then 

ducting the scrubber off-gas to a combustion device. However, 

this control option only achieves an average total HAP 

reduction of 75 percent.3 A third control option for 

bleaching vent emission points is thermal incineration 

followed by caustic scrubbing to achieve 98 percent reduction 

for organics and 99 percent reduction for chlorine and 

hydrochloric acid. 

The control option for pulping wastewater emission points * 

is collection of wastewater streams at the point of 

generation, handling in an enclosed collection system, and 

steam stripping to achieve an 80 to 99 percent organic 

reduction. The overheads from the stripper are assumed to be 

conveyed to an existing combustion device. As discussed in 

Chapter 3.0, the design steam stripper control efficiency is 

dependent on the volatility of the HAP's present in the 

wastewater stream. 

4.3 ENVIRONMENTAL IMPACTS 

This section presents the environmental impacts of 

applying the control options discussed in Section 4.2 to an 

example facility. These impacts have been revised from the 

preliminary draft BID based on internal review, and address 

most, if not all, of the comments provided by industry. The 
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example facility selected is a kraft hardwood pulping facility 

with batch digestion, rotary vacuum drum washing, and a CEHD 

sequence bleach plant (designated in Appendix C as pulping 

model PI and bleaching model Bl.) 

Table 4-5 presents a summary of the total uncontrolled 

HAP emissions for this mill that pulps 1,000 air-dried tons 

per day. The uncontrolled HAP emissions are presented as 

total emissions for the pulping emission points and total 

emissions for bleaching emission points, as well as a total 

for the entire mill. In addition to uncontrolled emissions, 

baseline HAP emissions are presented in Table 4-5. These 

baseline emissions were estimated assuming that its digester 

relief, blow gases, and evaporator noncondensibles are 

cornbusted. No other baseline controls were assumed for this 

example. As discussed in Section 4.1, in estimating national 

emissions and control impacts, baseline control levels were 

considered in a plant-specific analysis. 

This section presents the environmental impacts for 

application of the previously defined control options on this 

example mill; Section 4.3.1 presents the primary and 

secondary air impacts of these control options. Section 4.3.2 

presents the energy impacts. Water impacts and other impacts 

are described in Sections 4.3.3 and 4.3.4, respectively. 

4.3.1 Air Imoacts 

This section presents the primary and secondary air 

impacts resulting from the application of all control options, 

discussed in Section 4.2, on the example pulp mill. Primary 

air impacts include the reduction of HAP, VOC and TRS 

emissions directly attributed to the control option. Secondary 

air impacts evaluated are the increased criteria pollutant 

emissions resulting from steam generation for steam stripping, 

from auxiliary fuel cornbusted in the incinerator, and from 

combustion of vent streams.4 

Table 4-6 presents primary air impacts for the example 

mill, by control option (as presented in Section 4.2). The 
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TABLE 4-5. UNCONTROLLED EMISSIONS FOR AN EXAMPLE FACILITYa 

Line 
Total Baseline 

Line Process 
Assigned Total uncontrolled 

Capacity 
uncontrolled HAP 

No. Type 
model process 

(ADTPD) unitb 
HAP emission factor HAP emissions 

(kg/W ~ulp)~ 
emissions 

(W/yr) c (W/W d 

1 Pulping 1000 Pl 4.39 1400 1360 

2 Bleaching 1000 Bl 1.98 630 630 

Total Mill 6.37 2030 1990 

a 
P 

Kraft hardwood pulping with batch digestion rotary vacuum drum washing and a CEHD bleach 

I b 
plant. 

P 
w 

Definition of pulping and bleaching models and total uncontrolled HAP factors as 
presented in Tables 4-2 and 4-7. 

c HAP Emissions (Mg/yr) = capacity (air dried tons/day) * HAP emission factor 
d (kg/Mg pufp)*(Mg/l.l,tons) * (Mg/lOOO kg) * (350 days/yr). 

Assumes dlgester relief and blow gases and evaporator noncondensibles are being 
cornbusted at baseline. 



TABLE 4-6. PRIMARY AIR IMPACTS FOR AN EXAMPLE MILL 

Emission Baseline Emissions Control Option Emission Reduction Emission 
Source (Mg/yr)a. (%) Reductionb (Mg/yr) 
TYPO HAP voc TRS HAP voc TRS HAP voc TRS 

Pulping 160 1160 570 Collection and 98skd 98%d 98%d 150 1090 520 
Vents CombustionC 
Bleaching 550 420 0 Scrubbinge 70%f 70%f NA 380 290 NA 
Vents 

Incineration 98-99%h 98%h NA 540 410 NA 
and Scrubbingg 

Pulping 1200 1300 270 Steam 90%j 90%j 94%j 1080 1200 250 

Wastewater strippingi 

a 

P 
I 
!G 

b 

C 

d 
e 
f 

4 

h 
i 
j 

Baseline emissions assume control of digester relief and blow gases and evaporator 
noncondensibles using a combustion device with 98 percent efficiency. Emissions 
calculated from uncontrolled emission factors for an example 1000 ton/day kraft hardwood 
pulp mill with batch digestion, rotary vacuum drum washing, and a CEHD bleach plant 
using the following equation: 

Emissions (Mg/yr) = 1000 (air dried tons/day) * (Uncontrolled emission factor + 
l-O.98 * Emission factor for baseline controlled points 
[kg/Mg air dried pulp]) * (Mg/l.l tons) * (Mg/lOOO kg) * 350 
(days/year) 

Emission reductions represent additional emission reductions beyond the baseline control 
level. 
Assumes capture and combustion of emissions from digester blow tank, digester relief 
gases, brownstock washer, brownstock foam tank, evaporator vent knotter, 
deckers/screens, and weak black liquor storage. 
Combustion reduces captured organics by 98%. 
Assumes tower, washer, and seal tank vents from all four stages are scrubbed. 
Percent emission'reduction as follows: 99% chlorine, 99% Hcl, 70% methanol, 70% average 
for other HAP. 
Assumes tower, washer, and seal tank vents from all four stages are incinerated and 
scrubbed. 
98% reduction of organics/99% reduction of acid gases. 
Assumes digester blow condensates and evaporator foul condensates are steam stripped. 
Percent emission reduction as follows: 90% methanol, 99% MEK, 94% TRS, 90% average for 
other HAP. 



table presents uncontrolled and baseline emissions of HAP, VOC 

and TRS from pulping vents, bleaching vents and pulping 

wastewater. Estimated emission reductions for the different 

control options were calculated for these vent and wastewater 

streams and are presented in Table 4-6. For the control 

options selected, the pollutant removal efficiencies vary from 

70 to 99 percent for total HAP, total VOC, and TRS, as shown 

in the table. 

Table 4-7 presents secondary air pollution impacts for 

the same example mill. 4 As shown in Table 4-7, the greatest 

secondary impacts occur from the generation of steam used in 

steam stripping the pulping wastewater streams. Annual 

impacts of 63 Mg/yr sulfur d.ioxide, 172 Mg/yr carbonmonoxide, 

and 123 Mg/yr nitrogen oxides were estimated to be generated 

from steam production for this option.4 The secondary impacts 

were estimated based on calculating the amount of fuel 

required to generate the steam and the increase in criteria 

.pollutants based on literature values.4r5 

The impacts associated with combustion of pulping'vents, 

including steam stripper overheads, were determined to be 

negligible (with the exception of sulfur dioxide from the 

combustion of TRS 'in the vent streams). All HVLC vent streams 

were assumed to be used as combustion air for existing on-site 

combustion devices, with no significant effect on the fuel 

usage requirements, while LVHC vent streams were assumed to be 

used .as auxiliary fuel. 4 The sulfur dioxide impact was 

estimated based on the amount of total reduced sulfur in the 

vents requiring control. Although the additional moisture 

added to the combustion device will result in additional fuel 

requirements, the addition of organics to these combustion 

devices from the vent streams offsets the associated fuel 

requirements.6 

Scrubbing bleach plant vent streams was assumed to have 

no impact on secondary air emissions; however, incineration 

followed by scrubbing of these vent streams will result in 

secondary air pollution impacts, resulting from the combustion 
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TABLE 4-7. EXAMPLE MILL SECONDARY AIR POLLUTION IMPACTS 

Emission Source 
Type Control Optiona PM 

Emissions (Mg/yr)blc 

SO2 co NO, vocd 

Pulping Vents Collection and 
Combustione 

0 67 0 0 0 

Bleaching Vents Scrubbing 0 0 0 0 0 

Incineration and 
Scrubbingf 

1.7 0.3, 23 310 0 

Pulping Steam Strippingg . 2 27 5 20 0 
Wastewater 

P 
I 
!ii 

El 
C 

d 
e 

f 

4 

Sources being controlled are defined explicitly in Tables 4-5 and 4-6. 
Reference 4. 
Criteria pollutapt emissions calculated for an example 1,000 tons/day kraft 
hardwood pulp mill with batch digestion, rotary drum washing and a CEHD bleach 
plant. 
VOC generated from the control devices. 
Includes SO2 resulting from incineration of TRS from pulping vents not controlled 
at baseline: washer vent and washer foam tank vent. These are HVLC vents routed 
to a power boiler assumed to be equipped with a venturi scrubber achieving 
90 percent SO2 emissions reduction. 
Criteria pollutant emission rates ignore any potential emission reduction of PM or 
SO2 emissions that might occur as a result of scrubbing. 
Includes SO2 resulting from incineration of TRS from wastewater streams not 
controlled at baseline: digester blow and evaporator foul condensates. The 
resulting steam stripper overheads are routed to a power boiler assumed to be 
equipped with a scrubber achieving 90 percent SO2 emissions reduction and 
90 percent PM emission reduction. 



of these gases in a stand-alone incinerator. In addition, 

secondary air impacts from the combustion of auxiliary fuel is 

included. 

Figure 4-1 graphically presents the primary and secondary 

of these gases in a stand-alone incinerator. In addition, 

secondary air impacts from the combustion of auxiliary fuel is 

included. air pollution impacts shown in Tables 4-6 and 4-7 

for this example mill. The combined impacts for thecontrol 

options for pulping and bleaching vents and pulping wastewater 

are shown in the figure. The control option selected for 

bleaching vents depicted in Figure 4-1 is scrubbing only 

(i.e., the impact for incineration followed by'scrubbing is 

not shown). 

4.3.2 Enersv Impacts 

The control options evaluated require additional energy 

in the form of electricity to operate fans and pumps, and 
additional fuel to generate steam and to combust bleach plant 

vents. Table 4-8 presents these energy impacts for the 

example mill, broken down by pulping vents, bleaching vents; 

and pulping wastewater control options.4 As stated 

previously, no additional fuel requirement was assumed for 

combustion of pulping vent streams; however, additional energy 

will be required to transport the vent streams from the point 

to the combustion device. 

The amount.of electricity required to operate the fan or 

blower is estimated by calculating the horsepower required to 

transport the vent stream. Electricity to Pperate fans and 

pumps for operating scrubbers and steam strippers was 

calculated in a similar manner. When an incinerator is used 

to control HAP emissions from bleach vents, auxiliary fuel is 

required to sustain combustion. The auxiliary fuel was 

estimated based on the combustion temperature, VOC content of 

the stream, and volumetric flow rate. When a steam stripper 

is used, auxiliary fuel is.required for the generation of the 

steam. The fuel requirement was estimated based on the steam 

requirements. 
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Figure 4-1. Example Mill Air Pollution Impacts 



TABLE 4-8. EXAMPLE MILL ENERGY IMPACTSalb 

Auxiliary 
Auxiliary fuel required 

fuel for steam 
Emission Electricity (natural gas) generation 

Source Type Control OptionC WBtu/Yr) WBWyr) (mBtu/Yr) Total 

Pulping Vent Collection and 3,900 NAd NA 3,900 
Combustion 

Bleaching Vent Scrubbing 9,500 . NAd NA 9,500 

Incineration and 9,500 1,050,000' NA 1,060,OOO 
Scrubbing 

Pulping Steam Stripping 3,000 NAd 290,000 293,000 
P 
I Wastewater 

=f 6 

E 
Reference 4. 
Energy impacts calculated for an example 1,000 ton/day kraft hardwood pulp mill with 
batch digestion, rotary vacuum drum washing and a CEHD bleach plant. 

: 
Sources being controlled are defined explicitly in Table 4-6. 
Additional fuel required from the moisture (above ambient combustion air) in these 
vent streams is offset by the fuel value of the vent streams. 
NA = Not applicable. 



The greatest impacts are incurred with incineration and 

scrubbing of bleaching vents, representing approximately 

1.1 x 1012 Btu/year for the example mill. The next largest 

energy impact results from the generation of steam, used in 

steam stripping pulping wastewater streams; however; this fuel 

requirement is less than the fuel requirement for incineration 

of bleach plant vent streams. 

4.3.3 Water Impacts 

The water impacts associated with the control options 

discussed in this section are.being evaluated quantitatively 

by EPA's Office of Water as part of the joint rulemaking 

effort, however, this section presents a qualitative 

discussion of the potential water impacts associated with 

these control options. 

Control of pulping vents through collection and 

combustion in an existing combustion device was determined to 

have no impact on water pollution. Any condensates in the 

vent stream collection system can be returned to the weak 

black liquor recovery system or to the condensate steam 

strippers. Scrubbing of bleach plant vent streams will 

contribute approximately 1.5 pounds of sodium chloride to the 

wastewater (5 to 40 ppmw).; however, this quantity is-small 

compared to baseline total dissolved solids quantities.7 

Steam stripping of pulping wastewater streams will positively 

effect the quality of the pulp mill effluent, specifically 

methanol loading reductions. Lower methanol loadings will, 

consequently, reduce the biological oxygen demand loading. 

4.3.4 Other Impacts 

Other impacts considered for the control options 

discussed in this section include noise, visual impacts, odor 

impacts, solid waste impacts, and irreversible and 

irretrievable commitment of resources. Although some of the 

add-on control equipment wili increase the noise level in a 

pulp mill, the incremental noise increase will be small 

compared to background levels. The increased noise levels 
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will occur from fans and pumps used to transport the vent 

streams and wastewater streams to the'control devices. No 

visual impacts associated with the control options, however, a 

positive odor impact will result from the additional reduction 

in the malodorous total reduced sulfur compounds emissions. 

No expected secondary solid waste impacts associated with the 

control options discussed in this section. Any waste 

generated from steam strippers or scrubbers should be 

manageable within the existing waste treatment process. No 

significant increase in incinerator ash is expected. No 

irreversible or irretrievable commitments of resources 

associated with these control options have been identified. 
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5.0 ESTIMATED CONTROL COSTS 

This chapter presents the approach taken to estimate the 

cost of controlling hazardous air pollutant (HAP) and volatile 

organic compound (VOC) emissions from the pulp industry as 

discussed in Chapters 2.0, 3.0, and 4.0. This chapter 

discusses the assumptions used for sizing the control 

technologies for each emission point, the method of estimating 

costs for control technologies (Section 5.1), and the 

estimated costs for an example facility (Section 5.z). 

Table 5-l presents a summary of the elements included 

(enclosures, combustion devices, scrubbers, and steam 

strippers) in the control cost anaiysis for the emission 

points identified in previous chapters. 

5.1 CONTROL COSTS 

This section presents the methodologies used to determine 

the cost of controlling vent and wastewater emission points in 

model mills that are used to represent the pulp industry. The 

approach used to size and cost the control technologies was 

dictated by the EPA OAQPS Control Cost Manual (OCCM). This 

manual uses conservative estimates of design parameters where 

specific industry data are not available; thus, resulting cost 

estimates can be conservative (high). Consequently, 

significant changes in costs are not expected, and therefore, 

decisions made based on these preliminary analyses are valid. 

Sections 5.1.1 and 5.1.2 discuss costs for enclosures and vent 

gas conveyance systems. The control technology costs, 

including thermal incineration, scrubbing, and steam 

stripping, are discussed in Sections 5.1.3, 5.1.4, and 5.1.5. 

In each section, design assumptions, design parameters 

affecting costs, as well as estimated costs are presented. 
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TABLE 5-l. ELEMENTS INCLUDED IN CONTROL COST CALCULATIONS 
FOR VARIOUS POINTS/DEVICES 

Emission point 
Ductwork/ Combustion Steam 

Enclosure conveyance devices" scrubberb stripperC 

Puloino vents 

Digester relief gas 

Digester blow gases 

Knottets 

Pulp washers 

Deckers/screens 

Washer foam tank 

Evaporator vent 

Weak black liquor storage 
tank vent 

X 

X 

X 

Oxygen delignification blow 
tank 

Oxygen delignification 
washer vent 

Bleachinu vents 

Tower vents 

Washer vents 

Seal tank vents 

pulpinq wastewater streams d 
I 

X 

X 

X 

X 

X X X 

X X X 

X x X 

X X X 
t 1 

a For pulping vents, existing combustion devices were assumed to be applicable; however, stand-alone 
incinerators were considered for bleaching vents. The vent gas from the wastewater steam strippers 
was assumed to be combusted in an existing combustion device. 

b Scrubbers were considered for bleach plant vents in two control options: as the primary control 
device; and as a secondary control following incineration. 

: 
Including collection and transport of wastewater to steam stripper. 
The overheads from the steam stripper are conveyed to an existing combustion device. 



5.1.1 Enclosure Costs 

AS shown in Table 5-1, the emission points that will 

require enclosures before an end-of-pipe control device can be 

used are the pulp washers, the knotters, and the 

screens/deckers. Enclosing these points reduces the 

volumetric flow rate typically associated with capture of the 

emissions and will increase the overall capture of VOC and 

HAP. Factors considered in estimating enclosure costs include 

the size of the enclosure, the materials of construction, and 

the need for equipment access. It should be noted that some 

'washer designs, such as diffusion washers, do not require 

enclosures due to their design. 

. 

The costs for enclosing the systems (model washers, 

etc.) were developed based on vendor quotes for enclosures 

installed on pulp washers.1 The enclosures are assumed to be 

a close-fitting panel hood design. Vendor cost quotes were 

obtained for enclosures constructed of fiber reinforced 

plastic (FRP) and designed to allow equipment access. An 

approximate purchased equipment cost of $40,000 was assumed 

for each enclosure at a typical (i.e., 1000 ton per day) mill. 

Additional supports are required for the close-fitting panel 

hood when designed for a rotary vacuum pulp washer to support 

the weight of the hood and to provide structural support for 

access openings. A washer line consisting of three rotary 

vacuum washer drums was assumed to require three enclosures, 

with.two additional supports at $12,000 per set.1 It was 

assumed that screens, knotters, and deckers each exist as 

single units, and require a single enclosure. For mills with 

larger capacities, it was assumed that multiple lines/units 

would be used and would require additional enclosures. 

Direct and indirect installation costs were assumed to be 

50 percent of the purchased equipment costs; therefore, the 

total capital investment was estimated to be 150 percent of 

the purchased equipment cost. The resulting total Capital 

investment for enclosures in 4th'Quarter 1991 dollars is 

approximately $64,000 for each screen, knotter and decker, and 
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$230,000 for washers. The costs were annualized assuming a 10 

year equipment life at 10 percent interest.rate. The 

resulting total annual costs (TAC) equal $10,400 for each 

screen, decker, and knotter and $37,500 for washers. 

5.1.2 Ductwork and Convevance Costs 

Ductwork is used for the conveyance of vent streams from 

discrete points or from enclosures to the control devices 

discussed in Chapter 3.0. It was assumed that the mill would 

combine vent streams and send them through a single duct to 

the control device; therefore, the ductwork system was sized 

'to allow multiple emission points from a process area (i.e., 

knotter and pulp washers) to be routed together to be conveyed 

through a common ductwork system. 

5.1.2.1 

The ductwork 

ductwork and 

arrestor(s), 

5-2 presents 

Ductwork Desisn Considerations Affectina Cost. 

system consists of the following equipment: 

elbows, fan, knock-out drum(s), flame 

rupture discs, supports, and insulation. Table 

the assumptions used to calculate ductwork costs 

for venting pulping streams to an existing combustion'device. 

A minimum duct diameter of 8 inches was chosen to 

represent the smallest reasonable duct diameter from low-flow 

points. The main header diameter was based on the cumulative 

stream flow rate and an assumed maximum velocity through the 

duct (3,000 feet per minute) for combined vent streams.2r3 

The duct was assumed to have an overall length of 1,000 feet 

from the emission points to the combustion device based on 

site visits and mill teleconferences. For the flue gas from 

the combustion device to the scrubber, the overall duct length 

was assumed to be 300 feet, and for bleach plant emission 

points to 'a stand-alone scrubber, the overall duct length was 

assumed to be 100 feet: For this preliminary analysis, it was 

assumed that the cost of a large, constant diameter duct would 

approximate actual costs incurred by scaling up duct diameters 

with transition pieces. A comparison of these assumptions for 

a model mill is discussed in a separate memorandum.2 
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TABLE 5-2. DUCTWORK GENERAL DESIGN SPECIFICATIONS FOR 
VENTING TO AN EXISTING COMBUSTION DEVICE 

Item 

Design and 
cost 

Specification references 

Minimum duct diameter 

Target pressure drop 

Maximum duct velocity 

Duct length 

Number of elbows per 100 feet 
of duct 

Fans per duct 

Flame arrestor per duct 

Knockout drum per duct 

Number of rupture discs per 
100 feet of duct 

2,5 

6 

2 

7 

Thickness of steel 16 gauge 4 

8 inchesa 

20 to 40 inches 
of water 

3,000 feet per 
minute 

1,000 feeta 

2a 

2 

3 

2 

2 

a Based on site visits to several mills. 
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5.1.2.2 Development of Ductwork Capital Costs. Duct and 

elbow cost equations were developed for carbon steel and 

adjusted to reflect the cost difference of stainless 

steel.214 Additional costs were included for the fan, 

supports, insulation, knockout drum(s), flame arrestor(s), and 

rupture discs. 5,6,7,8 For bleaching vents controlled by 

an incinerator followed by a scrubber, a quench chamber is 

used to cool the stream. The halogenated streams from the 

combustion device are conveyed to the quench chamber by 

stainless steel ducts. After the incinerator gases are cooled 

by the quench chamber, FRP duct is used to convey the gases to 

the scrubber. To determine costs, an FRP multiplier is used 

in place of the stainless steel multiplier. The total capital 

investment was estimated as 3.02 times the sum of the 

individual purchased equipment costs to account for direct and 

indirect installation costs, including retrofit costs.grlo 

5.1.2.3 Development of Ductwork Svstem Annual Cost. 

Annual costs for the ductwork system include utility and 

maintenance costs, as well as annualized capital charges. It 

was assumed that an increase in operating labor due to the 

ductwork is insignificant. 

Electricity is the only utility cost considered. The 

electricity requirement for the fan was calculated from the 

vent gas flow rate and the estimated pressure drop through the 

duct system and- a cost of electricity of $0.04 per kilowatt-hr 

($O.O4/kW-hr).ll 

Maintenance material and labor are included under 

maintenance costs. Maintenance labor requirements are assumed 

to be 0.5 hour of labor per 8-hour shift. Maintenance 

material costs are assumed to be equal to maintenance labor 

costs.12 

The annualized capital charges include capital recovery 

charges as well as taxes, insurance., administrative,-and 

overhead charges. The capital recovery cost assumes a lo-year 

duct life and 10 percent interest rates, and is calculated 

using the following equation: 
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Capital recovery =Total capital* Capital recovery (1o years, 1o%) 
cost investment factor 

Taxes, insurance, and administrative costs are assumed to be 

4 percent of the total capital investment. Overhead is 

conservatively estimated to be 60 percent of the total labor 

and maintenance costs.12 

5.1.3 Thermal Incineration System Costs 

Thermal incinerator costs were developed using the cost 

equations presented in Chapter 3.0 of the OCCM.l3 As 

discussed in Chapters 3.0 and 4.0 of this document, a thermal 

incinerator may be used to control HAP and VOC emissions from 

halogenated bleaching vent streams. Thermal incinerators may 

also be used to control pulping vent streams if desired; 

however, for this analysis it was assumed that pulping vent 

streams would be controlled by an existing combustion device. 

Costs for a thermal incinerator for an example bleaching 

process are given in Section 5.2, and the design consideration 

*for halogenated streams are given below. 

5.1.3.1 Thermal Incinerator Desian Considerations 

Affectins Costs. The thermal incinerator system for 

halogenated streams consists of the following equipment: 

combustion chamber, instrumentation, blower, collection fan, 

ductwork, and stack. The OCCM contains further discussion of 

incinerator control system design.13 General thermal 

incinerator design parameters are presented in Table 5-3. 

Other key variables that affect 'costs are: vent 'stream flow 

rate and type of heat recovery (capital costs) and vent stream 

flow rate, vent stream heat content, and fuel requirements 

(annual costs). 

The amount of oxygen in the vent stream or bound in the 

VOC establishes the supplemental combustion air requirement. 

In pulp mills (including pulping and bleaching vents), most of 

the vent streams are dilute streams and contain an oxygen 

percentage sufficient-to support combustion.14 Therefore, 
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TABLE 5-3. THERMAL INCINERATOR GENERAL DESIGN SPECIFICATIONS 
FOR HALOGENATED VENT STREAMS 

Item Specif ication 

Emission control efficiency 98 percent or greater 
destruction of VOC 

Minimum incinerator capacitya 500 scfm 

Maximum incinerator capacity 50,000 scfm 

Incinerator temperature 1,100 OC (2,000 OF) 

Chamber residence times 1.00 set 

Supplemental fuel requirement Natural gas required to 
maintain incinerator 
temperature 

a Five hundred scfm is the minimum incinerator size used to 
determine capital cost. 
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for pulp mill vent streams, supplemental combustion air is not 

expected to be required. In fact, certain pulping vent gases, 

such as digester relief and blow gases, may have heat contents 

greater than approximately 100 Btu/scf due to the presence.of 

turpentine compounds. In such cases, the vent stream may be 

used as supplemental fuel in combustion devices.15 (See 

Chapter 3.0 for discussions on vent streams and their heat 

contents.) 

The minimum and maximum incinerator flow rate for this 

cost analysis were 500 and 50,000 scfm, respectively. Flow 

rates greater than 50,000 scfm were assumed to be controlled 

by multiple incinerators. 

Halogenated vent streams were not considered to be 

candidates for heat recovery systems and were costed assuming 

zero'percent heat recovery. This design assumption was 

imposed because of the potential for corrosion in the heat 

exchanger and incinerator. Based on an analysis of chlorine, 

chlorine dioxide, extraction, and hypochlorite bleach plant 

stages, vent streams that would likely contain higher 

concentrations of halogens would be from the hypochlorite 

stage (chloroform) and the chlorination stage (chlorine). If 

the temperature of the flue gas leaving the heat exchanger 

were to drop below the acid dew point temperature for these 

vent streams, acid gases would condense. In cases such as 

bleaching vents steams where heat is not recovered, the annual 

fuel costs would be higher than for cases where heat recovery 

is practiced, other factors being held constant. 

The destruction of VOC's is a function of incinerator 

temperature, residence time in the combustion chamber, and 

concentration of VOC's in the vent stream. Since these 

parameters affect capital and annual costs, their values had 

to be established. Previous EPA studies show that at least 

98 percent destruction efficiency can be met in a thermal 

incinerator operated at a temperature of 16000F and a 

residence time of 0.75 seconds. 16 Thermal oxidation of 
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halogenated VOC requires higher temperatures. Available data 

indicate that a temperature of 2,000°F and a residence time of 

one second are necessary to achieve at least 98 percent VOC 

destruction efficiency for halogenated vent streams.17 

Auxiliary fuel will almost always be'necessary for start- 

up of the unit. Also, in most cases, additional fuel must be 

added to maintain the incinerator temperature. With the 

following assumptions, the amount of auxiliary fuel required 

was estimated using the heat and energy balance around the 

combustion chamber.18 

l The reference temperature is taken as the inlet 

temperature of the auxiliary fuel (77OF). _ 

0 No auxiliary combustion air is required (i.e., it is 

assumed that the oxygen content of the vent stream 

is at least 18 percent). 

l Energy losses are assumed to be 10 percent of the 

total energy input to the incinerator above ambient 

conditions. 

l At a constant moisture content, the heat capacities 

of the bleach plant vent streams entering and 

leaving the combustion chamber are approximately the 

same regardless of composition of the organics. 

This is true for waste streams which are dilute 

. mixtures of organics in air, the properties of the 

streams changing only slightly on combustion. 

These assumptions and subsequent calculations of the fuel 

requirements for a model vent stream are presented in a 

separate document.19 

5.1.3.2 Development of Thermal Incinerator Capital 

costs. The cost analysis for-thermal incinerators presented 

below follows the methodology outlined in the OCCM. Equipment 

cost correlations are based on data provided by various 

vendors; each correlation is valid for incinerators in the 500 

to 50,000 scfm range.20 Thus, the smallest incinerator size 

used for determining equipment costs is 500 scfm; for flow 

rates greater than 50,000, additional incinerators are costed. 
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Equipment costs are given as a fUnCtiOn of total 

volumetric flow through the incinerator and are accurate to 

within 30 percent. For halogenated streams, the equation used 

in the costing analysis, after converting to 4th Quarter 1991 

dollars, is as follows:21 

EC = 10,930 QToTO*~~~~ 

where: 

EC = Equipment costs (4th Quarter 1991 

dollars); and 

QToT = Total volumetric flow rate through the 

incinerator including any additional air 

and fuel. 

The cost for the conveyance of bleaching process vent streams 

to the incinerator is not included in the incinerator 

equipment cost. The methodology for calculating costs for.the 

conveyance system for an incinerator is presented in 

Section 5.1.2. 

Installation costs are estimated as a percentage of 

purchased equipment costs and include auxiliary equipment, 

instrumentation, sales taxes, and freight. Direct and 
indirect installation costs for thermal incinerators have been 

incorporated into the total capital investment. The total 
capital investment is estimated at 1.61 times the purchased 

equipment cost. 

5.1.3.3 Development of Thermal Incinerator Total Annual 

cost. Annual costs for the incinerator system include direct 

operating and maintenance costs, as well as annualized capital 

charges. The bases for determining thermal incinerator annual 

costs are presented below. 

The utilities considered in the annual cost estimates 

include natural gas (auxiliary fuel) and electricity 

(incinerator fan). The fuel and electricity costs were 

assumed to equal $3.48 per A,000 cubic feet of natural gas-and 

$O.O4/kW-hr, respectively. The procedure for estimating the 
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electricity requirement is described in Chapter 3.0 of the 

OCCM.13 The procedure for estimating the natural gas 

requirement was presented in Section 5.1.3.1. 

. For this cost analysis it was assumed that the 

incinerator requires 0.5 hour of operating labor per 8-hour 

shift. Maintenance labor requirements are assumed to be 

identical to operating labor requirements. Supervisory cost 

is estimated to be 15 percent of the operating labor cost.22 

Maintenance material costs are assumed to be equal to 

maintenance labor costs. 

The annualized capital charges include capital recovery 

charges as well as taxes, insurance, administrative and 

overhead charges. The capital recovery cost was calculated as 

described in previous sections. Taxes, insurance, and 

administrative costs were assumed to be 4 percent of the total 

capital investment. Overhead was estimated to be 60 percent 

of the total labor and maintenance costs.23 

5.1.4 Scrubber Svstem Costs 

Scrubber costs were developed for two scenarios. 

Scrubber systems were applied as secondary control to remove 

acid gases from the incinerator exhaust after combustion of 

halogenated bleach plant streams (i.e., post-incineration 

scrubbers). Scrubbers were also used as a primary control for 

bleach plant vent streams, without incineration (i.e., stand- 

alone scrubbers). (However, based on recent industry 

comments, stand-alone scrubbers could be acting as emission 

points for methanol. Scrubber effluent could also emit 

volatile HAP's.) Design considerations for the two scrubbing 

scenarios described above are presented in the following two 

sections. 

5.1.4.1 Post-Incineration Scrubber Desiqn Considerations 

Affectins Costs. Scrubber systems consist of the following 

major equipment: quench chamber, packed tower, pump, 

ductwork, and fan. Post-incineration scrubber systems are 

designed to remove acid gases formed during combustion of 

halogenated organics. System elements and design assumptions 
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specific to this analysis are based on a-waste gas stream 

(i.e., incinerator exhaust) with hydrochloric acid (HCl) as 

the most prevalent POllUtant. 

General scrubber design specifications are presented 

in Table 5-4. Column diameter and height are the primary 

design parameters that affect the capital cost of the 

scrubber. These design parameters establish the column shell 

geometry and the amount of packing required. The design 

procedure assumes no heat effects are associated with the 

absorption process and that both the gas and liquid streams 

are dilute. The liquid-to-vapor flow ratio is calculated from 

the inlet and outlet gas and liquid stream flow rates and is 

assumed to be constant through the scrubber. 

The column diameter was estimated based on mass transfer 

equations in the literature, 24,25,26,27,28,29,30 

using characteristics of the model vent stream, the absorption 

liquid (caustic solution), the packing material,31 and an 

assumed column flooding condition of 60 percent. For this 

analysis, the diameters ranged from 3 to 15 feet, depending on 

the flow rate of the model vent streams. A detailed 

discussion of design procedures is presented in Chapter 9 of 

the OCCM.32 

The height of the packed column was calculated by 

determining the number of theoretical transfer units required 

to obtain the desired removal efficiency and multiplying by 

the height of a transfer unit. The number of overall transfer 

units was estimated using the equilibrium-operating line 

graph, based on inlet and outlet conditions. For this 

analysis, the column height was approximately 30 feet. 

5.1.4.2 Stand-Alone Scrubber Desian Considerations 

Affectins Costs. The stand-alone scrubber system consists of 

the same major equipment as the post-incinerator scrubber 

system. The design assumptions were based on reported 

industry chlorine and chlorine dioxide gas scrubbers.33 

Information on one scrubber indicated that 99 percent chlorine 

reduction was being achieved using a five percent caustic 
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TABLE 5-4. DESIGN PARAMETERS FOR POST INCINERATION SCRUBBER 
SYSTEM 

Parameters Values 

Waste gas flow rate entering 
absorber 

Temperature of waste gas 
stream (prior to quench 
chamber) 

Pollutant in waste gas 

Concentration of the Hcl 
entering absorber in waste 
gas 

HCl removal efficiency 

Scrubbing liquid 

Packing type 

400 to 80fiOO0 scfma- 

2,000 OFa 

HCl 

100 to '15,000 ppmv 

99 percent (molar basis) 

Caustic solution (white 
liquor, E-sta e filtrate), 
5 gal/1000 ft 4 

2-inch ceramic saddles or 
Raschig rings 

a The incinerator off-gas passes through a quench chamber 
which reduces the waste gas flow rate and temperature prior 
to entering the duct to the scrubber. 
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solution (sodium hydroxide). Most scrubbing solutions were 

from existing caustic sources, such as white liquor, E-stage 

filtrate, and weak wash, and 'based on available information, 

scrubbers using these media can also achieve a 99 percent 

reduction in chlorine. An existing source of caustic solution 

was assumed for this costing analysis. For the cost-analysis, 

the liquid to gas ratio and column height were given based on 

analysis of actual scrubber data and the diameter was varied 

based on a vent stream flow of 53 lb-mole per hour cubic foot 

through the column. 

General scrubber design specifications are summarized in 

Table 5-5. The detailed design procedure used' to select the 

stand-alone scrubber variables is described in a separate 

memorandum.1g Costs were estimated for a scrubber system from 

cost factors provided in Chapter 9 of the OCCM.34 The 

diameter for the scrubber ranged from 4 to 18 feet for systems 

scrubbing vent streams from 2,000 to 80,000 scfm. The 

representative column height was assumed to be 27 feet with 

15 feet of packing.19 A liquid to gas (L/G) ratio of 

50 gallons per 1,000 ft3 was assumed.19 

5.1.4.3 Development of Scrubber Capital Costs.- The cost 

methodology for the scrubber (both post-incineration and 

stand-alone) follows the procedure outlined in Chapter 9.0 of 

the OCCM.34 The main components in scrubber cost are: tower, 

packing, and ductwork to the scrubber. The following equation 

was used in the cost analysis for the tower, after conversion 

to 4th Quarter 1991 dollars: 

EC = (115,$/ft2) * (S,ft2) 

where: 
EC = Equipment cost (4th' Qtr 1991 dollars); 
S = Column surface area (ft2), approximated by 

n * D (HT + D/2); 
D = Diameter of the tower (ft); and 
HT = Height of the tower (ft). 

The cost for the column packing was based on the packing 

volume. The cost for 2-inch ceramic saddles or raschig rings 
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TABLE 5-5. DESIGN PARAMETERS FOR STAND-ALONE SCRUBBER SYSTEM 

Parameters Values 

Waste gas flow rate entering 
absorber 

Temperature of waste gas 
stream 

Pollutants in waste gas 

Chlorine removal efficiencya 

Scrubbing liquid 

Packing type 

Packing height 

Column height 

2,000 to 80,000 scfm 

140 OF 

Cl28 cw2, HCl, Methanol, 
Chloroform 

99 percent (molar basis) 

Caustic solution (white 
liquor, E-stage filtrate), 50 
gal/l,000 ft3 

2-inch ceramic saddles or 
Raschig rings 

15 feet 

27 feet 

a Removal efficiencies for other compounds range from 0 to 99 
percent and are documented in a separate memorandum.25 
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is identical at $20 per cubic foot.34 The methodology for 

calculating costs for the conveyance system for a scrubber 

system is the same as for the conveyance system to a 

combustion device presented in Section 5.1.2. 

The total capital investment was estimated to be 

2.20 times purchased equipment costs and include auxiliary 

equipment, instrumentation, sales taxes, and freight.34 

5.1.4.3 Development of Scrubber Annual Cost. Annual 

costs for the scrubber system include direct operating costs, 

such as labor costs, utility costs, maintenance costs, 

operating material costs, and wastewater disposal costs and 

indirect operating costs, such as total annualized capital 

charges. 

The cost for operating materials include that of the 

absorbing liquid used in the scrubber. According to a survey 

by the EPA's Office of Water, many mills in the pulp and paper 

industry currently purchase caustic (sodium hydroxide [NaOH]) 

for other mill purposes.11 In many cases, caustic solutions 

from other mill processes (i.e., weak wash from the chemical 

recovery loop) are used in the scrubber by supplementing with 

fresh caustic as necessary. The caustic used in the scrubber 

may then be used in the bleach plant extraction stage or it 

may be disposed of for a negligible cost with the remainder of 

the mill wastewater that does not require control for air 

emissions. 36t37 For this analysis, water and caustic 

.costs were assumed to be negligible because the scrubbing 

medium was assumed to exist on-site.19 

The utility considered in the annual cost estimates is 

the cost of electricity. Electricity cost is dependant on the 

energy required to operate the fan and the pump to overcome 

the pressure drop in the column. For this analysis, an 

electricity cost of $O.O4/kW-hr was used.11 

The scrubber system maintenance and operating labor 

costs, supervisory costs, capital recovery charges as well as 

taxes, insurance, administrative and overhead charges were 
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calculated as described in Section 5.1.3, with the only 

exception being that a 15 year equipment life was assumed. 

5.1.5 Steam Striooins Costs 

This section discusses steam stripper design 

considerations affecting cost and the general methodology used 

to develop capital and annual costs for steam strippers. The 
costing methodology and assumptions documented in this section 

are those used in the proposed rulemaking package. Though 

industry has commented on the basis and additional information 

is being developed, the results have not been revised to 

reflect any changes at this time. Specific areas‘for future 

consideration are identified in the text of this section. 

A survey was.conducted by the American Paper 

Institute/National Council of the Paper Industry for Air and 

Stream Improvement (API/NCASI), and of the 140 responses, 31 

mills reported the use of strippers to control emissions from 

wastewater. Based on these data, approximately 67 percent of 

these mills integrate the steam stripper into the evaporator 

set and 33 percent use stand-alone steam strippers.38 

Therefore, the (industry-wide) average costs presented in this 

analysis are prorated for these percentages. .(Industry has 

recently commented that the questionnaire was misinterpreted 

and that a lower percentage of mills use integrated steam 

strippers.) For facilities that are not planning joint 

evaporator upgrades, it would be less expensive not to 

integrate and to retrofit the steam stripper into the 

evaporator system. The following discussion presents the 

design and cost methodologies for both integrated and stand- 

alone steam strippers. 

5.1.5.1 Steam Stripper Desisn Considerations Affectinq 

cost. Factors affecting the costs for steam stripping include 

the steam usage (annual costs), tower height and diameter 

(capital and annual costs), and the stripper configuration 

(tray vs. packed-bed) (capital and annual costs). The most 

sensitive parameter for costing is steam use; therefore, any 

adjustments to the proportion of mills using integrated versus 
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stand-alone systems would have the most effect on costs for 

controlling air emission from wastewater. The steam stripper 

system design basis included a steam-to-feed ratio of 0.18 kg 

steam per liter of wastewater (1.5 lb/gal) which achieves a 

90 percent removal efficiency for methanol based on 

representative data of pulp mill steam stripper 

performance.3g The stripper was assumed to be a sieve tray 

column with 8 theoretical stripping trays.38 

The column diameter and the size of the auxiliary 

equipment are a function of the wastewater feed rate. The 

column must be wide enough to provide a desired (low) pressure 

drop and liquid retention time in the column using 

correlations developed to prevent column flooding. 

An integrated system uses steam from the evaporator set 

for operation. Due to the use of steam from the evaporator, 

the use of fresh steam for an integrated system is much lower 

than that of a stand-alone system. The steam does lose some 

of its heating value due to use in the steam stripper 

(approximately 6 to 12 percent of typical boiler 

capacity).4O Consequently, it must be supplemented with 

make-up steam from remaining boiler supply for use in later 

effects. While it is not expected that an additional boiler 

would be required in this case, dedicated use of this steam 

cou.ld limit future operational flexibility. 

It was assumed that the overhead stream from either 

(integrated or stand-alone) system would be ducted to an 

existing combustion device and would contribute some heat 

value; however, this heat value.will be partially offset by 

the increased heat requirement to heat the high moisture 

content in the vent stream. In practice, a fuel-rich overhead 
stream is obtained by including reflux in the stripper design. 

Such a design would incur costs for the reflux tank and 

associated condenser, yet produce a recovery credit for using 

the overhead gases as fuel.38 

The cost algorithm used in evaluating national impacts 

accounted for a recovery credit of $73,400 per year, based on 
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the approximated fuel value of the organics in the overhead 

stream; however, that costing approach did not include feed 

tank costs or reflux tank and condenser costs for the stand- 

alone system, nor did it assume that any equipment other than 

the sieve trays and pumps was constructed of stainless steel. 

The costs for the cooling load on the reflux condenser were 

also not included. In practice, the recovery credit is 

greater than the credit used in the analysis, but the system 

capital and annual costs including the items listed above are 

greater. The resulting annual costs are within 15 to 20 

percent of those presented in this document. 

5.1.5.2 Development of Steam Stripper Capital Costs. 

The capital costs for the steam stripper system are based on 

the following equipment components: 

l 

0 

l 

All costs 

trays and 

Reflux tank (for integrated system);41 _ 

Steam stripper column (including column shell, 

skirts, nozzles, manholes, platforms and ladders, 

and stainless steel sieve trays);42,42 

Flame arrestor;J4 

Pumps;45 and 

Feed Preheater.46 

are for carbon steel construction except for sieve 

pumps. It was assumed that these components would 

be constructed of stainless .steel because they are.subject to 

the greatest wear and are exposed to the harshest condition&. 

No capital costs for additional boilers or cooling towers were 

included. 

The total capital investment for a'steam stripper system 

is calculated to be 2.20 times the purchased equipment costs. 

The purchased equipment cost includes costs for the equipment 

components, auxiliary piping (additional piping for combining 

wastewater streams and vent lines), instrumentation, sales 

tax, and freight. 

Stainless steel construction cost factors are included 

for comparison because facilities with corrosive wastewater 

streams (i.e., high pH) will require a steam stripper system 
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constructed of a corrosion-resistant material. Equipment 

costs for stainless steel were estimated from the carbon steel 

costs, using a factor for conversion from carbon steel cost to 

304.stainless steel cost. Table 5-6 presents the stainless 

steel cost factor for each equipment component. __ 

5.1.5.3 Development of Steam Stripper Annual Costs. The 

total annual cost is the total of all costs incurred to 

operate the steam stripper system throughout the year. The 

annual operating costs comprise direct and indirect charges. 

Direct annual costs comprise expenses incurred during normal 

operation of the steam stripper process, including utilities, 

labor, and maintenance activities. For this preliminary 

analysis, it was assumed that existing steam capacity and 

cooling water would be used. 

Electricity is needed to operate pumps and other 

electrical components in the system. The electricity required 

for the pumps is calculated using design flow rates for each 

pump and assuming a developed head of approximately 37 meters 

(120 ft) of water and a pump efficiency of 64 percent. For 

this analysis, electricity cost is assumed to be - 

$O.Ol/kW-hr. l1 The steam costs are estimated using the design 

steam loading of 0.180 kg of steam per liter (1.50 lb/gal) of 

wastewater feed., For integrated systems, make-up steam use is 

approximately 12 percent of the steam use for the stand-alone 

system.40 For this analysis, the steam cost is assumed to be 

$4.02/Mg.= 

The steam stripper operating and maintenance labor costs, 

maintenance material costs, supervisory labor costs, 

administrative and overhead charges, capital recovery charges, 

taxes, and insurance were calculated as described in 

Section 5.1.3, with the only exception being that at 15 year 

equipment life was assumed. 

5.2 CONTROL OPTIONS COSTS 

Table 5-7 presents a summary of total capital investment 

and total annual cost for controlling an example mil-1 using 

the control options presented in Chapter 4.0. The example 
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TABLE 5-6. STAINLESS STEEL COST FACTORS 

Equipment component Stainless steel cost Reference 
factor 

Steam stripper column - 1.7 42 
shell 

Reflux tank 2.4 45 

Feed preheater 0.8193 + 0.15984 * (In A) 46 
where A is in ft2 
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TABLE 5-7. SUMMARY OF COSTS FOR CONTROL OPTIONS FOR AN EXAMPLE FACILITY 

Option Emission points 
Flow rate TAC 
(scfm) HAP cont. WI ($) (S/yr) 

Combustion of 
pulping vents: 
capture (enclosures 
where necessary) 
and conveyance to 
an existing 
combustion device 

Scrubbing of 
bleaching vents 
(combined vents) 

Combustion of 
bleaching vents 
followed by 

'Jl 
scrubbing (combined 

I vents) 
h) 
W Steam stripping of 

pulping wastewater 
(combined streams) 
followed by 
conveyance to an 
existing combustion 
device 

l Brownstock washera 
l Brownstock foam tank 
l Knottera 
l Deckers/screensa 
l Weak black liquor 

storage tank 

l Bleach plant washers 
l Bleach plant towers 
l Bleach plant seal 

tanks 

l Bleach plant washers 
l Bleach plant towers 
l Bleach plant seal 
'tanks 

l ,Digester blow tank 
condensates 

l Evaporator foul 
condensates 

34,900 scfmb 

51,400 scfm 

51,400 scfm 

1,500 
gal/min 

300 ppmv 1,920,000 

150 ppmv 860,000 

150 ppmv 4,320,OO 

1,350 
PPmw 

3,500,000 

429,000 

287,000 

3,840,OOO 

1,900,000 

it 
Emission points that require enclosures. 

I I 

The flow rate for sources requiring enclosures was 29,000 scfm with a concentration of 150 
ppmv (after enclosure installation) and for enclosed sources, the flowrate was 5,900 scfm 
with a concentration of 1,000 ppmw. 



mill is identical to the model chosen for the examples given 

in Chapter 4.0 (i.e., pulping capacity 1,000 tons per day, 

pulping model Pl and bleaching model Bl, as given in 

Appendix C). This model was chosen since it is used most 

often in representing mills in the industry. The assumption 

was made that this mill has existing baseline controls, as 

discussed in the examples in Chapter 4.0. Vents assumed to be 

controlled at baseline include the digester relief vent, 

digester blow gas vent, and the evaporator noncondensible gas 

vent. The costs to control these vents is not included in the 

cost examples to follow. Industry has commented that the 

control of evaporator condensate streams is less than what has 

been assumed for this analysis. However, for the purpose of 

this analysis, it was assumed that all pulping wastewaters 

generated are steam stripped due to the high concentrations of 

methanol present in the model (Pl) condensate streams. This 

analysis also assumed that bleach plant wastewaters, including 

scrubber effluent, were not steam stripped. 

A detailed breakdown of the costs for the selected 

control options (as in Chapter 4.0) are presented in 

Tables 5-8 to 5-12 for the example 1000 ton per day (TPD) 

facility. Brief discussions are given below. 

The example costs for controlling pulping vents are based 

on ducting the vents to an existing combustion device. The 

costs to convey the vents are based on two procedures. Points 

that.do not require enclosures are combined into a main duct 

which is piped to a retrofitted existing combustion device. 

The costs for controlling these ventsare presented in 

Table 5-8. The pulping points that require enclosures (i.e., 

rotary vacuum pulp washer, knotter, and decker/screen) are 

enclosed and then combined in a second main duct and piped to 

the appropriately retrofitted control device. The costs for 

controlling these vents are presented in Table 5-9. 

Two potential scenarios to control bleaching process 

Vents (as discussed in Chapter 4'.0) were selected for examples 
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TABLE 5-8. COSTS FOR MODEL MILL PULPING VENTS NOT REQUIRING ENCLOSURES 
USING AN EXISTING COMBUSTION DEVICEa 

Cost component 
Equipment size or cost Component cost Total cost 

factor ($1 ($1 

Equipment costs:b 

Ductwork 

Fan 

Knockout drum 

Flame arrestor 

Rupture disc 

Purchased equipment cost 
(PW 

Total capital investment 
WI) 

Total annual cost 

19 in. diameter 
1000 ft. length 
20 elbows 

16 in. diameter 
17 hp 
5,900 scfm 

2 ft. diameter 
5 ft. height 
0.25 in. thickness 

19 in. diameter 

10 discs 

Sum of equipment costs 

3.02 * PEC 281,000 

50,000 

1,000 

1,000 

32,000 

9,000 

93,000 

83,000 

I I I 

a Includes brownstock washer foam tank and weak black liquor storage tank with a 
flowrate of 5,900 scfm. 

b It was assumed that equipment costs are given as purchased equipment costs. 



TABLE 5-9. COSTS FOR MODEL MILL PULPING VENTS REQUIRING ENCLOSURES (FUGITIVE SOURCES) 
USING AN EXISTING COMBUSTION DEVICEa 

Cost component 
Equipment size or cost Component cost Total cost 

factor ($1 (9 

Equipment costs:b 
Ductwork 

Fan 

Knockout drum 

. Flame arrestor 

Rupture disc 

Purchased equipment cost 
(PW 

Total capital investment 
WI 1 

TCIduct 

TCIenclosure 

TCI 

Total annual cost (TAC) 

TACduct 

TACenclosure 

TAC 

44 in. diameter 
1000 ft. length 
20 elbows 

44 in. diameter 
50 hp 
29,000 scfm 

4.0 ft. diameter 
12.0 ft. height 
0.375 in. thickness 

45 in. diameter 

10 discs 

Sum of equipment costs 

3.02 * PEC 

5 enclosuresC 

TCIduct + TCIenclosure 

TACduct + TACenclosure 

249,000 

6,000 

5,000 

111,000 

43,000 

414,000 

1,250,OOO 

385,000 

1,635,OOO 

288,000 

58,000 I 
346,000 

a Includes brownstock washer, knotter, and decker/screen with a flowrate of 29,000 
scfm. 

b 
C 

It was assumed that equipment costs are given as purchased equipment costs. 
Total capital investment for the enclosures is based on one washer line with three 
washer hoods and supports ($230,000) and two single enclosure for the knotter and 
decker/screen ($64,000 each). 
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TABLE 5-10. COSTS'FOR CONTROL OF MODEL MILL BLEACHING VENT STREAMSa 
USING STAND-ALONE SCRUBBER 

Cost component 

Equipment costs: 

Scrubber column 

Packing 

Pump 

Fanb 

Equipment size or cost Component cost Total cost 
factor ($1 ($1 

15 ft. diameter 187,000 
27 ft. height 

2,649 ft3 volume 53,000 

2,570 gpm capacity. 9,350 . 
51,000 scfm 7,600 

Duct (Pipe & Elbows)b 
f 

74,000 

Equipment'cost (EC) Sum of equipment costs 330,000 

Purchased equipment cost (PEC) 1.18 * EC 

Total capital investment (TCI): 

TCI 2.20 * PEC 

390,000 

860,000 

Total Annual cost (TAC) 287,000 

I I 

a Based on tower, washer,, and seal tank vents from C, D, E, and H stages. 
b Detailed equipment size and cost procedures for ductwork are presented in 

Table 5-8. 



TABLE 5-11. COSTS FOR CONTROL OF MODEL MILL BLEACHING VENT STREAMS USING AN INCINERATOR 
FOLLOWED BY A SCRUBBERa 

Cost component Equipment size or cost Component cost Total cost 
factor ($1 ($1 

Equipment costs:b 

Incinerator = EC 

Purchased equipment cost 
(PW 

Total capital investment 
(TCI): 

TCIincinerator 

TC1duct to incinerator 

TCIduct to scrubber 

TCIscrubber 

TCI 

1 incinerator 
51,400 scfm 

132,000 

1.18 (EC) 156,000 

1.61 * PEC 

1 duct 
1000 ft. length 
48 in. diameter 
20 elbows 

250,000 

2,830,OOO 

300 ft length 
48 in. diameter 
6 elbows 

595,000 

15 ft. diameter 
27 ft. height 

650,000 

TCIincinerator + TCIduct to 
incinerator + TC1duct to 
&rubber + TC1scrubber 

4,320,OOO 

I 



TABLE 5-11. COSTS FOR CONTROL OF MODEL MILL BLEACHING VENT STREAMS USING AN INCINERATOR 
FOLLOWED BY A SCRUBBER (Concluded) 

Cost component Equipment size or cost Component cost Total cost 

Total annual costs (TAC) 

TACincinerator 2,830,OOO 

TACduct to incinerator 650,000 

TAcdUCt to scrubber and 
scrubberb 

370,000 

TAC TACincinerator + TACduct to 3,840,OOO 
incinerator + TACduct to 
scrubber and scrubber 

“I 
I 
s: a Based on tower, washer and seal tank vents from C, D, E, and H stages. 

b Detailed equipment size and cost procedures for duct are presented in Table 5-8 and for 
scrubber in Table 5-10. 



TABLE 5-12. COST FOR CONTROL OF MODEL MILL PULPING WASTEWATER STREAMS 
USING A STEAM STRIPPER 

Cost component 
Equipment size or cost Component cost Total cost 

factor ($1 ($1 

Equipment costs: 

Feed preheater 

Tray column 

Reflux tank (integrated 
only) 

F&ame arrestor 

ul 
I 

W 
0 

Pumps (integrated only) 

Pumps (nonintegrated 
only) 

EC (integrated) 

EC (nonintegrated) 

Purchased equipment costs 
(PEC): 

PEC (integrated) 

PEC (nonintegrated) 

49,000 ft2 

11 ft diameter 
29 ft height 

170 ft3 volume 

680,000 

150,000 

17,000 

1 per line 
0.16 ft. diameter 

113 

Feed and bottoms, 10 hp 
each 
Reflux, 1 hp 

100,000 

Feed and bottoms, 10 hp 
each 

99,000 

Preheater + tray column + 
reflux tank + flame 
arrestor + 3 pumps 

950,000 

Preheater + tray column + 
feed tank + flame arrestor 
+ 2 pumps 

I 

930,000 

1,100,000 

Auxiliary pipinga + sales . . . . . 1,100,000 

c 

tax + instrumentation 



ul 
I 

W 
P 

TABLE 5-12. COST FOR CONTROL OF MODEL MILL PULPING WASTEWATER STREAMS 
USING A STEAM STRIPPER (Concluded) 

, 

Equipment size or cost Component cost Total cost 
Cost component factor ($1 ($1 

Total capital investment 
(TCI): 

TCI (integrated) 2.2 * PEC 2,500,OOO 

TCI, (nonintegrated) 2.2 * PEC 2,500,OOO 

TCI (duct) 3,200,OOO 

TCI O=67(TCIintegrated)b + 
0*33(TC1nonintegrated + 
TCIduct) 

Total annual cost (TAC): 

Annual steam cost 
,(integrated) 

Annual steam cost 
(nonintegrated) 

Annual recovery credit 

TAC (integrated) 

TAC (nonintegrated) 

TAC (duct) 

TAC 

3,500,000 

250,000 

2,900,000 

,73,000 

780,000 

3,400,000 1 
720,000 

0067(TACintegrated)~ + 1,900,000 
, 0.33(TACn 
TACduct) 

onintegrated + I 

a Auxiliary piping is included here to account for the combination of wastewater streams 
and vapor vent lines for wastewater holding tanks. 

b Costs are based on weighted ratio of the cost of an integrated steam stripper and a 
stand-alone steam stripper (0.67 and 0.33, respectively). 



in this cost section. The first scenario is based on 

combining and controlling the vents with a scrubber designed 

to remove HCl and chlorine (with some consequential volatile 

HAP removal). These costs are presented in Table 5-10. The 

second cost scenario is based on combining and controlling the 

vents, first by incineration, then by ducting the incinerator 

exhaust to a scrubber. The costs associated with this 

scenario are presented in Table 5-11. 

The example costs for wastewater streams are based on 

combining the streams and controlling with a steam stripper, 

with the overheads ducted to an existing combustion device. 

The cost procedure is presented in Table 5-12. The costs are 

based on a weighted ratio of the cost of an integrated steam 

stripper and a stand-alone steam stripper (0.67 and 0.33, 

respectively), as discussed in Section 5.1.5. 

A comparison of costs for pulp mills of varying sizes is 

presented in Table 5-13. The mill sizes are small (500 TPD), 

medium (1000 TPD), and large (1500 TPD). The detailed cost 

procedures for the medium mill are presented in Tables 5-8 

through 5-12. The same procedures were used to estimate costs 

for the small and large mills. 
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Combustion of 
bleaching vents 
followed by 

VI 
I 

scrubbinga 

W 
I *) Steam stripping of 

pulping wastewatet 
followed by 
conveyance of vent 
stream to an 
existing combustion 

TABLE 5-13. COMPARISON OF TOTAL CAPITAL INVESTMENT (TCI) AND TOTAL ANNUAL COST (TAC) 
FOR MODEL MILLS WITH VARYING CAPACITIES 

Option Emission Point 

Mill Capacity (TPD) ----^----------------------- --------____________-------------------------------------. 

500 1000 1500 --------------------^__________ --------______-_____----------------------------------. 

TAC TCI TAC TCI TAC TCI 

Combustion of l Brownstock foam tank S 58,000 $ 170,000 $ 83,000 $ 280,000 $ 110,000 $ 410,000 
pulping vents not l Weak black liquor 
requiring enclosures storage tank 

Combustion of 
pulping vent8 
requiring enclosures 

l Brownstock washer 
l Knotter 
l Deckers/screens 

$ 210,000 $1,000,000 $ 350,000 $1,600,000 $ 450,000 $2,100,000 

Scrubbing of . 
bleaching ventea 

l Bleach plant washers $ 160,000 $ 400,000 $ 290,000 $ 860,000 $ 330,000 Sl,lOO,OOO 
l Bleach plant towers 
l Bleach plant seal tanks 

l Bleach plant washers $2,63O,OOO $2,670,000 $3,800,000 $4,300,000 $7,500,000 $7,OOO,OOO 
l Bleach plant towers 
0 Bleach plant seal tanks 

l Digester blow tank 
condensates 

l Evaporator foul 
condensates 

$ 840,000 $1,620,000 $1,900,000 $3,500,000 $2,300,000 S4,600,000 

a The bleaching vent emission points controlled included those points in a CEBD sequence (i.e, 3 points for each stage, 
totaling 12 vents). 
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6.0 DATABASE SYSTEM FOR ESTIMATING NATIONAL IMPACTS 

This chapter describes the development and use of a 

database system for estimating the national impacts of 

regulatory alternatives on the pulp and paper industry. The 

database system was designed to provide estimates of national 

uncontrolled air emissions, national baseline air emissions, 

and national impacts of air control options (HAP emissions 

reductions, costs, and secondary impacts). In addition, to 

allow joint evaluation of the overall impact of air control 

options and water effluent guideline control options, the 

database system generates summary tables of impacts using the 

calculated air control impacts and water control impacts that 

were provided by the EPA Office of Water. 

Figure 6-l presents a flow diagram of the process for 

estimating national impacts. The remainder of this chapter 

discusses the data inputs, the steps for calculating air 

emissions, air emission reductions, control costs, electricity 

and fuel use, and the generation of summary output tables for 

these joint air and water control impacts. 

'6.1 DATA INPUTS 

As described in previous chapters, extensive data 

gathering efforts and review were conducted to characterize 

the pulp and paper industry with regard to processes and their 

emissions and current levels of control on a mill-specific 

basis. A database containing‘information (e.g., capacity, 

wood type) on each pulping and bleaching line for all mills 

considered for regulation by the EPA was developed to estimate 

national impacts of control options.lr2,3 (This mill-specific 

database contains confidential business information and is, 

therefore, not publicly available.) 
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Because emissions data were not available for each mill 

included in the pulp and paper mill database, a model process 

unit approach was taken to estimate national emissions. 

Chapter 4.0 summarizes the 30 model pulping and bleaching 

process units that were developed to represent the industry. 

These models included, for each emission point, a design 

capacity-weighted emission factor. (Appendix C lists all the 

pulping and bleaching model process units used in the database 

system, with the emission point-specific emission factors and 

vent or stream characteristics.) When these model process 

units are merged with the pulp and paper mill database, an 

industry characterization database is produced (made up of 

model mills) with sufficient information to allow calculation 

of uncontrolled air emissions. Although this model 

characterization is not an exact representation of each mill 

in the industry, it is a reasonable characterization for 

purposes of assessing the relative impacts of alternative 

control options on the industry as a whole. 

As described in Chapter 2.0, the industry was also 

characterized with regard to baseline air emission control 

levels. Information was gathered through questionnaires and a 

review of existing regulations to allow a determination of 

which emission points are currently controlled for each mill 

in the database. 

As described in Chapters 3.0, 4.0, and 5.0, the data- 

gathering efforts also identified applicable control- options 

for the emission points identified. For each control option, 

procedures were developed to estimate the cost and 

environmental impacts associated with the application of that 

control to a specific emission point in a mill. This input 

control file was used in calculating the national impacts for 

specified air control options. 

6.2 CALCULATION OF NATIONAL EMISSIONS AND CONTROL IMPACTS 

Baseline air emissions were calculated from the 

uncontrolled air emissions (i.e., model process unit emission 

factors multiplied by mill-specific line capacities) by 
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assigning appropriate control efficiencies to the control 

devices that were assumed to be present at each facility. The 

uncontrolled and baseline emissions, calculated by emission 

point, were then summed for each process line and mill. 

National emissions were estimated by summing emissions from 

all individual mills. 

National air control impacts (emissions, emissions 

reductions, and costs) were calculated for each mill based on 

a range of air control options. The assumptions and 

procedures for the impacts are given in Chapter 4.0 

(Environmental Impacts) and Chapter 5.0 (Costs). Taking into 

account the baseline level of control assumed 'to be present at 

each facility,- c.ontrolled emissions were calculated for each 

control option by emission point and were summed for each 

line, for each mill, and for all mills combined. Because the 

add-on controls may be applied to multiple emission points 

within a mill, control costs were not calculated by emission 

point; but instead were calculated by line or by mill. That 

is, depending on the capacity of the applicable control 

device, multiple streams were assumed to be routed to the 

device together (e.g., via a common header). 

Note that because some of the EPA Office of Water control 

options include process modifications that change the model 

process unit assigned to a mill, model process units were 

reassigned to the specific mills. After this reassignment 

process, impacts of air control options are then estimated, 

accounting for the process modifications. 

6.3 GENERATION OF SUMMARY OUTPUT FILES 

As shown in Figure 6-1, the database system generates 

output tables summarizing emissions, emissions reductions, 

control costs, and electricity and fuel use. The output files 

for the proposal are in Reference.4. These summary tables 

also include the water control impacts provided by the EPA 

Office of Water as an input to the database. These output 

tables include pollutant-specific air emissions and emissions 

reductions for baseline and for each control option, as well 
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as total capital and'annual costs and secondary envi_ronmental 

impacts. 
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APPENDIX A 
FIELD TEST DATA 

A.1 INTRODUCTION 

The EPA conducted a field test program to gather air 

emissions and liquid sample data by which to characterize 

emission sources within the pulp and paper industry. The purpose 

of the program was to obtain data that could be used as a basis 

for a national emission standard and as a basis for developing 

air pollution emission factors. Specific objectives of the 

testing program related to the national emission standard include 

characterizing emissions and emission sources within the pulp and 

paper industry and evaluating the effectiveness of various 

controls under consideration by EPA for MACT. Testing was 

.conducted at a total of five facilities including four kraft and 

one sulphite mill. One of the four kraft facilities also had a 

neutral sulfite semi-chemical process which was sampled. Testing 

at each facility consisted of two parts: (1) air emission 

sampling of process vents on pulping and bleaching units, and (2) 

sampling of liquid process fluids which consist of weak black 

. liquor, condensates, and wastewater. 

This appendix contains a summary of the results obtained 

from the field sampling program. Brief summaries of each field 

test and the results obtained are presented in the following 

sections. Additional details regarding field test procedures and 

results are available from individual test reports for each test 

site. 

The information reported in this appendix are'taken directly 

from the field test reports and are in units of lb/hr for gaseous 

measurements and C(g/mL for liquid measurements. Conversion of 

the measured values to units associated with production rate is 

discussed in Appendix B. 

A.2 TEST DATA 

A.2.1 Site 1. Site 1 was selected for field testing 

because it is considered to be representative of the kraft pulp 
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and paper industry and because several technologies that are 

potentially MACT for the process are in use at the facility. 

Site 1 is an integrated bleach kraft pulp mill. The mill 

produces kraft pulp from both hardwood and softwood chips. The 

pulp is used to produce uncoated, white free-sheet paper for copy 

machines, manuals, brochures, printing, business forms, and 

envelopes. The mill also produces bleached pine and hardwood 

market pulp, approximately 20 percent of which is in the form of 

baled pulp. An overview of the processes at the site are 

presented in Figure A-l. 

Sampling points from Site 1 are located in the.pulping, 

chemical recovery, and bleaching process areas of the mill. 

Site 1 pulps both pine (50 percent) and hardwood (50 percent). 

Figures A-2 and A-3 present the hardwood and softwood pulping 

processes. Hardwood chips are cooked in one of two batch 

digester pulping lines and the pine chips are cooked in one 

continuous digester. 

The hardwood pulping process consists of two batch digester 

lines and two brownstock washer lines which combine to one 

screening and oxygen delignification line (see Figure A-2). Each 

batch digester line contains six batch digesters operated in 

parallel.' The digesters empty to one of two blow tanks, one for 

each digestion line. The gases and steam are collected in a 

direct-contact accumulator and the pulp enters the washing line. 

The steam and condensible gases are condensed in the direct- 

contact accumulator with a portion of the cooled condensate from 

the accumulator. The noncondensib>e gases (NCG) from the 

accumulator are vented to the NCG control system and are combined 

with evaporator condensates from chemical recovery and steam 

stripped. 

After the blow tanks, hardwood pulp flows to a knotter which 

removes undigested wood chips and returns them to the digesters. 

The hardwood pulp is then separated from the spent cooking 

chemicals, or black liquor, in a countercurrent, 3-stage 

brownstock washing system. Each stage consists of one vacuum 
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drum washer. The pulp from the two hardwood lines is then 

combined. The combined pulp enters two parallel, primary 

screens, to remove oversized particles such as uncooked chips, 

and then enters the decker for thickening prior to oxygen 

delignification. In oxygen delignification, the pulp is treated 

with oxygen in an alkaline solution under pressure to remove 

additional lignin. The contents of the oxygen delignification 

tower are released to a lower pressure blow tank. The pulp is 

washed, pressed, and-stored before being sent to the bleach 

plants. The weak black liquor is recovered from the first stage 

washers and stored. 

The pine chips are digested in a Kamyr, continuous pulping 

process (see Figure A-3). The continuous digester is a two- 

vessel system in which pine chips are continuously fed into the 

first vessel with white liquor. The digestion process continues 

as the pulp flows from the first vessel to the second. The pulp 

and the liquor mixture flow from the second vessel to a two stage 

diffusion washer. Pine pulp flows upward through the washer 

tower countercurrent to down-flowing wash water recycled from the 

decker in a l-stage diffusion washer. The weak black liquor is 

removed by extraction screens in the washer and used in the 

digester for washing and cooling. After exiting the washer, the 

pulp enters a storage tank.prior to flowing through a screening 

system to remove oversized particles such as undigested chips, 

then a decker, to thicken and wash the pulp. The pulp slurry 

then enters an oxygen delignification tower for removal of 

additional lignin. 

The chemical recovery process for Site 1 is presented in 

Figure A-4. The weak black liquor from the first stage in the 

hardwood brownstock washer lines and the softwood pulp diffusion 

washer are collected to recover the cooking chemicals in this 

process. Combined weak black liquors enter a storage tank, where 

soap is skimmed from the surface and sent to tall oil recovery. 

The weak black liquor is concentrated in two parallel multiple 

effect evaporators. Soap is also extracted midway through the 
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evaporators. The concentrated liquor is then combined and 

combusted in two parallel recovery furnaces.. The OffgaSeS from 

the evaporators are vented to an electrostatic precipitator 

(ESP). The smelt, which contains sodium carbonate (Na2C03) and 

sodium sulfide (NaZS), from the combustion of the black liquor in 

the furnaces is mixed with water in the dissolving tank to form 

green liquor. The green liquor is mixed with calcium oxide (CaO) 

to form calcium hydroxide (Ca(OH)z) in the slaker. This mixture 

flows to the causticizer to form white liquor (NaOH and Na3S). 

The white liquor is stored for reuse in the digestion process. 

The CaC03, called lime mud, is first washed in the mud washer, 

then combusted in the lime kiln to recover CaO, which is reused 

in the causticizing process. 

The evaporator system condensates form two streams, one with 

a lower volume and high concentration of volatiles and a second 

with a high volume and lower concentration of volatiles. The high 

volume stream is recycled in the mill for various uses and the 

low volume stream is combined with the accumulator condensates 

from hardwood pulping and turpentine underflow from softwood 

pulping to be steam stripped. The stripper is charged with waste 

steam from the Kamyr digesters. The liquid stream exiting the 

steam stripper is used as wash water for the second washer of the 

oxygen delignification section. The exiting vapor stream is 

condensed. The noncondensible gases are sent to the lime kiln 

and the condensate, consisting of primarily methanol and water, 

is sent to a rectifier. 

The vapor exiting the rectifier consists primarily of 

methanol and is routed to the lime kiln. The water stream is 

combined with the evaporator condensates and accumulator 

condensates that enter the first steam stripper. 

Oxygen delignified pulp is bleached in one of two 3-stage 

bleach lines. Site 1 has one bleach line dedicated to hardwood, 

pulp and one line dedicated to softwood pulp. The bleaching 

lines are similar and presented in Figure A-5. The 3-stage 

sequence consists of chlorine/chlorine dioxide (C/D) 'stage, an 
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extraction with oxygen (Eo) stage, and a chlorine dioxide (D) 

stage. There are two differences between the two lines. The 

first difference is the bleaching capacity. The hardwood line 

has a 600 ton per day capacity and the pine has an 800 ton per 

day capacity. The second difference is the chlorine dioxide 

substitution rate. The chlorine dioxide substitution rate, as 

active chlorine, for the pine pulp line is 50 percent and is 

15 percent for the hardwood pulp line. After treatment in each 

bleaching tower, the pulp is washed prior to entering the next 

stage. The wash water from the D-stage is recycled in the C/D 

stage and Eo stage washers. Filtrate from the C/D and Eo-stages 

is sewered in the acid and caustic sewer, respectively. The 

bleached pulp isthen stored in towers prior to use' in paper 

production. 

The objectives of the test program at this facility were to 

characterize kraft hardwood digested pulp, kraft softwood 

digested pulp and weak black liquor, kraft softwood oxygen 

delignificaiton, kraft wastewater from both the pulping and 

bleaching areas of the mill, kraft softwood bleaching with 50 

percent chlorine dioxide substitution, and kraft hardwood 

bleaching with 15 percent chlorine dioxide substitution. Other 

.objectives were to quantify air emissions of total VOC and 

several specific compounds of concern from process vents. 

Air emission tests were conducted at two locations in the 

hardwood bleach p,lant and three locations in the softwood pulp 

mills and bleach plant. These are listed in Table A-l along with 

the identifiers for each sampling location. .Several test methods 

were used to measure emissions of the various constituents of 

concern. Table A-2 presents average emission rates for each 

constituent of concern as measured at each of the five 

measurement locations. All measurement points and measurement 

methods are identified in the table.. 

Process liquid sampling was conducted in 6 different areas 

of the facility. Table A-3 identifies these areas and the points 

at which samples were taken in each area. The identifier for 
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Table A-l. Gas Sampling Locations at Site 1 

Location .. Identifier 

Hardwood Plant 

Vent into hardwood bleach plant scrubber HVl 

Hardwood D stage vent/wash and tower seal tank HVlA 

softwood Plant 

0, delignification blow tank ven-t SVl 

Vent into bleach plant scrubber sv4 

Combined vent from EOwasher/filtrate tank sv5 



Table A-2. Measured Vent Emission Rates at Site 1 
(lb/W 

Measurement Points 

COMPOUND 

Acetone* 

Acetoneb 

Acrolein 

MeK’ 

MeKb 

Chloroformb 

Methanolb 

HCLf 

Ch' 

a-pineneg 

B-pinene' 

THCj 

SVl sv2 sv4 I HVl HVlA 

0.0554 0.0784 0.0124 NA‘ NA 

0.0912 0.00904 0.01004 NA NA 

NA 4. 01E-4C 0.000441d NA NA 

0.000567 0.00296 0.00289 NA NA 

0.0160 6.29e-4' 1.82e-4'1 NA NA 

NA 0.795 0.0435 NA NA 

2.16 0.0747 0.0260 NA NA 

NA 0.0288 NA NA NA 

N'A 0.212 NA NA NA 

0.116h 2.17e-6' NA NA NA 

0.0617h 7.15e-5' NA NA NA 

4.320 0.863 or.600 0.476 0.377 

D 

b 
- Obtained using EPA Method 0011. 
2 Obtained using NCASI Methanol method. 

. c - Value below detection limit of method. 
d - Estimated value below calibration limit. 
c 
f 
- Value. below quantitation limit. 
- Obtained using EPA Method 26A. 

I 
II 
- Obtained using EPA Method 0010. 

i 
- Estimated value above quantitation limit. 

j 
- Estimated value below quantitation limit. 
- Obtained using EPA Method 25A. 

NA - Not applicable . 
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TABLE A-3. Liquid Stream Sampling Locations at Site 1 

Location Identifier 

0 Softwood Bleach Plant 
- Pulp into Cd tower SP5 

- Pulp out of Cd tower SP6 

- Pulp out of Eo tower SP7 

- Pulp out of D tower SP8 

- Pulp out of D washer SP9 

- Wastewater from bleach plant scrubber WW6A&B 

- Softwood acid sewer WW7 

- Softwood caustic sewer WW8 

0 Softwood 0, Delignification System 

- Influent to delignification tower SP3 

- Pulp out of 0, delignification blow,tank SP4 

0 Hardwood Bleach Plant 

- Pulp out of Cd tower HP2 

- Pulp out of Eo tower washer HP3 

0 Softwood Diffusion Washer and Weak Black Liquor 

- Pulp into diffusion washer 

- Weak black liquor 

0 Hardwood Vacuum Drum Washer 

- - Pulp into brownstock washer 

SPl 

SP2 

HP1 

0 NCG System/Digester Condensates 

- Hardwood accumulator condensates WWl 

- Combined evaporator (foul).condensates WW2 

- Turpentine decanter underflow WW3 

- Turpentine storage underflow/ 

NCG system condensates WW4 
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each sampling point is also given. 

Liquid process samples were analyzed using high performance 

liquid chromatography/gas chromatography (HPLC/GC) to quantify 

pulping and bleaching compounds. Some of the samples were also 

analyzed using proposed Method 25D and proposed Method 305. 

Table A-4 presents the average concentration of selected 

compounds identified in the process stream samples. Additional 

details of the field sampling results can be found in the full 

test reports.'v2 

A.2.2 Site 2. Site 2 produces more than 2500 tons of paper 

products, including creped paper, grocery bags, and corrugated 

boxes. Both kraft and neutral sulfite semi-chemical (NSSC) 

pulping are practiced at this facility. Approximately 2153 tons 

per day of kraft pulp is produced exclusively from softwood and 

approximately 144 tons per day of NSSC pulp is produced 

exclusively from hardwood. In addition, an old corrugated 

container (OCC) plant produces pulp from bales of OCC purchased 

from other sources. An overview of the processes at the site are 

presented in Figure A-6. 

Sampling points from Site 2 are located in the pulping and 

bleaching process areas of the mill. Figures A-7 and A-8 present 

process flow diagrams of wood preparation and pulping for the 

kraft and NSSC 'processes, respectively. In the kraft process 

(Figure A-7), screened chips and white liquor are added to 21 

batch digesters and 2 Kamyr digesters, one of which operates with 

a modified continuous cook. The pulp from the batch digesters is 

sent to five blow tanks. Undersized chips and sawdust are cooked 

with white liquor in three continuous sawdust digesters and 

transferred to a common blow tank. The pulp from all six blow 

tanks is sent to brownstock washing, while the pulp in the Kamyr 

digesters is washed within the Kamyr vessel and then sent to a 

diffusion washer. 

In-the NSSC digestion process (Figure A-8), chips, sawdust 

and pink liquor are cooked in two continuous digesters. Pulp 
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from the digesters is transferred to a common blow tank and then 

sent to the screw presses for washing. 

The washing systems for both the kraft batch and continuous 

pulp are shown in Figure A-9. In the batch process, pulp from 

the blow tanks is washed in 4-stage countercurrent brownstock 

washing system. In the continuous process, pulp from the Kamyr 

digesters is washed in a 2-stage diffusion washer, screened, and 

thickened in a decker. 

The NSSC washing process is presented in Figure A-10, where 

screw presses are used to wash the NSSC pulp. The NSSC pulp is 

then transferred to primary refining, high-density storage, 

secondary refining, low density storage, and finally to 

corrugated medium production.. 

In chemical recovery system at Site 2, weak black liquor 

from brownstock washing and the Kamyr digesters is combined with 

spent pink liquor from the NSSC screw presses, and sent to an 

evaporation system to thicken the liquor. After evaporation, a 

portion of the black liquor is oxidized and then burned in the 

recovery furnaces. The remaining black liquor is sent to a 

concentrator and then burned in the recovery furnaces. Smelt 

from the recovery furnaces flows into a dissolving tank where 

.filtrate from lime recovery dissolves the smelt to form green 

liquor, and the dregs (impurities) are removed in a clarifier. 

The clarified green liquor is mixed with lime in a slaker. The 

slurry formed in the slaker is agitated in a causticizing tank to' 

form white liquor and lime mud. White liquor is removed from the 

lime mud and is recycled for use in the kraft'digesters. The 

lime mud is calcined in the lime kiln to make lime which is used 

in the slakers. 

Condensible gases from the evaporators, digesters, and blow 

tank vents are steam stripped and sewered, recycled to brownstock 

washing or sent to lime recovery. The overheads from the steam 

stripper are vented to the turpentine'recovery system. 

Turpentine is decanted from the turpentine recovery condensibles 

and the remaining liquid is routed back to the steam stripper. 
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Noncondensible gases from turpentine recovery and the 

evaporators, digesters, and blow tanks are sent to the NCG 

collection system. 

The bleaching sequence at Site 2 is CEHD (chlorination with 

approximately 5 to 40 percent chlorine dioxide substitution, 

extraction, calcium hypochlorite, and chlorine dioxide). 

Figure A-11 presents the flow through one of two similar bleach 

plants at Site 2. Fresh water is used as wash water for all of 

the bleaching washers. The chlorine tower and washer, the 

chlorine dioxide tower and washer and the foam tower are vented 

to a caustic scrubber. The filtrates from the extraction and 

hypochlorite washers are routed to the alkaline sewer. The 

chlorine and chlorine dioxide washer filtrates are routed to the 

acid sewer. 

Objectives of the' field tests at site 2 were to characterize 

the compounds present in kraft weak black liquor, kraft digester 

and blow tank offgas condensates, acid sewer, caustic sewer, and 

bleach plant scrubber effluent. Objectives also included 

characterization of compounds present in and quantification of 

air emissions from kraft bleaching with low chlorine dioxide 

substitution, comparison of normal digestion to extended cook 

digestion., and characterization of neutral sulfite semi-chemical 

digestion. Both process liquid and air emission samples were 

collected and analyzed as a part of the program at site 2. 

Air emission tests were conducted at 4 locations at this 

site: the E washer vent, the H tower vent, the H washer hood, and 

the bleach plant scrubber inlet. These sampling locations are 

listed in Table A-5 along with the identifier for each location. 

A summary of the average vent emissions of identified 

constituents is given in Table A-6. 

Process stream samples were collected at a number of 

.'locations throughout the plant. Table A-7 lists the locations 

and shows the identifier used for each location. Sample analyses 

consisted of a whole waste analysis using HPLC, GC/FID, and 

GC/ECD. The relative em.ission potential was measured using EPA 
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Table A-5. Gas Sampling Locations at Site 2 

Location Identifier 

E washer vent 

H tower vent 

H washer hood 
Bleach plant scrubber inlet' 

v2 

V3 

v4 

v5 

l Refer to Figure A-11 for details of the processes vented into 

this scrubber. 

. 
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Table A-6. Summary of Average Vent Emissions at Site 2 
(lb/W 

I Measurement Points 

Constituent I v2 I v3 I v4 I v5 

Acetaldehyde' 0.001 NA 0.002 0.002 
- Acetone' 0. NA 0.001 0.005 

Acetoneb 0.000 NA NA 0.016 
Acrolein' -0 NA 0.002 0.045 
ChlorineC 0.010 NA 0.044 53.121 
Chlorined -0 NA 0.071 5.187 

Chlorine Dioxided -0 NA 0.011 1.305 
Chloroformd 0.171 NA 0.301 2.863 
Chloroformb .0.012 NA NA 0.059 
Formaldehyde' 0.001 NA 0.001 0.013 
Hydrogen Chloride' 0.007 NA 0.011 1.131 
Methanol* 0.083 NA 0.622 2.042 
Methyl Ethyl Ketone' . 0.000 NA 0.002 0.030 
Methyl Ethyl Ketoneb -0 NA NA 0.000 
Methylene Chlorided 0.011 NA 0.012 0.126 
Methylene Chlorideb 0.004 NA NA 0.011 
Propionaldehyde' 0. NA 0.000 0.014 
Benzeneb -0 NA NA 0.001 
Carbon Tetrachlorideb -- NA NA 0.003 
l,l-Dichloroethaneb 0. NA NA 0.001 
Chloromethaneb 0.000 NA NA 0.010 
Tolueneb. 0.000 NA NA 0.001 
Bromodichloromethanee 0.000 NA NA 0.007 
a-Pineneb 0.001 NA NA 0.001 
p-Cymeneb 0.000 NA NA 0.001 
a-Pinene' 0.002 NA NA 0.000 
Total Hydrocarbons 0.063 0.974 0.121 0.872 

8 - Obtained using Method 0011. . 
b - Obtained using Volatile Organic Sampling Train. 
c 
d 
- Obtained using Method 26A. 
- Obtained using NCASI. 

c 
f 
- Obtained using 8240 analyses. 
- Obtained using Semivolatile Organic Sampling Train. 
-- Not analyzed 

NA - Not applicable 

. 

A-25 



Table A-7. Liquid Process Stream Sampling Locations at Site 2 

Location 

Weak black liquor from Kamyr digester 

Pulp out of Kamyr digester 

Pulp out of Kmyr digester - extended cook 

Pulp into brownstock washer No. 7 

Weak black liquor from brownstock washer N 

Soft pulp into C C D washer 

Pulp into C & D washer * 

Pulp into E washer 

Pulp into H washer 

Pulp out of D washer 

Pulp into screw press 

Spent liquor from screen press 

Bleach plant scrubber wastewater 

Digester & blow tank off gas condensates 

C stage filtrate 

Identifier 

Pl 

P2a 

P2b 

P3 

P4 

P5 

P6 

P7 

P8 

P9 

PlO 

Pll 

WWl 

WW4 

Ww5 
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Method 25D. Samples from some of the measurement points were 

also analyzed for volatile organic compounds in accordance with 

procedures in Method 8240 and for semivolatile organic compounds 

in accordance with procedures in Method 8270. Table A-8 presents 

the results.of the whole waste analysis and for the volatile and 

semivolatile organic compound analyses. Additional details of 

the field test program at site 2 are available from the 

individual test reports for the site.3Y4 

A.2.3 Site 3. Site 3 is a fully integrated kraft pulp and 

paper mill. Feedstock consists mainly of softwood chips. 

Occasionally up to 10 percent hardwood is used. The facility 

produces 250 tons per day of bleached and semi-bleached kraft 

market pulp and 1000 tons per day of kraft unbleached and 

bleached linerboard, grocery bags, and saturated and converting 

papers. An overview of the processes at the site are presented 

in Figure A-12. 

Sampling points from Site 3 are located in the pulping, 

chemical recovery, and bleaching process areas of the mill. 

Figure A-13 presents the process flow diagram for wood 

preparation and digestion. Softwood chips are fed into the 

digesters along with white liquor. Site 3 cooks their chips in 

six batch digesters and two Kamyr continuous digesters. One blow 

tank serves all'six batch digesters, while each Kamyr discharges 

to a-separate tank. All the digesters vent to the turpentine 

recovery system, while the blow tanks vent to condensers. The 

condensates are sewered and the noncondensibles are routed to a 

vapor sphere. The vapor sphere serves as a collection unit for 

the noncondensible gas system and is expandable to handle 

variations in gaseous flow. Pulp and liquor separated from 

digester gases in the blow tanks *are then sent to the brownstock 

washers. 

Figure A-14 presents the brownstock washing configuration at 

Site 3'. Pulping liquor .from the batch digesters is washed in a 

three 'stage countercurrent vacuum washer (Washer No. 2). Fresh 
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water is introduced at.the third stage. The filtrate tanks are 

equipped with a foam tank to decrease the amount of foam in the 

washer system. Weak black liquor from stage one is sent to weak 

black liquor storage for later chemical recovery. Washed pulp is 

thickened in a double decker before being sent to the-high 

density storage area. Pulp and liquor from Kamyr No. 2 is sent 

through a washing system identical to the pulp from the batch 

digesters (Washer No. 3). However, instead of applying fresh 

water, evaporator condensate is used as wash water for Stage 3. 

Washed pulp is then thickened in a decker,and stored. The 

brownstock pulp is then used to make unbleached products. 

Pulp and liquor from the batch digesters and Kamyr No. 1 is 

washed in the No. 4 washer. As shown'in Figure A-15, the No. 4 

washer is a seven stage counter current flow system, with fresh 

water being applied at stage seven. This washer system is called 

a chemiwasher. Weak black liquor from the first stage filtrate 

tank is sent to weak black liquor storage. Pulp from the 

chemiwasher is sent to storage where it may be sold as unbleached 

market pulp or sent to the bleach plant. 

Figure A-16 presents a flow diagram of chemical recovery at 

Site 3. Weak black liquor from all wash stages is filtered, 

stored, and sent through weak black liquor oxidation where some 

sodium sulfide (Na2S) may be converted to sodium thiosulfate 

(Na2S203) l 
From the oxidation system, the black liquor is sent 

to the evaporators for removal of water. In the newer part of 

the plant, strong black liquor from the No. 1 and No. 2 

evaporators (55 percent solids) is stored and then sent through 

another oxidation system. From black liquor oxidation, the 

strong black liquor is sent to the No. 3 direct contact 

evaporator (DCE) furnace to convert the sulfur compounds to 

sulfide and to drive off the remaining water. Strong black 

liquor form the No. 4 evaporator set (50 percent solids) is 

concentrated to 63 percent solids, stored, and sent to the No. 4 

indirect contact recovery furnaces. 
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Smelt produced from combustion in the recovery furnaces is 

sent through dissolving tanks where water is added to dissolve 

the sodium salts. This solution, called green liquor, is the 

treated with calcium hydroxide (Ca(OH)z) to form sodium hydroxide 

(NaOH). The Ca(OH)Z is derived from combustion of the calcium 

carbonate (CaC03) precipitated from the causticizer in a lime 

kiln to form lime (CaO), followed by the addition of water. 

In addition to the recovery of cooking chemicals, the 

facility recovers turpentine from the digester vent gases. The 

turpentine recovery system is presented in Figure A-17. 

The digester vent gases are routed to a condenser. The 

noncondensibles along with overhead from the vapor sphere and the 

evaporators are routed to the lime kilns. Sulfamic turpentine is 

decanted from the condensates. The remaining condensates are 

sewered. 

Figure A-18 presents a diagram of the bleaching process at 

Site 3. Brownstock pulp stored after being washed from Washer 

No. 4 is pumped to the bleach plant where it is bleached in the 

following sequence: 

l Chlorine (C12) with approximately 85 percent chlorine 
dioxide (C103) substitution; 

l Extraction with oxygen and peroxide; and 

l Chlorine dioxide. 

Before the C13/C103 tower, a small amount of Cl03 is mixed 

with brownstock pulp followed by further mixing with Cl3, and 

more Cl03 yielding 75 to 100 percent Cl02 substitution. From the 

C12/C102 tower, the pulp is washed.and sent to the extraction 

tower where oxygen and peroxide are added to dissolve the 

residual lignin. The pulp is then washed and sent to the ClO, 

tower for additional bleaching. After a final wash stage, the 

bleached pulp is stored until needed for papermaking. The 

C12/C102 tower, all filtrate tanks, and all bleach wash stages 

are vented to a caustic scrubber. The extraction stage tower is 

vented to the atmosphere. 
. 
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The objectives of the Site 3 sampling program was to 

characterize the compounds present in kraft softwood digested 

pulp, weak black liquor, batch and continuous blow tank 

condensates, turpentine underflow, evaporator condensates, acid 

sewer, caustic sewer, and bleach plant scrubber effluent. Other 

objectives included characterizing the compounds present in and 

quantification of air emissions from kraft softwood bleaching 

with 85 to 95 percent chlorine dioxide substitution, comparison 

of chemi-washing with conventional rotary vacuum washing and 

quantification of air emissions from a brownstock washer foam 

tank. To achieve the objectives of the program, sampling points 

at Site 3 were selected at locations in the pulping, chemical 

recovery, and bleaching process areas of the mill. Gas samples 

were collected at two locations, the vent from washer no. 2 foam 

tank and the vent into the bleach plant scrubber. Gas sampling 

locations and associated identifiers are shown in Table A-9. The 

results of the sampling at these locations is given in Table 

A-10. 

Process liquid samples were taken at 18 locations in the 

plant. These are also shown in Table A-9 along with the 

identifier for each sampling location. Results from the analyses 

of the process stream samples are summarized in Table A-11. 

Additional details of the testing at site 3 are available from 

the detailed test reports for the site.5*6 

A.2.4 Site 4. Site 4 is a bleached kraft pulp and paper 

mill. The mill pulps and bleaches hardwood and softwood 

separately to produce a total of approximately 1850 tons per day 

(TPD). A pulp machine that runs either 100% hardwood or 100% 

softwood, produces approximately 300 TPD of Food and Drug 

Administration (FDA)-approved market pulp. Two paper machines, 

using varying blends of hardwood and softwood, produce 

approximately 1550 TPD of paper. Products include envelope 

paper, photocopy paper, computer bond paper, and offset paper for 
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Table A-9. Gas and Liquid Sampling Locations for Site 3 

Location Identifier 

Gas sampling locations 

Washer no. 2 foam tank vent 

Vent into bleach plant scrubber* 

Vl 
v2 

Liquid process stream sampling locations 

Pulp out of blow tank no. 1 SPl 

Pulp out of blow tank no. 3 SP2 

Weak black liquor form washer no. 2 SP3 

Pulp into chemiwasher no. 4 SP9 

Weak black liquor from chemiwasher no. 4 SPlO 

Pulp into ClJCIO, tower SP5 

Pulp out of C&/CI02 tower SP6 

Pulp out of extraction tower SP7 

Pulp out of CIOz tower SP8 

Pulp out of D washer SPll 

Bleach plant scrubber effluent WWl 

Blow tank condensates from batch digesters WW2A 

Blow tank condensates from kamyr digester WWZB 

Turpentine underflow WW3 

No. 1 and 2 evaporator condensates WW4 

Caustic sewer WW5 

Acid sewer WW6 

No. 4 evaporator/concentrator condensates WW7 

l Refer to Figure A-18 for details on the processes vented into 

the scrubber. 
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Table A-10. Measured Vent Emission Rates at Site 3 
(lb/W 

I Measurement Points 
Constituent Vl I v2 

Acetaldehyde' 0.098 0.001 
Acetone' 0.316 0.001 
Acetoneb 0.043 0.004 
Acrolein' 0. 0.005 
ChlorineC NA 0.041 
Chlorined NA 1.112 
Chlorine dioxided NA 6.648 
Chloroformd NA 0.235 
Chloroformb 0. 0.045 
Formaldehyde' 0.003 0.002 
Hydrogen chloride' NA '0.011 
Methanol' 4.839 2.265 
Methyl ethyl ketone' 0.194 0.009 
Methyl ethyl ketoneb 0.019 0.000 
Methylene chlorided -0 0.042 
Methylene chlorideb -0 0.001 
Propionaldehyde' 0.012 0.001 
Carbon tetrachlorideb 0. 0.002 
n-Hexaneb -0 0.001 
Chloromethaneb -0 0.049 
2-Butanoneb 0.019 0.000 
Tolueneb -0 0.001 
Bromodichloromethane' -0 0.004 
Dibromochloromethanef 0. 0.001 
Dimethyl sulfide 0.920 -- 
Dimethyl disulfide 0.249 0. 
a-Pinene 1.376 0.396 
b-Pinene 0.508 O.f35 
p-Cymene 0.058 0.009 
p-Cymene 0.256 0.001 
a-Pinene 6.471 0.000 
b-Pinene 0.970 0.000 
a-Terpinol 0.110 -0 
Total Hydrocarbons' 27.306 1.437 

I 

b 
- Obtained using Method 0011. 
- Obtained using Volatile Organic Sampling Train. 

c 
d 
- Obtained using Method 26A. 
- Obtained using NCASI. 

c 
f 
- Obtained using 8240 analyses. 
- Obtained using Semivolatile Organic Sampling Train. 
-- Not analyzed 

NA - Not applicable 
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printing and writing. An overview of processes at Site 4 are 

presented in Figure A-19. 

Sampling points for Site 4 are located in the pulping, 

chemical recovery, and bleaching process areas of the mill. 

Site 4 processes hardwood and softwood chips in two separate, but 

similar, lines. Figure A-20 presents the wood preparation 

pulping processes at the mill. Logs are debarked and chipped and 

stored in chip piles. The chips are cooked with white liquor in 

continuous Kamyr digesters to form pulp. Noncondensible gases 

(NCG) and pulp/liquor from the digesters are separated in a blow 

tank and the pulp is screened to remove undigested fiber. Black 
liquor is washed from the pulp in brownstock washers and sent to 

chemical recovery where it is converted back to white liquor for 

reuse in cooking. 

The digester and blow tank off-gases are collected and sent 

to a condenser. The NCG's from the condenser are incinerated and. 

the condensates are steam stripped. In the softwood line, 

turpentine is recovered as a fraction from the condenser 

receiving NCG from the digester, chip bin, and blow tank: 

Figures A-21 and A-22 present flow diagrams of hardwood and 

softwood brownstock washing and oxygen delignification processes. 

Hardwood pulp from screening enters a two stage countercurrent 

brownstock washing system and then is routed to the oxygen 

delignification tower. Oxidized white liquor or caustic is added 

to the discharge of the second stage washer. A large portion of 

the weak black liquor from brownstock washing is used as wash 

water in the sections of diffusion washing in the Kamyr digester 

and the remaining weak black liquor is sent directly to chemical 

recovery. 

At the oxygen delignification tower more lignin is removed 

from the pulp. Pulp from-the oxygen tower is washed in a two- 

stage countercurrent rotary vacuum washer system. Evaporator 

condensates from chemical recovery are used as wash water for the 

second stage. A fraction of the filtrate from the first stage 
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oxygen washer and filtrate from the presses are used as wash 

water on the brownstock washer. 

The softwood line is similar to the hardwood line. The only 

differences are that the hardwood line contains two stages of 

brownstock washing while the softwood line uses one stage and a 

press. In addition, pressate from the oxygen washers -is recycled 

as wash water on the second stage washer in the hardwood line, 

while it is routed to the twin roll pressate tank on the softwood 

line. 

Weak black liquor from diffusion washing and brownstock 

washing is sent to chemical recovery. Figure A-23 presents the 

chemical recovery process at Site 4. The weak black liquor 

enters a multi-effect evaporator where the weak black liquor is 

concentrated. The hardwood line has a B-effect evaporator, while 

the softwood line has a S-effect evaporator. NCG's from the 

evaporators are sent to a condenser. NCG’s from the condenser 

are normally burned in an incinerator. Clean evaporator 

condensates are used for pulp washing. Foul condensates are 

steam stripped and the stripper effluent is then used for pulp 

washing. Other pulp mill foul condensates are also stripped in 

this steam stripper. 

Strong black liquor from the evaporator is burned in a 

recovery furnace. Smelt form the.recovery furnace is dissolved 

in water to form green liquor and the dregs (impurities) are 

.removed by a clarifier. The clarified green liquor is mixed with 

lime in a slaker. The slurry formed in the slaker is agitated in 

a causticizing tank to form lime mud. White liquor is removed 

from the lime mud in a pressure filter and is reused in the 

digester. The lime mud is washed and burned in the lime kiln. 

Quick lime produced in the lime kiln is reused in the slaker 

process. Gases from the lime kiln are scrubbed (No. 1 line) or 

controlled with an electrostatic precipitator (No. 2 line). 

The.bleaching sequence for the softwood line is C/D-Eo-D 

(chlorine/chlorine dioxide, caustic extraction with oxygen and 

chlorine dioxide). Figure A-24 presents the flow through the 
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softwood bleach plant. Pulp from the second oxygen 

delignification washer first enters the C/D tower and is followed. 

by a washer. The washed pulp and some oxygen enters a caustic 

extraction tower followed by a washer and then enters a chlorine 

dioxide tower, followed by a washer. Pulp from the D washer is 

sent to a pulp machine or papermaking. The chlorine dioxide 

tower vents to a scrubber using water as the scrubbing medium'. 

Fresh water is used on the D washer. Filtrate from this 

washer is used as wash water for both the caustic washer and the 

C/D washer. Filtrate from the caustic washer is sewered and used 

as wash water for the C/D washer. Filtrate from the C/D washer 

is sewered. 

The bleaching process for the hardwood line is similar to 

that for the softwood line and is presented in Figure A-25. The 

bleaching sequence is identical except that the caustic 

extraction stage for the hardwood line does not use oxygen, the 

hardwood D-stage washer sometimes uses pulp machine white water 

as wash water, and the hardwood line bleach plant scrubber treats 

the vent streams from all three sets of washers and seal tanks 

and the chlorine dioxide tower. White liquor is used as the 

scrubbing medium. 

This test site was selected because it was considered to be 

representative of the kraft pulp and paper industry and because 

the mill uses technologies that might represent MACT for the 

industry. Specific objectives of the test program at this site 

were to characterize kraft hardwood and softwood digested pulp 

and weak black liquor, kraft hardwood and softwood bleaching with 

chlorine dioxide substitution, screens/deknotters, and kraft 

hardwood digester off-gas condensates, evaporator condensates, 

acid sewer, caustic sewer, and bleach plant scrubber effluent. 

Other objectives included quantification of air emissions from 

kraft hardwood and softwood brownstock washers, and kraft 

hardwood and softwood bleaching with chlorine dioxide 

substitution. Both process liquid and gaseous samples were taken 

in the pulping and bleaching areas. 
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Gas samples were taken at 6 locations in the plant. These 

locations and their identifiers are listed in Table A-12. 

Results of the gas sampling are summarized in Table A-13. 

Liquid process stream samples were collected at 8 locations 

in the Hardwood processing area, at 6 locations in the softwood 

processing area, and at 6 locations in the wastewatercollection 

and treatment area. Liquid sampling locations are summarized 

below in Table A-14. A summary of the results of the liquid 

process stream sampling is given in Table A-15. Additional 
details of the field test program at this site can be found in 

the detailed test reports for the site.'** 

A.2.5 Site 5. Site 5 is an integrated bleached, magnesium- 

based sulfite mill. The mill produces bleached market dissolving 

sulfite grade pulp and papergrade sulfite pulp. Both pulp grades 
are made from 100 percent hardwood and/or softwood chips. 

Dissolving sulfite pulp comprises 88 percent of the mill 

production with papergrade sulfite puip making up the remaining 

12 percent. Pulps produced in the mill are used in photographic 

paper, plastic molding compounds, diapers, and plastic laminates. 

Average pulp production is approximately 410 metric tons per day, 

or 145,000 metric tons per year. An overview of the process at 

Site 5 is presented in Figure A-26. 

Sampling points for Site 5 are located in the pulping, 

chemical recovery, and bleaching process areas of the mill. 

Figure A-27 presents a process flow diagram for wood preparation 

and digestion operations at Site 5. Nine batch digesters are 

operated in parallel and empty to one of four dump tanks. The 
off-gases from the dump tanks are routed to a water scrubber, 

called the nuisance scrubber, where sulfur dioxide (SO2) released 

from the dump tank off-gas is scrubbed. 

Following the dump tanks, the cooked pulp enters a washing 

system. A flow diagram of the five stage washing process was 

claimed by the mill to be confidential business information.' 

The pulp is washed in a three stage countercurrent washer and 
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Table A-12. Gas Sampling Locations at Site 4 

Location Identifier 

Hardwood Plant 

Brownstock washer vent HVl 
Vent into bleach plant scrubber* Hv4 

Softwood Plant 

Brownstock washer vent 
C/D washer vent 
E washer vent 
E seal tank vent 

SVl 
sv4 
sv5 
SV8 

l Refer to Figure A-25 for details on the processes vented into 
the scrubber. 

. 
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Table A-13.. Gas Sampling Results at Site 4 
(lb/W 

I Measurement Points 
Compound 1 HVl 1 HV4 1 SVl 1 SV4 1 SV5 1 SV8 

Acetaldehyde' 0.038 0.108 0.060 0.001 0.005 NA 
Acetone' 0.172 0.475 0.258 0.004 0.045 NA 
Acetaneb 0.052 0.155 0.026 NA na NA 
Acrolein' 0.001 0.489 0.001 0.001 0.015 NA 
Chlorinec NA 18.89 NA 0.019 0.003 NA 
Chlorined NA 59.24 NA 0.035 0.032 NA 
Chlorine dioxided NA 31.44 NA 0.044 0.235 NA 
Chloroformd NA 2.238 NA 0.748 0.306 NA 
Chloroformb BDL 0.868 BDL, NA NA NA 
Formaldehyde' 0.001 0.046 0.005 0.005 0.003 NA 
Hydrogen chloride' NA 0.536 NA 0.009 0.002 NA 
Methanol' 6.234 2.746 3.823 0.922 1.359 NA 
Methyl ethyl 0.039 0.234 0.102 0.003 0.014 NA 
ketone' 
Methyl ethyl 0.094 BDL 0.008 NA NA NA 
ketoneb 
Methylene chlorided NA 0.110 NA 0.008 0.006 NA 
Methylene chlorideb 0.004 BDL BDL NA NA NA 
Propionaldehyde' 0.005 0.031 0.001 0.000 0.000 NA 
Benzeneb 0.004 
Chloromethaneb 1.729 
2-Butanoneb 0.094 0.008 
Styreneb 0.005 
Tolueneb 0.007 
Dimethyl sulfideb 0.561 0.219 
Dimethyl disulfideb 0.214 0.028 
a-Pineneb 0.038 .0259 
b-Pineneb 0.013 0.156 
p-cymeneb 0.004 
Acetophenonef 0.002 
Hexachlorocyclo 0.002 
-pentadiene' 

Hexachloroethane' 0.001 
a-Pinene' 0.011 1.122 
b-Pinene' 0.005 0.385 
a-Terpineol' 0.012 0.169 
Total hydrocarbons" 7.136 2.379 11.96 0.654 0.817 2.389 

a 

b 

- Obtained using Method 0011 
- Obtained using VOST 

C 

d 

- Obtained using Method 26A 
- Obtained using NCASI 

c 
f 

- Obtained using Method 25A 
- Obtained using SHMIVOST 

NA - Not applicable BDL - Below detection limit 
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Table A-14. Liquid Sampling Locations at Site 4 

Location Identifier - 

Hardwood Processing Area 

Pulp out of the blow tank 
Weak black liquor from Kamyr digester 
Pulp into 1st stage brownstock washer 
Weak black liquor from 1st stage brownstock washer 
Pressate from 2nd stage brownstock washer 
Pulp out of 1st stage brownstock washer 
Pulp into C/D washer 
Pulp into E washer 

Wastewater Processes 

Blow tank condensate 
Evaporator condensates to steam stripper 
Evaporator condensates to 0, delignification washer 
Acid sewer 
Caustic sewer 
Scrubber effluent 

softwood Processing Area 

Pulp into 1st stage brownstock washer 
Weak black liquor from 1st stage brownstock washer 
Pressate from press 
Pulp out of 1st stage brownstock washer 
Pulp into C/D washer 
Pulp into E washer 

HP1 
HP2 
HP3 
HP4 
HP5 
HP6 
HP8 
HP9 

WWl 
WW2 
WW3 
WW4 
WW5 
WW7 

SPl 
SP2 
SP3 
SP4 
SP5 
SP6 

A-55 



T.M. A-IS. M,.a,md Condluent C-ancmb~liOn. l l 6h 4 h$fd 

Measurement Points 

1-d 
HP1 HP2 HP3 HP4 tips HPa npa HPa WI ww2 ww3 w4 ww8 ww7 SPl SP2 SP3 SP4 8Ps sm.1 

Fwldah+ (a, 3.300 3.033 2.337 0.~ O.&SO 45.111 1.284, 1.500 0.7a7 I.533 1 .W? 0.~ 2.133 2.067 0.~ 0.01 l.OOU 34da7 2.311 0471 

hbtiva C) 
hc.lcm (4 
Acmhln w 
-W* b) 
M.ul* dlyl kabn (a) 
l lm (e) 

b-Phm w 

ti*ykmfh- w 

chl#oloml (a) 

Mdwml (a) 

0.130 
4.143 
0.157 

ND 

0.023 
ND 

ND 

MO 

0.183 0.273 0.130 0.211 ad42 0.270 0.27a 

0.387 4.042 1.403 24aa 10.222 1.362 1.~ 

l.eca ND 0.011 0.~ 0.403 0.101 ND 
No ND O.CQP NO 0.280 0.180 0.02a 

l.loQ 1.213 8.503 0.771 4ad37 l.z3a 2350 

No No ND ND ND - - 

0.333 No 0.111 ND ND 
ct.0 qt.0 

- 1.333 <I.0 

l.M4 738 818 aa 224 Ma 101 

- Nolmp*d 
No-Nc.ldebcbd 
. - cbulmu udng wllok uwlB adymmqiPLc/cic) 

ll.Mo 7.433 
12.037 17.333 
0.117 ND 
0.870 0.557 

ia. 18.233 
<I.0 4.733 

<I.0 1.767 
et.0 

ND 6.110 

0.~ 0.143 
2700 0.710 
0.057 0.037 
0.W 0.043 
3.700 24.900 
1 .I#) 

ct.0 
et.0 

- la3 
a.% 277 

O.aW 0.~ 0.311 0.170 0.256 
l.aw 9.417 4.327 4.732 3.156 
0.003 0.010 1.464 l.ad ND 
0.010 0.~ 0.017 ND ND 
3.m ia.a73 0.333 0.434 0.351 

- 3l.Mo zw2z? 1.022 

- 12.333 ll.ooo 0.77s 
<I.0 at.0 
s1.0 <I.0 

a8 07 703 703 w4 

0.042 0.m 0.278 
iads 0.738 0.702 

ND 0.043 No 
O.#o 0.021 0.001 

35.444 1411 zwo 
1.433 

om7 - - 
- et.0 ct.0 
- 1.872 Cl.0 

215 Ma 176 



. f------s- o 
0) 

A-57 



. 

LEGEND 

ProcesslPu!p Flow ’ 

.‘-* .” b%m 

---- 
EiEr mua 

stoun 8omNood~&chipe 

I I I I I I r - 

3 4 5 ,6 7 6 

c 4 

I I I I I I I 
I I -- 
1 j 

I’“‘+’ 

1 4 -* . . - . .*A , -. r . . . . 

1 cl 

9 5 
. . a 

! 

Megnewm-0ased 
suaae cooking 

bquof to olgaeiwr 

Idi3 Red tlqua 
4 Accumuletol syatuna 
(?-@~4--@ 
WdU 

“8wh ’ 

t 
i 

Figure A-27. Wood Preparation and Pulping Process at Site 5 



temporarily stored in a soak tank for volume control to the 

knotters system. spent cooking liquor (or weak red liquor) from 

the first stage filtrate tank is sent to the evaporators. The 

pulp then passes to a knotter followed by a fourth washing stage. 

The pulp passes through another screening system before being 

thickened in the decker. The washed pulp is sent to low density 

storage prior to bleaching. 

The weak red liquor from washing is stored and sent to 

chemical recovery. Figure A-28 presents a flow diagram of the 

chemical recovery process. The spent liquor is concentrated in 

the evaporator system. Vapors expelled from the evaporator 

system.pass through a condenser system. Noncondensible gases are 

sent to the acid plant, while evaporator condensates are sewered. 

The concentrated red liquor is combusted in a recovery furnace 

where sulfur dioxide gas (SO2) is routed to the acid plant. The 
ash is slaked to recover the magnesium oxide, which is sent to 

the acid plant. The cooking liquor is produced in the acid 

plants for use in digestion. 

The figure of the bleaching process used at Site 5 was 

claimed as confidential and can be found in the CBI file (Refer 

to Reference 9). Brownstock pulp from low density storage is 

usually bleached in a four stage bleaching sequence: oxygen (0) I 
extraction (E), 'either peroxide (P) or hypochlorite (H), and 
chlorine dioxide (D). The peroxide/hypochlorite staqe is 

actually a series of 12 batch cells which can be run 

independently as needed. Pulp from the bleach plant is sent to 

papermaking. 

Objectives of the field test at Site 5 were to characterize 

the compounds present in sulfite digested pulp and weak black 

liquor, sulfite bleaching, and in-sulfite evaporator condensates, 

bleach plant wastewater, and the paper machine white water. 

Other objectives were to quantify air emissions from sulfite blow 

gases and sulfite bleaching. Both process liquid and air 

emission samples were collected in the pulping and bleaching 
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areas of the plant while processing hoth paper grade and 

dissolving grade pulp. 

Air emissions were sampled at 7 locations within the plant. 

These are identified in Table A-16. The results of the air 

emission testing are summarized in Table A-17 for the samples 

collected while processing dissolving grade pulp and in Table A- 

18 for the samples collected while processing paper grade pulp. 

Liquid process stream samples were collected at 16 locations 

while processing both types of pulp. Sampling locations are 

identified in Table A-19. The results of the analyses of these 

samples are summarized in Table A-2.0 for both paper.grade and 

dissolving grade pulp. Additional details of the field tests at 

site 5 are available in the detailed test reports for the 
site. 10~11 
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Table A-16. Gas Sampling Locations at Site 5 

Location Identifier 

Green stack' 
Roof vent2 
No. 2 (E stage) combined seal tank vent 
No. 2A (E stage) combined seal tank vent 
No. 3 seal tank vent 
Oxygen stage blow tank vent 
Nuisance scrubber inlet 

Vl 

v2 

v3 
V3A 
v4 
v7 
V8 

' This vent includes the C-stage tower, washer, and seal tank (no 
chlorine was added at the stage during the test), El-stage 
washer, P/H-stage tower and washer, and D-stage tower. 

* This vent includes the E2-stage washer and the D-stage washer. 
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Table A-17. Gas Sampling Results at Site.5 - Dissolving Grade 
Pulp (lb/hr) 

I Sampling Locations 
compound Vl I v2 I v4 I v7 I V8 

Acetaldehyde' 0.004 0.009 NA NA 0.051 
Acetone' 0.585 0.240 NA NA. 0.027 
Acetoneb 0.143 NA NA NA 0.000 
Acrolein' 0.057 0.002 NA NA 0.000 
ChlorineC 22.25 -- NA NA NA 
Chlorined 9.096 -- NA NA NA 
Chlorine dioxided 1.887 -- NA NA NA 
Chloroformd 0.362 0.103 NA NA NA 
Chloroformb 0.095 NA NA NA -- 
Pormaldehyde' 0.006 0.002 -NA NA 0.000 
Hydrogen chloride' 0.216 0.009 NA NA NA 
Methanol' 0.200 0.144 NA NA 3.607 
Methyl ethyl ketone' 0.168 0.043 NA NA 0.002 
Methyl ethyl ketoneb 0.085 NA NA NA -- 
Methylene chlorided -- 0.016 NA NA NA 
Methylene chlorideb 0.001 NA NA NA 0.001 
Propionaldehyde' 0.005 0.003 NA NA 0.003 
Chloroformb 0.082 
Chloromethaneb 0.048 0.027 
2-Butanoneb 0.074 
Methylene chlorideb 0.001 0.007 
Acetoneb 0.124 
a-Pineneb -- 0.002 
p-Cymeneb 0.042 0.258 
Hexac,hlorocyclo- 0.001 
pentadiene' 
p-Cymene' 0.028 0.343 
a-Pinene' -- 0.001 
Total hydrocarbons‘ 0.911 0.438 0.072 3.389 2.708 

1 - Obtained using Method 0011 
b - Obtained using VOST 
c - Obtained using Method 26A 
d - Obtained using NCASI 
c - Obtained using Method 25A 
f - Obtained using SHMIVOST 
-- Not analyzed 

NA - Not applicable 

. 
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Table A-18. Gas Sampling results at Site 5 - Paper Grade Pulp 
(lb/W 

I Measurement LOCatiOnS 
compound Vl I v2 1 v3 1 V3A 1 v4 1 v7 I V8 

mdehyde' 0.015 NA NA NA NA NA 0.018 
Acetone' 0.039 NA NA NA NA NA 0.014 
Acetoneb 0.001 NA NA NA NA NA 0.001 
Acrolein' 0.176 NA NA NA NA NA 0.000 
Chlorine' 4.363 NA NA NA NA NA NA 
Chlorined 3.867 NA NA NA NA NA NA 
Chlorine dioxided 0.396 NA NA NA NA NA NA 
Chloroformd 0.030 NA NA NA NA NA NA 
Chloroformb -- NA NA NA NA NA -- 
Formaldehyde8 0.003 NA NA NA NA NA 0.000 
Hydrogen chloride' 0.389 NA NA NA NA NA NA 
Methanol* 0.117 NA NA NA NA NA 2.175 
Methy:L ethyl ketone' 0.031 NA NA NA NA NA 0.001 
Methy:L ethyl ketoneb -- NA NA NA NA NA 0.000 
Methy:Lene chlorided -- NA NA NA NA NA NA 
Methylene chlorideb 0.033 NA NA NA NA NA -- 
Propionaldehydeb 0.003 NA NA NA NA NA 0.001 
Bromomethaneb 0.006 
Chloromethaneb 0.046 
Methy:Lene chlorideb 0.030 
Acetoneb 0.001 0.006 
1,2,3- 0.003 
Trichloropropaneb 

a-Pineneb 0.031 
b-Pineneb 0.014 
p-Cymeneb 0.132 
Hydroquinone' 0.003 
p-Cymenef 0.069 0.531 
a-Pinene' 0.001 0.037 
b-Pinene' 0.001 
Total hydrocarbons" 0.445 0.250 0.007 0.160 0.005 1.309 3.298 

1 - Obtained using Method 0011 
b - Obtained using VOST 
c - Obtained using Method 26A 
d - Obtained using NCASI 
c - Obtained using Method 25A 
f - Obtained using SEMIVOST 
-- Not analyzed 

NA - Not applicable 
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TABLE B-a. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
CObfRXJNDs (g/Mg pulp) (CONTINUED) 

EP Codes 
compound Names 301 302 303 304 305 306 

l.o97,a2 1.09782 15 10.77623 10.77623 ' Acetone 15 

Methanol 0.24236 0.24236 3.5 3.5 2.6251 2.6251 I I I I 
1 0 I 0 I 0 I 0 0 I 0 II ____ ---_- _---- 

I 
ethyl ketone 1.54827 11.54827 15 15 8.15671 8.15671 

Hydrogen Sulfide 0 ! 0 0 0 0 0 
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TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPoumS ('3/W pulp) (CONTINUED) 



REZEREXCES 

Entropy Environmentalists, Inc. Testing of Non-Combustion 
Processes in a Pulp and Paper Facility Site 1. Data Summary 
Report. Prepared for U.S. Environmental Protection Agency, 
Research Triangle Park, NC. November 1992. 

Entropy Environmentalists, Inc. Testing of Non-Combustion 
Processes in a Pulp and Paper Facility Site 1. Draft. 
Prepared for U.S. Environmental Protection Agency, Research 
Triangle Park, NC. August 1992. 

Roy F. Weston, Inc. Field Test Data Summary for Site 2. 
Prepared for U.S. Environmental Protection Agency, Research 
Triangle Park, NC. December 1992. 

Roy F. Weston, Inc. Hazardous Air Pollutant Emission and 
Process Report Volumes I - IV Site 2. Draft. Prepared for 
U.S. Environmental Protection Agency, Research Triangle 
park, NC. October 1992. 

A.3 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Roy F. Weston, Inc'. Field Test Data Summary for Site 3. 
Prepared for U.S. Environmental Protection Agency, Research 
Triangle Park, NC. December 1992. 

Roy F. Weston, Inc. Hazardous Air Pollutant Emission and 
Process Report Volumes I - IV Site 3. Draft. Prepared for 
U.S. Environmental Protection Agency, Research Triangle 
Park, NC. October 1992. 

Roy F. Weston. Field Test Data Summary for Site 4. 
Prepared for U.S. Environmental Protection Agency, Research 
Triangle Park, NC. December 1992. 

Roy F. Weston. Hazardous Air Pollutant Emission and Process 
Report Volumes I - IV Site 4. Draft. Prepared for U.S. 
Environmental Protection Agency, Research Triangle Park, NC. 
September 1992. 

Trip Repogt. Visits to Site 5 on May 15, 1991 and August 
20, 1991. 

Roy F. Weston. Field Test Data Summary for Site 5. 
Prepared for U.S. Environmental Protection Agency, Research 
Triangle Park, NC. December 1992. 

. 
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11. Roy F. Weston, Inc. Hazardous Air Pollutant Emission and 
Process report Volumes I - IV Site 5. Draft. Prepared for 
U.S. Environmental Protection Agency, Research Triangle 
Park, NC. October 1992.' 

. This information is located in the confidential files of the 
Director, Emission Standards Division, Office of Air Quality 
Planning and Standards, U.S. Environmental Protection 
W=ncy , Research Triangle Park, North Carolina 27711. This 
information is confidential pending final review by the 
company and is not available for public inspection. 

A-68 



APPENDIX B 

AIR EMISSION ESTIMATES AND EMISSION FACTORS 



APPENDIX B 

AIR EMISSION ESTIMATES AND EMISSION FACTORS 

B.1 INTRODUCTION 

This appendix presents the methods by which air emission 

factors from pulp and paper manufacturing processes were 

estimated and presents the resulting air emission factors in a 

series of tables. The developed emission factors were based on 

either the results from a sampling and analysis program at five 

pulp and paper mills or on existing literature values. Data'from. 

the sampling and analysis program at five mills are presented in 

Appendix A. 

B.2 DISCUSSION 

Air emission factors were developed for a large number of 

emission sources in the pulp and paper industry based on the 

results of a test program at five different pulp and paper mills 

involving both vent sampling and liquid measurements of process 

materials. Emission factors were calculated in units of grams of 

air emissions per megagram of air dried pulp produced (g/Mg 

pulp) l Several different procedures were used to calculate 

emission factors depending on the type of emission source and the 

types of data available for the source. These procedures 

included the following: 

a Air emission factor calculations from the direct 

measurements at a tested vent. 

0 Air emission factor estimation based on the direct 

measurement of the composition of the liquid stream 

associated with the vent. 

* Air emissions estimation from wastewater collection and 

treatment based on theoretical losses from model 

collection and treatment systems. 

0 Air emission factor estimates.for black liquor storage 

tanks using a modification of the conventional storage 

tank emissiofi equations. 



8.3 EMISSION FACTORS. ESTIMATED FROM VENT MEASUREMENTS 

When the vent rate and chemical composition was measured for 

a specific emission source or vent, an emission factor can be 

estimated by dividing the mass emission rate of the vent (grams 

per day) by the mass flow rate of air dried pulp (megagrms or 

metric tons per day). The units of the emission factor are 

therefore grams of emissions per metric ton of air dried pulp 

(g/Mg pulp) . 

The flow rates of pulp used in the calculations of emission 

factors are based on reported plant production rates or on 

typical operating conditions. '. 

B-. 4 EMISSION FACTORS ESTIMATED FROM LIQUID MEASUREMENT 

When direct vent measurements are,unavailable, liquid 

measurements representative of the material being processed can 

be used to theoretically estimate the air emission rate from the 

units. These theoretical estimates are based on equilibrium 

partitioning of the volatile components between the liquid phase 

and the gas phase. Since the equilibrium partitioning factor 

depends on temperature, a theoretical method was developed to 

estimate the effect of temperature on the equilibrium 

partitioning. 

V'alues of the Henry's law constants from EPA's compound 

property data base were used as an estimate of.the value of the 

partition coefficient in the process stream at a temperature of 

25 OC. This value of the partitioning coefficient may be 

adjusted to represent other temperatures using the Antoines 

Coefficients for each compound. 
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where, 

% = Vapor pressure at temperature T @Wig). 

T = Temperature (OC). 

A,BtC = Antoines Coefficients. 

p25 = Vapor pressure at 25 OC. 

The values of A, B, and C are the Antoine's coefficients for 

the vapor pressure correlation with temperature.. Equation (1) 

illustrates how the Antoine's coefficients can be used to 

estimate the vapor pressure at any temperature and Equation (2) 

shows. the equation for a temperature of 25 OC. Dividing equation 

1 by equation 2, yields the ratio of vapor pressure at 

pr = EXp - B + B 
P 25 C+T C + 25 

(3) 

temperature T to the vapor pressure at the reference temperature 

of 25 OC. This is illustrated in Equation (3). 

The value of the Henry's Law constant from the data base is 

then adjusted by the vapor pressure ratio to obtain an estimate 

of the Henry's law constant at the new temperature as follows: 

HT PT 
=Hzs p .( 1 (4) 

25 

where, 

HT = Henry's law constant at temperature T. 

H25 = Henry's law constant at 25 OC. 

B.5 METHOD OF ESTIMATING THE PARTITION FRACTION IN MIXED'TANES 

When gas and liquid are mixed in a tank, some of the 

volatile material in each of the tw'o.phases can partition into 

the other phase. If chemical equi&ibkium between the two phases 

'is achieved in the mixture leaving the tank, the partitioning of 

B-3 



the volatile components into the two phases can be described by 

partition coefficients. 

The bleach plant/brownstock washer shown in Figure B-l can 

be used as an example of two-phase partitioning. In this example 

case, chloroform is emitted from the vent of the bleach plant 

washer. It is assumed that the concentration of chloroform is 

unknown for both the process pulp liquid entering the washer and 

for the entering spray. It is also assumed that the 

concentrations of chloroform in the pulp discharged from the 

washer is known from sampling and analysis of the liquid leaving 

the washer at the exiting pulp stream or at the recycle stream 

produced from the'washed pulp. By assuming that.the 

concentration of chloroform in.the liquid inside the washer is 

the same as the concentration in the liquid leaving the washer, 

emissions from the vent can be estimated using the ratio of the 

volatilized component in the exiting vapor phase to 

in the exiting liquid phase in conjunction with the 

constant. This is illustrated below: 

the component 

Henry's law 

f= 
mol vapor 

mol liquid 
= H, 2 d, 

LP 
(5) 

where, 

'f = The ratio of the exiting component in the gas phase to 
the component in the exiting liquid. 

HT = Henry's law constant at temperature T, atm-m3/mol. 

G = Gas flow rate, m3/s. 

L = Liquid flow. rate, m3/s. 

P = Atmospheric pressure (assumed to be one atmosphere). 

% = Gas density, moles/m3. 

The overall fraction of volatile material in the entering process 

liquid that exits with the gas is .estimated as follows: 
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Figure B-l. Illustration of Air Emissions from a Bleach 
Plant/Brownstock Washer. 
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F=f 
l+f 

(6) 

where, 

F = The fraction of total volatile material entering the 
reactor that exits in the gas phase. 

AS a numerical example, assume that eleven grams per second 

of chloroform enters a washer, one gram per second of chloroform 

is vented from the washer, and the remaining chloroform exits 

, with the water (10 grams per second). The fraction in the vapor 

is f = l/10, or f = 0.1. The fraction of the entering chloroform 

that exits in the vapor phase is given by 

F= f / (l+f) or F =. O.l/ (l+O.l) orF=l/ll (7) 

An air emission factor can be estimated based on the unit 

characteristics and the fraction of volatiles lost from the unit 

using.the following equation: 

E= CL F L (8) 

where, 

E = Air emission factor (g/Mg pulp). 

CL = Concentration of the component in the liquid (g/m3). 

F = Fraction.of the component in the entering liquid phase 
that is emitted as air emissions. 

L = Liquid flow rate (m3/Mg pulp). 

The following example illustrates the procedure for 

.calculating an air emission rate. In the EPA field test program, 

liquid process stream samples were taken at the entrance of a 

bleach plant/brownstock washer identified in Table A-15 as 
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Sampling Point SPl at Site 4.l The concentration of acetone in 

these samples was determined to be '4.327 mg/L and the 

concentration of pulp in the stream was determined to be 0.0163 g 

pulp/g slurry. The measured vent rate was 90.5 m3/Mg pulp. In 

this example, the concentration of acetone in the washer is 

estimated to be the same as the concentration in the inlet pulp 

slurry., 

The molar volume of the gas exiting from the washer vent is 

calculated from the ideal gas law: 0.02887 m3/mol. The volume of 

liquid per Mg of dry pulp is calculated as l/.0163, or 61 m3/Mg 

Pulp* Using this information, the partition fraction of acetone 

in the washer may be estimated from Equation (5) above as 

follows: 

f = H, z dG = 0.000169 $$ 

where, 

f = Ratio of the exiting component 

1 
0.02887 

= 0.0086, (9) 

in the gas phase to the 
component in the exiting liquid. 

HT = Henry's Law constant, 0.000169 atm-m3/mol. 

G/L = Ratio of gas flow rate to the liquid flow rate, 
90.5/61.4 h3 gas/m3 liquid. 

43 = Gas density, l/O.02887 moles/m3. 

The overall fraction of the entering acetone that exits with 

the gas is estimated using Equation (6) as follows: 

F=.f= 0.0086 
l+f 1'+ 0*0086 

= 0.00857 

The air emission factor for acetone can now be 

from the unit characteristics and the fraction lost 

using Equation (8): 

(10) 

estimated 

from the unit 

E=C,FL = 4.327 x0.00857 x61.3 = 2.27 g/Mgpulp (11) 

where, 
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E = Air emission factor, 2.27 g/Mg pulp. 

CL = Concentration of the component in the liquid, 4.327 g/m3. 

F . = The fraction of the component in the entering liquid 
phase that is emitted as air emissions, 0.00857. 

L = liquid flow rate, 61.3 m3/Mg pulp. 

B.6 COMPARISON OF ESTIMATED AIR EMISSIONS FROM LIQUID 

CONCENTRATIONS 

Emission estimates based on direct measurement of vent gas 

samples are generally the most accurate means of calculating 

emission factors. However, in situations where no gas sampling 

data a.re available, emission estimates based on measured 

constituent concentraitons in the liquid process streams from 

which the vent gases.evaporate can produce reasonable emission 

factor estimates. This is illustrated by the information in 

Table B-l, which contains air emission estimates based on 

information obtained from Site 4 of the EPA field.test program. 

The table contains estimates of emissions based on both gas 

samples from test point SVI, a bleach plant/brownstock washer 

vent in the softwood plant, and liquid samples of the process 

streams in the bleach plant/brownstock washer (Test Points SPl, 

SP2, SP3, and SP4). As can be seen, air emissions estimated from 

the liquid concentrations are relatively consistent with the 

estimates based on vent sampling for most of the sampling points. 

Liquid sampling would-be expected to produce valid emission 

estimates if accurate data are obtained for: 
9 constituent concentrations in the liQuid, 

l liquid and gas'flow rates, 

l liquid temperature, and 

l Henry's law constants. . 

B.7 ESTIMATION OF AIR EMISSIONS FROM MATERIAL BALANCES 

If data from sampling and analysis are unavailable for both 

vent gases and liquid process streams, there are some situations 

where a material balance might be used to estimate emission 
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rates. Examples where this approach might yield valid results 

would include situations where a large fraction of the volatile 

TABLE B-l. SAMPLES COLLECTED AT A BLEACH PLANT/BROWNSTOCK 
WASHER1 

Air emission factors (g/Mg pulp) 

compou.b~~ svla 8plb 8p2b 8p3b 8p4b,= 

Acetone 3.04 2.27 2.51 1.67 7.82 

Methyl ethyl 1.22 1.46 1.178 93 

ketone 

Methanol 45 146 147 125 34 

PULP WATER WATER PULP 

IN OUT IN OUT 

a The values of the air emission factors for the vent are 
obtained from the reported emission rate (lb/hr, Table A-13) 
divided by the pulp rate (0.0849 million lb air dried pulp/hr). 

b These values were estimated from process liquid measurements 
reported in. Table A-15, using procedures described in the 
preceding text. 

c The results from.this sample point are inconsistent with the 
other sample points presented in this table. 
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components of a stream is released to the air. In cases where 

the fraction of volatiles released to'the air is low or iS at Or 

below the detection limits of available test methods, a material 

balance approach would not be expected to generate valid data. 

B.8 MODEL WASTEWATER'PLANT PARAMETERS 

In developing emissions factors for wastewater collection 

and treatment units, EPA used the procedures described above and 

an example model wastewater collection and treatment system. The 

characteristics of the model system used for the estimates are 

described in Tables B-2 and B-3. Table B-2 presents the assumed 

waste stream flow rates and Table B-3 lists the elements within 

the model wastewater collection and treatment system. 

The Agency is currently revising the model wastewater 

collection and treatment system and anticipates the emission 

factors presented here will change. 

B.9 ESTIMATION OF AIR EMISSIONS FROM WASTEWATER COLLECTION AiJD 

TREATMENT SYSTEMS 

Emission factors for wastewater collection and treatment 

. systems at pulp and paper plants were calculated based on 

measured concentrations of pollutants in the wastewater streams 

together with the mass flow rate of the streams. The total 

fraction of volatiles emitted from a system was estimated by 

summing the estimated emisqions from each collection system 

element using the following equation. 

where, 

Ft 

f ei 

f,(H) 

F, = c: : ; fq fo,., t-1 

= Total fraction of a constituent emitted to the ai,r 
from the collection and/or treatment system. 

= Fraction of a constituent emitted to the air in 
unit i. 

= Fraction of the initial constituent concentration 
that remains in the waste entering unit i. 
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TABLE B-2. MODEL PLANT FLOW RATES OF WASTE STREAMS' 

Waste stream location m3/Mg pulp 

acid wastewater bleach plant C or CD washer 1 15 
I I 

caustic wastewater bleach plant E washer 13 
I 

digester wastewater pulping 1.2 
I I 

clean condensates evaporator 6 

foul condensates evaporator 7 

turpentine pulping gas condensates 0.16 

underflow 

continuous blow pulping 1 

condensates 

blow tank pulping 2 

condensates 

weak black liquor storage tank for treatment, 11 
recycle to pulping 

scrubber effluent bleach plant scrubber 0.06 

other bypass clarifier, sent .12 
directlv to aeration basin 
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TABLE B-4. MODEL PLANT SEQUENCE OF COLLECTION SYSTEM 
ELEMENTS AND TREATMENT SYSTEM ELEMENTS.a'3 

a 

= 

q 

Name of unit Model for calculations 

Trench 

Drains 

Junction box 

Collection main 

Junction box 

Collection main 

Clarifier 

Aerated impoundment 

trench 

equilibrium headspace, 
collection system models 

aerated impoundment, Chemdat7 

manhole cover venting 

aerated impoundment, Chemdat7 
I 
1 manhole cover venting 

clarifier, Water7 

aerated impoundment, Chemdat'l 

Non aerated impoundment non aerated impoundment, 
Chemdat7 

This table presents the basis for the estimation.of the 
emission factors from wastewater collection and treatment. 
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n = Total number of units in the wastewater collection 
and/or treatment system. 

If air emissions are the only source of loss of a 

constituent from a waste stream, the fraction of volatiles that 

remain in the waste stream leaving a unit is equal to-the product 

of the fraction of volatiles in the waste stream entering the 

unit and one minus the fraction emitted in the unit. 

where, 

fq = f,l _ 1 ( 1 - fe,) (13) 

f oi = the fraction of volatiles in the waste stream leaving a 
wastewater collection or treatment unit. 

When volatiles are lost from.a waste stream by mechanisms 

other than the air emissions, such as biodegradation and 

adsorption, these other mechanisms must be accountep for in the 

calculation of the fraction of volatiles in the waste stream 

leaving the unit. 

Once the total fraction of constituent emitted from a 

wastewater collection and/or treatment system is calculated, an 

emission factor for the system can be estimated as follows: 

Ef 

9 
Jf9 PUJP 1 ( 

=Q In3 
MS PUlP ) ( 1 

= 3 5 (14) 

where, 

Ef = Emission factor. 

Q = The wastewater flow rate. 

C = Concentration of volatiles. 

Ft = the total fraction emitted. 

Several exampl'e calculations of emission factors for 

wastewater collection and treatment units can.be found in 

Reference 4. 
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B.10 ESTIMATION OF AIR EMISSIONS FROM BLACK LIQUOR STORAGE TANKS 

Weak black liquor is generated during pulping operations at 

an estimated rate of 11 m3 per Mg dry p~lp.~ This wastewater is 

normalILy collected in large storage tanks which are equipped with 

vetits which can release substantial quantities of air emissions 

due to changes in the liquid level in the tank and to-atmospheric 

conditions. The tank in the model unit has a conical roof with a 

large central vent.6 No emission measurements were available for 

this source and it thus became necessary to develop a theoretical 

approach to estimating emission rates from these sources. During 

use, the wastewater level in the tank is more constant than the . 

working rate of liquid exchange would suggest, thus, it is not 

realistic to assume that the quantity of gas emitted from the 

vent would be equal to the working rate of liquid exchange. 

Furthermore, there will be vent flow due to wind effects and due 

to the stack effect created by warm moist air in the tank, which 

would tend to make the vent rate greater than the contribution 

from working losses alone. It is also uncertain whether 

e.quilibrium between the liquid and gas phase will be achieved in 

the storage tank, especially for the larger vent rates, which is 

a further consideration in the selection of the vent rate. 

Considering all of these 'factors, it was assumed that saturated 

.vapors would be emitted at a rate equal to half of the working 

rate of liquid exchange. 

.Table B-4 lists a set df emission factors for storage tanks 

containing.black liquor. The emission factor values are 

primarily determined by the.volatility of each individual 

compound. 
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Table B-4. AIR EMISSION FACTORS FOR BLACK LIQUOR STORAGE TANKS 

Compound 

acetone 

2-butanone(MEK) 

methanol 

acrolein 

acetaldehyde 

alpha pinene 

beta pinene 

a-terpineol 

chloroform 

.methylene chloride 

formaldehyde 

dimethyl sulfide 

dimethyl disulfide 

dichlorothiophene 

dichloroacetonitrile 

toluene 

chloromethane 

p cymene 

proprionaldehyde 

111 trichloroethane 

Fraction emitted as air 
emissions 

0.001 

0.003 

0.000 

0.002 

0.002 

0.055 . 

0.039 

0.010 

0.065 

0.061 

0.001 

0.100 

0.041 

0.017 

0.007 

0.120 

0.143 

0.254 

0.001 

0.261 
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B.ll SELECTION OF EMISSION FACTORS 

Emission factors were developed for a large number of 

sources in the pulp and paper industry. For many of these 

sotirces, emission factors were calculated in more than one way 

resulting in multiple values for some constituents. 

Additionally, emission factors for some of the sources have been. 

previously estimated by others and are available in existing 

literature sources. Under these circumstances, the goal of the 

Agency was to select the emission factor value that best 

. represents actual emissions. To assist in achieving this goal, a 

protocol was established to determine the most appropriate 

emission factor value to use for the source with multiple 

estimates of emission factors available. The established 

protocol takes into -account the type of source tests performed, 

the test methods used,.quality control measures taken, adequacy 

of the test procedures and test documentation, and the 

consistency of test results. Table B-6 lists the considerations 

used in selecting an emission,factor from the available data. 

The beach plant/brownstock ‘washer illustrated in Figure B-l 

can be used as an example of a typical procedure for selecting an 

emission factor when multiple estimates are available. For this 

example, acetone emission factor estimates were made for two 

lic$uid samples at site 3 and for 4 liquid samples and 1 vent 

sample at site 4. These estimates were compared with the 

emission factor available from the literature‘as shown in 

Table B-6. Examination of these data indicate that the emission 

factor estimate available in the literature is reasonably 

consistent with the test results from Site 3 but not with the 

test results from Site 4 where the concentration of acetone in 

the pulp was almost an order of magnitude lower than at site 3. . 

Because of the relatively good agreement between the literature 

value and the results obtained for Site 3 for both liquid and 

vent samples, it was concluded that the most appropriate action 

was to retain the existing literature value without change. 
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TABLE B-5. CONSIDERATIONS IN SELECTING-EMISSION FACTORS. 
(LISTED IN ORDER OF' IMPORTANCE) 

Quality of documentation and quality control procedures 
for on-site sampling. 

Type of test reported. Vent measurements of emissions 
are preferred to estimations of vent emissions from 
liquid measurements. 

Source characterization and documentation. 

4 Representativeness of the source. 

5 Number of compound.analyses included in the field test'. 

6 1 Consistency' with other measurements and related sources 
1 (Is the data point an outlier?). 
I 

7 Conflicts between two different test methods of 
reported measurements for.the same compound are 
resolved by selecting the higher measurement if there 
is reason to believe that there is incomplete compound 
recovery for the lower measurement. 
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TABLE B-6. EMISSION FACTOR SELECTION FOR ACETONE EMISSION FROM 
A SOFTWOOD BLEACH PLANT/BROWNSTOCK WASHER. 

Sample Sample Calculated Emission 
Identification Test Site Twe Factor 

(g/M9 dry pulp) 

SP3 3 Liquid 27 

SVl 4 Vent 3.04 

SPl 4 Liquid 2.27 

SP2 4 Liquid 2.51 

SP3 4 Liquid 1.67 

. 4 Liquid . SP4 7.82 

SPl 3 * Liquid 38 

Emission factor from literature‘ 33 

Selected emission factor 33 
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Procedures similar to this were used.in the selection of each of 

the emission factors presented in the following discussion. 

Table B-7 contains a list of 237 individual sources used to 

characterize model plants for the pulp and paper industry. A 

typical pulp and paper process unit would be expected.to contain 

some subset of the individual sources described in Table B-7. 

The table contains a description of each individual source, an 

identifying number, i.e., an "EP Code'*, for each source, the type 

of pulp used as the basis for an emission factor (i.e., hardwood 

or softwood), and the mill process involved (e.g., pulping, 

bleaching). For each individual source listed, the-table also 

identifies the source of information that served as the basis for 

estimating the emission factor or describes how the emission 

factor was estimated in the absence of source measurements. 

Sources of information utilized as a basis for emission 

factors indluded both field test data and data from existing 

literature sources. Data were not found for all of the emission 

sources, which led to the use of alternative- approaches to 

estimate emission factors for these sources. Several such 

alternatives were developed. 

One approach was to assume that the emission factor for a 

source with no data was the same as the emission factor for 

another source with data if the emissions characteristics of the. 

two sources were judged to be very nearly the same. Another 

approach was to establish a series of factors to relate the 

emission factorvalues from one set of emission sources to 

another set of sources. For example, data for emission sources 

for which data are available while processing both'softwood and 

hardwood were used to establish a hardwood/softwood ratio. That . 

ratio was then used to estimate emission factors for sources when 

data were only available for one category of wood. Another 

approach was to establish a set of factors *to show the relative : 

rate of emissions from individual units in series that 

sequentially handle a product stream. These factors were used to * 
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TABLE B-7. EMISSION SOURCES AND DATA SOURCES 

EP wood Mili Emission Point Basis for 

Code WFJe Process Description Emission Factor 

1 H Bleaching chlorine dioxide Not used in Model 
generation Plants 

2 S Bleaching chlorine dioxide Not used in Model. 
generation Plants 

3 H Bleaching C-stage tower vent Extrapolateda from 
EP Code 71 

4 s Bleaching C-stage tower vent Extrapolated from 
EP Code 72 

7' H Bleaching C-stage acid sewer 'Ratioedb from EP 
Code 8' 

8 S Bleaching C-stage acid sewer Assumed same as 
EP Code 40 

9 H Bleaching bleaching effluent Not used in Model 
Plants 

10 S Bleaching bleaching effluent Not used in Model 
Plants 

13 H Bleaching bleach plant vents Not used in Model 
Plants 

14 S Bleaching bleach plant vents Not used in Model 
Plants 

15 H Bleaching fugitives from ClQ use Not used in Model 
Plants 

16 S Bleaching fugitives from Cl2 use Not used in Model 
Plants 

17 H Bleaching H-stage (0.1~<0.5%) vent Assumed same as 
EP Code 19 

18 S Bleaching H-stage (0.1~<0.5%) vent' Assumed same as 
EP Code 20 

19 H Bleaching H-stage (0.5-2%) tower Extrapolated from 
vent EP Code 151 

20 S Bleaching H-stage (0.5-2%) tower Extrapolated from 
vent y Code 152 

21 H Bleaching H-stage (~0.5%) vent Not used in Model 
Plants 1 
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TABLE B-7. EMISSIONS SOURCES AND DATA FACTORS (CONTINUED) 

EP Wood Mill Emission Point Basis for 

Code Type Process Description Emission Factor 

22 S Bleaching H-stage (~0.5%) vent Not used in Model 
Plants 

23 H Bleaching H-stage (>2%) vent Not used in Model 
Plants 

24 S Bleaching H-stage (>2%) vent Not used in Model 
Plants 

25 H Bleaching no H-stage use, vent Not used in Model 
Plants 

26 S Bleaching no H-stage use, vent Not used in 'Model 
Plants 

H-stage (O.l-<0.5%) Not used in Model 
wastewater Plants 

Bleaching H-stage (0.1-X0.5%) Not used in Model 
wastewater Plants 

H-stage (0.5-2%) Not used in Model 
effluent Plants 

30 S Bleaching 

31 . H 
I 

Bleaching 

32 S Bleaching 

33 

Ik 
H 

34 S' 

H-stage (<O.5%) Not used in Model 
wastewater Plants 

Bleaching H-stage (>2%) wastewater Not used in Model 
Plants 

I 

35 H 

38 S 

H-stage (0.5-2%) 
effluent 

Not used in Model 
Plants 

H-stage (<O .5%) 
wastewater 

Not used in Model 
Plants 

Bleaching H-stage (>2%) wastewater Not used in Model 
Plants 

Bleaching no H-stage use1 Not used in.Model 
wastewater Plants 

Bleaching 

'Bleaching bleaching effluent Not used in Model 
w/slimacide Plants 

Bleaching bleaching effluent Not used in Model 
w/slimacide Plants 

no H-stage use, 
.wastewater 

Not used in Model 
Plants 
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TABLE B-7. EMISSIONS SOURCES AND DATA FACTORS (CONTINUED) 

EP wood Mill Emission Point Basis for 

Code Type , Process Description Emission Factor 

39 H Bleaching ClO, subst. (0%) acid Ratioed from EP 
sewer Code 40 

40 S Bleaching ClO, subst. (0%) acid Site 5 (P3 DG, P4 
sewer DGd, NW3 DG) 

41 H Bleaching ClO, subst. (0%) caustic Ratioed from EP 
sewer Code 42 

42 S Bleaching ClO, subst. (0%) caustic site 5 (PS DG, 
sewer WW4 DG) 

43 H Bleaching ClO, subst. (0%) Not used in Model 
effluent Plants 

44 S Bleaching ClO, subst. ('0%) Not used in Model 
effluent Plants 

45 H Bleaching ClO, subst. (0%) tower Extrapolated from 
vent EP Code 75 

46 S Bleaching ClO, subst. (0%) tower Extrapolated from 
vent EP Code 76 

47 H Bleaching ClO, subst. (100%) acid Assumed the same 
sewer as EP Code 55 

48 S Bleaching ClO, subst. (100%) acid Assumed the same 
sewer as EP Code 56 

49 H Bleaching ClO, subst. (100%) Assumed the same 
caustic sewer as EP Code 57 

50 s Bleaching ClO, subat. (100%). Assumed the same 
caustic sewer as EP Code 58 

51 'H Bleaching ClO, subst. (100%) Not used in Model 
effluent Plants 

52 S Bleaching ClO, subst.. 3100%) 'Not used in Model 

L ' 

effluent Plants 

53 .H Bleaching ClO, subst. (100%) tower Extrapolated from 
vent . EP Code 79 

54 S Bleaching 'ClO, subst. (100%) tower Extrapolated from 
vent EP Code a0 

55 H Bleaching ClO, subst. (high) acid Ratioed from EP 
sewer . Code 56 
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TABLE B-7. EMISSIONS SOURCES AND DATA FACTORS (CONTINUED) 

EP Wo'od Mill Emission Point Basis for 
Code Type Process Description Emission Factor 

56 s Bleaching ClO, subst. (high) acid Site 3 (SP6, WW6) 
sewer 

57 

58 

H Bleaching ClO, subst. (high) Ratioed from EP 
caustic sewer Code 58 

S Bleaching ClO, subst. (high) Site 3 (SP7, WS) 
caustic, sewer 

'59 H Bleaching ClO, subst. (high) Not used in Model 
effluent Plants 

60 S Bleaching ClO, subst. (high) Not used in Model 
effluent Plants 

61 H Bleaching ClO, subst. (high) tdwer' Extrapolated from 
vent EP Code a3 

62 S Bleaching ClO, subst. (high) tower Extrapolated from 
vent EP Code a4 

63 H ,Bleaching ClO, subst. (low) acid Site 1 (HP2), 
sewer Site 4 (WW4) 

64 s Bleaching ClO, subst. (low) acid Site 2 (WW5, P6), 
sewer Site 4 (SPS), 

Site 1 (SP61, 
W7) 

65' H Bleaching ClO, subst. (low) Site 4 (WWS), 
caustic sewer Site 1 (HP3) 

66 S Bleaching ClO, subst. (low) Site 2 (WW6, P7), 
caustic sewer Site 4 (SP6), 

Site 1 (SP71, 
ma) 

67 H Bleaching ClO, subst. (low) Not used in Model 
effluent Plants 

68 S Bleaching ClO, subst. (low) Not used in Model 
effluent Plants 

69 H Bleaching ClO, s&t. (low) tower Extrapolated. from 
vent EP Code a7 

70 S Bleaching 'Clo, subst: .(low) tower Extrapolated from 
vent EP- Code 88 

71 H Bleaching. C-qtage washer vent Assumed the same 
as EP Code 87 
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TABLE B-7. EMISSIONS SOURCES AND DATA FACTORS (CONTINUED) 

EP Wood Mill Emission Point Basis for 
Code VP= Process Description Emission Factor 

72 S Bleaching C-stage washer vent Assumed the same 
as EP Code 88 

73 H Bleaching C-stage seal tank vent Extrapolated from 
EP Code 71 

74 S Bleaching C-stage seal tank vent Extrapolated from 
EP Code 72 

'75 H Bleaching ClO, subst. (0%) washer Assumed the same 
vent as EP Code 87 

76 S Bleaching ClO, subst. (0%) washer Assumed the same 
vent as EP Code 88 

77 S Bleaching ClO, subst. (0%) seal Extrapolated from 
tank vent EPCode76 

78 H Bleaching ClO, subst. (0%) seal Extrapolated from 
tank vent EP Code -75 

79 H Bleaching ClO, subst. (100%) Assumed the same 
washer vent as EP Code a3 

80 S Bleaching Cl02 subst. (100%) Assumed the same 
washer vent as EP Code 84 

81 H Bleaching C102 subst. (100%) seal Extrapolated from 
tank vent EP Code 79 

82. S Bleaching ClO, subst. (100%) seal Extrapolated from 
tank vent EP Code a0 

a3 H Bleaching ClO, subst. (high) Site 4 (ma, WW4) 
washer vent 

84 S Bleaching ClO, subst. (high) Site 4 (SV4), 
washer vent Site 1 (SPS, SP6) 

as H Bleaching ClO, subst. (high) seal Extrapolated from 
tank vent EPCode83 

86 

a7 

S Bleaching ClO, sub&. (highj seal Extrapolated from 
tank vent EP Code a4 

H Bleaching ClO, subst. (low) washer Site 1 (Hp2) 
vent 

88 S Bleaching Cl02 sub&.. (low) washer Site 1 (SP6), 
vent Site 2 (P6), 

Site 4 (SPS) 

B-24 



TABLE B-7. EMISSIONS SOURCES AND DATA FACTORS (CONTINUED) 

EP Wood Mill Emission Point Basis for 

Code Type Process Description E'mission Factor 

a9 H Bleaching ClO, subst. (low) seal Extrapolated from 
tank vent EP Code 87 

90 S Bleaching ClO, subst. (low) seal Extrapolated from 
tank vent EP Code 88 

91 H Bleaching El-stage (0%) tower vent Extrapolated from 
EP Code 93 

92 s Bleaching El-stage (0%) tower vent Extrapolated from 
EP Code 94 

93 H Bleaching El-stage (0%) washer Ratioed from EP 
vent Code 94 

94 S Bleaching El-stage (0%) washer Site 5 (P5 DG), 
. vent Site 2 (P7) 

9s H Bleaching El-stage (0%) seal tank Extrapolated. from 
vent EP Code 93 

96 S Bleaching El-stage (0%) seal tank Extrapolated from 
vent EP Code 94 

97 . H Bleaching El-stage (100%) tower Extrapolated from 
vent EP Code 99 

98 S Bleaching El-stage (100%) tower Extrapolated from 
vent EP Code 100 

99 H Bleaching El-stage (100%) washer Ratioed from EP 
vent Code 100 

100 s Bleaching El-stage (100%) washer Site 5 (SPS) 
vent 

101 H Bleaching El-stage (100%) seal Extrapolated from 
tank vent. EP Code 99 

102 S Bleaching El-stage (100%) seal Extrapolated froin 
tank vent EP Code 100 

103 H Bleaching El-stage (high) tower Extrapolated from 
vent EP Code 105 

104 S Bleaching El-stage (high) tower Extrapolated.from 
vent EP Code 106 

10s H Bleaching El-stage (high) washer Site 4 (HP9, WWS) 
vent 
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TABLE B-7. EMISSIONS SOURCES AND DATA FACTORS (CONTINUED) 

1 

EP wood Mill Emission Point Basis for 

Code Type Process Description Emission Factor 

106 s Bleaching 

Bleaching 

Bleaching 

Bleaching 

Bleaching 

111 

112 

113 

H Bleaching 

S Bleaching 

H Bleaching 

El-stage (high) washer 
vent 

Site 4 (SVS, 

-61, 
-Site 1 (SP7) 

El-stage (high) seal Extrapolated from 
tank vent EP Code 105 

El-stage (high) seal Extrapolated from 
tank vent EP Code 106 

El-stage (low) tower Extrapolated from 
vent EP Code 111 

El-stage (low) tower Extrapolated from 
vent. EP Code 112 

El-stage (low) washer 
vent 

Site 1 (HP3) 

El-stage (low) washer 
vent 

Site 1 (SP7) 

El-stage (low) seal tank Extrapolated from 
vent EP Code 111 

El-stage (low) seal tank Extrapolated from 
vent EP Code 112 

Dl-stage (0%) tower vent Extrapolated from 
EP Code 117 

1 Bleaching 1 Dl-stage (0%) tower vent 1 Site 5 (P6 DG) 116 1 S 

117 H 

-G-p- 
m/ 

120 
, 

121 

122 

Bleaching Dl-stage (0%) washer Ratioed from EP 
vent Code ii8 

Bleaching Dl-stage (0%) washer Extrapolated from 
vent EP Code 116 

Bleaching Dl-stage '(03) seal tank 'Extrapolated from 
vent EP Code 117 

S Bleaching Dl-stage (0%) seal tank Extrapolated frdm 
vent EP Code iis' 

H Bleaching Dl-stage (100%) tower Extrapolated from 
vent EP Code 123 

S Bleaching Dl-stage (100%) tower Extrapolated from 
vent EP Code 124 
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TABLE B-7. EMISSIONS SOURCES AND DATA FACTORS (CONTINUED) 

EP Wood Mill Emission Point Basis for 

Code TYPO Process Description Emission,Factor 

123 H Bleaching Dl-stage (100%) washer Assumed the same 
vent ds EP Code 129 

124 s Bleaching Dl-stage (100%) washer Assumed the same 
vent as EP Code 130 

125 H Bleaching Dl-stage (100%) seal Extrapolated from 
tank vent EP Code 123 

126 S Bleaching Dl-stage (100%) seal Extrapolated from 
tank vent EP Code 124 

127 :K Bleaching Dl-stage (high) tower Extrapolated 'from 
vent EP Code 129 

128 S Bleaching Dl-stage (high) tower Extrapolated from 
vent EP Code 130 

129 H Bleaching Dl-stage (high) washer Ratioed from EP 
vent Code 130 . 

130 S Bleaching Dl-stage (high) washer Site 3 (SP8, 
vent SPll) 

131 H Bleaching Dl-stage (high) seal Extrapolated from 
tank vent EP Code 129 

132 S Bleaching Dl-stage (high) seal Extrapolated from 
tank vent EP Code 130 

133 H Bleaching Dllstage (low) tower Extrapolated from 
vent EP Code 135 

134 - s Bleaching Dl-stage (low) tower Extrapolated from 
vent EP Code' 136 

13s H Bleaching Dl-stage (low) washer Site 1 (HVIA) 
vent 

136 

137 

138 

139 

S Bleaching Dl-stage. (low) washer Site 1 (spa, SP9) 
vent Site 2 (P9) 

H Bleaching Dl-stage (low) seal tank Extrapolated from 
vent EP Code 135 

S Bleaching Dl-stage (low) seal tank Assumed the same 
vent +s EP Code 137 

H Bleaching E2-stage tower vent Extrapolated from 
EP Code 141 
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TABLE B-7. EMISSIONS SOURCES AND DATA FACTORS (CONTINUED) 

EP Wood Mill 
Code 

Emission Point Basis for 

Type Process Description Emission Factor 

140 S Bleaching EZ-stage tower vent Extrapolated from 
EP Code 142 

141 H Bleaching E2-stage washer vent Ratioed from EP 
Code 111 

142 S Bleaching EZ-stage washer vent Ratioed from EP 
Code 112 

143 H Bleaching E2-stage seal tank vent Extrapolated from 
EP Code 141 

144 S Bleaching EZ-stage seal tank vent Extrapolated from 
EP Code 142 

145 H Bleaching DZ-stage tower vent Extrapolated from 
EP’ Code 147 

146 S Bleaching DZ-stage tower vent Extrapolated. from 
EP Code 148 

147 H Bleaching D2-stage washer vent Assumed the same 
as EP Code 135 

148 s Bleaching D2-stage washer vent Assumed the same 
as EP Code 136 

149 H Bleaching DZ-stage seal tank vent Extrapolated from 
EP Code 147 

150 S Bleaching DZ-stage seal tank vent Extrapolated from 
EP Code 148 

151 H Bleaching H-stage (O.S-2%) washer Ratioed from EP 
. vent Code 152 

ISi S Bleaching H-stage (0.5-2%) washer Site 5 (P7. DG), 
vent Site .2 (Pa) 

153 H Bleaching H-stage (0.502%) seal 
tank vent. 

Extrapolated from 
EP Code 151 

154 S Bleaching H-stage (0. S-2%) seal 
tank vent 

Extrapolated from 
EP. Code 152 

155 H Digesters batch relief gases Assumed the same 
as EP.Code 156 

156 H Digesters continuous relief gases Site 4 (WWl) 
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TABLE B-7. EMISSIONS SOURCES AND'DATA FACTORS (CONTINUED) 

EP 'Wood Mill Emission Point Basis for 

Code W?e Process Description Emission Factor 

157 S NCG System batch turpentine Aqsumed the same 

condenser as EP Code 158 

158 s; NCG System cont. turpentine Site 3 (ww3) 
condenser 

159 S Tall Oil batch vent Reference 8 
, Recovery 

160 S Tall Oil continuous vent Reference 8 
Recovery 

161 S NCG System turpentine condensates Site 3 (WW3)', 
Site 1 (WW3) 

162 S NCG System turpentine condensates Assumed the same 

(IMP) as EP Code 161 

163 H Digesters batch blow condensates Site 1 (WWl, Wl) 

164 S Digesters batch blow condensates Site 2 (WW4, 
SP1) , 

Site 3 (WW2A) 

1.65 H Digesters batch blow gases Extrapolated from 
EP Code 177 

166 S Digesters batch blow gases Site 3 (WW24, 
SPl) 

167 H Digesters continuous blow gases I site 4 (HPl) 

168 S Digesters continuous blow gases .I Ratioed from EP 
Code 167 

169, K Digesters continuous blow'gases ND Ratioed from EP 
Code 170 

170 S Digesters continuous b,low gases ND Site 1 (SP2, 
SPl), 

Site 3 (WW2B) . 

171 H Digesters continuous blow Assumed the same 
condensates I as EP Code 173 

172 S Digesters continuous blow Assumed the same 
condensates I as.EP Code 174 

173 H Digesters continuous blow Site 4 (WWl) 
condensates ND 
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TABLE B-7. EMISSIONS SOVRCES AND DATA FACTORS (CONTINUED) 

L 

EP Wood Mill Emission Point Basis for 

Code WPe Process Description Emission Factor 

174 s Digesters continuous blow Site 3 (WW2b) 
condensates ND 

175 H Knotters hood vent Extrapolated from 
EP Code 177 

176 S Knotters hood vent Extrapolated from 
EP Code 178 

177 H Washers hood.vent Site 4 (HVl, HP3, 
HP6, HP4), 

Site 1 (HPl) 

178 S Washers hood vent Site 4 (SVl; 'SPl, 
SP2, SP3, SP4) 

iai H Washers deckers/screens Extrapolated 'from 
EP Code 177 

182 s Washers deckers/screens Extrapolated from 
EP Code 178 

183 S Washers foam tank Site 2 (P4)', 
Site 4 (SP2) 

184 H Washers foam tank Extrapolated from. 
EP Code 178 

185 H Evaporators vent Site 4 (WWZ) 

186 s Evaporators vent Site 5 (WWZ, DG) 

la7 H Evaporators condensates Site 1 (WW2), 
Site 4 (WW2) 

188 S Evaporators condensates Site 3 (WW4, 
WW7)r 

Site 5 (WW2, DG) 

189 .K Evaporators surface cond. Site 4 (WW3) 
condensates 

190 S Evaporators surface cond. Ratioed from EP 
condensates Code la9 

191 H Oxygen .blow tank Extrapolated from 
Delig. BP. Code 193 

192 S Oxygen blow tank Site 1 (SVl, SP4) 
Delig. 
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TABLE B-7. EMISSIONS SOURCES AND DATA FACTORS (CONTINUED) 

EP Wood Mill Emission Point Basis for 

Code Type Process Description Emission Factor 

193 H Oxygen washer tank vent Ratioed from EP 

Delig. Code 194 

194 S Oxygen washer tank vent Site 1 (SP4, SP5) 
Delig. 

197 H weak black liquor Site 4 (HP2, 
storage tank HP4), 

Site 1 (HPl) 

198 s weak black liquor Site 3 (SP3, 
storage tank SPlO),. 

Site 1 (SP2), 
Site 4 (SP6) 

199 H Sulfite batch relief gases Extrapolated from 
Digesters EP Code 206 

200 S Sulfite batch relief gases Extrapolated from 
Digesters EP Code 207 

201 H Sulfite batch blow gases Extrapolated from 
Digesters EP. Code 206 

202 s Sulfite batch blow gases Extrapolated from 

Digesters EP Code 207 

203 H Sulfite multi effect evap. vent Assumed the same 
Evaporators as EP Code.185 

204 S Sulfite multi effect evap. vent Assumed the same 

Evaporators as EP Code 186 

20s S- Sulfite NCG turpentine condenser Assumed the same 
System as EP Code 158 

206 .H Sulfite hood vent Ratioed from EP 
Washer' Code 207 

207 S Sulfite hood vent Site 5 (PI DG) 
Washer 

210 H Sulfite decker vent Extrapolated from 
Washer EP Code 206 

211 S Sulfite decker vent Extrapolated from 
Washer EP Code 207 

212 H Sulfite blow condensates' Ratioed from EP 
Digesters Code 213 
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TABLE B-7. EMISSIONS SOURCES AND DATA FACTORS (CONTINUED) 

EP Wood Mill Emission Point Basis for 

Code 'W-P . Process Description Emission Factor 

213 s Sulfite. blow condensates Site 5 (Pl DG) 
Digesters 

214 H Sulfite waste liquor Not used in Model 
Washer Plants 

215 s Sulfite waste liquor Not used in Model 
Washer Plants 

216 M Sulfite weak black liquor Ratioed from EP 
storage tank Code 217 

217 S Sulfite weak black liquor Site 5 (P2 DG) 
storage tank 

218 H Sulfite blow tank Extrapolated from 

Oxygen EP Code 220 
Delig. 

219 S Sulfite blow tank Assumed the same 
Oxygen as EP Code 192 
Delig. 

220 H Sulfite washer tank vent Ratioed from EP. 

Oxygen Code 221 
Delig. 

221 S Sulfite washer tank vent Site 5 (P4 DG) 
Oxygen 
Delig. 

228 H Sulfite foam tank vent Extrapolated from 
Washer EP Code 220 

229 S Sulfite foam tank vent Extrapolated from 
Washer EP Code 221 

230 H Sulfiti3 improved washer vent I Ratioed- from EP 

Washer Code 231 

231 S Sulfite improved washer vent I Site 3 (SP2) 
Washer 

232 H Washers improved washer vent I Ratioed from EP 
Code 233 

233 S Washers improved washer vent I Site 1 (SPl, SP3) 

234 S' Bleaching scrubber effluent Site 3 (wWl)t 
Site 1 (WW6) 
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TABLE B-7. EMISSIONS SOURCES AND DATA FACTORS (CONTINUED) 

EP wood Mill Emission Point Basis for 

Code WPe Process Description Emission Factor 

235 S Kraft covered weak black Site 1 (SP2), 
liquor tank Site 4 (SP2), 

Site 3 (SP3, 
SPlO) 

236 H Kraft covered weak black Site 1 (HPl), 
liquor tank Site 4 (HP2) 

,237 S Sulfite covered weak black Site 5 (P2 DG) 
liquor tank 

301 H Bleaching EZ-stage (low) tower Reference 8 
vent 

302 S Bleaching. E2-stage (low) tower Reference 8 
vent 

303 H Bleaching E2-stage (low) washer Reference 8 
vent 

304 S Bleaching EZ-stage (low) washer Reference 8 
vent 

30s. 'H Bleaching E2-stage (low) seal tank Reference 8 
vent 

306 S Bleaching E2-stage (low) seal tank Reference 8 
vent 

307 H Bleaching EZ-stage (high) tower Reference 8 
vent 

308 S Bleaching EZ-stage (high) tower Reference 8 
vent 

309 H Bleaching EZ-stage (high) washer Reference 8 
vent 

310 S Bleaching EZlstage (high) washer Reference 8 
vent 

311 H 'Bleaching E2-stage (high) seal Reference 8 
tank vent 

312 S Bleaching EZ-stage (high) seal Reference' 8 
tank vent, 

jl3 H Bleaching E2-stage (100%) tower Reference 8 
vent 0 
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TABLE B-7. EMISSIONS SOURCES AND DATA FACTORS (CONTINUED) 

. 
EP wood Mill Emission Point Basis for 

Code Type Process Description Emission Factor 

314 :3 Bleaching EZ-stage (100%) tower Reference 8 
vent 

315 :K Bleaching E2-stage (100%) washer 'Reference a 

vent 

316 S Bleaching E2-stage (100%) washer Reference 8 
vent 

'317 H Bleaching E2-stage (100%) seal Reference 8 
tank vent 

318 S Bleaching EZ-stage (100%) seal, Reference ti 
tank vent 

401 H oxygen blow tank Reference 9 
Delig. 

402 S Oxygen blow tank Reference 9 
Delig. 

403 H Oxygen washer tank vent Reference 9 
Delig. 

404 S Oxygen washer tank vent Reference 9 
Delig. 

405 H Bleaching EOP-stage (100%) tower Reference 9 
vent 

406 S Bleaching EOP-stage (100%) tower Reference 9 
vent 

407 ,H Bleaching EOP-stage (100%) seal Reference 9 
tank vent 

408 S Bleaching EOP-stage (100%) washer Reference 9 
vent 

409 H Bleaching EOP-stage (100%) washer Reference 9 
vent 

410 S Bleaching EOP-stcge (100%) .seal Reference 9 
tank vent 

DG = Disolving grade; H = Hardwood;.S = Softwood 

a Emission factors were extrapolated based on es&mated relative emissions 
from each unit in a series of processing units.’ 

b Emission factor were estimated based on the hardwood/softwood ratio. 
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estimate emissions for other situations where data were available for some 

units in the series but not for'all units. This latter set Of factors was 

developed using analytical emission'models developed under,other EPA 

pr0grams.l' A complete discussion of the development of these ratios and 

factors can be found in a separate d0cument.l' 

The Agency recognizes the shortcomings associated with emission factor 

determinations by methods other than direct vent measurements. 

Consequently, when vent measurement data were identified for an emission 

point, those data were weighted heavily in the determination of an emission 

factor for that emission point. When no vent measurement data were found, 

estimated values based on the procedures described above were used instead. 

Additional measurement data are currently being collected for emission 

points associated with pulp and paper manufacturing. The list of emission 

factors presented here will.be updated in the future‘when warranted by new 

data. 

B.12 EMISSI6N FACTORS 

This section presents a listing of emission factors developed for a 

group of individual constituents ati pulp and paper mills using procedures 

described previously in this document, and as detailed in a separate 

summary document.12 Separate emission factors are presented in Table B-8 

for each emission source listed in Table B-7. 
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TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND COMPOUNDS (g/Mg Pulp) 

EP Codes 
Compound Names 3 4 7 8 19 20 

Acetone 0.14272 0.03659 70 70 0.01317 1 

6.30142 0.49 

I Y I I 
Methyl ethyl ketone 0.24772 ‘n ‘Aa” ’ 7G I 25 

0 I " I " I 
n I n I n I 0 

L v. *“a&b -4 I -- _ 0258 -.---- , 1.4 
I n I n n I 0 I 0 

I 

I ” I ” I ” I 0 0 
SC hrr I mrrl ii dr I n I n I 0 I 0 0 0 e-*&d-- l I I I 

0 I 0 0 I 0 

0 
I I 

I o.loda i 0 II .-- -- 
in + 

2,4,6-Trichlor--'---' ' n I n 

Chlorophenol I u I " 

Bet; "1---- n I n 

IlAcrolein 

IIAcetaldehvde 

IO.6 0.02385 0.02 

I 0 n n-73, c c n n3n77 
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TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS (g/Mg pulp) (CONTINUED) 

rnmantirld Names 
EP Codes 

40 I 41 I A2 I 45 I 4Q 
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TABLE B-8. EMISSION FACTORS FOR nlDIVIDUi4L SOURCES AND 
COMPOUNDS (g/Mg pulp) (CONTINUED) 

II I EP Codes 

II cOF-,,hA Names t 47 I AQ TV I 
I 

AQ x i I 50 I 53 54 LLL~V..".. ..-. --- I I 
a+ h"O I 2.7 1 7~7 I 7.9 I 3.5 I 0.07319 I 0.0022 -. - -- I 1 I I I 

I 500 1 500 I 300 I 300 1 7.6171 10.623-2-2 11 _ - _ .*bw.--.---- 
I I -~ I . . ._I- n I , n I n ?I3 I nt - II 

,,~~~(..“,: rr+?.aPnlorlaC I ” , 1’ ’ 1’ ’ ” ’ “sLJ i U.-l ” 

'-------------- ketone 
I------~- U~~~rnnrn bthyl Sulfide 

2 ; 017 

0.07 
0.72253 0.00103 

0 0 0 0 0 
:nercaptan 0 0 0 0 0 0 

-..----J:L sulfide 0 0 0 0 0 0 
methy. disulfidt 0 0 0 0 0 0 
nha ainene 0 0 0 0 I 0 0 . ..- 

,ric Acid 0 0 0 0 0.01344 0.02015 
0 0 0 0 50 50 -__- 

ini dioxide 0 0 0 0 105 125 
-----,'I chloride 6 6 3.3 3.3 0.50167 0.14333 
f-h 1 0.89839 0.24077 0.36852. 0.05725 1.93089 

Al,..- --DC ____- I 

Acro1ei.n 0.2 0.2 0.16 1 0.16 0.04416 0.00128 Acr+aldchvde 0.7 n-7 3 I 3 0.11249 0 I 

PL wr-w.-------x -- I --- 
DpPWVnW-PP I n 

-_. .--------~ -- I I I 
.nni nna 1 drhvrlr I .l.l 1.1 016 0.6 0 0.00002 

0 0 0 0.07436 0 LbY*".* YL I 

z I O.OQ003 n nnnn7 n l-lonnk5 O-00006 0.06 0.06 Ip;,-. ,, , - _ -~--- l “.“;““- , 1. o--- , - -,-~ - _ _ , , o ;; 

- ----- 

Total HAP 

Total UOC 
TRS 

__..~ ~~ -m”.-c_- s-e.---- 
520.2709 520.1791~314.0008~ 

519.7209 51,.,-*a, e-m.---- 

0 n I 0 I 

62.91806 53.87992 -.-.-_ _- -___ -- 1314.1286 
CI r;3Ql I11 A 7flfJflI 714.3286 20.2505 3.71864 
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TABLE B-8. EMISSION FACTORS FOR TNDIVIDUAL SOURCES AND 
COMPOUNDS (g/Mg pulp) (CONTINUED) 

I EP codes 
-- me c- I ca I f- I L-3 

- ----- -*- 1 I I I 
3imethvl sulfide 0 0 0 0 0 I 0 

0 I l-l n II 
L-- ~~ _I 1 I 
Dimcthvl disulfide I 0 I 0 I 0 

d 

” _ __.._ _-.-L - - 
I 

I 0 '. Rlpha pinene 0 0 I 0 0 0 
Hvdro Chloric Acid 0 0 0 0 0.01344 0.02015 

0 50 50 

L 
imz -- - , I I 
Chlorine I 0 I 0 I 0 L 
rChlori-a riinvidc n .n 0 I 0 I 10s --- I I 125 II ,A.- w-v----- I ” l I I I 

Methyl ___---~~ 6 3.3 1 0.14333 11 
chloride 1 

Chloroform 2.2&4 

I 6 

I.96125 

I 3.3 1 lo.50167 I 
0.59376 0.09609 1 1.16436 1 I.93089 !I 

1 Rrnz n 0 0 0 

-, -I - ____,, ---- =----.- - 

PCP-EF 
2,4,6-Trichloro~henol n 

Chlorc 
Rrta k 

V. I -. . I I 
1.1 I 1.1 I 0.6 1 0.6. 

o.n;;oos I 10.00003 I 10.00006 I 10.00006 
r 
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TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS (g/Mg pulp) .(CONTINUED) 

EP Codes 
Compound Names 63 I 64 65 66 I 69 70 

t.rmtmno 2.2 I 1 I 2 I 1 1 0.14272 IO.03659 
I- i 

460 1 200 100 30 28.73723 2.07739 
athnn tettachlotide 0 0 0 0 0.3 0 

-- -W.-J - ._---~~- I J 
0 0 0 0 0 0 
0 0 0 0 0 0 

im-+hvl sulfide 0 0 0 0 0 0 
7. disulfide 0 0 0 0 0 0 

II A., 
- II ; ;--- --* 9 .pha pinene 0 0 0 0 0 0 

ll,;;;-i~;;loric Acid 0 0 0 0 0 0 0 0 210 0 210 0 

dioxide 0 .o 0 0 105 0 
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TABLE B-8. EMIS'SION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS (g/Mg pulp) (CONTINUED) 
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TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS (g/Mg pulp) (CONTINUED) 

I EP Codes 
n~~nd Name3 77 I 78 I 79 I 80 ai 82 

Camp,--.- -.- I I I , 
Acetone 0.35921 (1.40091 1 1 0.03 0.71842 IO.02155 11 
Methanol 311.2622122.50088 110 I 9 82.5 

Carbon tetrachloride I I 
~Methvl ethvl ketone 0.54378 11.30507 I 7 I 0 

0323 6.75026 l------l ~~~ I 
0 10.00266 I 0.29 1 0.3 0.00257 0.00266 

.Ol 3.80647 0.00544 --x - . , - - - - - - I--- - I- ~~~ I I 
Sulfide 0 I 0 0 I 0 0 0 

0 0 n 
'IHydrogen -___~~ I I I 

mrrrant an I 0 I 0 I 0 ” . ..-- w-c ---- I 1 I I I 

!thvl sulfide I 0 I 0 0 0 0 0 0 0 I n I J -. ___ ---- -- 
F$nene 
:o C%oric Acid 

I I 
I 0 I 0 I 0 
I I I I I 

I 0 I 0 I 0 I 0 0 0 tl 
0 0 0.2 0.3 0.15355 0.23033 

5.324 5.32471 50 50 1.268 1.26779 
n 2.66236 105 125 2.66236 3.16947 

0.04558 0.7 0.2 0.06381 0.01823 0.04133 , ~.~ I I I 1 
0.39861 l&37(369 IO.85725 11.93089 1 0.05505 1 0.124 11 

0 SM..- 

E- - 

Phenol 0 

Dioxin 0 
Furan n 

l,l,l-Trichlorc 

2,4,5-Trichlorc 
DC-D,PP 

-.---__ --_- -- ~.~~ ~~. I 
I n I n I n I n I 0 11 ” 

0 0 0 0 0 

0 0 0 0 9 
0 0 0 0 0 t 

>et ant 0.00139 0 oI3 0 0.00417 0 
Dphenol 0 0 0 0 0 0 

II;‘;. ‘;‘T,; c-hlntnnhrnnl : : “0 : 

0 0 
0 0 

II Chlc--k-fil -, -, - -^-.,..----r..-‘.-- I n I I n I I 0 1 I 0 I I 0 I 0 II 
II Bet: 

r&“y**SAA”L ” 

i Pinene 0 0 0 0 0 0 
Ta Terpinol 0 0 0 0 0 0 
-3lmin 4.82303 0.01237 0.5 0.00128 0.30917 0.00128 

n 13:7A n 1.3 0 0.81734 0 
Acre -_-.. 
Acetaldehyde 
Propionaldehyde 

DACETON-EF 

Toluene 

-.-SW. I --- I I I 
0.06616 0 0 1 n-non7 i 0 I 0.0002 ll 
n n6;r;ir; 0 0.4 

-.---- _...~ 

". """-1 -_ - 0 0.1303 0 

IO.01923 0 0.06 0.06 0.001.92 0.00192 
1 n n 0 0 0 0 Htxane I I 

Chloroxnethane 0.02273 0 1.8 0:s I o-08181 - , - - - - - lo.02273 11 

p-Cymene 0 0 a 0 I 0.06678 I 0 I ~~ I II 
p-Dichlorobenztne 0 0 .0.3 0.3 1 O-01223 10.01223 It 
Formaldehyde n 7767ei n 3.9 0 I 2.69 

II Acet A-b.-r-1 
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TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOVNDS tg/Mg pulp) (CONTINUED) 

II Comoound Names I--- - I I 
1 0.03 0.71842 0.02155 1 1 

110 9 82.50323 6.75026 
0.29 0.3 0.00257 0.00266 1 c 

km+ nnr 7 0.01 3.80647 0.00544 I 2 

’ 83 ’ a4 ’ ‘--qg 

.4 1 --II 
I 

_ ._- 
I 

* 

Hydrogen Sulfide I 0 0 I 0 0 0 I 0 
Mat h.rl 0 0 0 0 f-l n 

1 1 u 0 
Chloromcthane 1:s 0.5 0.08181 0.02273 0 0.5 
p-Cymene a. .o 0.06678 0 0 0 
n-n i ph 1 nrnhrnvmnr n.7 l-l.3 a.01223 0.01223 0 n -.s v-v -_----- ---~--- 

3.9 0 2.69835 1 0 8 

0 0 0 I 0 I 
n n n 0 
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TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS (g/Mg pulp) (CONTINUED) 

2.66236 0 3 I 3 I 
.0.04193 0.04558 3.58 
0.34738 0.27736 7.93 
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TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS (g/Mg pulp) (CONTINUED) 

II EP c;oaes 
CInmanrlnd Names 95 I 96 I 97 98 99 100 

6.22096 85. 85 
IEl 15.25021 --.---_- 15.25021 --.---_- 15.40121 -.----- 5.40121 78 78 

0 l-t n 
I 

w 
I 

6.50274 I 63 I 6”7 I 

I I I 

I 0 0 0 
3671 14.5867' ' = A I C A II ~~~‘x’14,:’ I ;;‘,& I ,‘&;A i A 58 

piGI.L”&... -.--e-- -.-- -- 
I I, I n 

‘A. c;~Lh.“~.l.VS “.Idd#” “.X”II” a .---.- -----IA -4.. 
I 

V.7 

FF-- In 5095~ ID.67763 13.95654 12.89633 13.95654 12.89633 II 

A PeIIL ” ” 

Phenol ; 0 0 0 0 
Dioxin 0 0 0 0 0 0 
Furan 0 0 0 0 0 0 
l,l,l-Trichloroctant 0.00417 0.00417 0 0 0 0 
2,4,5-Ttichlorophtnol 0 0 0 0 0 0 
PCP-EF 0 0 0 0 0 0 

Chlorophenol 

0 0 0 0 0 0 

0 0 0 0 0 0 

0.0014 0.0014 0 0 0 0 

0 0 0 0 0 0 

1.23667 1.23667 0.18548 0.18548 2.1 2.1 

0 0 0.18171 0.18171 2.1 2.1 

k$%aldehyde 
I 
0.66156 0.66156 0.09747 0.09747 1.2 1.2 

DACETON-EF 0 0 0 0 0 0 
0.16025 0.16025 6 6 6 6 

0 0 0 0 0 0 
0 0 0 0 0 0 
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TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS (g/Mg pulp) (CONTINUED) 

-- 
102 103 104 105 Compound Names 101 106 

61.06531 61.06531 6.22096 6.22096 a5 85 
58.50229 58.50229 5.40121 5.40121 78 78 

achloride 0 0 0 0 0 0 
-. _____,_ ____ A c Ch97, r -- -- , 

Carbon tetr 
134.25819134.2581916.~u~/4 IW-JVLI~ ( 63 63 
I I n I I ,. II 

I I 
” 

I I I I 
I c.-.-,e.~ I A CnCl, I A 4nfi7* ’ c *  ̂ -A,...- A I c A II 

U.3UJJl u.Joaar --d”“,* r.-rvv.l . “.-a 

0.25408 0.18599 3.95654 2.89633 3.x54 2.89633 
n n n n n 

Chlorine d&ox~a 

Methyl chloride 

Chloroform 

II Acrolein 1 

It - 

Propionaldehyde 

(1.29851 11.29851 lo.18548 Io.iassa 1 2.1 I 2.1 
,A ,b,f- 1 II 

I 

032 I. -a..-* Ifi .a.-. 

I 1 3 II 

-TV-_ ..-- 

Other 100.8699 ioo.aola 27.31876 26.25855 168~0565 166.9963 

Total .SiAP 100.8699 100.8018 27.31876 26.25855 168.0565 166.9963 . 

I IDL.~GVL iGi.-LSCi Z;.S;;CLi2CeC328 247.6565 246.5963 
1 0 0 I 0 I 0 0 0 

,,5~~a’ ,~~ I. r. -r,.-. . .?- n-n, I .>U Yb..#.. * I- “. 

. 
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TABLE E-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS (g/Mg pulp) (CONTINUED) 

rr I EP Codes 11 
Compound Names 107 108 109 110 111 lli 

lAcctone1 61.06531 58.50229 58.50229 61.06531 2.19563 0.48472 2.19563 0.48472 30. 7 30 7 
0 0 n ” ------..~. I I I I 

rethvl ketone i34.25819~34.25819~3.09655 (3.09655 30 30 

0 n l-l 0 0 I 0 
mareant an I 0 I 0 0 0 0 0 . ..-.. W-r ---- I I ! 

!thvl sulfide 0 0 0 0 0 0 

0 0 0 
n17 ' n .- e .q 

0 0 0 

0 0 0.13 , v-a.4 1 U.A.1 1 “.,.J 

Hydro C.hlotic Acid 0 0 0.02687 10.02687 I 0.4 I 0.4 I 1 
0 .o 3 I 3 I 3 I 7 

aL.7 e-f -Ia 

I I I I I 4 I 
1 0 0 3 I I 3 II- 

in 40777 In 4R-477 17.58 

" .-- - _----- 
I n I n I n 

Chlorophc---- 
Bets P’inrne 



TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS (g/Mg pulp) (CONTINUED) 
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TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS (g/Mg pulp) (CONTINUED) 

I EP Codes II 

Compou& Names 

-_& ̂ _^ 

119 I 121 I 122 I 123 I 124 II 

n 71Rd7 In 71r 

B-49 



TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS (g/Mg pulp) -(CONTINUED) 

EP Codes 
1 129 I 130 

.004 1.0.004 - 
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TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS' (g/Mg pulp) (CONTINUED) 

EP Codes 
131 132 133 134 135 136 

0.00287 0.00287 0.07319 0.07319 1 1 
0.0075 0.0075 0.20774 0.20774 3- 3 
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TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS (g/Mg pulp) (CONTINUED) 

EP Codes 11 

Compound Name's 137 i38 139 140 1 142 II 

0.71842 0.71842 1.09782 1.09782 

12.25009 2.25009 0.24236 0.24236 1 3. 

“z - --_------ 
I I I I 

btafonn iii447 IO.91528 13.96728 15.27608 13.96728 IS.27608 
I I n II 

I I 
I 0 I 0 0 0 I a I 1 I 
I 0 I 0 0 0 I 0 0 

n I I- I 
I 0 I 0 0 I 0 I C 

IiP,,,an I 0 I 0 I 0 I 0 I 0 I 0 II I I I I I 
I 0 I 0 I 0.15 I 0.15 0.15 1 0.15 

0 I n II 

II - l.l.l-Trichloroetane ---.- - 
IIF -- 

, I 
2.4.5-TtichlaraDhcno1 I 0 0 

0 0 0 0 I 
I 0 0 0 ropntnor ” 

Chlorophenol 0 0 I 0 I 0 

Beta Pinene 0 0 0.00942 0.00942 1 0.01 0.01 

Alph 

Acro 

15.88277115.78358 10.34388(11.65268 29.34228)30.65108 

15.80072~15.70153 10.83584112.14464 44.06728145.37608 
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TABLE B-8. EMISSION FACTORS FOR INDIVIDuAt SOURCES AND 
COMPOUNDS (g/Mg pulp) (CONTINUED) 

Furan 0 0 

l,l,l-Trichloroetane 0.00209 0.00209 

2,4,5-Trichlotophenol 0 0 

PCP-EE 0 0 

2,4,6-.Trichlorophenol 0 0 

Chlorophenol 0 0 
Beta Pinene 0.0007 0.0007 

Alpha Terpinol 0 0 

Acrolein 0.61834 0.61834 

Acetaldehyde 0 0 

Bfnaldehyde 0.33078 0.33078 

DACETON-EF 0 0 

Tolueae 0.08012 0:08012 

Hexane 0 0 
Chloromethane 0 0 

0.00417 0.00417 

0 0 

. 0.0173 0.0173 

0 0 

0 0 

(TRS 1 .o I 0 

EP Codes 

10 10 10 10 

40 40 40 40 I 
I 

1.07501 1.07501‘~ 1.5 1.5 

0.04616 0.03379 IO.04616 0.03379 I 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

I 
0 I 0 I 0 I 0 11 

I I 

0 I 0 I 0 I 0 II 
I ! 

0.00461 0.00461 1 0.06 0.06 

0 0 I 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

1.12778 1.11541 1.63116 1.61879 

11.12778 11.11541 11.63116 11.61879 

.0.05306 O-04069 0.13516 0.12279 

. 
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TABLE B-0. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS (g/Mg pulp) (CONTINUED) 
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TABLE B-8. EMISSION FACTORS FOR I~.IVIDUAL SOURCES AND 
COMFO~S (g/Mg pulp) (CONTINUED) 

I--- l FT Codes 11 -- ----- 
Compound Names 155 156 157 158 159 160 

Acetone 0.064 0.064 0.12 0.12 0 0 
3.2 7 7 7 7 3.2 i-l' n 

IF --~~~~ - 
I I I 

Carbon tetrachloride 1 0 I 0 0 I 0 I 0 0 f 
Methvl ethvl ketone I 0.8 I 0.8 I 0.2 ( 0.2 0 0 

I 95.7 95.7 
1 245 3.3 3.3 

Hydrogen Sulfide 27 69 69 69 

Methyl mercaptan 225 245 245 I I 
Dimethyl sulfide 823 823 823 1 823 I 2.2 I --- I 7~7 -.- II 
Dimethyl disulfide 1542 1542 1542 3 CA? ^^_ I --- II I AJ9L I I,. 34 I "(4 II 
a 1 rrkm rr; nanr 0 0 1 

- .-- ” .-- 

cu.p.A.a y*b’r**r I w.16 1.16 0 0 
Hvdro Chloric Acid 0 0 0 0 0 0 

arine 0 I 0 0 0 0 0 

I- 
I 

C-v-i-klaraahenal 0 I 0 0 0 I 0 I 0 II ----c------- 

0 
I I I I I 

I I 0 I 0 1 '0. I 0 I 0 II 

“I*.-* -‘.*I Y1 0.03 0.03 0.008 .0.008 0 0 
icetophenol 0.0 .o 0 0 0 
1imethvltrisulfide 0 0 0 0 0 0 - 
Carbon disulfide 0 0 0 0 0 0 
Total HC 0 0 1490 1490 0 0 . 
Other 4.2 4.2 4.0395 4.0395 0 0 
Total HAP 4.2 4'. 2 4 io395 4.0395 0 0 
Total VOC 2594.264 2614.264 4105.32 4105.32 5.83 5.83 
TRS 2617 1 2679 2679 2679 101.53 101.53 
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TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
CObfPOWDS (g/Mg pulp) (CONTINUED) 



TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOU?JDS (g/Mg pulp) (CONTINUED) 
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TABLE B-0. EMISsIoN FACTORS FOR INDIVIDUAL SOURCES AND 
Cof@oUNDs (g/Mg pulp) (CONTINUED) 
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TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS (q/Mq pulp) (CONTINUED) 
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TABLE B-0. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COf@OuNDS (q/Mq pulp) (CONTINUED) 



TABLE B-8. EMIk3ION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS (q/Mq pulp) (CONTINUED) 

, 
0 0 I 0 
.04 0.85 I 0.006 

0.007 550 550 
0.008 0 0 

98 1 8.5 3.9 
oric Acid 0 0 0 0 0 0 

0 0 0 0 0 0 

0 i 
I I 

0 I 0 I 0 I 0 ( 0 I 
I 0 0 0 0 I 0 I 0 II 

-_-.---- ---_---- - 
rll--.w: ".-.I I n I n I 

11.78799 11.78799 Il.78799 
1 rl-b...Ar In nai1i7 

".\ 
I 

0 I 0.3 

I 1 I nna7 I nfJlA II 

1 
0 0 0 87 2640 348 

22.4803 22.4803 22.4803 71.114 20.987 1.75 

22.4803 22.4803 22.4803 71.114 20.987 1.75 

5372.93 5377.684 5222.691 248.659 3223.387 906.457 

252.246 257 128.007 128.015 550 550 
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TABLE B-8. EMIssIoN FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS (q/Mq pulp) (CONTINUED) 



TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS (q/Mq pulp) (CONTINUED) 

EP Code3 

Compound Names 216 1 217 1 218 I 219 1 220 221 1 
Acetone 2 2 4.81615 1 73 73 
Methanol 300 300 4.72202 50 76 76 
rather! tetrachloride 0 0 0 0 0 0 f 1 

0.4 0.4 7.90645 0.2 82 82 I 
Hvdraaen Sulfide 0 0 0 0 

I I I Y I " I I 
I 0 I 0 0 I 0 I 0 I 0 II 

0 0 0 0 0 0 
0 0 0 0 0 0 

ph 1 hroftane 0 0 0 0 0 0 
rmhenol 0 0 0 0 0 0 

L i I , 
I 0 I 0 I n I 0 I 0 I 0 II 

Ifi-Trichlorophenol 0 0 i 0 0 0 
G,phenol 0 0 0 0 0 0 
Zinene 4 4 0 0.7 0 0 
E Terpinol 0 0 0 0 0 0 

4 1 ^ --ma. A . e , c 

Aceta.Ldehvde 
I 4 I ~U.l3wJ4 ’ ” I L.D I A.P 

0 I )1.02599 
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TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
CO~OUNDS (g/Mg pulp) (CONTINUED) 

Compound Names 
EP codes 
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TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS (g/Mg pulp) (CONTINUED) 

EP Codes 
Compocnd Names 301 302 303 304 305 306 
Acetone 1.09782 1.09782 15 15 10.77623 10.77623 
Mat hanol 0.24236 0.24236 3.5 I 3.5 2.6251 I 2.6251 

It?%%-tetrachloride i 0 i omm i 0~ / 0 i 0’ i 
_-__ 
0 II __-- _~~ 

I=- 

I I , 
Methyl. ethvl ketone 11.54827 il.54827 15 15 18.15t 

Hydrocc 

Methyl. me 

0 0 0 I 0 0 0 
Formaldehvde 0.00192 0.00192 ( '0.025 I 0.025 0.0173 0.0173 

E - 

I I 
Acetcphenol I 0 I 0 0 I 0 0 0 
D~ethyltri~mlfidm 0 .I 0 0 0 n 0 
Carbon disulfide 0 0 0 0 0 0 
"otal HC 0.77484 0.77484 2 2 0.32951 0.32951 

G. 10.33044 11.63924 29.14228 30.45108 12.31309 12.3971‘4 --_---_- --_----- 
I L 

10.34388 11.65268 L-------,----~-WV, 29.34228130.6~“‘~” dlr;kfi;all:, Te;flC;Q 11 *e.x"""x w-.-v--- 

10.83584 12.14464 44.06728145.37~~~~2~-1~7~~~2~-28121 II 

n n 
.--- --_--.-_ ------~~ I 

I I I 0 0 I 0 I 0 
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TABLE E-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS (g/Mg pulp) (CONTINUED) 

EP Codes 
Compound Names 307 308 309 310 

Acetone 3.11048 3.11048 42.5 42.5 

Methanol 2.70061 2.70061 79 39 

311 1 312 

0 1 0 

0 0 . 

0 0 
0 I 0 

I 

1.97827 11.44816 

IF Chloroform 1 Benz 1.97827 0 1.44816 0 

Phenol 0 0 0 0 

Dioxin 0 0 0 0 

Furan 0 0 .o -0 

l,l,l-Trichloroetane 0 0 0 0 

2,4,5-Trichlorophenol 0 0 0 0 

0 I 0 

0 0 

0 I 0 

0 0 

0 0 0 0 0 0 
0 0 0 0 0 I 0 

II ; Beta P.Lnene 
I 

0 I 0 

0 0 

0.64925 0.64925 

0.66016 0.66016 
0.39694 -0 -39694 
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TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS (g/Mg pulp) (CONTINUED) 

EP Codes 
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TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND 
COMPOUNDS (g/Mg pulp) (CONTINUED) 

Methyl 

Chloroform I .O I 0 I 0 I 0 .I 0 .I 0 II ___-------.~ 
1 I I 

1 Benz 0 I 0 I 0 I 0 1. 0 I 0 
Dhrnnl I n 0 0 0 I 0 0 II . ..w..w- 
Dioxin 0 0 0 0 0 0 

Furan 0 0 0 0 0 0 
l-l-l-Trichloroetane 0 0 0 0 0 0 
2,4,5-Trichlorophenol 0 0 0 0 0 0 
PCP-EF 0 0 0 0 0 0 
2,4,6-Trichlorophenol 0 0 0 0 0 0 
Chlorophenol 0 0 0 0 0 0 
Beta Pinene 0 0.7 0 0 0 0 

0 0 0 0 0 0 

0.16254 0 2 2 0.18548 0.18548 
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TABLE B-8. EMISSION FACTORS FOR I: NDIVIDUAL SOURCES AND 
COMPOUNDS (g/Mg pulp) (CONTINUED) 

II compound Names 

Acetone 

Methanol 59.21163 85.87418 86.7722 59.15395 
Carbon tetrachloride 0 0 0 0 

Methyl ethyl ketone 34.38898 64.4519 64.61748 34.37835, 

Hydrogen SulfidC 0 0 0 0 

1 Benz. 0 U U u 

Phenol 0 0 0 0 

Dioxin 0 0 . .o 0 

Furan 0 0 0 0 

l,l,l-Trichloroetane 0 0 0 0 

2,4,5-Trichlorophenol 0 0 0 0 

UPV-F.r 0 0 0 0 

11’1’1 v L**u..*“‘“C 

a -- me I 
3 A C-v~ri rhl nt-nnhenol 0 0 0 0 

----r------- 0 0 0 0 
:a Pinene 0 0 0 0 

3ha Terainal 0 0 0 0 

Ch] nrnahrnnl 

Bet 

Al&- ---=----- 
Acrolein 

Acetaldchvdc 

Prc, 

1.29851 2.1 2.1 i-29851 
1.32032 2.1 2.1 1.32032 

--------a -- 

-nionaldehyde 

DACETON-EF 

Toluene 

"ava,nr 

0.79388 1.2 1.2 0.79388 
0 0 0 0 

0.1923 6 6 0.1923 
n n 0 0 

I 
0' 

I 
0 

I 

0 I 0 

1 10.00835 

Total HAP 
Total VOC 

100.8726 167.0261 168.0897~100.8O-43 
100.881 253.0261 254.0897~16~.878 I 
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APPENDIX C.l 

PULPING MODEL PROCESS UNITS 

This appendix presents emission points, emission factors, 

and vent and wastewater stream characteristics for each of the 

18 pulping model process units (MPU's) presented in 

Chapter 4.0. The model process units are defined based on 

.pulp type, wood type, digester type, washer type, and whether 

oxygen delignification is used (see following summary table). 

The following figures (Pl-P18) represent the emission points 

associated with each model process. Tables following each 

figure identify the emission points within the model and the 

associated emission factors and process vent and wastewater 

stream characteristics of each emission point in the model 

process unit. These characteristics include: 
l Flow rate factor; and 
l Hazardous air pollutant concentration. 

The assumptions and derivation of the emission factors 

are presented in Appendix B. 

The following example presents how a model process unit 

would be assigned (or lqmapped") to a pulp mill. Assuming a 

Kraft pulping mill with a batch line pulping hardwood 

(1,000 tons per day) and a continuous line pulping softwood 

(1,000 tons per day), two pulping model process units would be 

assigned to represent the two pulping lines. The batch, 

hardwood line utilizes a rotary vacuum drum brownstock washer 

and no oxygen delignification. Using the summary table as a 

guide, the batch process would be assigned model process 

unit P-l. The continuous line utilizes a diffusion washer and 

C-l 



oxygen delignification. Using the summary table as a guide, 

this process would be assigned model process unit P-12. 

Definition of terms and references are presented in 

Appendix C.3. 

The emissions from either process may then be estimated 

using the appropriate figures and tables. For example, the 

methanol emissions from the Kraft batch process (Model P-l) 

rotary vacuum drum washer would be estimated using the 

following steps: 

1. Identify emission point code (EP-CODE): for 

Model P-l, the code for the washer is 177; 

2. Identify the associated emission point emission 

factor (Wornpound@@-EF): for methanol (MEOH-EP), the 

factor is 0.1 kg/Mg pulp; 

3. Multiply factor by process line capacity: 

O.lKg MeOH x 1000 Ton Pulp x 1 Mg = 90.9 KgMeOH 

Mg Pulp Day l.lTon Day 

4. Convert to annual emissions, assuming mill operates 

350 days per ye&: 

90.9 Kg MeOH x 350 Day = 31,800 Kg MeOH 

Day 1 Year Year 
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SUMMARY TABLE OF PULPING MODEL PROCESS UNITS 

'Model 
proceer3 
unit Pulping type 

Oxygen 
Digestion Wood Chemical delignification 

type typa recovery Washer type (Yee or No) 

P-l Kraft 

P-2 Kraft 

P-3 Kraft 

P-4 Kraft 

P-5 Kraft 

P-6 Kraft 

P-7 Sulfite 

P-8 Sulfite 

P-9 Semichem/kraft 

P-10 

P-11 

P-12 

P-13 

P-14 

Semichem/kraft 

Kraft 

Kraft 

Kraft 

Kraft 

P-15 

P-16 

Sulfite 

Sulfite 

P-17 Kraft 

P-18 Kraft 

Batch 

Batch 

Continuous 

Continuoue 

Continuous 

Continuous 

NAa 

NA 

NA 

NA 

Continuous 

Continuoue 

Batch 

Batch 

Batch 

Batch 

Batch 

Batch 

Hard 

Soft 

Hard 

Hard 

Soft 

Soft 

Soft 

Hard 

Soft 

Soft 

Hard 

Soft 

Hard 

Soft 

Hard 

Soft 

Hard 

Soft 

Kraft 

Kraft 

Kraft 

Kraft 

Kraft 

Kraft 

Sulfite 

Sulfite 

Kraft 

Sulfite 

Kraft 

Kraft 

Kraft 

Kraft 

Sulfite 

Sulfite 

Kraft 

Kraft 

Rotary drum 

Rotary drum 

Improved washing 

Rotary drum 

Improved washing 

Rotary drum 

Rotary drum 

Rotary drum 

Rotary drum 

Rotary drum 

Improved washing 

Improved washing 

Improved washing 

Improved washing 

Rotary drum 

Rotary drum 

Improved washing 

Improved washing 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

Ye8 

Yee 

Ye8 

Ye8 

Ye8 

Ye8 

No 

No 

a WA = Not applicable. 

jlh.lO8c 
c-tbl 
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Figure P9. Pulping Identification - Semi-chemical (Kraft Process), SWD 
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Figure P12. Pulping Identification - Kraft, SWD, Continuous, 
Improved Washing, Oxygen Delignification 
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APPENDIX C.2 

BLEACHING MODEL PROCESS UNITS 

This appendix presents emission points, emission factors, 

and vent and wastewater stream characteristics for each of the 

. 12 bleaching model process units (MPU's) presented in 

Chapter 4.0. The MPUIs are defined based on wood.type, 

bleaching sequence, and percent chlorine dioxide substitution 

level (see following summary table). The following figures 

- (Bl-B12) represent the emission points associated with each 

model process. Tables following each figure identify the 

emission points within the model and the associated emission 

factors and process vent and wastewater stream characteristics 

of each emission point in the MPU. These characteristics 

include: 
l Flow rate factor; and 
a Hazardous air pollutant concentration. 

The assumptions and derivation of the emission factors 

are presented in Appendix B. 

The following example presents how a model process unit 

would be assigned (or "mapped@@) to the bleaching process at a 

pulp mill. Assume the same mill in Appendix C.l has two 

bleaching lines, one dedicated to bleaching hardwood 

(1000 tons per day), the other bleaching softwood (1000 tons 

per day). The hardwood line uses a CdEHD process with 30% 

chlorine- dioxide substitution. Because hypochlorite use has 

been determined to result in increased chloroform generation, 

the existence of a hypochlorite stage was designated a higher 

criterion in model assignment than chlorine dioxide 
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substitution. Therefore, using the bleaching model summary 

table as a guide, the Bl model process unit representing 

hardwood pulp and hypochlorite use is assigned. 

The second bleaching line utilizes a OCdEDDED with 60% 

chlorine dioxide substitution. First, since the oxygen 

delignification stage was assigned as part of the Kraft 

softwood continuous model (P12) in Appendix C.l, the 0 stage 

is not a factor in the model assignment. Second, the modei 

process units represent the emissions from a process line, so 

inexact matches are possible; however, the models incorporate 

the'elements that most significantly influence emissions. 

Therefore, using the summary table as a guide, this sequence 

would be assigned the softwod CdEDED (High) model (B8). 

Definition of terms and references are presented in 

Appendix C.3. 

The emissions from either process may then be estimated . 

using the appropriate figures and tables. For example, the 

chloroform emissions from the hardwood hypochlorite washer 

would be estimated using the following steps: 

1. Identify emission point code (EP-CODE): for model 

Bl, the hypochlorite stage washer is 151; 

2. Identify the associated emission point emission 

factor (VompoundW-EF): for chloroform (CHCL3_EP), 

the factor is 0.04 kg/Mg pulp; 

3. Multiply factor by process line capacity: 

0.04 kg chloroform x 1000 Ton pulp x 1 Mg = 36.4 kg chloroform 

Mg Pulp Day l.lTon Day 

4. Convert to annual emissions, assuming mill operates 

350 days per year: 

36.4 kg chloroform x 350 Day = 12,700 kg chloroform 

Day Year Year 
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SUMMARY TABLE OF BLEACHING MODEL PROCESS UNITS 

Model process 
unit 

Bleaching sequence 
(% Cl02 substitution)a Wood type 

B-l 
B-2 
B-3 
B-4 
B-5 
B-6 
B-7 
B-8 
B-9 
B-10 
B-11 
B-12 

CEHD (0%) 
CEHD (0%) 
CEDED (0%) 
CEDED (0%) 

CdEDED (10w)~ 
CdEDED (10~)~ 
CdEDED (high)c 
CdEDED (high)c 
CdEDED (100%) 
CdEDED (100%) 

O-Ed 
O-Ed 

Hard 
Soft 
Hard 
Soft 
Hard 
Soft 
Hard 
Soft 
Hard 
Soft 
Hard 
Soft 

Key : C = Chlorine 
Cd .= Chlorine dioxide substituted for chlorine - 
D = Chlorine dioxide 
E = Extraction 
0 = Oxygen/Ozone 

A low substitution range is 10 to 50 percent substitution. 
Less than 10 percent is considered to have the same 
emissions as 0 percent substitution. 
A high substitution range is 50 to 90 percent substitution. 
Greater than 90 percent is considered to have the same 
emissions as 100 percent substitution. 
An oxygen delignification precedes this sequence and is part 
of the associated pulping model for the process. 
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llraching, EZ-stage t-r vent 

Ilenchinp, EZ-stag8 washer vent 

Ileaching. EZ-stbgc seal tank vent 
__- -.- ..- 

I I 

StXMCE 1 ACEl-Ef 1 WOH-Ef 
.--+----t-- 

Rleuhing, C-stage wbd s-r I Z.ZOE-3 I 4.6OE-1 

Rl8whing, Cl02 s&t. (IOU) caustic scwr I Z.OOf-3 I l;o(w-1 

8leachiw. C-stage tower vent I 1.43Ec-4 I Z.ITE-2 

Rlcwhing. C-rtqe ushw vmt 1 1.95E.J 1 4.1SE-1 

Bleuhtng. C-stage seal tank rmt 1 1.4OE-3 I I.llE-1 

Ileaching, El-stage (IOU) t-r wnt I 2.2oE.3 I 4.65E-4 

Rl~aching. El.rtaga (IOU) usher vmt I J.OM-2 I 7.WE.3 

Ol*achlng. Rl.stw (lwl real tank rent 1 2.1Y.2 I 5.2x-3 

Bleaching, Dl'rtega tlw) tower vent 1 7.32E-5 I Z.OOE-4 

Rleuhing, Dl-stage (IOU) uashcr vent 1 l.oOE-3 I 3.ooE-3 

Ileuhing, Dl-stage (IOU) rcbl tank vent 1 7.1&E-4 I Z.ZSE-3 

Bleaching, 02.stage tower vat 1 2.9OE-7 1 6.9OE-7 

Rlruhing, DZ-stag* washer vmt 1 4.ooE-6 1 l.OOE-5 

Rl8uhing. 02.stage seal tank vent I 2.87E-6 1 7.54-6 

#leaching, EZ-staga t-r vent I l.lOE-3 I 2.42E-4 

Rlcwhing, EZ-stmge wshcr vent 1 1.50E.2 I 3.5OE-3 

Bleaching. EZ-Rtaw real tank vent 1 1.00~~2 1 2.63~~3 
1 t 
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3.OOE-4 1 2.4BE-4 

3.OOE-L 1 2.4OE.3 

2.66f-6 I 1.3tE-3 

I I.l(Y-3 

1 i-z:: 

I ,:a-4 

1 3.oOE-3 

I 1.63E-3 

I Z.loE-7 
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I 1.5x-3 
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I 
I 
I 
I 
I 
I 
I 
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9.06E*o 
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PCDR-Ef 1 fQlt_Ef 
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I 1:5OE-2 
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1 3.64E-6 

1 5.oof~S 

1 3.46E.1 

1 9.211-4 

1 l.ZoE-2 
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1 4.61E.6 

I 6.W.1 

1 4.lSE-5 

I 1.92E-6 

1 Z.SOE-5 
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4.57Eto 
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ltodel 06 . Stream ChAractaristics 

1 ftf'U_CODE 1 EP-CODE 1 SUAtCE 

t---- 
,----f------ - 

1 : I 

64 1 Olcaching, C-stage acid scwcr 

66 1 glcgching, Cl02 stbst. (IOU) csusttc sc~cr 

i ii 

! 70 ! glcaching; C-stegc tower vent 

08 1 glcaching, C-stage ugsher wnt 

1 ii 
I 90 1 Bleaching. C'stagc seat lurk vent 

I t6" 
I 

110 I Ilcaching, El-stage (IOU) tower vent 

112 I Olerching. El-stage (Lou) uasher vent 

I : 
I 

114 I Ileaching. El.stagc tlw) seal tank vtnt 

134 I Bleaching, Ol.stmpc (IOU) t-r vent 

136 1 glrhchtng, Dl-stage (Lou) wshcr vent 

I E 
I 136 I Ileaching. Dl rag= tlM0 seal tank vent 

146 I glcwhing. DZ stage towr vent 

I : 
I 148 I gleachiw, DZ-stage mshcr vent 

150 I glewhing, DZ-stapc sggl la& vent 

I 06 / 
302 I Bleaching. EZ-stage truer vent 

3D4 I Bleaching. EZ-stgw wshcr vent 

306 I DIgaching, El-stage seaI tank vmt 
1 1 --- 

i 
I 

I 
! 
I 
I 

I 

I 

I 

I 

I 

I 
L 

PROC-IIPE 

LtLEACW 

ILEACW 

ILIACI 

OLEACW 

glEACW 

ILEACH 

ILEACII 

ILEACV 

OlEACtl 

OLfACtl 

gLEACY 

ILEACW 

BLEACN 

llEACW 

ILEACY 

WEACY 

BLEACN 

I 

I 
t- 
I 
I 

i 
I 

f 

I 

/ 
I 

_ . _ 
WOD-IVP ; EYCLOSUAE 
_ . . 1 -.-__- 

SOfl I 

Safl I 

SOf1 ! 

SOfl I 

SOTI I 

SOfl 1 

SOfl 1 

SOfl 1 

SOf1 I 

SOTI I 

SOfl 1 

Mfl I 

sof’ I 
SOFI 1 
SOff I 

SOFl I 

SoF' I 
L 

‘r- 

t! 
. __ 

1 

I I 1 

-- 
I I 

I ltPU~COOE 1 EC-CODE 1 &CL 1 ACEl-Ef 1 )(EOU-Cf 

l+p----Y------e~ 

I 2 I 

64 I glmching. C.sfap~ actd sewer 1 l.DDE-3 I z.DDE-1 

66 I Weaching, Cl02 IL&I. (1080 cwst~c saw I l.DDE-3 I l.tME-2 

01 s 1 70 1 glmching. C-stage tmm vent 1 3.66E-5 1 2.w-3 
M I Blemching, C-stag* wshcr rmt 1 s.DoE.4 1 3.ME-2 

II n 90 I glmwhing, C-stage seal tank vmt 1 3.59E.4 1 2.25E-2 

ml 66 I 110 I glmching, El-stage (I&) t-r rent 1 2.2U.3 1 C.bSE-4 

WI 86 ! 112 I glaching. El-staw (la) uashcr vent 1 3.WE-2 1 I.OOE-3 

I 06 114 1 glcmching. El-stage (low) real tank vent 1 Z.lbEc-2 I 5.2SE-3 

I ,= I 

134 I glguhing. Dl-stag* (IOU) tower vent 1 7.32E.5 I Z.DCtE-4 

136 I DIgaching, 01.stage (Iwl wgshw vent 1 l.o(y-3 I 3.wE-3 

1 it / 138 146 I I Ileaching. Ilwching, Dl-rtrgg DZ-gtagc (low1 loycr rwl vent tank vent 1 1 2.9OE-7 7.1&E-4 1 1 6.9oE-7 Z.TSE-3 

I : 141 I Ileaching, DZ-rtagg wrhrr vmt 1 4.ooE-6 1 l.OOE-5 

I 

150 1 Bleaching, 02.&Cage seal twk vent 1 2.87E-6 I 7.5OE-6 

I : 

302 I Dlewhiw. EZ-gcgge tow vent 1 l.lDE-3 I 2.42E.4 

304 1 gIgaching, EZ-rtage w&w vmt 1 1.5oE.z I 3.%x-3 

I n 306 1 Blguhing. E2-gtw ggrl tad vent 1 l.tME-2 I 2&E-3 
1 I 1 

--.._ -- 
SCURCE~IVP 
--- 

SIREAll 

SIREAH 

VEYI 

VEYI 

VEYl 

VEYI 

VEYI 

VEYI 

VEttl 

VEYI 

VEYI 

VENI 

VEYI 

VENI 

VEUI 

VEYl 

VEYI 

__._ -__ ~. 
r .--.-- I- 

VflO-fAC 1 SflO-fAC 
-----.t---..-- I- 

I l.OSE*l 

1 9.06E~O 

2.4OE-2 ! / 
3.62E-1 1 

1.4oZ-2 1 

2.4Of-2 1 / 
3.62E-1 1 

1.4OE-2 1 I 
Z.COE-2 1 

3.62E-1 I I 
1.4DE-2 1 

2.4OE.2 1 I 
3.62E-1 1 

I.LOE-2 1 I 
Z.LOE-2 1 

3.621-l 1 

1.41X-2 1 ! 
----.- 

mddn . Emirsim Factor I-ry 

1 

ClEl-EF 1 Ml-El 

; 

1 Z:OOE-3 

1 l.OY.4 

1 l.OoE-3 

1 5.44E-4 

1 3.lcs-3 

1 3.OOE-2 

1 1.63E.2 

1 3.11-C 

1 3.ooE~3 

1 1.63E-3 

1 Z.lOE-7 

1 z.o(y-6 

1 l.D9E-6 

1 l.SSE-3 

1 l.SoE-2 

1 1.w.3 
I 

E 
I 
I 
I 
I 
i 
I 
I 
I L 

i 
1 3:4OE.3 

1 3.07E-5 

1 c.OOE-4 

1 2.77E-4 

1 3.64~~6 

1 I.ooE-5 

1 3.4&-5 

1 P.ZlE-4 

1 l.ZoE-2 

1 L.3OE-3 

1 4.61E-6 

1 6.OOE.5 

1 4.1SE-5 

1 1.92E-6 

1 2.54-5 

1.73E-3 
; 

---.. 
VIIAP~COY 
---- 

1.29Et3 

9.74Etl 

2.97E*Z 

1.56E+2 

2.53E*1 

2.56E+2 

1.7902 

Z.OlE*l 

1.61E+2 

6.%X*1 

4.wEtO 

4.59E*o 

6.91E+l 

l.ZlE+l 

1.2&?+2 

E 
I 
/ 
I 
I 
I 
I 
I 
I L 

I 

IICL-Ef 1 CLZ-EF 

-j-T- 

; Z.loE-1 

1 Z.loE-1 

1 5.32E-3 

2.61-S I3.oot-3 

4.9OE-4 1 3.9oE-3 

3.07Ef-4 1 7.61E-5 

1 l.OoE-2 

1 l.ooE-2 

1 ZSCE-4 

1 l.OOE-2 

1 l.wE-2 

1 2.54E-4 

l.UE-5 1 

2.OOE.4 1 

1.54E.4 1 
I 

- .-r-- ~---.- 
SllAb-CON 1 WAL~SIAIUS ; 

-.I..-. - ._._ 1 

2.05Erl I v 

4.&x+0 1 I 

-I- 
L 
I 
I 
I 
I 
I 
I 
I 
! I 

-__ 
IUzl-Ef 

3.o(y-3 

3.ooc-3 

3.mE;4 

s.OOE-4 

4.56x-5 

I.SQ-3 

s.wE-3 

4.56E-4 

4.3oL-3 

6.W.3 

5.47E-4 

l.olx-3 

l.SoE-3 

1.37E-4 

1.79E-3 

2.SOE-3 

2.28E-4 

1 
I 
I 

I 

/ 

I 

I 

I 

I I 

.-- 
CtlCL 3-E f 
-- 

3.6OE-3 

1.74E-3 

4.32E.3 

4.32E-3 

2.77E-4 

l.O6E-2 

l.O6E-2 

6.76E.4 

1.43E.2 

1.43E-2 

P.lSE-4 

3.3&t-s 

3.38E-5 

2.966-6 

5.2&f-3 

5.28~.3 

3.39E-4 
-- 

1- 

-: 

I 

I 

I 

*I 
I 
I 

I 

/ 

/ 
I 

- 
I I I 1 

L~~EYZ~EF 1 PblEYlJf 1 MCMCl3fF 1 ICP245Ef 1 

1 I 1 I 1 1 t 
; 1 1 Z.OW-7 2.01X-6 1 1 3.7&-4 1 

I 1 1 l.ooE-4 l.Oaf~4 1 1 I 

I 

; ;--: i I 

I 

I 1 1 3:Olw.4 4.17E-6 1 1 I 

I I I 
/ / / I 

/ I I / 

I l.SW-4 I 
I 

I 

1 1.54E-4 I 

1 px-6 1 I 
1 1 J 
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1 ----I 
CP-CrnE I SaJaCE 1 PCP-Ef 

I 
I _3- 

64 I Bleaching, C-ota9a acid l CYT 1 l.RE-3 

66 I Ilechlq. CIOZ s&w. tlor) curtic s-r ) 

70 I Blwchin9, C-ltw tour vent 

80 1 Bl*wkin9, C-it* u*l*r vent f 
w 1 Bl*6cLin& C-Ha@@ roeI tank Yell1 

!lO 1 Uwshiq, El-Ar~9e tlou) raw vent I 
112 I @louhi-, El-At- tlor) rusher vent 

114 I Bl.wbIn& Ll*ata#e (IOU) amal tmh vent I 
134 1 Ilewhin9, Dl.nty tlar) tower vent 

136 1 Ilawblw, Ol-statp (IOU) umber vent I 
1Y I Blerhin9, Ol-rtaw tlou) Cal tr* v-t I 

146 1 6lawhlw. 02-stw t&w MI 

1U 1 Il.achirq, 02.rtw wabrr "ant I 
lS0 I nlwchiIl@, oZ-~ta#e real t&l "all 

302 1 Il.acbln& LZ-atarp ttmw mt I 
304 1 Il*uhtn& cz-ata@e lwbw MC 

SW 1 ll~acLIn#, r2-•tr rul Kmb vent 
1 

5 
I 
I 
I 
1 
I 
I 
I 
/ L 

itcdel96 - Ekssion furor Suury 

-1 
ACROLEIYEF 1 PROPAL-Ef 

I 

I.DoE-5 I 3.ol&-4 

l.otx-4 1 a.oOE-4 

1.77E-6 1 &.lZL-6 

z.ooE-5 1 1.005-L 

1.24E-5 1 6.62E-5 

1.77E-4 1 1.12E-5 

Z.o(y-3 1 l.OOE-3 

l.Z4E-3 1 6.62X-4 

4.4X.5 1 l&E-I 

S.ooC-4 1 Z.OOE-3 

3.09E-4 I 1.32E-3 

l.ux-7 1 4.9OE-7 

Z.lNX-6 1 6.ooC-6 

l.ME-6 I 3.97E-6 

LME~5 1 4&E-5 

l.ooE-3 I I.mf-4 

6.lI-4 1 3.3lC-4 
1 

I 

I 

I 

I 

I 

I 

I 

I 

I 
I 

L 

IOLUEltE~EF 

3.ooC-6 

l.OOC-6 

6.OW-4 

6.WE-4 

1.92E-5 

s.ollE-3 

5.005-J 

l.MK-4 

2.5OE.3 

Z.I(I-3 

LOW-5 

I 
/ 
I 
I 
I 

I 

I 

I 

i L 

CIICIIIANEEI 

i.ooE-5 

%.ooE-4 

5.uy-4 

2.27E-5 

\ 

L 
I 
I 
I 
I 
I 
I 
I 
i L 

I I I 1 1 

ICC@-ET 1 IClIf-EF 1 ACE1OPNilEf 1 CAIltIOlS~Ef 1 IEYANE-Ef 1 IOIYAPE~ 
I I 1 

1 
,+.---+..- 

I I I I 

1 Z.lZE-1 

1 4.2M-2 

I I 

I I 1 2.16E.l 

I I 

i I 

1 2.4M-1 

1 2.92E-2 

i I 

I I 

1 2.63E-2 

1 6.4X-2 

I 

1 2.52E-2 

I I 

I 1 3.02E-2 

1 5.12E-2 

I I 

I I 1 1.5Y-2 

I 1 l.llE-2 

I I 

I 1 l.l6E-2 

I I 

1 L.IZE-4 

1 l.l7E-2 

I 1 1 3.07E-2 1.26E-2 
1 

7- 

I 
-6 

/ 
I 

06112/93 

I 1 
IOtWCEF 1 IRS-Ef 1 

,., 

4.0&-2 1 I 
7.7x-3 1 

3.7&~-2 1 I 
2.4Y.2 1 

2.43E-2 1 I 
9.0&-2 1 

4.U.2 1 I 
l.W-2 I 

3.62E.2 I I 
l.Slt-2 I 

4.07E-5 I I 
1.23Es4 I 

6.4X-5 1 I 
l.ZlE-2 1 1 

4.54E-2 1 

2.33E-2 1 
1 
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ou12J93 wodci 81 . Strew Chgrutcristlca 

I- 
I 'W-CODE 1 W-CODE 

t------t- 

-- .------r 
EYCmsuflE 1 

__-. 

/ 

i 

I 

I 

I 

I 

I 

/ 
I 

-T 

J 

I 

i 

I 

I 

I 

i 

t 

/ 
L 

-------. 
SOMCE 

Oicaching, C-stage acid SCYW 

Iicaching, Cl02 s&t. thigh) cw.stIc s~uer 
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5.216-l 
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I *PUSCCDE I EP-CODE 
,+----..-----. 

; :i 

47 

I 49 

I IQ 53 

I 89 I 79 

I :p' 

II 

I 97 

1 

19 W 

1 :i 
I 101 

121 

I, IQ I 123 

; :p' I 

125 

I45 

I '9 147 

I ‘9 I 149 

I ‘9 313 

I I9 I 3,s 

I IQ I 317 
I 1 

, 1 
1 tW_CODE 1 EP-CODE 

k---r- 47 

; :p' 

49 

; 53 

01 '9 79 

11 I9 I I1 

41 I9 97 

001 IO I QQ 

I I9 
19 

j 19 

I 

IO1 

I21 

I 

123 

IQ 125 

I 

l Q 

I 

145 

1: 1 

147 

149 

I : I 

313 

315 

I w I '317 

1 
+ 

1 

I 

I 

I 

1 

I 

I 

I 
I 
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- --‘--I. ..- .- 

SWICE 1 PROC-IIPE I KKO-IlP 
---_---_--. -~- - , ..--_-- I._._._ ___ 

Ilewhing, C.stmgc acid scycr 1 BLEACn 1 nAnD 

Ileaching. Cl02 s&Last. (100%) CBUSIIC scycr I NLEACY ) HARD 

Ilrwhing, C-stage tww vent 1 OLEACW 1 llAR0 

Ileaching, C-stag@ wwhcr vent 1 ILEACY 1 NARD 

Ilcaching, C-stage seal tank vent 1 OlEACn 1 HARD 

Iltuhing. El-stage 1100X) tower vent 1 BLEACH 1 HARD 

IlachinI, El-stage 11OOXl Masher vent 1 RLEACli 1 YARD 

Ilcwhing. El-stage 1100X) real Iark vent ) BLEACH 1 nARD 

glrrching. Dl-stage tIClOX) tower wnt ( 9lEACII 1 llAID 

Ilguhing. Dl-stage t1OOX) wshcr vent 1 ILEACY 1 WAR0 

Ileaching, Dl-stage 4100X) real tank vent 1 ILEACY 1 IlARD 

Ilmching. DZ-stag* toycr vmt 1 ILEACn 1 HARD 

Ileaching. DZ-stage washer rent 1 ILEACY 1 MAID 

Ilmching, 02.stag8 seeI tmk vent 1 OLEACll 1 lkAI0 

Ileaching, EZ-stage tower vent 1 ILEACI 1 IlAID 

Ileaching, EZ-stage masher vent 1 ILEACW 1 nAm 

Ileaching, EZ.stage seal tar& vent 1 ILEACY 1 MAID 
-- -.-- 1 1 - 

flodel 69 - Stream Charbctcristtcs 

-1 - 

.I- 

I 

I 

._._._ --‘-T .___. d------ 

EYCLOSUAE 1 SWICE-IIP ) VfLO-TIC 

.- ---. t------ 

I SIREAM SIREAM 1 1 

VEYI 1 Z.COE-2 

VEYl 1 3.62E-1 

I 
I 
I 
f 
I 

/ L 

YENI 1 l.CoL-2 

VEYI 1 2.4W-2 

Vttll 1 3.62E-1 

VEYI 1 1.4OE-2 

VEWI 1 Z.COE-2 

VEWI 1 3.62E-1 

VEYI 1 l.LOE-2 

VEYI 1 2.4OE.2 

VEttl 1 I&E-1 

QEYI 1 l.4tX-2 

VEYI 1 2.4OE-2 

VEYI 1 3.62E-1 

#II 1 1.4OE-2 
L- 

SfLO-fAC 
-- 

1.04Erl 

9.06Et0 

I I 

WEE 1 ACEl-El 1 ltEOI_Ef 
I 
I 

IleachtnI. C-styc uid s.ww 1 2.71X-3 E 

Ilaching. Cl02 u&t. 1100X) caustic swcr I 3.50~.3 I 3.00~.I 

Iloaching. C-stoIe t-r vmt 1 ?.32E-5 1 7.62E-3 

Ilachiw, C-stage wshw rwu I l.ooE-3 1 l.loE-1 

glwching, C-staw real tmk rent 1 7.11.4 1 I.2SE-2 

Ileaching. El-rtatw (100X) t-r vent 1 6.22E-3 1 5.4OE.l 

Ilwching, El-staga (100X) uanhcr rmt 1 I.SiX-2 1 7.8M.2 

Iluchirw. El-rtw. tlOOX) soal tank vent I 6.11E-2 I S.ISC-2 

Ileaching, Ol-ataw tIllOX) tower vwt 1 Z.QOE-7 1 6.QOf-7 

@leaching. Dl*ata@e (IMX) masher rent 1 4.OOE-6 1 l.m-5 

Ilwching, Dl*staga tlOOX) scml twk vmt 1 2.67E-6 1 I.SOE-6 

Ileaching. DZ-stw t-r ant 1 2.906-7 1 6.QOE-7 

Ileaching. DZ-staw usher w'Mt 1 4.OOE.6 1 l.OOE-5 

IlgwhinI, 02-stage eed tad vent 1 2.67E.6 1 7.SOE-6 

Ileaching, EZ-stag8 t-r vent I l.llE-3 I Z.IOE-3 

Ilwchimg. EZ-stw wslwr vCnt 1 C.ZSE-2 I 3.%-Z 

Ilomching. EZ-stew meal tank vmt 1 3.OSE-2 1 2.93E.Z 
1 1 

i 
I 
I 
I 
I 
I 
I 
I 

i I 

ltodel IQ - Emission factor S&a. vy 

1 

tIEI_Ef 1 (rKJf 

2.W.4 1 7.2X-C 

Z.VOE-4 1 7.OOE-3 

Z.WE-6 1 l.(llE-3 

1 6.%-3 

1 6.3OE-2 

1 3.43E-2 

1 Z.lOE-7 

1 2.OOE-6 

1 l.OQE-6 

1 Z.lOE-7 

1 Z.OOE-6 

1 1.71E-2 
I 

t 
I 

I * 

PCDI-Ef 1 fOItt_Ef 

--y--G- 

1 hce:3 

l.WE-4 1 2.QW.4 

l.OOE*L 1 3.pot.l 

1.22E.5 1 2.7(y-3 

1 4.07E-4 

1 5.3moE-3 

1 3.67E-3 

1 4.6lE-6 

1 6.OM.I 

1 4.lSE-5 

1 4.6lE-6 

1 6.oQt-5 

1 4.lIE-5 

1 Z.OlE-4 

1 2.65E-3 

1 l.Ix-3 
1 

3.73Et2 

6.97E+l 

Q.lP+Z 

1.62E+2 

6.6lEll 

l.OY43 

6.60Etl 

4.smo 

4.59Eeo 

6.6OE+l 

4.57E+o 

4.59E*o 

I.loE*l 

3.3aE41 

s.nE*z 

T 
-t 
I 
I 
I 
I 
I 
I 
I 
I I 

1 

lbfl_Ef 1 CLZ-Ef 

i 

I 
1.34E-5 I S.ooE*Z 

Z.tUX-4 1 S.OOE-2 

l.SCE-4 1 1.27E-3 

I 

/ ;.-; 

1 2:54E-4 

1 l.ooE-2 

1 l.wE~2 

1 Z.SZE-4 

t 
I 
I 
I 
I 

I 

I 

I 

I 

I 
L 
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SnAf'-Coy 1 WAL-SIAIUS 1 

1 

G/l-Ef I 1 L-IEYZ-If 1 1 PVEYL-Ef 1 1 lKIcyCL3Ef 
I 1 1 1 
1 1 

b.ME-3 1 I.Qbc-4 1 l.W-3 1 2.4lE-4 1 I I 
5.02E-4 1 I.WE-4 1 I 1 3.ooE-4 

7.m.4 1 8.37E-4 I' 1 l.oac-4 

6.3&eS 1 5.51E-5 1 1 4.17E-6 

4.59E-3 1 l.pdE-3 1 6.4OE-3 1 J.W-3 1 

! 

I 

5.83E-4 1 Z.HE-4 1 l.OIE.3 1 4.621-S 1 I I 
I.%-3 1 4.62~~5 I 

1.37E-4 1 2.96E-6 I t 
l.OIE-3 1 4.62E-S I ! 

1.5M-3 1 4.62E-5 I I . 
l.J7E-4 I Z.ME-6 I I 

2.29E-3 1 1.96E-3 1 I 

l.ZoE-3 1 1.9&-3 1 2.92E-4 1 1.27E-4 1 I 
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I 1 1 
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Itodel BlO StreY Charactcristlcs 

I '10 I 124 

I ‘10 I 126 

wo I 146 

BlO I 148 

I ‘10 I 150 

I @lo I 314 

316 

311 
I 

Weaching, C.stage l ctd sewer 

rlcachinp, Cl02 a&t. (100X) caustic PCYC~ 

Bleuhing. C.rtbgc twcr vent 

Bleaching. C-stage usher vent 

8lcuhing. C.stage seal rank vent 

Ileaching. El-stage (100X) twcr vent 

Ilmching. El-stage (10010 washer vent 

Umchlng. El-stbgr (100X) seal tank vent 

IleachIng. Dl-s!tagc (100X.) tootc vent 

Ileeching. Dl-stage (100X) wsher vent 

Oleaching, Dl-stagc,(lOOX) seal tank vent 

Bleaching, DZ.staoc tower vmt 

Bleaching, DZ-stage usher vent ' 

Ileaching, DZ-stage seeI tmk vent 

Ilcuhing. EZ.stagc twer vent' 

Blwching. EZ-sta9e washer vent 

Bleaching, EZ-stage seal tmk vent 
_____- .____ 

I 

I 
1 

I 

I 

I 
I 
I 

I 
I 

I I 

PPOC-1VPE 

BLEACH 

BLEACH 

OLEACH 

OLEACII 

01 EACH 

BLEACII 

BLEACII 

OlEACtl 

BLEACH 

BlEACtl 

f~lEACll 

BLEACN 

BLEACH 

ILEACH 

ILEACY 

llEACll 

ILEACII 
-- 

I I r 1 
1 NPU~CCOE 1 EP-CODE 1 SWRCE 1 ACEl-Ef 

; 

I 
I -----t---- 

48 I Ilwchirq. C-stage acid sewer 1 2.7OE-3 

I ‘10 I 50 I Ileaching, CID2 sIrbe. (100X) caustic sewer I 3.5OE-3 

cl’ 

110 I 54 I @leachin& C-step tower vent 1 2.206-b 

& 

l lO I 80 I Bleaching, C-rtatp masher vent 1 3.ooE.s 

110 I 12 I Ilwchiqt, C-staw scel tnlr vent I'2.lbE.l 

e 
110 I PI 1 Blcuhinp, El-stage (IDOX) tour vent 1 6.22E.3 

I 
i :I 1 

100 1 Blwchiq, El-stage (100X) usher rent 1 8.5DE-2 

102 I Bleaching. El-stage (100X) seal tank vent I b.llE-2 

I “0 I 122 I Weuhinp, bl-stage (1MX) toner vent 1 Z.p(Y-7 

1 ::: 

I 124 1 Bleaching, DIestage (100X) usher vent 1 ~.ooE~b 

I 

126 I Blcuhino, Dl.stwp (100X) seaI tmk rent 1 2.a7E.b 

f ::: 

146 I Blanching. DZ-stqta tower vent 1 2.VDE.7 

I 

14b I #Iaching, DZ-stage usher vmt 1 4.ooE-6 

1 810 150 1 Bleaching, DZ-stage seal tank vent 1 Z.b7E-b 

I NO I 314 I Blwching. EZ-stage towr vent 1 I.llE-3 

I ml0 I 316 1 Blouhl~, EZ-•tetje wshcr vent 1 4.2%.2 

I @IQ I 316 I Blwchiw. EZ-stage seaI tank vent 1 3.05E-2 
1 1 

iI 

1 - 

I I I 

! 
I 
I 
I 

i .A.- 

. _ 
KIW-IIP 

SW1 

Sofl 

SOfl 

SOff 

SMI 

SOfI 

SOfl 

SOfl 

SDf1 

tiff 

SOfl 

SOfl 

Sofl 

SOfl 

SDfl 

SDfl 

sofl 

ItEM-Ef 
-- 

5.DDE-1 

3.w.1 

6.23E-4 

P.OOE.3 

6.RE-3 

5.4OE-3 

7.ME-2 

S.bSE-2 

b.voE-7 

l.ooE-5 

I.IoE-6 

b.wE-7 

1.OOE.s 

7.5clE*b 

2-m.3 

3.%-Z 

z.v3EE-2 

r’ 
1.’ 

I 
I 

I 

I 

I 

I 
L 

._ _.-_-.-_ 
EYCLOSURE 
--.-__-.- 

I-- 

i- 

I 

f 

t 

/ 
L 

-_- .- -. 
-T------- 

SOURCE~IIP 1 VfLO-fAC 
----+.-~. 

SIREM 1 

SIREAH 1 

VEYI 1 Z.COE-2 

VEYI I 3.62E-1 

VEYI 1 1.4OE-2 

VEYI 1 Z.COE-2 

VW1 1 3.62E-1 

YEN1 1 1.4OE-2 

VENI 1 Z.LOE-2 

VENl 1 3&E-1 

VENI 1 l.:W-2 

VENI 1 2.4t1. ? 

VEWI I 3.62E-1 

VENI 1 1.4llE-2 

VENl 1 2.4DE-2 

MN1 1 3&E-1 

VENl 1 1.4DE-2 
1 

It061 110 . Erirsta, factor S-TV 

i 
I 

I 

I 

I 

I 

I 

I 

I 

I 
L 

I I 1 

ClEl-Ef 1 *EC-Ef 1 PCDI-If 1 fDRft_Ef 

---yzk$ ---yQz v - 

1 I.DDE-4 1 1 b.wE-3 

3.DDE-4 1 l.O3E-6 I 3.oOE-4 1 

3.w.4 1 l.DDE-5 I I.ODE-4 1 

2.&E-6 1 S.LLE-6 1 1.22E.S 1 

1 b.%-3 1 1 4.07E-4 

1 6.3QE-2 I 1 5.3wQ-3 

1 3.43E-2 1 1 3.67E-3 

1 Z.lDE-7 1 1 4.blE-6 

1 z.ooE-6 I 1 b.ooE-5 

1 l.O9E-6 1 1 4.lSE-5 

1 Z.loE-7 I 1 4.blE-6 

1 z.om-6 I 1 b.DDE-I 
1 l.D9E-b I 1 4.lIE-5 

1 3.2SE-3 1 1 2.03E-4 

1 3.15E-2 1 1 Z.b5E-3 

1 1.71E-2 1 1 lab-3 
1 1 I 

i 
: 
I 
I 
I 
I 
I 
I 
i I 

SftO-fAC 
--.-- 

l.O4E*l 

9.obttO 

-r 

.i. 

I 
1 

/ 
I 

I 

I 

I 

I 
1. 

_. -_-_ 
.VWAP-COY 

1.2oE+2 

2.4bE+l 

EL5801 

1.sbE*2 

6.57Ell 

l.OJE+I 

b.NWl 

4.57E*o 

4.59E+o 

b.%Wl 

4.57E.O 

4.wE+o 
7.7901 

3.28Eel 

S.l3E+2 

jY 
I 
I 
i 
I 

I 

I 

I 

I 

I 

/ 
I 

r-- --.1 
SWAP-CON 1 HAL~SIAIUS ) 

1 
I 
I 
I 
/ 
I 
I 
I 
I L 

I I 

NCL-Ef I CLZ-Ef 1 

ii 

I I 
Z.OZE-5 1 I.ODE-2 1 

3.DDE-4 1 I.OOE-2 1 

2.3DE-4 1 1.27E-3 1 

I 
I 

I 
I l.DOE-2 I 

1 l.ODE-2 I 

1 Z.SLE-4 1 

1 l.DDE-2 1 

1 l.DDE-2 1 

1 2.54E-4 1 

b.DW-3 1 b.OIE-4 

3.uy-3 1 3.69E.4 

1.4Y-4 I l.VY-3 

P.oQE-4 1 l.PJE-3 

l.QE-5 I 1.24E-4 

C.WE-3 1 2.9OE-3 

b.LOE-3 1 2.9OE-3 

5.8X-4 1 1.8bE.4 

l.DaE-3 I 3.3&t-s 

l.SOE-3 I 3.3&E-5 

1.37E-4 I z.w-6 

l.wE-3 I 3.3&E-5 

1.5a-3 I 3.3aE-5 

1.3R-4 1 2.vbE.b 

2.2W-3 1 1.4SE-3 

3.2OE-3 1 1.45E.3 

2.92E.4 1 9.3DE.S 
1 

08~12193 

I I I 

L-bEtlZ_Ef 1 PNENL-Ef 1 WllCL3Ef 1 KP245Ef 

r --y----E 

I I 1 

I I I 

I I I 

I I I 

t ! 
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ftcdcl 110 * Emission factor Slury Obf12/93 

, I 1 

1 
------------ 

Wtf-caDE 1 EP-CODE 1 SOWCE 1 PEP-Ef ACRDlElNEf 
I 

1 
4 1 
I 1 

__-. ---,--a 

i 810 

1 BlO 

I 

ml0 

BIO 

I ::oO 

1 010 

1 a10 

I "O 810 

1 BlB 

1 BlO 

1 BlO 

I t:: 

1 n10 

1 #IO 

40 I Ilouhing. C-stage wid scuw 1 1.7SE-3 I 

IO 1 Blowkin& cID2 s&at. (100X) caustic scycr I 

I 

54 1 6lmchin#, C-stage tamer vent 

I 

I 
80 1 #Iaching, C-Atw tamher vent 

I 

a2 1 Blmchill#, Castle seal tata vmt 

9U 1 Bleaching, El-At- (1MX) twer vent 

I 

I 

I 

100 I Blmching, El-stw (100X) vrhcr vCnt I 
102 1 Bloachlng, El-stage (IDOX) seAI cm& vent I 

I 

122 I Blushing, Dl.stqtp ClOaXl to*r vmt I 
124 1 Ilwchina, Dl-At- (100X) lwrhrr vent I 

I 

126 1 Ileaching, Dl-stage (100X) Aoal tnlr vent I 

146 1 Ilwhirp, DZ.stage tower vmt 
I 

I 

10 I Ilwching, DZ-At* wmhor rmt . I I 
150 1 Ilmchlry. 02-H- Awl tmh vent 

1 314 1 W.achl~, LZ-st~ t-r rant I I 
I 3lb I Ilqachlfu, EZ-•tAsm uAh*r ralt 

! I 
318 1 Iluchln& El-A1a.e remI tank rmt 

I 

Z.oot-4 

l.ba.4 

1.21-b 

1.21-b 

1.2&-6 

I b5E-4 

2.14-3 

t.302.3 

l.MfQ-7 

Z.OOE-6 

1.241-b 

l.uIc.7 

z.DtlE-6 

l.ZCE-6 

9.27E-5 

l.DsE-3 

b.4R-4 

PIDf'Al -Ef 

l.loE-3 

b.OIX-4 

z.OOE-8 

3.oOE-7 

Z.oQL-7 

P.75E-5 

l.ZOf-3 

7.94E-4 

4.9m-7 

b.QM-6 

3.VlE.b 

4.x%-7 

b.OM-6 

3.97E-6 
4.m.S 

b.DDE-4 

3.97E-4 

i  

I 

f 

I 

I 

I 

I 

I 

I 

I 
.L 

I I I , I 1 I 
IOLI%YE-Ef 1 CffElNANEEf 1 IWf-Ef 1 ICDf-Ef 1 ACEKWUlEf 1 GWS-Ef-i NEXANE-Ef 1 IOltlAPEf 1 IOIWCEf 

‘-I----+---+- 3.OOE*8 1 2.5M-6 1 1 5.2oE-1 1 S.ZDE-1 

b.o(y-L 1 

b.DOE-5 1 5.W.4 1 
I 1 3.14E-1 1 3.14E.l 

! 1 5.39E.2 I 3.72E-3 

b&If-5 I I.OOE-4 i i i i I 6.2t.f.2 1 l.ZlE-2 

1.92f-6 I 2.27E-5 I 1 I.LlE-3 I 6.94E-3 

b.OOE-3 I I 2.63E6-2 I Z.WE-2 

b&X-3 1 I l.b7E-1 I 2.47E-1 

1.92E-4 I I l.OlE-1 1 l.blE-1 

1 l.llE-2 1 4.07E-S 

1 l.lbE-2 I 1.21-4 

1 4.52E-4 1 b.4Y-5 

1 l.llE-2 1 4.OiE-5 

1 l.lbE.2 I 1.23E-4 

I 4.12E-4 I b.41E-5 

J.ODf*3 1 I I l.llE-2 I 1.44E.2 

3.oQ-3 1 1 I.35E-2 1 l.ZY-1 

e.b2e-5 1 1 S.OCE-2 1 LObE-2 
1 1 I 

I 

I 

I 

I 

I 

I 

I 

/ 

I 
I 

I 

I 
IRS-Ef 1 

I 

1 

/ 

I 
I 

I 

I 

i 
I 
I 
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llcdd 811 . strem Characteristics 

j%U~CODE 1 I 1 I 
--~~ 

W-CODE fUJRCE -1 1 PRDC-IYPE 1 UXD-IYP I 1 ENCLOSURE 1 1 SWtCE-IYP I 1 VFLOJAC I 1 SFLO-FAC I 1 VW-CON I 1 SHAP,CCRl I 1 HAL-SlATUS I 1 
I 1 I 1 I 1 1 ’ I I I 1 1 I 1 I I 

I ill Rll I 401 403 1 1 DKYCEY OwlDEN DELIG. DELIG. UASHER OLW YANK IAUK VEYI 1 1 .RLEACH BLEACH 1 1 HARD HARD 1 1 I VEYY VE”’ 1 2.6W2 i 1 1 l.DZE*Z 1.92E+2 1 I 1 Y N I 1 

I 1” I 1 1 RLEACK 1 MRD 1 I 1 ;.z-; . - 1 CO5 EC+-SlACE (100X) lOWI VENI VENI 1 l&E*2 1 1 N 1 i 91: i 4D7 i iOF-SIAGE iiODXi SEAL iANK ‘VENi / RLEACH / VARD / i YEN; i 1.35-2 1 ; :.OJE*3 ; I N 

I Bll I 409 1 EW-SAGE (100X) UASRER VENI 1 RLEACII 1 HARD 1 I VENI 1 3.6.--l 1 1 6.6lE*l 1 1 N i 
I I I I t 1 1 I I 

model cl11 - Emission Factor Suury 

I 

1 *#I-ClXIE 

i 

1 Bll 

1 111 

I ::: 
L 

G 1 I 
I 

401 

CO3 

! 
405 

401 

409 

T 

/ 
I I 

l- I I 

SWRCE 1 ACEI-Ef 1 HEOR-El 
, I 

OXYGEN DELIG. BLON 1ANK 

DKYGEN DELIG. UASKER TANK VENl 1 7.3OE-2 1 ::z:: 

EOF’-STAGE (100X1 TOUER VENI 1 6.22E-3 I 1.26E-2 

LOP-SlACiE (100X) SEAL TANK VENT 

EDP-STAGE (1DDX) MASHER VENY 1 b.SOE-2 1 ::z,‘:: 
1 1 

-I- 

I 
L 

I I I I I 

1 WU-CalE 1 EP-CODE 1 SWRCE 1 PCPJF 1 ACROlElNEF 

t 1 I I 1 1 1 I 
I “1 I 401 1 DRVGEN DELIC. RLW IAYK 1 1.63E-4 

I 1” I 403 1 OXYGEN DELIC. UASVER IANK VENl I 1 2.WE.3 

I 

Ill I 405 1 EOP-SIADE (IDOX) IOUER VENT 1 l.OSE-4 

RI1 407 1 EM’-SIAGE (100X) SEAL VANK WY1 1 l.lDE-3 

1 111 409 1 EDP-SIACE (100%) WSHER VENI / 1 Z.lOE-3 

I I 
CYEl-EF 1 ttEK-EF 1 PCDR-EF 

I I 

1 7.9lE-3 1 

1 &2oL-2 1 

1 7&E-3 1 

1 S.LLE-2 1 

1 6.46E-2 t 
1 I 

I 
I 

/ L 

PROPAL-EF 

7.4QE.c 

l.ooE-2 

9.75t-5 

I-WE-4 

1.2m-3 

i 

I I I I 1 I I 1 I 
1 IOLMNE-EF 1 CttElNANEEF 1 YCDD-EF 1 ICDF-EF 1 ACElOPtiNEF 1 CARRDIS-EF 1 NEKAtlE-EF 1 1OlNAPEF 
1 1 1 1 1 I I I 

I I I 1 

I &WE-3 
I I I I I I 

i cm-2 

1 2.41-l 

1 1.926.4 I / 
1 2.73E-2 
1 l.OlE-1 

1 &DDE-3 I 1 l.aE-1 
1 1 I 

08112193 

I I I I I 1 I I 1 

FORN-EF 1 HCL-EF 1 CLZ-EF 1 WCL-EF 1 CHCLl-EF 1 L-IENZ-EF 1 PWENL-EF 1 KHCLYF 1 lCP245EF 1 
I I I 1 I I I I 
I t I I I 1 I 

4-m-3 I 

5.97E-2 1 I I I I I 

I. 

I 1 
YOYvo(TF 1 lRS_EF 1 

m 

s:ta-1 I 

3.46E-2 1 I 
l.OlE-1 1 

Z.SiE-1 1 
1 
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nodeI 812 - Stream Charactciicticr 06/12193 

I 
iI(W_COOE 1 SWRCE 
t 1 1 

I “2 I 402 1 OKY*CEN DELIC. SLW TANK I B’2 I LO4 1 ONYCEN DELIC. UASMER IANK VENl 

i :I: 

! 4~ ] E(JP-SIAQ, !!WX) ‘(MI! VENI 

I 

408 1 EOP-WAGE (100X) UAStlER VENI 

I RI2 410 1 EOP-SYAGE (‘00X) SEAL TANK VENT 
I 

I I I I I 1 I I I I 
1 PROC;lYPE ( WBD-IYP 1 ENCLOSURE 1 SOtNtCE~lVP 1 1 SFLO-FAC 1 V,HAP-CON 1 SHAF’~COil I HAL-STAYUS 1 
1 I 1 

VFLqFrC 
L I I 1 1 1 1 

I I I 

1 RLEACH 1 SOFY 1 i VENT i 2.68X-2 i 1 2.75b2 1 t N 1 RLEACH ) SOFI 1 1 VENT 1 ‘.0DE-1 1 1 ‘.92E*2 I .N 

I RLEAC!! i SOFY i VEN? I Z.COE-2 I I !.5&+2 1 I N / 

1 BLEACH 1 SOFI 

1 / VENT 1 ‘.40E-2 I 1 

1 VENT I 3.62E-1 I 1 6.57E*l I 

i 

N 

1 OLEACH 1 SOT1 l.OYI3 I N i 
I I 1 1 1 1 I I 

Node1 R12 - Emirrion Factor Swry 

I I I 
, 

I I I I I I I I I I I I I I I 
1 WU-CtBE 1 EP-CODE 1 SWICE I ACEI-EF I MOlt-EF I CTEI-EF I IIEK-EF 1 PEDBJF 1 FCW-EF 1 NCL-EF 1 CL2-EF 
I 

1 HEEL-EF 1 CWCLI-EF 1 L-RENZJF 1 PltENL-EF 1 ~wuLYF 1 YCP245EF 1 
1 1 I I I I I I I I I 1 1 1 I I 1 

402 1 OKYGEN DELIG. RLOU 1ANir 
I 1 I 1 I I I I I I 

I “2 I 1 l.O0E-3 1 5.00E-2 1 

1 I.ZOE-2 1 1 5.97E-2 1 

1 Z.OOE-4 1 

I 

I I I “2 I 404 1 OXYGEN DELIC. UASHER’IANK VENI 1 7.3OE-2 1 7.6OE-2 1 I I I i I I 

1 ::: I 4D6 4011 1 1 EOP-SIACE TOP-SIAQ (100X) (100X) KWER IOWl VENT VENI 1 ( 6.22E-3 I.SOE-2 I 1 8.59E-2 1.17~~2 I 1 6.458-2 7.67E-3 1 1 4.07E-4 5.3OE-3 1 I 1 I f I 

I “2 I 
1 1 1 1 

410 1 EOP-SIACE (IDDX) SEAL TANK VENY 1 6.llE-2 I 5.92E-2 I 1 I 1 1 3.44E-2 3.67E-3 

/ 

I 

/ 

I I I 1 1 1 1 I I 1 I 
I 
1 MPU_tODE 

i 

1 RI2 

1 B12 

I 

112 

112 

I 

I 

I 
I 

L 

EP-CODE 

402 

404 

406 

406 

410 

T- 
1 

/ L 

I I I I I 1 1 I I I 1 I I I 

SCMCE 1 PCP-EF 1 ACROLEIYEF 1 PROPALJF 1 IOLuENE-Et 1 CMIHANEEF 1 ICDD-EF 1 ICDF-EF 1 ACEIOPRNEF 1 CARRDIS-EF 1 NEKANETEF 1 IOYIIAPEF 1 IOYWCRF 1 IRS-EF 1 

1 1 1 I I I , I I I I I 1 I 1 I 1 I I I 8 I 1 I i 
OXYGEN DELIG. RLW 1WK 

OXYGEN DELIC. WSHER IANK VENl I 1 Z.OOE-3 i l.OOE-2 1 I I I I I I 

1 5.02E-2 1 1.41-l 1 

1 2.43E-1 1 L.lQ-1 I I 
EOP-WAGE (100X) IOUER VENI 

/ 

1 ‘.65E-4 1 9.75E-5 1 6.DDE-3 1 1 2.63E-2 1 3.35E-2 1 

EOP-SIAM (100X) UASHER MYI 1 Z.lQ-3 1 ‘.20E-3 I 6.oQ-3 I I 1 '.67E-1 1 2.SY-1 1 1 
EOP-SIAGE (‘00X) SEAL IANK VENI 1 ‘.3OE-3 1 7.94E-4 1 '.92E-4 1 

/ 

I 1 l.DlE-1 1 l&E-1 1 I 1 1 1 1 1 1 I 



APPENDIX C.3 

DEFiNITlON OF TERMS 

Abbreviation Description/Compound Unitsa 

ACET-EF Acetone kg/Mg pulp 

MECH-EF Methanof kg/Mg pulp 

CTET-EF Carbon tetrachlorfde W’h pulp 

MEK-EF 2-Butanone (Methyl ethyl ketone) kg/M pulp 

HPS-EF Hydrogen sulfide w4 Pulp 

MMER-EF Methyl mercaptan kg/Mg pulp 

DIMES-EF Dimethyl sulfide WW puip 

DIMDS-EF Dimethyf disulftie @/Mg pulp 

ALPINE-EF Alpha-plnene kg/W pulp 

HCL,EF Hydrogen chloride kg/W pufp 

Cu.-EF Chlorine kc04 pulp 

CLC2-EF Chlorine dioxide kg/N pulp 

MECL-EF Methyiene chloride WMg pulp 

CHCL3-EF Chloroform kg/Mg puip 

L-BENZ-EF . Benzene kg/W pulp 

PHENOL-EF Phenol WMg pulp 

TCDD-EF 2,3,7,8-Tetrachloro-p-dioxin kg/Mg pulp 

TCDF-EF 2,3,7,8-Tetrachloro-p-furan kg/h pulp 

MCHCL3-EF Methyl chloroform (1,1,1 Trichloroethane) kg/W pulp 

TCP245 EF 2,4,5Trichlorophend kg/W pulp 

TCP246-EF 2,4&TrIchlorophend WMg pulp 4 
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DEFINITION OF TERMS (Continued) 
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DEFUWON OF TERMS (Continued) 

Abbreviation Description/Compound 

VFLO.W-FAC Vent flowrate 

SFLO-FAC Wastewater stream flowrate 

Unitsa 

scmm/Mg 
PWVday 

.e/min/Mg 

PWdw 

VHAP CON -- 

SHAP-CON 

HWD 

HAL STATUS u- 

SW0 

C 

cd 

E 

H 

D 

ENCLOSURE 

Vent HAP concentration 

Wastewater stream HAP concentration 

Hardwood 

Is the vent stream halogenated (yes or no) 

softwood 

Chlorine 

Chlorine dioxlde substitution 

Extraction 

Hypochlorlte 

Chlorine dioxide 

Number of endosures required 

fwmv 

w/L 

Unitless 

Unitless 

Unitless 

Unitfess 

Unidess 

Unitless 

Unittess 

Unitless 

Unitfess 

aKey: 

WMg pulp = Kilograms of alr emissions per megagram of pulp produced. 

scmm/Mg pulp = Standard cubic meters per minute vent flow per megagram of pulp produced. 

I/min = Liters of wastewater per minute. 

ppmv = Parts per million by volume. 

mg/a = Milligrams of compound(s) per liter of wastewater. 
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