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1.

National emission standards for hazardous air pollutants
(NESHAP) are being proposed for the pulp and paper industry
under authority of Section 112(d) of the Clean Air Act as
amended in 1990. The proposed NESHAP requires controls for
hazardous air pollutant emissions from wood pulping and
bleaching processes. at pulp mills and integrated mills
(i.e., mills that combine on-site production of both pulp
and paper).

Copies of this document have been sent to the following
Federal Departments: Labor, Health and Human Services,
Defense, Transportation, Agriculture, Commerce, Interior,
and Energy; the National Science Foundation; the Council on

"Environmental Quality; members of the State Territorial Air

Pollution Program Administrators; the Association of Local
Air Pollution Control Officials; EPA Regional :

" Administrators; and other interested parties.

The comment period for review of this document is 90 days
from the date of publication of the proposed standard in the
Federal Register. Mr. Stephen Shedd may be contacted at

"(919) 541-5397 regarding the date of the comment period.

For additional information contact:

Mr. Stephen Shedd

Chemicals and Petroleum Branch

U. S. Environmental Protection Agency -
Research Triangle Park, North Carolina 27711
Telephone: (919) 541-5397

Copies of this document may be obtained from:

U. S. EPA Library (MD-35)
Research Triangle Park, North Carolina 27711
Telephone: (919) 541-2777
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5285 Port Royal Road

Springfield, Virginia 22161
Telephone: (703) 487-4650
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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
déveloped concurrenﬁly under the Ciean 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 reviewed 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 hased. 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 intc 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 1-1
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 the41ndustry,
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
pulpiﬁg processes. Chemical and semi-chemical pulping
processes are the focus of this BID. Mechanical pulping
processes are not included.

As shown in Figure 1-1, 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; emi;gions 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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Figure 1-1. Segmént of Pulp and Paper Industry Discussed in This Document.
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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 HAP emissions, and the costs and other impaéts 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 HAP emissions from pulping and
bleaching vents and wastewater streams. Example environmental
impacts are also shown in Chapter 4.0. Costs for controlling
HAP 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).




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 production 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),l
there are 565 operating pulp and paper facilities in the
United States. Many of these pulp and paper facilities
operate more thah one type of pulping process; for example,
they may produce pulps using a chemical (e.g., kraft or
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.l Figure 2-1
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 2-1 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.l,3
There are approximately 149 kraft pulping processes,1 located
primarily in the southeastern United States. This region
provides over 60 percent of the wood pulp in the United
States.3

Figure 2-1 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.l
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.l:3 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 prdduced in the United States in 1991.5 Based
on responses to the 1992 EPA Office of Water survey,—




TABLE 2-1. DISTRIBUTION OF CHEMICAL AND SEMI-CHEMICAL
PULP PROCESSES IN THE UNITED STATESa.,b

State Kraft/soda Sulfite Semi-chemical

=
)]
N

Alabama
Alaska 2
Arizona
Arkansas
California
Florida
Georgia

Idaho

Indiana

Jowa

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

e
FomWNN
[
.—l

Wk NP N w WP

A:301mc»o\»~4+4haqrauamtnuau;aaa:tv
i

Total

[
>
0

16 32

2 Based on Reference 2. :
Mills producing more than one pulp process are counted once
for each pulp process.




integrated mills accounted for 25 percent of production, non-
integrated mills for approximately 10 percent,1 and secondary
fiber mills for approximately 65 percent.1

2.2 PROCESSES AND THEIR EMISSION POINTS _

This section provides a detailed discussion of process
emissibn 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
operation points. Included in this group of points are the
" digester system, the knotter, the washer system, the
evaporator system (in the chemical recovery area), coproduct
recovery, and the bleaching process. Figure 2-2 provides a
flow diagram of a typicdl 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 Pulping 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




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
Pfopionaldehyde

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

Trnat

digestion process are removed from the pulp. Some pulping
processes, such as Kkraft, recover the spent chemicals for
reuse in the pulping process. The remainder of this section
discusses these three pulping processes and their emission
points. _ _ B

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 2-3.1,3,6,7 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. 1In 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 sdlphonation products.8
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TABLE 2-3.

TYPICAL VENT AND WASTEWATER STREAM CHARACTERISTICS FOR KRAFT PULPING
EMISSION POINTS

L Emission ' Minimum Maximum Average Flm‘) Moisture Heat
Emission point capacity?  capacity®  capacity? - rate Temp. content contentd
point 10 Emission point (ADT/day)  (ADT/day)  (ADT/day) (scmm/Mg pulp/day) (°c) (X) (Kj/scm)
Vent 1 Batch digester blow gas 94 1800 720 1.3 82.5 30-99 70
2 Continuous digester blow 94 1800 720 0.026 112.5 35-70 6
gas
3 Digester relief gas 9% 1800 720 0.0026 42.5 3-20 18,400
4 Knotter hood (vibratory 94 1800 720 0.9 30 NAC 20
screens)
5 Washer 65 1625 650 0.9 32.5 2-10 40
6 Washer seal and foam tank 65 1625 650 0.18 65 15-35 20
7 Decker/screen 65 1625 720 0.9 NA NA 0.2
8 Oxygen delignification 498 1300 930 0.026 NA NA 150
blow tank
9 Oxygen delignification 498 1300 930 0.18 NA NA 50
, washer and seal tank
10 Evaporator/hotwel 65 1625 650 0.0027 112.5 50-90 21,300
1" Condensate stripper 94 1800 720 0.0027 112.5 NA NA
12 Turpentine condenser 94 1800 720 0.00257 42.5 NA 18,800
13 Tall oil reactor 65 1625 720 0.000069-0.00763 40 NA 210
14 Weak black liquor/storage 65 1625 650 0.00274 NA NA 2,000
tank
Wastewater 15 Digester blow condensates 94 1800 720 0.69-1.4 40 NA NA
16 Turpentine decanter 9% 1800 720 0.1 40 NA NA
underflow
17 Evaporator condensates 65 1625 650 4.2-4.9 40 NA NA

a0noooe

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

Based on References 1, 3, and 7.

NA = Not available at this time.

The heat content is the heating value released by the organics in the vent stream.

increase these estimated values.

Flow rates are reported at standard conditions of dry gas (21.1°C and 760 mm Hg).

Turpentine concentrations vary based on wood type and could
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TABLE 2-4. TYPICAL UNCONTROLLED EMISSION FACTORS FOR KRAFT PULPING FACILITIES™®

Emission factor range (Kg/Mg pulp)

Emission  Emission
source point ID Emission point Total HAPC Total voc® Methanol Acetone TRS

Vent 1 Batch digester blow gas 0.1 2.4-4.4 0.0062-0.091 0.0015 2.37-4.02

2 Continuous digester blow gas 0.00035-0.00039 4-4.9 0.00024- 0.00004-0.0002 2.4-4.0
0.0003
3 Digester relief gas 0.004 2.6-2.7 0.003 0.00006 2.6-2.7
4 Knotter hood (vibratory screens) 0.1-0.6 0.8-2.6 0.02-0.03 0.005-0.007 nad
5 Washer 0.026-0.35 1.8-3.4 0.b022-0.15 ‘ 0.0005-0.033 1.4-2.1
6 Washer seal and foam tank 0.2 1.6-5.8 0.18-0.19 0.01-0.04 0.22
7 Decker/screen 0.003-0.005 0.01-0.023 0.002-0.003 0.005-0.007 NA
8 Oxygen delignification blou.tank 0.019-0.050 0.14 0.05-0.005 0.001 NA
9 Oxygen delignification washer and 0.24 0.41 0.076 0.073 NA
seal tank

10 Evaporator/hotwel L 0.002-0.02 3.1-5.4 0.0014-0.02 0.000007-0.002 3.5
11 Condensate stripper NA NA NA NA NA
12 Turpentine condenser 0.004 4.1 0.003 0.0001 2.7
13 Tall oil reactor NA 0.006 ‘ NA NA 0.10
14 Weak black liquor storage tank 0.043-0.15 0.069-0.15 0.043-0.1 0.0005-0.01 NA

Wastewater 15 Digester blow condensates 0.10-0.62 0.34-1.20 0.1-0.59 0.0012-0.0043 0.33
16 Turpentine decanter underflow 0.51 0.97 0.5 0.004 0.07
17 Evaporator condensates 0.17-3.04 0.17-3.04 0.15-3.0 0.0039-0.01 0.52
18 Evaporator surface condenser 0.039-0.63 0.11-0.71 0.031-0.62 0.0025-0.001 0.26

condenlsates

Capacities are shown on Table 2-3.
Specific emission factors for these and other compounds are given in Appendix B. . These ranges represent the variability of the emission factors
associated with the model plants given in Appendix C.
Total HAP and VOC emission factors are based on the sum of individual HAP and VOC emission factors.
NA = 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. 1In 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 Digester 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 ligquor and pulp are
discharged into a low-pressure vessel 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-

2-12




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
2.2.1.1.6).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, [emiséion
point ID's 15, 16, 17, and 18]).

2.2.1.1.2 Deknotting process. 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.?
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 washing. 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/ekfractiop.

| 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 "weak"
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 redﬁcing the
washing efficiency.ll 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.




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 captufe 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 oOxygen delignification 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.12 Because the resulting
effluent can be recycled to the chemical recovery system,
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.




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.l3 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 Coproduct recovery. The kraft pulping process
produces two saleable coproducts: turpentine and soap (tall
0il). 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 cycloné
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 veolatiles in the
evaporation process. Table 2-4 provides emission factors for
this point (emission point ID 13).

2.2.1.1.7 Condensate steam stripping. 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. . T

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 calcidm, 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 pulpihg
process and the mechanical pulping process and was developed
to produce high-yield chemical pulps.l4 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 pa:tially
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 liguor 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.l15

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.l6 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




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
ic 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), 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.l7 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. COMPARISON OF COMMON CHEMICALS USED IN
PULP BLEACHING

Bleaching Bleaching
compounds notation Function
Chlorine c Oxidize and chlorinate lignin.
Caustic E Hydrolyze chlorolignin and
(sodium solubilize lignin.
hydroxide)
Hypochlorite H Oxidize and solubilize lignin.
Chlorine D Oxidize and solubilize lignin.
- dioxide In amounts with Cl,; protects
against degradation of pulp.
Ooxygen o} Oxidize and solubilize lignin.
Hydrogen P Oxidize and solubilize lignin in
peroxide chemical and high-yield pulps.
Ozone yA Oxidize and solubilize lignin.
Hydrosulfite S or Y Reduce and decolorize lignin in

high-yield pulps.
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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
jdentified 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-&une 1993
(NCASI technical bulletin 650). '

2.2.2.1 Chlorination Stage (C-Stage). The first stage
in the bleaching process is typically chlorination. The

primary function of the chlorination stage is to further
delignify the pulp.l8 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.l8 |

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 Stage (E-Stage). 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).1l7 A portion of the
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TABLE 2-6. MOST COMMON KRAFT BLEACH SEQUENCES"

Number of mills with

Bleach sequencesP bleach sequence
C-E-H 4
C-E-HE-D 3
C-EO-HE-H-DE 3
CD-E-D-E-D 4
CD-E-H-D S 3
CD-E-HE-D-E-D 3
CD-EO-D 9

CD-EO-H-D ) 3 )
CD-EOP-D 3
DC-EOP-D | 4
DCD-EOP-D 6

@ Bleaching sequences performed at three or more mills are
listed. Approximately 90 other sequences are used at one or
two mills for each sequence.

b xey:

Chlorination

Extraction

Chlorine dioxide

Hypochlorite

Ooxygen

Peroxide

Chlorine dioxide substitution

Oxygen added to extraction stage
Peroxide and oxygen added to extraction
stage

WOTmomnN

CD

EOP
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TABLE 2-7.

TYPICAL VENT AND WASTEWATER STREAM CHARACTERISTICS FOR KRAFT BLEACH PLANT

EMISSION POINTS

Minimum Maximum Average Flol Moisture Heat
Emission capacity? capacity? capacity® rate Temp.b content contentd
source Emission point (ADT/day) (ADT/day) (ADT/day)  (scmm/Mg pulp/day) (°C) (%) (Kj/scm)
Vent C-stage tower 90 1500 600 0.024 &0 NAS 20
C-stage washer 90 1500 600 0.362 60 NA [
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 NA 230
D-stage tower 90 1500 600 0.024 60 NA 0.2
D-stage washer " 90 1500 600 0.362 60 NA 0.2
D-stage seal tank 90 1500 600 0.014 60 NA 0.02
H-stage tower 90 1500 600 0.024 60 NA 0.1
H-stage washer 90 1500 600 0.362 60 NA 20
H stage seal tank 90 1500 600 0.014 60 NA 5
Wastewater Acid sewer (C,D, and H-stage 90 1500 '600 NA -- .- --
filtrate)
Caustic sewer (E-stage filtrate) 90 1500 600 NA -- .- --

Qoo

Capacities are from References 1 and 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 mm Hg).
NA = Not available at this time.

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 range?
(Kg/Mg pulp)
Emission
source Emission pointb Total HAPC Total voc® Chloroform Chlorine Methanol

Vent C-stage tower 0.054-0.252 0.008-0.041 0.0009-0.01 0.05-0.21 0.00062-0.029
C-stage washer 0.062-0.647 0.012-0.439 0.0009-0.0113 0.05-0.21 0.009-0.415
C-stage seal tank 0.0084-0.323 0.007-0.32 5.5 x 1075 - 0.00127-0.0053 0.0067-0.311

7.2 x 1074

E-stage tower 0.013-0.026 0.011-0.026 0.0014-0.01 0-0.003 0.0027-0.0054
E-stage washer 0.031-0.168 0.044-0.091 0.0014-0.01 0-0.003 0.0035-0.078
E-stage seal tank 0.013-0.101 0.023-0.161 0.00009-0.0005 0-0.000076 0.0026-0.029
D-stage tower 0.011-0.036 0.00004-0.018 0.00003-0.02 0.01 0.0000007-0.0002
D-stage washer 0.01-0.06 0.0001-0.042 0.00003-0.02 0.01 0.00001-0.003
D-stage seal tank 0.0005-0.02 0.00006-0.02 0.000003-0.001 0.0003 0.000008-0.002
H-stage tower 0.088-0.62 0.056-0.119 0.04-0.05 0.01 0.00049-0.0063
H-stage washer 0.15 0.15 0.04 0.01 0.091
H stage seal tank 0.074 0.076 0.003 0.0003 0.068

Wastewater Acid sewer (C,D, and K-stage 0.12-0.52 0.12-0.53 0.0008-0.005 0 0.05-0.5
filtrate)
Caustic sewer (E-stage 0.042-0.32 0.04-0.32 0.0002-0.0023 0 0.03-0.3

filtrate)

Specific emission factors for these and other compounds are given in Appendix B. These ranges represent the variability of the emission

factors associated with the model plants given in Appendix C.

Key: C-stage = Chlorination
E-stage = Extraction
D-stage = Chlorine dioxide
H-stage = Hypochlorite

Total HAP and VOC emission factors are based on the sum of individual HAP and VOC emission factors.
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filtrate from these stages may be reused and the remaining
filtrate sewered to prevent precipitation of the solubilized
chlorolignin compounds.l® Emission factors for total HAP,
chloroform, methanol, and chlorine released from the
extraction stage tower, washer, and seal tank are shown in

2.2.2.3 chlorine Dioxide Stage (D-Stage) and
Substitution Stage (C/D-Stage). 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 pulps.20

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.Z21

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 Hypochlorite Stage (H-Stage). Another common
bleaching stage is hypochlorite. Hypochlorite is a true
bleaching agent that destroys certain chromophoric gfoups of
lignin; however, it also attacks the cellulose to some extent.
High cellulose degradation occurs in kraft pulp, so the
appliéétion 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

2=-29




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

2.2.2.5 Q0zone Bleaching Stage (Z-Stage). Ozone

bleaching is effective for further delignification as well as

bleaching and brightening. o0Ozone bleaching does not result 1n

the formation or emission of chlorinated organic compounds

such as chloroform.24 cCurrently there is only one full-

scale ozone bleaching line operating in the United States, and

HAP emissions from this process have not been measured.
2.2.2.6 Peroxide Stage (P-Stage). Another potential

bleaching stage is the peroxide stage. Peroxides, geherally
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 bleachlng
process. Peroxides increase brightness without 51gn1f1cant
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 éummarize 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




regulations. Section 2.3.4 presents national estimates of

baseline emissions.
2.3.1 Summary of Federal Requlations

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 systenms,
brownstock washers, and condensate strippers. Table 2-9
summarizes the Federal regulations for these process operation
emission points and provides the maximum emission rates on a
concentration basis.

Although these regulations do not specifiéally 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 Summary of State Requlations

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.Z26

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 FACILITIES2

Process unit

—— N I I
Emission limits¥

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

(&)

ppm

of TRSC

5 ppm

5 ppm of TRSyC€

of TRSC

5 ppm

Lime kiln, recovery
furnace,; or
combustion at a
minimum of 1200 OF
for 0.5 sec

Lime kiln, recovery
furnace, or
combustion at a
minimum of 1200 ©F
for 0.5 sec

Lime kiln, recovery
furnace, or
combustion at a
minimum of 1200 ©OF
for 0.5 sec

Lime kiln, recovery
furnace, or
combustion at a
minimum of 1200 ©OF
for 0.5 sec

Lime kiln, recovery
furnace, or
combustion at a
minimum of 1200 ©F
for 0.5 sec

oo

TRS
ppm

Key:

New Source Performance Standards, 40 CFR 60,
Total Reduced Sulfur

Subpart BB.

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

20

unfeasible.

%]
|
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TABLE 2-10.

SUMMARY OF STATE REGULATIONS FOR EMISSIONS FROM PULPING FACILITIES

Process unit Emission limits@®

States regulating

Method of control

Kraft digester

5 ppm of TRS
systen .

1.2 1b TRS/ton ADP

ME, VA

SC, GA, FL

ID, IN, CA, MS, LA
AL

Combustion

Incineration
Not specified
Incineration

Kraft digester 0.6 1lb TRS/ton ADP MD Not specified
system/multiple- 20 ppm of TRS PA Not specified
effect evaporators

Kraft multiple- S ppm of TRS VA, ME Combustion
effect evaporators FL, SC, GA Incineration

1.2 1b TRS/ton ADP

MS, TN, LA, CA
AL

Not specified
Not specified

Kraft brownstock 5 ppm of TRS MEDP Combustion
washer CA Not specified
Kraft condensate 5 ppm of TRS VA, ME Combustion
stripper CA, LA Not specified
SC Incineration
Bleach plant 3 1b/hr of Cl, ME Not specified
0.2 1b/hr of Cl, GA Not specified
3 1b/hr of Clo0, ME Not specified
0.1 1b of Cl0» GA Not specified
Tall oil plant 0.5 1b TRS/ton oil FL Incineration
Sulfite mills _9.1 kg TRS/ton ADP NH Not specified
Effluent ponds 50 ppm H5S MT Not specified
a4 Key: TRS = Total Reduced Sulfur Cly, = Chlorine
ppm = parts per million Clop = Chlorine dioxide
ADP = Air-Dried Pulp HyS = 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 regqulations
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. |




TABLE 2-11. SUMMARY OF EXISTING TECHNIQUES TO CONTROL HAP
EMISSIONS FROM PULPING VENT SOURCES2

Percent controlled in industryP

vent emission source Kraft Sulfite céiﬁﬁéal
Batch relief gas 97 100 0
Continuous relief gas 95 0 33
Batch blow gas 91 92 0
Continuous blow gas 88 0 25
Turpentine decanter 73 0 NAC
vent

Evaporator (hotwell 88 55 NAC
noncondensibles)

Washer screens 5 0 0
Washer filtrate tanks 11 57 0
Washer hood vent 6 38 - 0
Deckers 9 0 0
Knotters 8 0 NAC

——_———_'___—__—_———_—_—_;——_————
2 pata taken from Reference 3.
b  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.




TABLE 2. SUMMARY OF EXISTING TECHNIQUES TO CONTROL HAP
EMISSIONS FROM BLEACH VENT SOURCES

Bleach lines Assumed
Emission controlling Control
points at baseline@ efficiencyP
Stage controlled (%) (%)

Chlorination Tower 69 99% Cl and HC1l
Washer 69
Seal tank 62

First Tower 28 99% Cl and HCl
extraction Washer . 34
Seal tank 51

Hypochlorite Tower 18 99% Cl1l and HC1
Washer 26
Seal tank 41

First Tower 95 99% Cl and HCl
chlorine Washer 79
dioxide Seal tank 92

Second Tower 32 99% Cl and HC1
extraction Washer 41
Seal tank 59

Second Tower 76 99% Cl and HC1
chlorine Washer 57
dioxide Seal tank 76

a8 Percent controlled at baseline for individual bleach stages.
However, when the level of control is evaluated on a
sequence basis, 15 percent of facilities have all equipment
controlled.

b control applied is a scrubber.




TABLE 2-13. SUMMARY OF ADD-ON CONTROL STATUS OF
WASTEWATER EMISSION SOURCES2

Percent of unit processes

controlled
e : Semi-
Wastewater emission source . -
Kraft Sulfite Chemical

Digester blow condensates 12 3 3
Turpentine decanter underflow 22 0 NAb
"Foul" evaporator condensates 26 0 Nab
nclean" evaporator condensates 0 0 Nab
Bleach plant wastewater 0 0 ) NAb
g Data taken from References 1 and 3.

For this analysis, only one semi-chemical mill was known to
practice chemical recovery and none were known to practice
turpentine recovery or bleaching.




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 vVoC, 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).




TABLE 2-14. SUMMARY OF ESTIMATED NATIOﬁAL BASELINE EMISSIONS
FROM CHEMICAL AND SEMI-CHEMICAL
PULPING AND BLEACHING OPERATIONS?

Major Pollutants Emissions (Mg/yr)
.Total HAP 170,000
Total VOC 830,000
Total reduced sulfur 350,000
Methanol 120,000
Hexane : 18,000
Toluene . 14,000
Methyl ethyl ketone _ 6,000
Chloroform | 3,300
Chlorine 2,800
Formaldehyde 2,100
Acetaldehyde 2,000
Methylene chloride 1,200
Propionaldehyde 700
Acrolein 700
Acetophenone 60
Hydrochloric acid 59
Methyl chloroform 22
Carbon disulfide 8

a2 Based 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

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 techﬁiques 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.l . Table 3-1
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 3-1. PULPING PROCESS MODIFICATIONS
AND BLEACHING PROCESS SUBSTITUTIONS2

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

Oxygen Delignification
Improved Brownstock Washing

Bleaching Process Substitutions
Chlorine Dioxide Substitution

Elimination of Hypochlorite -
Oxygen/Peroxide Use in Extraction
Split Chlorine Addition

Ozonation

4 Reference 1.




several of the process modifications and substitutions
discussed above.

The bleach plant prbcess modifications and substitutions
focus on reduced use of chlorine and hypochlorite to achieve a
reduction in chloroform generation.

CARLE CONTROL TECHNIQUE:

2 2 ADDY T
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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 bleaqhing 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.é., 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 DEVICES2

Combustion device

Line Power - Recovery
Emission Sources kiln boiler furnace Incinerator Total

Batch digester relief gas 44 26 0 27 97
Continuous digester relief gas 63 20 9 3 95
Batch digester blow gas 68 6 0 17 91
Continuous digester blow gas  47 30 7 88
Turpentine decanter vent | 49 16 0] 73
Evaporator vents 68 20 o 88
(e.g., noncondensibles, hotwells)

Washer screens 5 0 0 0 5
Washer filtrate tanks 11 0 0 0 11
Washer hood vent 0 6 0 0] 6
Deckers 3 6 0 0 9
Knotters 3 5 0 0 8

a4 pata taken from Reference 2.



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

Flow rateP Moisture . Enclosure
Capacity range? { scm/Mg Temp.b content  Heat content® needed for
Emission point (ADT/day) pulp/day) (°C) (%) (Kj/scm) capture
Batch digester blow gas 94-1800 1.3 65-100 30-99 70 No
Continuous digester blow + 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 15-3s 20 No
tank
Decker/screen 65-1625 0.9 20-45 2-10 0.2 Yes
Evaporatdr/hotwell 65-1625 0.0027 80-145 50-90 21,300 No
Turpentine condenser 94-1800 0.0026 25-60 3-20 18,800 No
8 capacities are from Reference 3. ADT = Air dried short tons/day.
b  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.

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.



characteristics and identifies which points needed enclosures
prior to routing to a combustion device.2/3:4 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 Transport System

~ To control HAP emissions from pulping and bleaching
operations using stand-alone or existing devices,.venﬁ streams
must be captured and transported to the control devi&e.
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




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 peoint and the hood
increases.® Based on discussions with vendors, enclosures
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.?

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 ﬁhrough 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 aé 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 transpdrt 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).10

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.ll 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 prdvide
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.l2 '

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. ' i

Preheating of vent gases is only performed when the
stream is controlled with a combustion device. Vent streanms
may be preheated if their volumetric flow rates are large
enough to affect combustion in the control device. Preheating




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 cCombustion 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.l4 Combustion devices have been
-documented to control organic compounds by at least 98 percent
under a wide range of vent stream and VOC characteristics.l15

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).16,17 secondly,
the vent gas stream may be used as combustion 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.l4 Typical residence
times for incinerators achieving at least 98 percent
destruction efficiencies range from 0.25 to 1.5 seconds.l18

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. A

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
(e.g., 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.l® For costing purposes, these '
devices were assumed to operate 350 days per Yyear.

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 1,250°C)
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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.l3 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, 0il, 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 1,00Q°C) and can serve as
excellent control devices, providing at least 98 percent
destruction of voc.20

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 burhing vent gases because
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they have less downtime and can handle larger vent gas volumes
than the lime kiln.21

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 fuel.22 The emission points
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 streéms,
would be below the LEL yet still have some fuel value. The
fuel credit from the heat of combusfion 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 1iquor. 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 bed in the
furnace.l® 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 temperéfufe in
the presence of a sufficient amount of oxygen.2%4 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 3-1. 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 combusting 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 i}

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.4,15

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 3.2.3.2.3 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.27 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.Z26




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 chemica; 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.?29

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.29 The absorbing solution used in
pﬁlp 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.3C 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 compouhds such as chloroform
have insignificant (approximately 0 percent) removal.31
However, absorbed compdunds 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.3l rThe emissions from the
scrubber effluent (due to volatilization) were then estimated
to approximéte 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 sclution is the production of a brine
solution. This solution is typically sewered with the bleach
plant effluent into the wastewater treatment operatibns. 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 proceés.

3.2.2.3 Condensers. Moisture, VOC, and volatile HAP's
can be removed from vent streams using condensation. 1In 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.




TABLE 3-4. SCRUBBER

REDUCTION ESTIMATES

Compound Classification?

Estimated
Scrubber
Removal (%)P

Estimated
Reduction (%)€

Chlorine

High Solubility
Methanol
Acetone
Formaldehyde
2,4,5-Trichlorophenol
Pentachlorophenol
Chlorophenolics
Hydrochloric Acid
Chlorine Dioxide

Medium Solubility
Methyl Ethyl ‘Ketone
Acrolein
Acetaldehyde
Propionaldehyde
Dichloroacetaldehyde

Low Solubility
Chloroform

Carbon Tetrachloride
Methylene Chloride
Toluene
1,1,1-Trichloroethane
Alpha-Pinene
Beta-Pinene
Chloromethane

p-Cymene
. Average

99 -
99

60 35

70

4 Compounds
compounds
methanol;

are classified by solubility. High-solubility
have solubilities greater than or equal to °
low=-solubility compounds have solubilities less

than or equal to chloroform; medium-solubility compounds
were between methanol and chloroforn.

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.




3.2.2.4 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

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 techniéues 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.36
3.3.2 Steam Stripper 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. ThisAcontact provides heat
for vaporization of the more volatile organic compounds.37
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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
nijection of steam into the bottom of the column.38

.
1
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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 v
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. 1In 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 the steam
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 tfays (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 1b. stream/gal. wastewater.42 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 1lb/gal.42 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-condltlonlng
equlpment 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 dlsposed For_thls.
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




TABLE 3-5. STEAM STRIPPER -REMOVAL EFFICIENCIES

HAP Compound Removal Efficiencyd
Acetaldehyde 99
Acrolein 99
2-Butanone (MEK) 99
Formaldehyde 99
Methanol 90
Propionaldehyde 929
Total Reduced Sulfur (TRS) 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.




3.3.3 Air Stripper 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
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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, AND
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, 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 scopé 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 Pulping Model Process Units

Existing literature and source test data were used to
develop air emission factors, as presented in Appendices B and
¢ and Chapter 2.0. These data were evaluated to determine
which parameters of the pulping proceés affect HAP emissions.
Table 4-1 identifies seven parameters that have an effect on
HAP emissions. Some of these parameters (e.g., pulping
process, woed 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.l:2 Table 4-2 describes each model unit
and presents total uncontrolled HAP 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 4-1. PULPING PROCESS CHARACTERISTICS

AFFECTING EMISSIONS

Process characteristics

Process parameters

Chemical pulping process

Wood type
Digestion process

Washer type

Additional delignification

Coproduct recovery

Capacity

Kraft/soda
Sulfite
Semichemical

Softwood
Hardwood

Batch
Continuous

Vacuum drum .
Improved washing?@

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).




TABLE 4~2. PULPING MODEL PROCESS UNITS

Model Oxygen Uncontrolled
process Pulping Digestion Wood Chemical Washer delignification HAP emission
unit type type type recovery type (Yes or No) factorad
(kg/Mg. pulp)
P-1 Kraft Batch Hard Kraft Rotary No 5.02
drum
P-2 Kraft Batch Soft Kraft Rotary No 1.99
drum
pP-3 Kraft ‘Continuous Hard Kraft Inproved No 4.90
washing
P-4 Kraft Continuous Hard Kraft Rotary No 5.05
. drum
P-5 Kraft Continuous Soft Kraft Improved No 1.94
washing
P-6 Kraft Continuous Soft Kraft Rotary No 2.26
drum
P~7 Sulfite NDb Soft Sulfite  Rotary No 1.51
‘ drum '
P-8 Sulfite NDbP Hard Sulfite  Rotary No 4.46
drum
P-9 Semichem/ NDb Soft Kraft Rotary No 1.64
kraft drum
P-10  Semichem/ NDP Soft Sulfite Rotary No ' 1.05
kraft drum
P-11 Kraft Continuous Hard Kraft Improved Yes 5.16
washing
P-12 Kraft Soft  Kraft  Improved Yes 2.23

Continuous

washing




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

Model Ooxygen Uncontrolled
process Pulping Digestion Wood Chemical Washer delignification HAP emission
unit type type type recovery type (Yes or No) factor?@
(kg/Mg 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 Sulfite Batch Soft Sulfite  Rotary Yes 1.75
drum
P-17 Kraft Batch Hard Kraft Improved No 4.87
washing
P-18 Kraft Batch Soft Kraft Improved No 1.67
washing

2 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.



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 Bleaching 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.l/2 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 sewef 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/Mg 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 (% Cl0, substitution)d type (kg/Mg pulp)
B-1 CEHD (0%) Hard i.98
B-2 CEHD (0%) Soft 1.30
B-3 CEDED (0%) Hard 1.75
B-4 CEDED (0%) Soft 1.06
B-5 CAEDED (low)b Hard 2.11
B-6 CAEDED (low)P Soft 1.04
B-7 CAEDED (high)€ Hard 1.67
B-8 CdEDED (high)€ Soft 1.45
B-9 CJAEDED (100%) Hard 1.66
B-10 CAEDED (100%) Soft ' ' 1.45
B-11 o-gd Hard ~ 0.56
B-12 o-gd Soft 0.59

Key: c = Chlorine
cad = Cchlorine dioxide substituted for chlorine
D = Chlorine dioxide
H = Hypochlorite
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.

The totally chlorine free model bleaching sequence is used
in conjunction with oxygen delignification in the pulping
model process units.




point for the twelve model process units are presented in

Appendix C.
4.1.3 Use of Model Process Units in Estimating National

Emissions
national level, model mill

0

To estimate emissions on
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were constructed using com of the 18 model
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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 Assignment. 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. |




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 gfficiency 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
providés 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

Control

efficiency Process Emission
Option Costing basis '~ (% reduction) area source Emission points
Combustion: Individual 100/984 Pulping Vents . Digester blow tank
capture and conveyance of gases
conveyance to an - vents with . Digester relief
existing combined gases
combustion device combustion . WasherP
. Foam tank
. Evaporator vent
. KnotterP
. O, Delignification
blow tank
. O, Delignification
washer
. 0O, Delignification
seal tank
Deckers/screensb
Weak black liquor
storage tank
Scrubbing Combined and 0-90€¢ Bleaching Vent . Bleach plant washerP
individual control . Bleach plant tower
of vents . Bleach plant seal
tank
Combustion Combined and 98/99"'d Bleaching Vent . Bleach plant washer®
followed by individual control . Bleach plant tower
scrubbing of vents . . Bleach plant seal
tank
Steam stripper Combined and 80-99¢ Pulping Wastewater o Digester blow tank
w/air emissions individual control condensates
control device: of wastewater . Evaporator
conveyance to an streams condensates
existing o Evaporator, surface
combustion device condenser
. condensates
: . Turpentine recovery
! . : underflow !
a

With sources requiring enclosure, a 100 percent capture efficiency is assumed. Combustion reduces
captured organics by 98 percent. (All sources requiring capture are footnoted with "b".)

b Emission points may require enclosure because they are hooded or partially open to the atmosphere.

€ fThe 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.

2 Ninety-eight percent reduction of organics/99 percent reduction of acid gases.

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 P1 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. 1In 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
combusted. 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 Impacts

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 combusted 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 FACILITY2

: Total Baseline
Line Assigned Total uncontrolled uncontrolled HAP
Line Process Capacity model process HAP emission factor HAP emissions emissions
No. Type (ADTPD) unitb (kg/Mg pulp)b (Mg/yr)© (Mg/yr)d
1 Pulping 1000 . P1 4.39 1400 1360
2 Bleaching 1000 Bl 1.98 630 630
Total Mill 6.37 2030 1990

Kraft hardwood pulping with batch di

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

HAP Emissions (Mg/yr) = capacity (air dried tons/day) * HAP emission factor
(kg/Mg pulp)*(Mg/1.1 tons) =* (Mg/1000 kg) * (350 days/yr).

Assumes digester relief and blow

combusted at baseline.

gestion rotary vacuum drum washing and a CEHD bleach

gases and evaporator noncondensibles are being
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TABLE 4-6. PRIMARY AIR IMPACTS FOR AN EXAMPLE MILL

Emission Baseline Emissions Control Option Emission Reduction Emission
Source (Mg/yr)a (%) ReductionP (Mg/yr)
Type
YP HAP voc TRS HAP vocC TRS HAP vocC TRS
Pulping 160 1160 570 Collection and 983d  983d 9g3d 150 1090 520
Vents - Combustion®
Bleaching 550 420 0 Scrubbing® 703f  70%f NA 380 290 NA
Vents _
Incineration og-993h 9g3h nNA 540 410 NA
and Scrubbing9
Pulping 1200 1300 270 Steam . 90%3 90%) 94%] 1080 1200 250
Wastewater strippingl
a

O Q

(SR o S Vo

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 +

1-0.98 * Emission factor for baseline controlled points
[kg/Mg air dried pulp]) * (Mg/1.1 tons) * (Mg/1000 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 dioxide, 172 Mg/yr carbon monoxide,
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.4/5

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 additicnal fuel
requirements, the addition of organics to these combustion
devices from the vent streams offsets the associated fuel
requirements.®

SCrubbing bleach plant vent streams was assumed to have
no impact on secéndary 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

Emissions (Mg/yr)P.C

Type Control Option2 PM S04 co NOy vocd

Pulping Vents Collection and 0 67 0 0 0
Combustion®

Bleaching Vents Sérubbing 0 0 0 0 0
Incineration and 1.7 0.3 23 310 0
Scrubbingf

Pulping Steam Stripping9 .2 27 5 20 0

Wastewater '

QU o

-0

Sources being controlled are defined explicitly in Tables 4-5 and 4-6.
Reference 4. :

Criteria pollutant 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 SO, 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 SO; emissions reduction.

Criteria pollutant emission rates ignore any potential emission reduction of PM or
SO, emissions that might occur as a result of scrubbing.

Includes SO, 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 SO, 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. 1In addition,
secondéry 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 the control
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 Energy 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 operate 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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TABLE 4-8. EXAMPLE MILL ENERGY IMPACTSa,Db

Auxiliary
Auxiliary fuel required
fuel for steam
Emission Electricity (natural gas) generation
Source Type Control Option€ (MMBtu/yr) (MMBtu/yr) (MMBtu/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 1,060,000
Scrubbing '
Pulping Steam Stripping 3,000 NAd 290,000 293,000
Wastewater '
g Reference 4. '

Q0

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 incufred 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 rulémaking
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 ié—small
compared to baseline total dissolved solids quantities.?
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 will 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 existihg 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.

o~
|
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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

:IF

technologies for each emis peir t, the method of es
(

Section 5.1), and the
estimated costs for an example fac111ty (Section 5.2).

ssi
costs for control technologi

Table 5-1 presents a summary of the elements included
(enclosures, combustion devices, scrubbers, and steam
strippers) in the control cost analysis 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.




TABLE 5-1. ELEMENTS INCLUDED IN CONTROL COST CALCULATIONS
FOR VARIOUS POINTS/DEVICES

v Ductwork/ Combustion Steam
Emission point Enclosure conveyance devices? scrubber® stripper®

Pulping vents

Digester relief gas X X

Digester blow gases X X

Knotters X X

Pulp washers X X

Deckers/screens X X

Washer foam tank X X

Evaporator vent X X

Weak black liquor storage X X

tank vent

oOxygen delignification blow X X

tank '

Oxygen delignification X X

washer vent
Bleaching vents

Tower vents X X

Washer vents X X

Seal tank vents X X
Pulgiqg wastewater streamsd X X X

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.

a0



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 construc-tion, 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.l 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 equipmeht 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.l 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 1ihes/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 Ductwork Design Considerations Affecting Cost.
The ductwork system consists of the following equipment:
ductwork and elbows, fan, knock-out drum(s), flame
arrestor(s), rupture discs, supports, and insulation. Table
5-2 presents 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.2/3
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




TABLE 5-2. DUCTWORK GENERAL DESIGN SPECIFICATIONS FOR
VENTING TO AN EXISTING COMBUSTION DEVICE

Design and

Cost
Item Specification references

Minimum duct diameter 8 inches?2
Target pressure drop 20 to 40 inches 2

of water
Maximum duct velocity 3,000 feet per 3

' minute

Duct length 1,000 feet? 2
Number of elbows per 100 feet 22 2
of duct o
Fans per duct 1 2,5
Flame arrestor per duct 1 6
Knockout drum per duct 1
Number of rupture discs per 1
100 feet of duct -
Thickness of steel 16 gauge 4

4 Based on site visits to several mills.




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.2,4 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.9,10
5.1.2.3 Development of Ductwork System Annual Cost.

Annual costs for the ductwork system include utility and
maintenance costs, as well as annualized capital ché}ges. 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
($0.04/kW-hr) .11 ‘

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 l0-year
duct life and 10 percent interest rates, and is calculated '
using the following equation:




Capital recovery _ tha} capital . Capital recovery (10 years,
cost : investment factor

10%)
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.l2

5.1.3 Thermal Incineration System Costs

Thermal incinerator costs were developed using the cost
equations presented in Chapter 3.0 of the OCCM.13 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 Design Considerations

Affecting 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.l3 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.l4 Therefore,
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TABLE 5-3. THERMAL INCINERATOR GENERAL DESIGN SPECIFICATIONS
FOR HALOGENATED VENT STREAMS

!

Item Specification

Emission control efficiency 98 percent or greater
destruction of VvOC

Minimum incinerator capacity? 500 scfm

Maximum incinerator capacity 50,000 scfm
Incinerator temperature 1,100 ©C (2,000 ©F)

Chamber residence times 1.00 sec

Supplemental fuel requirement Natural gas required to
maintain incinerator
temperature

2 Five hundred scfm is the minimum incinerator size used to
determine capital cost.




for pulp mill vent streams, supplemental combustion air is not
expected to be required. 1In 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.l® (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 thérmal
incinerator operated at a temperature of 1600°F and a
residence time of 0.75 seconds.l® Thermal oxidation of




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.l7

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

° The reference temperature is taken as the inlet
temperature of the auxiliary fuel (77°F). _ 7

° No auxiliary combustion air is required (i.e., it is
assumed that the oxygen content of the vent stream
is at least 18 percent).

. Energy losses are assumed to be 10 percent of the
total energy input to the incinerator above ambient
conditions.

. 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 Qpgp0-2355

where:

EC = Equipment costs (4th Quarter 1991
dollars); and
Qror = 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 1,000 cubic feet of natural gas and
$0.04/kW~-hr, respectively. The procedure for estimating the




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 System 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 Design Considerations
Affecting 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 qases 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,3l and an
assumed column flooding condition of 60 percent. For this
analysis, the diameters ranged from 3 to 15 feet, depénding 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<1ine
graph, based on inlet and outlet conditions. For this '
analysis, the column height was approximately 30 feet.

5.1.4.2 Stand-Alone Scrubber Design Considerations
Affecting 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 80,000 scfm?

2,000 OFa

HC1
100 to 15,000 ppmv

99 percent (molar basis)

Caustic solution (white
liquor, E-stage filtrate),
5 gal/1000 ft

2-inch ceramic saddles or
Raschig rings

@ The incinerator off-gas passes through a gquench chamber
which reduces the waste gas flow rate and temperature prior
to entering the duct to the scrubber.




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 analvsis For the coct
as assumec I C
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lD

.
nalysis

’

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.l® 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.l? A liquid to gas (L/G) ratio of
50 gallons per 1,000 ft3 was assumed.l19

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
m * D (Hp + D/2);
D = Diameter of the tower (ft); and
Hrp = 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




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 efficiency?
Scrubbing liquid

Packing type

Packing height
Column height

2,000 to 80,000 scfm
140 ©F

Cl,, Cl05, HCl, Methanol,
Chloroform

99 percent (molar basis)

Caustic solution (white
liquor, E-stage filtrate), 50
gal/1,000 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.33
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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 coésts,
operating material costs, and wastewater disposal costs and
indirect opera ti i
charges.

The cost for oﬁerating 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.ll 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.36,37 For this analysis, water and caustic
‘costs were assumed to be negligible because the scrubbing
medium was assumed to exist on-site.l9

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 $0.04/kW-hr was used.ll

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 Stripping 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 WasAconducted 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. '(Induéiry 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 Design Considerations Affecting

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 ﬁsing 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.32 The stripper was assumed to be a sieve tray
column with 8 theoretical stripping trays.38

he size of the auxiliary
equipment are a function of the wastewater feed rate. The
column must be wide enough to provide a desired (lo&} 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) .40 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
could 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.

ing load on the reflux condenser were

1
dity AWON Wil VAT A T4 awSs WWiiaTaie T4 LA A= S~

also not included. 1In 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 Reflux tank (for integrated system) ;41 _
° Steam stripper column (including column shell,
skirts, nozzles, manholes, platforms and ladders,

and stainless steel sieve trays) ;42,43

o Flame arrestor;44
. Pumps; 45 and
) Feed Preheater.46

All costs are for carbon steel construction except for sieve
trays and 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 conditions.
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 eqﬁipment
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 désign 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 -
$0.04/kW-hr.1l The steam costs are estimated using the design
steam loading of 0.180 kg of steam per liter (1.50 1b/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.1l1l

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 mill 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 * (1ln A) 46

where A is in ft2
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TABLE 5-7. SUMMARY OF COSTS FOR CONTROL OPTIONS FOR AN EXAMPLE FACILITY

Flow rate

Option Emission points (scfm) HAP conc TCI(S) ($/yr)
Combustion of e Brownstock washerd 34,900 scfmP 300 ppmv 1,920,000 429,000
pulping vents: e Brownstock foam tank
capture (enclosures e Knotterd
where necessary) e Deckers/screens?
and conveyance to e Weak black liquor
an existing storage tank
combustion device
Scrubbing of ¢ Bleach plant washers 51,400 scfm 150 ppmv 860,000 287,000
bleaching vents e Bleach plant towers
(combined vents) e Bleach plant seal

tanks
Combustion of e Bleach plant washers 51,400 scfm 150 ppmv 4,320,00 3,840,000
bleaching vents e Bleach plant towers '
followed by e Bleach plant seal
scrubbing (combined -tanks
vents) '
Steam stripping of e Digester blow tank 1,500 1,350 3,500,000 1,900,000
pulping wastewater condensates gal/min ppmw -
(combined streams) e Evaporator foul
followed by condensates

conveyance to an
existing combustion
device

a
b

Emission pointé that require enclosures.

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 ppnw.



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 (P1l) 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 selectéd
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 vents are presented in
Table 5-8. The pulping points that reqﬁire 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 DEVICEQ

Component cost

Equipment size or cost Total cost
Cost component factor ($) (%)
Equipment costs:P
Ductwork 19 in. diameter 50,000
1000 ft. length
20 elbows
Fan 16 in. diameter - 1,000
17 hp
5,900 scfm
Knockout drum 2 ft. diameter 1,000
5 ft. height
0.25 in. thickness
Flame arrestor 19 in. diameter 32,000
Rupture disc 10 discs 9,000
Purchased equipment cost Sum of equipment costs 93,000
(PEC)
Total capital investment 3.02 * PEC 281,000
(TCI)
Total annual cost 83,000

4 Includes brownstock washer foam tank and weak black liquor

flowrate of 5,900 scfm.

storage tank with a

It was assumed that equipment costs are given as purchased equipment costs.
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TABLE 5-9. COSTS FOR MODEL MILL PULPING VENTS REQUIRING ENCLOSURES (FUGITIVE SOURCES)

USING AN EXISTING COMBUSTION DEVICE?2

Cost component

Equipment size or cost
: factor

Component cost

Total costA
() (%)

Equipment costs:P
Ductwork

Fan
Knockout drum

Flame arrestor
Rupture disc

Purchased equipment cost
(PEC)

Total‘capital investment
(TCI)

TCIquct

TCIenclosure
TCI

Total annual cost (TAC)
TACguct

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 enclosures®

TCIdquct + TCIlenclosure

TACquct + TACenclosure

249,000

6,000
5,000

111,000
43,000
414,000

1,250,000
385,000
1,635,000

288,000
58,000
346,000

scfn.

aOvu

It was assumed that equipment costs are given a
Total capital investment for the enclosures is
washer hoods and supports ($230,000) and two single enclos

decker/screen ($64,000 each).

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

s purchased equipment costs.
based on one washer line with three
ure for the knotter and
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TABLE 5-10. COSTS FOR CONTROL OF MODEL MILL BLEACHING VENT STREAMSA

USING STAND-ALONE SCRUBBER

Cost component

Equipment size or cost
factor

Component cost

(%)

Total cost
(%)

Equipment costs:
Scrubber column

Packing
Pump
FanP

Duct (Pipe & Elbows)b
Equipment ‘cost (EC)

15 ft. diameter
27 ft. height

2,649 ft3 volume
2,570 gpm capacity.
51,000 scfm

sum of equipment costs

Purchased equipment cost (PEC) 1.18 * EC
Total capital investment (TCI):

TCI

Total Annual cost (TAC)

2.20 * PEC

187,000

53,000
9,350
7,600

74,000
330,000
390,000

860,000

287,000

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

b petailed equipment size and cost procedures for ductwork are presented in

Table 5-8.
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TABLE 5-11. COSTS FOR CONTROL OF MODEL MILL BLEACHING VENT STREAMS USING AN INCINERATOR
FOLLOWED BY A SCRUBBER2

Cost component Equipment size or cost Component cost Total cost
factor ($) ($)
Equipment costs:b
Incinerator = EC 1 incinerator 132,000
' 51,400 scfm
Purchased equipment cost 1.18 (EC) 156,000
(PEC)
Total capitai investment
(TCI):
TCIincinerator 1.61 * PEC 250,000
TCIquct to incinerator 1 duct 2,830,000
‘ . 1000 ft. 1length
48 in. diameter
20 elbows
48 in. diameter
6 elbows
TCIgcrubber 15 ft. diameter 650,000
27 ft. height

incinerator * TCIguct to
strubber * TCIgcrubber
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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 Toﬁal cost
: factor (%) ($)

Total annual costs (TAC)

TACjincinerator 2,830,000

TACdquct to incinerator ' 650,000

racduct to scrubber and 370,000

scrubberb
TAC TACincinerator * TACduct to 3,840,000

incinerator t TACquct to
scrubber and gcrubber

4 Based on tower, washer and seal tank vents from C, D, E, and H stages.

Detailed equlpment size and cost procedures for duct are presented in Table 5-8 and for

scrubber in Table 5-10.
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TABLE 5-12. COST FOR CONTROL OF MODEL MILL PULPING WASTEWATER STREAMS
USING A STEAM STRIPPER

Equipment size or cost Component cost Total cost

Cost component factor ($) (%)

Equipment costs:

Feed preheater 49,000 ft2 680,000

Tray column 11 ft diameter 150,000
29 ft height

Reflux tank (integrated 170 ft3 volume 17,000

only)

Flame arrestor 1 per line 113
0.16 ft. diameter

Pumps (integrated only) Feed and bottoms, 10 hp 100,000
each

A Reflux, 1 hp

Pumps (nonintegrated Feed and bottoms, 10 hp 99,000

only) _ each

EC (integrated) Preheater + tray column + 950,000
reflux tank + flame
arrestor + 3 pumps

EC (nonintegrated) Preheater + tray column + 930,000
feed tank + flame arrestor
+ 2 pumps

Purchased equipment costs ' I
(PEC) :
PEC (integrated) 1,100,000
PEC (nonintegrated) Auxiliary piping? + sales 1,100,000

tax + instrumentation
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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 ($) ($)

Total capital investment
(TCI):

TCI (integrated) 2.2 * PEC 2,500,000

TCI (nonintegrated) 2.2 * PEC | 2,500,000

TCI (duct) 3,200,000
TCI 0.67 (TCIjntegrated)? + 3,500,000

' 0.33(TCInonintegrated *

Total annual cost (TAC):

Annual steam cost 250,000

(integrated)

Annual steam cost 2,900,000

(nonintegrated) ‘

Annual recovery credit . 73,000

TAC (integrated) 780,000

TAC (nonintegrated) ' 3,400,000

TAC (duct) 720,000
TAC 0.67 (TACjntegrated)P + 1,900,000

, 0.33(TACponintegrated + \ :
TACgquct)

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

(8]
[

32
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TABLE 5-13.

COMPARISON OF TOTAL CAPITAL INVESTMENT (TCI) AND TOTAL ANNUAL COST (TAC)
FOR MODEL MILLS WITH VARYING CAPACITIES

Mill Capacity (TPD)

- 500 _1000 . 1500
Option Emission Point TAC TCI TAC TCI TAC TCI
Combustion of Brownstock foam tank S 58,000 §$ 170,000 $' 83,000 S 280,000 $ 110,000 410,000
pulping vents not Weak black liquor
requiring enclosures storage tank
Combustion of Brownstock washer $ 210,000 S§1,000,000 § 350,000 $1,600,000 & 450,000 $2,100,000
pulping vents Knotter
requiring enclosures Deckers/screens A
Scrubbing of Bleach plant washers s 160,000 S 400,000 $ 290,000 S 860,000 § 330,000 $1,100,000
bleaching vents? Bleach plant towers
Bleach plant seal tanks ,
Combustion of Bleach plant washers $2,630,000 $2,670,000 $3,800,000 $4,300,000 $7,500,000 $7,000,000
bleaching vents Bleach plant towers
followed by Bleach plant seal tanks
scrubbing? ’
Steam stripping of Digester blow tank $ 840,000 $1,620,000 $1,900,000 $3,500,000 $2,300,000 $4,600,000

pulping wastewater
followed by
conveyance of vent
stream to an
existing combustion
device

condensates

Evaporator foul

condensates

a The bleaching vent emission points controlled included those points in a CEHD 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 6-1 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.l:2,3 (This mill-specific
database contains confidential business information and is,
therefore, not publicly available.)




Data Gafhering & Review
(Processes, Emissions, & Controls)

|

Process Units

Model Pulping & Bleaching

Pulp & Paber

Model Process .
Units '

Emission
Factors

Mill Database
(Mill Specific)

Assign

|

i

Industry
Characterization
(Model Mills)

i

Calculate Uncontrolled

Air Emissions

Baseline
Controls

1

Identify
Air Control
Options

i

Calculate Baseline
Air Emissions

® Involves reassignment of model
process units if water control
options require process
modification

b Provided by EPA Office of Water

a Water b
—————— Control
Options

Calculate Air Water b
Control Control
impacts Impacts

1

Emissions & Control Impacts

Environmental
Air Water

Costs

Figure 6-1. National Impacts Estimation Process

6-2

“SMIWTJ




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 gquestionnaires 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. 4

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, controlled 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 environmental

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 ug/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 éhips. 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-1.

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 dhips 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
scfeening 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 noncondensible 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 vacuunm
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dfum 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. 1In 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 2-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 oﬁersized 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 concentfated 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 (Na;CO3) and
sodium sulfide (NajS), 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 (Cao0)
to form calcium hydroxide (Ca(OH)3) in the slaker. This mixture
flows to the causticizer to form white liquor (NaOH and NajS).
The white liquor is stored for reuse in the digestion process.
The CaCO3, called lime mud, is first washed in the mud washer,
then combusted in the lime kiln to recover Ca0O, 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 streanm 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 streanm 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 is. then 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 plant and three locations in the softwood pulp
mills and bleach plant. These are listed in Table A-1 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-1. Gas Sampling Locations at Site 1

Location - Identifier
Hardwood Plant
Vent into hardwood bleach plant scrubber  HV1

Hardwood D stage vent/wash and tower seal tank HV1A

Softwood Plant

0, delignification blow tank vent svi
Vent into bleach plant scrubber ‘ sv4
Combined vent from EOwasher/filtrate tank Svs

A-[|




Table A-2. Measured Vent Emission Rates at Site 1
(1b/hr)
Measurement Poipgs

COMPOUND svi sV2 SV4 HV1 HV1A
Acetone* 0.0554 0.0784 0.0124 NA NA
Acetone® 0.0912 0.00904 0.01004 NA NA
Acrolein NA 4.01E~4° 0.000441° NA NA
MeK* 0.000567 0.00296 0.00289 NA NA
MeK® 0.0160 6.29e-4° 1.82e-4°! NA NA
Chloroform® NA 0.795 0.0435 NA NA
Methanol® 2.16 0.0747 0.0260 NA NA
HCLf NA 0.0288 NA NA NA
CL)f NA 0.212 NA NA NA
a-pinenes 0.116" 2.17e-6° NA NA NA
B-pinene* 0.0617* 7.15e-5' NA NA NA
THC! 4.320 0.863 Sisoo 0.476 0.377

- = MW M0 @6 6 O®

- Obtained using EPA Method 0011.
- Obtained using NCASI Methanol method.

- Value below detection limit of method.

- Estimated value below calibration limit.
- Value below quantitation limit.
- Obtained using EPA Method 26A.
- Obtained using EPA Method 0010.
- Estimated value above quantitation limit.
- 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

Softwood Bleach Plant

- Pulp into Cd tower

- Pulp out of Cd tower

- Pulp out of Eo tower

- Pulp out of D tower

- Pulp out of D washer

- Wastewater from bleach plant scrubber
- Softwood acid sewer

- Softwood caustic sewer

Softwood O, Delignification System
= Influent to delignification tower
- Pulp out of 0, delignification blow tank

Hardwood Bleach Plant
- Pulp out of Cd tower
- Pulp out of Eo tower washer

Softwood Diffusion Washer and Weak Black Liquor
- Pulp into diffusion washer
- Weak black liquor

Hardwood Vacuum Drum Washer
- Pulp into brownstock washer

NCG System/Digester Condensates
- Hardwood accumulator condensates
- Combined evaporator (foul). condensates
- Turpentine decanter underflow
- Turpentine storage underflow/
NCG system condensates

SP3
SP4

HP2
HP3

SP1
SP2

HP1
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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.!?

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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Table A-4. Measured Constituent Concentrations at Site 1 (ug/ml})

Measurement Points

|Compound SPS SP8 SP7 SP8 SP9 WWe WW7 Wwa SP3 SP4 HP2 HP3 SP1 SP2 HP1 WW1 WW2 wWw3 wwi |
Acetone (a) 5.03 0.407 0.305 0.419 0.37 0.308 0.023 0.145 0.745 5.03 0.60 0.188 15.24 0542 441 397 7.69 218 15.2
Methyl ethyl ketone (a) 0.419 0.127 0.230 0.252 0.034 0.017 0.13 0.005 0.023 0.419 0.213- 0.103 0.39 0.105 0.144 1.48 198 “2 448
Methanol (b) 839 208 68.4 220 <18.0 38.3 F-14 845 178.2 1,901 348 178 1,008 574 3,247 86374 .63,118 3,090
Acrolein (a) 0.043 0.014 0.042 0.048 0.033 0.014 0.002 0.075 0.028
Methylene chioride (c) <0.02 0.02 <0.02 <0.03 <0.02 0.57 <0.02 <0.02 <0.02
Chioroform (c) 0.88 0.04 013 <004 <003 0.77 0.14 3 0.08
Chiorides (d) s 488 838 9.06 2712 910 408 801 438
Carbon disulfide (e) 278 0.036
Chioroform (e) (774 30.1
n-Hexane (e) 0.82 0.63
Chioromethane (o) 243
2-Butanone (e) 401 128 0.151
lodomethane (s) 0.52
Methylene Chioride (e) 10.2 22
Toluene {e) 238 273 0.01
1,1,1-Trichioroethane (e) 43 128 0.182
Acetone (e) 104 00 0.544
Dichioroacetonitrile (s) 139
Dichlorothiophene (e) 10.4
Siloxane (s) [ 1]
Acetephenons () -1 13.1
2,4,5-Trichiorophenol {f) 333 are
2,4-Dichiorophenol {f) 18 134
Benzsidehyde () 87.6 50
Benzolc acid {f) 839 15
4-Methoxy- 1-naphathalene- 808 1340

carboxaldehyda ()
Benzyl alcohol () 311 [1
4,5-Dichioro-2methoxy- 129 ale

phenol (1
Methoxydichiorophenol (f) 188
Allcyl acid () 73
Hexacanoic acid (f) 03
Dimethyl sulfide {e) 58.3 13.2
Dimethyl disulfide (e) 415 330
a-pinene (o) 0 <0.02 0.7 0.04 0043
b-pinene (o) 124
Siloxane (e) 0.4 -
a-Terpineol {f) 0.072
Aromatic ketone {f) 0.332
Dimethoxyphenol () 248
Phihlatate () 0722
Trithiclane {0 387
Methoxyphenol () 298
Tewathiane {f) 0.104
Dimethy! wisulfide (0 176
Totsl VO (ppm_)_m 1,083 570 108 840 13,007 1,433
a - Obtained using Method 0011.
b - Obtained using NCAS-Methanol.

¢ - Obtained using MCASi-chi

d - Obwined using Method 28A.

® - Obtalned using M824Q anelyses.
{ - Obtained using M8270 analyses.
g - Obtained using Method 250.
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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. 1In the batch process, pulp from
the blow tanks is washed in 4-stage countercurrent brownstock
washing 3ystem. 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 steanm
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 (chlorihation 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 alohg with the identifier for each location.
A summary of the average vent emissions of identified
coﬁstituents 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 emission potential was measured using EPA
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Table A-5. Gas Sampling Locations at Site 2

Location Identifier
E washer vent v2
H tower vent V3
H washer hood \'Z3
Bleach plant scrubber inlet’ V'

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
(1b/hr)
Measurement Points
Constituent V2 | V3 | V4 | V5
Acetaldehyde*® 0.001 NA 0.002 0.002
Acetone* - NA 0.001 0.005
Acetone® 0.000 NA NA 0.016
Acrolein* - NA 0.002 0.045
Chlorine® 0.010 NA 0.044 53.121
Chlorine! - NA 0.071 5.187
Chlorine Dioxide! - NA 0.011 1.305
Chloroform? 0.171 NA 0.301 2.863
Chloroform® 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 Ketone® -- NA NA 0.000
Methylene Chloride! 0.011 NA 0.012 0.126
Methylene Chloride® 0.004 NA NA 0.011
Propionaldehyde* - NA 0.000 0.014
Benzene® - NA NA 0.001
Carbon Tetrachloride® - NA NA 0.003
1,1-Dichlorocethane® - NA NA 0.001
Chloromethane® 0.000 NA NA 0.010
Toluene®. 0.000 NA NA 0.001
Bromodichloromethane® 0.000 NA NA 0.007
a-Pinene® ' 0.001 NA NA 0.001
p-Cymene® 0.000 NA NA 0.001
a-Pinenef 0.002 NA NA 0.000
Total Hydrocarbons 0.063 0.974 0.872

- o a6 o .

- Obtained
- Obtained
- Obtained
- Obtained
- Obtained
- Obtained
-- Not analyzed

"NA - Not applicable

using Method 0011.
using Volatile Organic Sampling Train.
using Method 26A.
using NCASI.

using 8240 analyses.
using Semivolatile Organic Sampling Train.
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Table A-7. Liquid Process Stream Sampling Locations at Site 2

Location Identifier
Weak black liquor from Kamyr digester . P1
Pulp out of Kamyr digester - P2a
Pulp ocut of Kmyr digester - extended cook P2b
Pulp into brownstock washer No. 7 P3
Weak black liquor from brownstock washer N P4
Soft pulp into C & D washer P5
Pulp into C & D washer : P6
Pulp into E washer _ P7
Pulp into H washer , P8
Pulp out of D washer P9
Pulp into screw press P10
Spent liquor from screen press P11
Bleach plant scrubber wastewater ' WW1
Digester & blow tank off gas condensates WW4
C stage filtrate WWS

>
|
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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.

A.2.3 Site 3. sSite 3 is a fully integrated kraft pulp and
paper mill. Feedstock consists mainly of softwood chips.
Occasiocnally 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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Table A-8. Measured Constituent Concentrations st Site 2 (ug/mL)

Measurement Points

[Compound P1 P2a P2b P3 " P4 PS P8 P7 P8 Pe P10 PN WW1 WWA4 WWS wwe |
Formaidehyda (a) 32 0.03 7 3.4 47, o0e4 0.352 0.587 0732 [) 0.97 0.87 0.49 25 1.28 0.44
Acetaidehyde (a) 1.1 <0.008 46 0.032 0.11 0.018 0.032 0.018 0.058 <0.16 <0008  <0.008 001  <0.008 0.01 0.01
Acene (a) 2 17 40 0 43 0.212 0.540 0.267 0.263 14 0.20 0.7 - 0.26 1" 0.18 0.08
Acrolein (a) <0.01 <0.01 <0.20 <0.01 <0.01 0.010 <0.01 <0.0 <0.01 <0.20 18 1.8 <0.01 <0.01 <0.01 <0.01
Propionaidehyde (s) 2 0.33 9.1 0.38 0.38 0.050 0.063 0.083 0.000 1.3 <0.01 <0.01 0.07 0.13 0.03 .04
Methyl sthyl ketone (a) 0.34 0.14 1.5 <0.0t <0.01 0.083 0.507 0.078 0510 0.83 <0.01 0.06 0.08 7.3 0.05 0.05
a-Pinene (a) 22 81 1.4 ND ND ND - - - - ND ND - <1 - -
b-Pinene (a) <1 10 ND ND NO ND - - - - ND ND - NO - -
Methylens chioride (a) - - - - - - 2.450 2.150 2500 25 - - 24 - 26 25
Chicroform (a) - - - - - - 0.620 <0.08 4.903 0.6 - - <0.50 - <0.50 15
Methanol (s) 815 785 340 26 73 36.050. 72.183 13.750 21333 ND 134 136 " 1,508 57 <5
Carbon disulfide (b) ND 0.08 0.08 0.085 0.002 0.018

Carbon mirachioride (b) ND ND ND 0.001 ND ND

Chioroform (b) 0.0035 0.0t2 NO 0313 0.080 0.003

Dibromomethane (b) ND ND NO ND 0.001 0.000

1,1-Dichiorosthane ({b) ND ND 0.018 0.002 ND ND

n-Hexane (b) 0.0655  0.0058 ND ND ND ND

Bromomethane (b) ND 0.003 NO 0.003 NOD NOD

Chioromethane (b} ND ND 0.5 NO ND 0.000

2-Butanone (MEK) (b) 0.33 0.238 ND 0.019 0.009 ND

lodomethane (b) ND ND 0.08 ND ND ND

Methytene chioride (b) 0.2045 0.037 ND 0.003 0.002 0.002

Styrene (b) 0.003 ND 0.033 ND ND ND

Toluene (b} 0.1328 0.025 ND 0.001 0.003 0.008

Trichiorcethene (b) ND ND ND NO 0.001 ND

Vinyl chioride (b) ND ND ND ND 0.000 ND

m-/p-Xylene () 0.0218 ND 0.48 ND ND ND

Aceone (b) 0.035 0528 ND 0.081 0.036 0.028

Bromodichioromethane (b) NO ND ND 0.001 ND 0.010

1,3-Dichiorobenzens (b) 0.0188 NOD 0.13 ND ND NO

Dimathyl sulfide 9b) 18 6.85 0.28 ND ND ND

Dimethyl disulfide 8b) 19 21 0.024 NO ND ND

a-Pinene (b) 48 218 0.008 ND 0.000 0.000

b-Pinens () 1.4 0.8 0.002 ND ND NO

p-Cymene (b) 024  0.0058 0.11 NO ND ND

3,4-Methyiphenol (c) 0.0803 ND NO ND

Pentachiorophenal {c) NO 248 (11 ND

Phenol (c) 208 ND ND ND 0.004 ND

aPinene (c) a 0.041 ND ND

b-Pinene (c) 0.018 ND 0.85 ND

a-Terpinmwol (c) 8.08 NO ND

& - Obtained using whole waste analyses (HPLC/GC)

b - Obtained using Method 8240
¢ - Obtained using Method 8270

— Not analyzed
ND - Not detected
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Figure A-12. General Process Diagram for Site 3°
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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 (NajS) may be converted to sodium thiosulfate
(NagS303). 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);) to form sodium hydroxide
(NaOH) . The Ca(OH); is derived from combustion of the calcium
carbonate (CaCO3) precipitated from the causticizer in a lime
kiln to form lime (Ca0), 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:

. Chlorine (Cly) with approximately 85 percent chlorine
dioxide (Cl03) substitution;

. 'Extraction with oxygen and peroxide; and

° Chlorine dioxide.

Before the Cl,/Cl0; tower, a small amount of ClO; is mixed
with brownstock pulp followed by further mixing with Cl;, and
more ClO5 yielding 75 to 100 percent Cl0; substitution. From the
Cl,/Cl0, tower, the pulp is washed -and sent to the éxtraction
tower where oxygen and peroxide are added to dissolve the
residual lignin. The pulp is then washed and sent to the Cl0,
tower for additional bleaching. After a final wash stage, the
‘bleached pulp is stored until needed for papermaking. The
Cl,/Cl05 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 foan
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.®¢

A.2.4 sSite 4. sSite 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 offsetApaper 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 V1
Vent into bleach plant scrubber’ V2

Liquid process stream sampling locations

Pulp out of blow tank no. 1 SP1
Pulp out of blow tank no. 3 , SP2
Weak black liquor form washer no. 2 ' SP3
Pulp into chemiwasher no. ¢ SP9
Weak black liquor from chemiwasher no. 4 SP10
Pulp into C1,/CIO, tower SPS
Pulp out of CL,/CIO, tower SP6
Pulp out of extraction tower Sp7
Pulp out of CIO, tower ' SP8
Pulp out of D washer SP11
Bleach plant scrubber effluent WW1l

Blow tank condensates from batch digesters WW2A
Blow tank condensates from kamyr digester WW2B

Turpentine underflow WW3
No. 1 and 2 evaporator condensates WW4
Ccaustic sewer . ' WW5
Acid sewer ' ' WW6

No. 4 evaporator/concentrator condensates WW7

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

(1lb/hr)
Measurement Points

Constituent V1 | V2
Acetaldehyde* 0.098 0.001
Acetone’ 0.316 0.001
Acetone® 0.043 0.004
Acrolein® - 0.005
Chlorine* NA 0.041
chlorine* NA 1.112
Chlorine dioxide! NA 6.648
Chloroform! NA 0.235
Chloroform® -- 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 ketone® 0.019 0.000
Methylene chloride!? -- 0.042
Methylene chloride® -- 0.001
Propionaldehyde® 0.012 0.001
Carbon tetrachloride’ - 0.002
n-Hexane® - 0.001
Chloromethane® -- 0.049
2-Butanone® 0.019 0.000
Toluene® - 0.001
Bromodichloromethanef - 0.004
Dibromochloromethanef - 0.001
Dimethyl sulfide 0.920 -
Dimethyl disulfide 0.249 -
a-Pinene 1.376 0.396
b-Pinene : 0.508 0.135
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 -
Total Hydrocarbons® 27.306 1.437

Obtained using Method 0011.

Obtained using Volatile Organic Sampling Train.
Obtained using Method 26A.

- Obtained using NCASI.

Obtained using 8240 analyses.

- Obtained using Semivolatile Organic Sampling Train.
== Not analyzed

NA - Not applicable

- 0o A 0 o »
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Table A-11. Measured Constituent Concentrations at Site 3 (ug/mb)

Measurement Points

{Compound SP! SP2 SP3 SPS SPe SP7 SP8 SP9 §P10 SP11 WW1 WW2a WWa2b WW3 WW4 WWS wwe wwa |
Formaldehyde (a) - [ B 2813 22.007 15.227 1.023 o8 8.1 [ X] 2 0.84 087 0.02 0.87 o.68 004 11 14
Acetaidehyde (a) 0.20 0.47 0.3 0.197 0.077 0.047 0.15 0.00 0.2 (X ] 0.02 1 18 N on 04 0.1 28
Acstone (a) -] 3% 28707 2,033 095 1.04 0.30 3 2 22 0.02 a9 -] 2 22 1.8 12 34
Acroleln (s) <0.03 <0.03 <0.03 <0.03 <0.03 «<0.03 «<0.03 <0.03 <0.03 «<0.03 <0.03 «<0.03 <0.03 <0.03 0.05 0.04 <0.03 <0.03
Proplonaidehyde (a) 18 <0.03 0.077 1.507 [ X 0127 0.07 0.87 0.44 14 <0.03 0.24 s 22 0.21 0.1 0.12 o.z7
Methyl ethyl ketone (a 1.4 0.18 0.207 1.487 0.50 0.19 0.08 <0.03 <0.03 18 0.01 1.8 2 78 111 0.1 0.14 18
a-Pinene {a) ND <1.0 1.133 ND - - - ND 1.2 - - ND 18 21 NO - - ND
b-Pinens (s) ND 318 1.04 ND - - - 14 19 - - NO 20 ND ND - - NO
Methylene chioride () - - - - 1.233 7.133 [ X ] - - 1.7 <0.50 - - - - <0.50 <0.50 -
Chioroform (s) - - - -~ <080 <050 <050 - - <080 ND - - - - <050 <050 -
Methanol {a) 00 388 w2 1% 204 7 <} 202 a x® ] 83 3™ 2,448 211 300 3 158
Bromoform (b) 0.001 ND ND NO

Carbon disulfide (b) 0.044 0.014 0.008 0.021

Chioroform (b) 0.001 NO 0.187 0. 21

Cumens (b) ND ND NO ]

Ethytbenzene () ] ND ND ND

Dibromomathane (b) 0.001 NO ND ND

n-Hexane (b) 0.001 0.000 ] 0.001

Chioromethane (b) ND ND 0.011 ND

1,1,3-Trichiorosthane (b) 0.017 ND ND ND

2-Buwnone () 0.081 0.35 0.028 0.047

lodomethane (b) 0.002 ND ND ND

4-Methyl-2-penmmnone (b) 0.005 ND ND ND

Methylene chloride (b} 0.024 0.044 0.007 0.01

Styrens (b) 0.001 ND '] ND

1.1,2,2-Tetrachlorosthane (b) 0.003 NO ND NO

Toluene (b) 0.019 0.045 [ 0.001

1,1,2-Trichloromethane (b) 0.001 NO ND NO

isocotane 9b) ] ND ND 0.001

Vinyl acetate (b) 0.001 ND ND ND

m-/p-Xytene (b) 0.001 ND ND ND

Acstone (b) 023 0.34 0.064 025

Bromodichiotomethane (b) ND NO 0.001 ND

1,3-Oichlorobenzene (b) 0.001 ND NO ND

1,2-Dichlorobenznen (o) 0.002 ND NO NO

1.4-Dichioro-2-butens (b) 0.003 ND ND ND

Ethyt methacrylam (b) 0.002 NO ND ND

2-Hexanone (b) 0.003 ND ND ND

Trichlorofiuoromethane (b) 0.002 ND ND ND

1,2,3-Trichloropropane (b) 0.003 ND ND ND

Dimethyl suifide () 0.011 18 NO ND

Dimethyl disulfide (0) 04 28 NO ND

a-Pinene (b) 0.137 16 NO NO

b-Pinene (b) 0.017 0.2 NO NO

p-Cymene () 0.004 0.043 ND NO

Phenal (c) 2903 338 NO ND

a-Pinene. (c) ND 0.08 ND NO

a-Terpinol _(c) 0.557 2.08 ND ND

— Not sampled

ND - Not detected

& - Obtained using whole waste analyses (HPLC/GC)
b - Obtained using method 8240

¢ - Obtained using 8270



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 chipé 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. 1In 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 6-effect evaporator, while
the softwood line has a S5-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/b-EofD
(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.
Oother 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 wastewater collection
and treatment area. Liquid sampling locations are summarized
below in Table A-14. A summary of the results of the liquiad
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 pulp 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 Fiqure 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 (SO3) 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




Table A-12. Gas Sampling Locations at Site 4

Location Identifier

Hardwood Plant

Brownstock washer vent HV1
Vent into bleach plant scrubber’ HV4

Softwood Plant

Brownstock washer wvent ‘ sVl
C/D washer vent SsvV4
E washer vent SV5
E seal tank vent ' svs

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

(1b/hr)
Measurement Points
Compound HV1 HV4 SV1 SV4 SVS_ 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
Acetone® 0.052 0.155 0.026  NA na NA
Acrolein® 0.001 0.489 0.001 0.001 0.015 Na
Chlorine® NA 18.89 NA 0.019 0.003 NA
Chlorine! NA 59.24 NA 0.035 0.032 NA
Chlorine dioxide! NA 31.44 NA 0.044 0.235 NA
Chloroform? NA 2.238 NA 0.748 0.306 NA
Chloroform® 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 0.079 0.234 0.102 0.003 0.014 NA
ketone*

Methyl ethyl 0.094 BDL 0.008 NA NA NA
ketone®

Methylene chlorided NA 0.110 NA 0.008 0.006 NA
Methylene chloride® 0.004 BDL BDL NA NA NA
Propionaldehyde* 0.005 0.031 0.001 0.000 0.000 NA
Benzene® 0.004

Chloromethane® 1.729

2-Butanone® 0.094 0.008

Styrene® 0.005

Toluene® 0.007

Dimethyl sulfide® 0.561 0.219

Dimethyl disulfide® 0.214 0.028

a-Pinene® 0.038 .0259

b-Pinene® 0.013 0.156

p-cymene® 0.004
Acetophenonef © 0.002

Hexachlorocyclo 0.002

-pentadienef
Hexachloroethanef 0.001

a-Pinenef 0.011 1.122

b-Pinenef 0.005 0.385

a-Terpineolf 0.012 0.169
Total hydrocarbons® 7.136 2.379 11.96 0.654 0.817 2.389

- 0 A 0O O .

- Obtained using Method 0011
- Obtained using VOST

- Obtained using Method 26A

- Obtained using NCASI

- Obtained using Method 25A

- Obtained using SEMIVOST

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 HP1

Weak black liquor from Kamyr digester HP2
Pulp into 1lst stage brownstock washer HP3
Weak black liquor from 1st stage brownstock washer HP4
Pressate from 2nd stage brownstock washer HP5
Pulp out of 1lst stage brownstock washer HP6
Pulp into C/D washer HP8
Pulp into E washer - HP9

Wastewater Processes

Blow tank condensate WW1
Evaporator condensates to steam stripper WW2
 Evaporator condensates to 0, delignification washer WW3
Acid sewer WwW4
' Caustic sewer WW5
Scrubber effluent WwW7

Softwood Processing Area

Pulp into 1lst stage brownstock washer SP1
Weak black liquor from 1lst stage brownstock washer SP2
Pressate from press SP3
‘Pulp out of 1st stage brownstock washer SP4
Pulp into C/D washer : SP5
Pulp into E washer ' SP6
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Table A-15. Measured Constituent Concentrations at Site 4 (ug/mL)

Measurement Points

[Compound HP1 HP2 HP3 HP4 HPS HP8 HP8 HP9 WW1 ww2 ww3 WW4 WWS WW7 SP1 SP2 SP3 SP4 SPS sPe |
Formaldshyde (a) 3.300 3.033 2637 0.640 0656  45.11% 1254, 1508 0.787 1533 1.007 0.603 2133 2,067 0.804 0626 1608  34.667 2911 0.878
Acetaldehyde (a) 0.180 0.183 0.2713 0.130 0.211 8.542 0.270 0.276 11.500 7.433 0.603 0.143 0.280 0.640 0.311 0.179 0.256 0.042 0.056 0.276
Acetone (s) 4.143 0.387 4.042 1.403 2488 19222 1.862 1908 12687  17.333 2.700 0.710 1.800 9.417 4371 4732 3156 18556 0.788 0.762
Acrolein (a) 0.157 1.800 ND 0.944 0.633 0.408 0.101 ND 0.117 ND 0.057 0.087 0.003 0.010 1.454 1.256 ND ND 0.043 ND
Proplonakiehyde (a) ND NO ND 0.002 ND 0.258 0.180 0.028 0.870 0.357 0.000 0.043 0.010 0.633 0.017 ND ND 0.300 0.021 0.00%
Methyt sthyl ketone (a) 0923 1.100 1.213 9.203 0771 48.007 1.238 2356 18333 16.233 3700  24.900 3300  18.673 0.383 0.434 0.351  35.444 1.1 2300
a-Pinens (s) ND NO ND ND ND ND - - <1.0 4733 1.700 - - - 31.889 28.222 1.022 1.433 - -
b-Pinene (s) ND 0.333 ND 0.411 ND ND - - <10 1.767 <10 - - - 12333 11.000 0.778 0.387 - -
Methylene chioride (a) - - - - - - <10 <10 <1.0 - - <10 <10 <10 - - - - <10 <10
Chioroforn (a) - - - - - - 1.233 <1.0 - - - 1.233 <10 <1.0 - - - - 1572 <1.0
Methanol (a) 980 1,084 738 919 685 224 338 101 ND 5,118 855 277 09 67 708 700 604 215 358 176
~ Not ssmpled

ND - Not detected

& - Obtained using whole waste analyses THPLC/GC)
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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 (SO3) 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),
extraction (E), either peroxide (P) or hypochlorite (H), and
chlorine dioxide (D). The peroxide/hypochlorite stage 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 wefre 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 processi
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-20 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.!01




Table A-16. Gas Sampling Locations at Site 5

Location Identifier

Green stack! ' Vi
Roof vent? V2
No. 2 (E stage) combined seal tank vent V3
No. 2A (E stage) combined seal tank vent V3A
No. 3 seal tank vent V4
Oxygen stage blow tank vent v7
Nuisance scrubber inlet \'£:]

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.

2 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 (1lb/hr)
Sampling Locations 1
Compound vl | V2 | V4 | v7 | v |
Acetaldehyde’ 0.004 0.009 NA NA 0.051
Acetone* 0.585 0.240 Na NA . 0.027
Acetone® 0.143 NA NA- NA 0.000
Acrolein* 0.057 0.002 NA NA 0.000
Chlorine® 22.25 - NA NA NA
Chlorine’ 9.096 - NA NA NA
Chlorine dioxide! 1.887 - NA NA NA
Chloroformd 0.362 0.103 NA NA NA
Chloroform® 0.095 NA NA NA --
Formaldehyde! 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 ketone® 0.085 NA NA NA -
Methylene chloride! - 0.016 NA NA NA
Methylene chloride® 0.001 NA NA NA 0.001
Propionaldehyde* 0.005 0.003 NA NA 0.003
Chloroform® 0.082
Chloromethane® 0.048 0.027
2-Butanone® 0.074
Methylene chloride® 0.001 0.007
Acetone® 0.124
a-Pinene® - 0.002
p-Cymene® 0.042 0.258
Hexachlorocyclo- 0.001
pentadienef
p-Cymenef 0.028 0.343
a-Pinenef -- 0.001
Total hydrocarbons® 0.911 0.438 0.072 3.389

2.708

- o A O o .

- Obtained using Method 0011
- Obtained using VOST
- Obtained using Method 26A

- Obtained using NCASI

- Obtained using Method 25A

- Obtained using SEMIVOST

-- Not analyzed

NA - Not applicable
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Table A-18. Gas Sampling results at Site 5 - Paper Grade Pulp
' (1b/hr)

Measurement Locations

0.445

b T+ a 0 o »

-- Not analyzed
NA - Not applicable

- Obtained using Method 0011
Obtained using VOST
Obtained using Method 26A
Obtained using NCASI
- Obtained using Method 25A
- Obtained using SEMIVOST
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Compound V1 vz | V3 [ viA | Va4 | V7 V8
Acetaldehyde’ 0.015 NA NA NA NA NA~ 0.018
Acetone’ 0.039 NA NA NA NA NA 0.014
Acetone® 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
Chlorine® 3.867 NA NA NA NA NA NA
Chlorine dioxide!? 0.396 NA NA NA NA NA NA
Chloroform! 0.030 NA NA NA NA NA NA
chloroform® -- NA NA NA NA NA -
Formaldehyde* 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
Methyl ethyl ketone' 0.031 NA NA NA NA NA 0.001
Methyl ethyl ketone® - NA NA NA NA NA  0.000 .
Methylene chloride! - NA NA NA NA NA NA
Methylene chloride® 0.033 NA NA NA NA NA --
Propionaldehyde® 0.003 NA NA NA NA NA 0.001
Bromomethane® 0.006
Chloromethane® 0.046
Methylene chloride® 0.030
Acetone® 0.001 0.006
1,2,3~- 0.003

Trichloropropane®
a-Pinene® 0.031
b-Pinene® 0.014
p-Cymene® 0.132
Hydroquinonef 0.003
p-Cymenef 0.069 0.531
a-Pinenef 0.001 0.037
b-Pinenef 0.001
Total hydrocarbons*® 0.250 0.007 0.160 0.005 1.309 3.298




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND

COMPOUNDS (g/Mg pulp) (CONTINUED)
EP Codes
Compound Names 301 302 303 304 305 306
Acetone 1.09782 11.09782 15 15 10.77623110.77623
Methanol 0.24236 |0.24236 3.5 3.5 2.6251 2.6251
Carbon tetrachloride 0 0 0 0 0 0
Methyl ethyl ketone 1.54827 |1.54827 15 15 8.1567L | 8.15671
Hydrogen Sulfide 0 0 0 0 0 0
Methyl mercaptan 0 § 0 0 0 0
Dimethyl sulfide 0 0 0 0 0 0
Dimethyl disulfide 0 0 0 0 0 0
Alpha pinene 0.065 0.065 0.065 0.065 0.00343 | 0.00343
Hydro Chloric Acid 0.01344 §0.01344 0.2 0.2 0.15355 | 0.15355
Chlorine 0 0 0 0 0 0.
Chlorine dioxide 1.5 1.5 1.5 1.5 0.03803 | 0.03803
Methyl chloride 1.79168 |1.79168 2.5 2.5 0.22788 0.22788
Chloroform 3.96728 |5.27608 |3.96728 [5.27608 [0.25477 | 0.33882
1 Benz 0 0 0 - 0 0 0
Phenol 0 0 0 0 0 0
Dioxin 0 0 0 0 0 0
Furan 0 0 0 0 0 0
t1,1,1-Trichloroetane 0.15 0.15 0.15 0.15 0.00209 | 0.00209
2,4,5-Trichlorophenocl 0 0 0 0 0 0
PCP-EF : 0 0 0 0 0 0
2,4,6~Trichlorophenol 0 (o} 0 Y 0 0
Chlorophenol 0 0 o] 0 0 0
Beta Pinene 0.00942 |0.00942 0.01 0.01 0.0007 0.0007
Alpha Terpinol ] 0 0 0 0 0
Acrolein 0.08832 10.08832 1 1 0.61834 | 0.61834
Acetaldehyde 0 0 0 0 0 0
Propicnaldehyde 0.04061 |0.04061 0.5 0.5 0.33078 | 0.33078
DACETON=-EF 0 0 0 0 0 0
Toluene 2.5 2.5 2.5 2.5 0.08012 | 0.08012
Hexane 0 0 0 0 0 0
Chloromethane 0 0 0 0 0 0
p-Cymene 0.5 0.5 0.5 0.5 0.00417 | 0.00417
lp=-Dichlorobenzene 0 0 0 0 0 0
Formaldehyde 0.00192 [0.00192 0.025 0.025 0.0173 0.0173
Acetophenol 0 0 0 : 0 0 0
Dimethyltrisulfide o . 0 0 0 0 0
Carbon disulfide 0 0 0 0 0 0
Total HC 0.77484 [0.77484 2 2 0.32951 | 0.32951
Other 10.33044(11.63924|29.14228[30.45108{12.31309{12.39714
Total HAP 10.34388(11.65268|29.34228|30.65108}12.46664 12.55069
Total vOC 10.63584(12.14464|44.06728|45.37608|23.19716)23.28121
TRS 0 0 0 0 0 0




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND

COMPOUNDS (g/Mg pulp) (CONTINUED)

L EP Codes
Compound Names 307 308 309 310 311 312
Acetone 3.11048 [3.11048 42.5 42.5 30.53266(30.53266
Methanol 2.70061 |2.70061 39 39 29.25114(29.25114
Carbon tetrachloride 0 0 0 s} 0 - 0
Methyl ethyl ketone 3.25137 [3.25137 31.5 31.5 17.1291 | 17.1291
Hydrogen Sulfide 0 0 0 0 0 0
Methyl mercaptan 0 0 0 0 0 0
Dimethyl sulfide 0 0 0 0 0 0
Dimethyl disulfide 0 0 0 0 0 0
Alpha pinene 0 0 0 0 0 0
Hydro Chloric Acid 0 0 0 0 0 0
Chlorine 0] 0 -0 0 0 o]
Chlorine dioxide 6] 0 0 0 0 0
Methyl chloride 2.29335 [2.29335 3.2 3.2 0.29169 | 0.29169
Chloroform 1.97827 11.44816 |1.97827 11.44816 |0.12704 0.093
1 Benz 0 0 0 C 0 0
Phenol 0 0 0 0 0 0
Dioxin 0 1} 0 0 0 0
Furan 0 0 0 (0] 0 0
1,1,1-Trichloroetane 0 0 0 0o 0 0
2,4,5~Trichlorophenol 0 0 0 0 0 0
PCP-EF 0 0 0 0 0 0
2,4,6-Trichlorophencl 0 0 0 0 0 0
Chlorophenol 0 0 0 0 0 0
Beta Pinene 0 0 0 0 [ 0
Alpha Terpinol 0 0 0 0 0 0
Acrolein 0.09274 [0.09274 1.05 1.05 0.64925 | 0.64925
Acetaldehyde 0.09085 [0.09085 1.05 1.05 .|0.66016 | 0.66016
Propionaldehyde 0.04873 |0.04873 0.6 0.6 0.39694 | 0.39694
DACETON-EF 0 0 0 0 0 0
Toluene 3 3 3 3 0.09615 | 0.09615
Hexane 0 0 -0 0 0 0
Chloromethane 0 0 . 0 0 0 0
p-Cymene 0.5 0.5 0.5 0.5 0.00417 | 0.00417 |
p-Dichlorobenzene 0 0 0 0 0 0
Formaldehyde 0.20345 |0.20345 2.65 2.65 1.83349 | 1.83349
Acetophenol _ 0 0 0 0 0 0
Dimethyltrisulfide 0 0 0 0 0 0
Carbon disulfide 0 0 0 o] 0 0
Total HC 0 0 0 0 0 (o]
Other 13.65937|13.12926|84.02827|83.49816]50.43496(50.40092
Total HAP 13.65937]13.12926 84.02827(83.49816|50.43496]50.40092
Total VOC 14.9765 |14.44639[123.8283(|123.2982(80.6801 |80.64606
TRS 0 0 0 0 0 0
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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). 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:

. Air emission factor calculations from the direct
measurements at a tested vent.

o 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
collectiqn and treatment systems.

e  Air emission factor estimates for black liquor storage

| tanks using a modification of the conventional storage

tank emission equations.




B.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 (megagrams 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 equilib;ium partitioning factor
depends on temperature, a theoretical method was developed to
estimate the effect of temperature on the equilibrium
partitioning.

" values 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 °C. This value of the partitioning coefficient may be
adjusted to represent other temperatures using the Antoines
Coefficients for each compound.

B .
P.= EXP( A - 1

. P( C+T) (1)
P =.EXP(A -_B_\ . (2)
25 C+25




where,

Pr = 'Vapor pressure at temperature T (mmHg) .
f = Temperature (°C).

A,B,C = Antoines Coefficients.

Py = Vapor pressure at 25 oC.

The values of A, B, and C are the Antoine’s coeffxc;ents 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 ' B B C
—= = EXP (- + 3
P, ( C+T C+25) (3)
- temperature T to the vapor pressure at the reference temperature
of 25 ©C. 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:

P
H. = H,. | —% (4)
T ?S(Pﬁ)
where,

Hp = Henry’s law constant. at temperature T.
H,s = Henry’s law constant at 25 ©C.

B.5 METHOD OF ESTIMATING THE PARTITION FRACTION IN MIXED TANKS
When gas and l:quxd are mixed in a tank, some of the
volatile material in each of the two phases can partltxon into
the other phase. If chemical equilibrium between the two phases
.is achieved in the mixture leaving the tank, the partitioning of
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the volatile components into the two phases can be described by
partition coefficients. ’

The bleach plant/brownstock washer shown in Figure B-1l can
be used as an example of two-phase partitioning.' In this example
casé, 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 the component
in the exiting liquid phase in conjunction with the Henry'’s law
. constant. This is illustrated below: ‘

e S
where, |
£ = The ratio of the exiting component in the gas phase to
the component in the exiting liquid.
Hp = Henry’s‘law constant.at temperature T, atm-m3[mol.
G = Gas flow rate, m3/s.
L = Liquid flow.fate, m3/s.

P = Atmospheric pressure (assumed to be one atmosphere) .

d; = Gas density, moles/m’.

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-1. Illustration of Air Emissions from a Biea¢h

Plant/Brownstock Washer.




where,

F = The fraction of total volatile material entering the
reactor that exits in the gas phase.

asgume that eleven grams per second

a 2
S S & madan

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
ig £ = 1/10, or £ = 0.1. The fraction of the entering chloroform
that exits in the vapor phase is given by .

F=f/ (1+f) or F=0.1/ (1+0.1) or F=1/ 11 (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=C, FL (8)

where,
E = Air emission factor (g/Mg pulp).
" Cy, = 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 (h3/Mg pulp) .

The following example illustrates the procedure for
‘¢calculating an air emission rate. In the EPA field test prdgram,
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 SP1 at Site 4.1 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

W

pulp/g slurry. The measured vent rate was 90.5 m /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 1is
calculated from the ideal gas law: 0.02887 m3/mol. The volume of
liquid per Mg of dry pulp is calcﬁlated as 1/.0163, or 61 mi/Mg
pulp. Using this information, the partition fraction of acetone
in the washer may be estimated from Equation (5) above as |

follows:
G 90.5 1
£ = —= = Q. = 0. 9
H, 7 d; = 0.000169 T4 003887 0.0086 . (9)
where,
4 = Ratio of the exiting component in the gas phase to the
component in the exiting liquid.

Hy = Henry’s Law constant, 0.000169 atm-m®/mol.
G/L = Ratio of gas flow rate to the liquid flow rate,

90.5/61.4 m? gas/m® liquid.

dg¢ = Gas density, 1/0.02887 moles/m3.

The overall fraction of the entering acetone thét exits with
the gas is estimated using Equation (6) as follows:

Fo_ Lt . _0.0086  _ . 90857 (10)

1+ Ff 1 +0.0086

The air emission factor for acetone can now be estimated
from the unit characteristics and the fraction lost from the unit
using Equation (8):

E=C, FL=4.327 x0.00857 x61.3 = 2.27 g/Mgpulp  (11)

where,




E = Air emission factor, 2.27 g/Mg pulé.

c, = 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 m>/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 are 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-1, 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 SP1,
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 fof:

¢« constituent concentrations in the liquid,

¢ liquid and gas flow rates,

e liquid temperature, and |

e 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 stréams[ there are some situations

where a material balance might be used to estimate emission




rates. Examples where this approach might yield valid results

would include situations where a large fraction of the volatile

TABLE B-1. SAMPLES COLLECTED AT A BLEACH PLANT/BROWNSTOCK
: WASHER!
Air emission factors (g/Mg pulp)

Compound sv12 sp1P sp2® sp3P sp4b¢
Acetone 3.04 2.27 2.51 1.67 7.82
Methyl ethyl 1.2 1.22 1.46 1.178 93
_ketone ' '
Methanol 45 146 147 | 125 34
Type of sample VENT PULP WATER WATER PULP
Inlet or outlet -ou'r 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) .

These values were estimated from process liquid measurements
reported in Table A-15, using procedures described in the
preceding text.

The results from this sam?le point are inconsistent with the
other sample points presented in this table.




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 currentiy 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 AND

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 emissions from each collection system
element using the following equation. '

_ i=n : .
Ft = EJ. a1 fel .fo,-,_ (12)
where,
F, = Total fraction of a constituent emitted to the air
from the collection and/or treatment system.
foi = Fraction of a constituent emitted to the air in
unit i.
- £o(1-1) = Fraction of the initial constituent concentration

that remains in the waste entering unit i.




TABLE B-2. MODEL PLANT FLOW RATES OF WASTE

STREAMS?

Waste stream location m3/Mg pulp
acid wastewater bleach plant C or CD washer 15
caustic wastewater bleach plant E washer 13
digester wastewater | pulping 1.2
clearn 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

directly to aeration basin
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This table presents the basis for the estimation of the
emission factors from wastewater collection and treatment.




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.

fo,. = fol_L( 1- fe‘-) (13)
where,

f,; = the fraction of volatiles in the waste stream leaving a
wastewater collection or treatment unit.

When volatiles afe lost from a waste stréam.by mechanisms
other than the air emissions, such as biodegradation and
adsorption, these other mechanisms must be accounted for in the
" calculation of the fraction of volatiles in the waste stream
ieaving the unit.

' Once the total fraction of constituent emitted from a
wastewater collection and/or treatment system is calculated, an

emisgssion factor for the system can be estimated as follows:
3
E. (—9 )= _m Nl E\F 14
f(1"!9'1r>ulz:’) Q(Mgpulp) (m’) ¢ - 2a

where,

Emission factor.

o]
n.
n

Q = The wastewater flow rate.

Concentration of volatiles.

Q
0

the total fraction emitted.

)
o
]

Several example calculations of emission factors for
wastewater collection and treatment units can.be found in
Reference 4.




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 pulp.® This wastewater is
normally collected in large storage tanks which are equipped with
vents 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.® 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 emitte¢ from the
vent would be eqﬁal to the working fate of liquid exchange.
Furthermore, there will be vent flow due to wihd 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
equilibrium 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 of emission factors for storage tanks
cdntaining~black.iiquor. The emission factor values are
piimarily determined by the volatility of each'individuAI
compound. '




Table B-4. AIR EMISSION FACTORS FOR BLACK LIQUOR STORAGE TANKS

Compound | Fraction gmigted as air
emissions
acetone 0.001
2-butanone (MEK) 0.003
methanol 0.000
acrolein 0.002
acetaldehyde 0.002
alpha pinene 0.055 -
beta pinene 0.039
a-terpineol 0.010
chloroform 0.065
methylene chloride 0.061
formaldehyde . 0.001
dimethyl sulfide 0.100
dimethyl disulfide 0.041
dichlorothiophene 0.017
dichloroacetonitrile 0.007
toluene 0.120
chloromethane 0.143
P cymene 0.254
proprionaldehyde 0.001
111 trichloroethane 0.261




B.11 SELECTION OF EMISSION FACTORS

Emission factors were developed for a large number of
sources in the pulp and paper industry. For many of these
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.

P S PO Sy -

previously estimated by others and are available in exist

ing
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 emisgssion factors available. The established
protocol takes into account the type of source tests performed,
the test methods used, quality control measures téken, 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-1
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
liquid 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.




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.

Representativeness of the source.

Number of compound. analyses included in the field test.’

‘Consistency with other measurements and related sources
(Is the data point an outlier?).

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.




TABLE B-6. EMISSION FACTOR SELECTION FOR‘ACETONE EMISSION FROM
A SOFTWOOD BLEACH PLANT/BROWNSTOCK WASHER.

Sample Sample Calculated Emission

Identification Test Site Type Factor '

(g/Mg dry pulp)
SP3 3 Liquid 27
svi >4 Vent 3.04
sp1 4 Liquid 2.27
Sp2 4 i.iquid 2.51
Sp3 4 Liquid 1.67
SP4 4 Liquid 7.82
SP1l 3 Liquid 38
Emission factor from literature 33
Selected emission factor 33




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,
bleachlng) ‘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 included both f;eld test data and data from existing
literature sources. Data were not found for all of the emission
sources, which led to the use of alternatlve-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 ¢haracteristics 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 factor values 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 relatxve
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 Mill Emission Point Basis for
Code Type Process Description Emission Factor
1 B Bleaching ' | chlorine dioxide Not used in Mcdel
generation ] Plants
2 S Bleaching chlorine dioxide Not used in Model .
generation Plants
3 H Bleaching C-stage tower vent Extrapolated® from
EP Code 71
4 3 Bleaching C-stage tower vent Extrapolated from
EP Code 72
7 H Bleaching C-stage acid sewer 'Ratioed® from EP
: Code 8
8 3. 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 Cl2 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 : EP Code 152
21 H Bleaching H-stage (<0.5%) vent Not used in Model
' Plants




TABLE B-7. EMISSIONS SOURCES AND DATA FACTORS (CONTINUED)
EP Wood Mill Emission Point Basis for

Code Type Process Description Emission Factor

22 ] 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

27 H Bleaching H-stage (0.1-<0.5%) Not used in Model
wastewater Plants

28 S Bleaching H-stage (0.1-<0.5%) Not used in Model
wastewater Plants

29 H Bleaching H-stage (0.5-2%) Not used in Model
effluent ' Plants

30 ] Bleaching H-stage (0.5-2%) Not used in Model
effluent Plants

31 H Bleaching H-stage (<0.5%) Not used in Model
wastewater Plants

32 S Bleaching H-stage (<0.5%) Not used in Model
. wastewater Plants

33 H Bleaching H-stage (>2%) wastewater | Not used in Model
A Plants

34 s Bleaching H-stage (>2%) wastewater | Not used in ﬁodel
: : . : Plants

35 H Bleaching no H-stage use, Not used in.Model
. wastewater ' Plants

36 S Bleaching no H-stage use, " Not used in Model
‘wastewater Plants

37 H 'Bleaching bleaching effluent Not used in Model
w/slimacide Plants

38 S Bleaching bléaching effluernt Not used in Model
w/slimacide 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 Cl0o, subst. (0%) acid Ratioced from EP

sewer Code 40
40 S Bleaching Cl0, subst. (0%) acid Site 5 (P3 DG, P4
sewer DGd, WW3 DG)
41 H Bleaching ClO, subst. (0%) caustic Ratioed from EP
sewer Code 42
42 ] Bleaching Clo, subst. (0%) caustic Site 5 (P5 DG,
sewer . WW4 DG)
43 H Bleaching ClO, subst. (0%) Not used in Model
effluent Plants
44 s Bleaching | Cl0, subst. (0%) Not used in Model
effluent Plants
45 H Bleaching Cl0O, subst. (0%) tower Extrapolated from
vent EP Code 75
46 S Bleaching Cl0, subst. (0%) tower Extrapolated from
vent EP Code 76
47 H Bleaching Cl0, subst. (100%) acid Assumed the same
sewer as EP Code 55
48 S Bleaching Cl0, subst. (100%) acid Assumed the same
sewer as EP Code 56
49 H Bleaching Cl0, subst. (100%) Assumed the same
caustic sewer as EP Code 57
50 S Bleaching Cl0, subst. (100%) Assumed the same
caustic sewer as EP Code 58
51 H Bleaching Cl0, subst. (100%) Not used in Model
: effluent Plants
52 s Bleaching Cl0, subst. (100%) ‘Not used in Model
_ effluent Plants
53 ‘H Bleaching Cl0, subst. (100%) tower Extrapolated from
vent EP Code 79
54 S Bleaching 'Cl0, subst. (100%) tower | Extrapolated from
. vent ' EP Code 80
55 H- Bleaching Cl0, subst. (high) acid Ratioed from EP
sewer o : Code 56




TABLE B-7. EMISSIONS SOURCES AND DATA FACTORS (CONTINUED)
EP Wood Mill Eﬁission Point Basis for
Code Type Process Description Emission Factor
56 8 Bleaching ClO, subst. (high) acid Site 3 (SP6, WW6)
’ sewer ’
57 H Bleaching Clo, subst. (high) Raticed from EP
caustic sewer Code 58
58 ] Bleaching ClO, subst. (high) Site 3 (SP7, WW5)
caustic sewer
‘59 H Bleaching Cl0, subst. (high) Not used in Model
effluent Plants
60 S Bleaching Cl0, subst. (high) Not used in Model
effluent Plants
61 H Bleaching | Cl0, subst. (high) tower | Extrapolated from
vent EP Code 83
62 3 Bleaching Clo, subst. (high) tower Extrapolated from
vent EP Code 84
63 - | H Bleaching Cl0, subst. (low) acid Site 1 (HP2),
sewer Site 4 (WW4)
64 S Bleaching Clo, subst. (low) acid Site 2 (WW5, PS6),
sewer Site 4 (SP5),
Site 1 (SpP61,
WW7)
65 H Bleaching Cl0, subst. (low) Site 4 (WWS),
caustic sewer Site 1 (HP3)
66 S Bleaching Cl0, subst. (low) Site 2 (WW6, P7),
. caustic sewer Site 4 (SP6),
Site 1 (SP71,
WW8)
67 H Bleaching Cl0, subst. (low) Not used in Model
effluent Plants
68 S Bleaching Cl0, subst. (low) Not used in Model
effluent Plants
69 H Bleaching Cl0, subst. (low) tower Extrapolated from
: . vent EP Code 87
70 S Bleaching ' Cl10, subst:,(low) tower Extrapolated from
vent ' EP Code 88
71 - H Bleaching - | C-stage 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 Emisgion Point Basis for
Code Type Process ~ Description : Emigssion Factor
72 ‘ S Bleaching C-stage washer vent Assumed the same
as EP Code 88
73 B 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 Cl0, 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 Bleachihg Cl0, subst. (0%) seal Extrapolated from
tank vent EP Code 76
78 H Bleaching Cl0, subst. (0%) seal Extrapolated from
tank vent : ‘ EP Code 75
79 H Bleaching Cl0, subst. (100%) Assumed the same
: A washer vent as EP Code 83
80 . S Bleaching Cl0, subst. (100%) Assumed the same
washer vent as EP Code 84
81 H Bleaching Cl0, subst. (100%) seal Extrapolated from
tank vent EP Code 79
82. S Bleaching ClO, subst. (100%) seal Extrapolated from
' tank vent EP Code 80
83 H Bleaching Cl0, subst. (high) : Site 4 (HP8, WW4)
‘ washer vent
84 S ‘Bleaching Cl0, subst. (high) _ Site 4 (sSV4),
washer vent : Site 1 (SP5, SP6)
85 H Bleaching Cl0, subst. (high) seal Extrapolated from
tank vent EP Code 83
86 S Bleaching Cl0, subst. (high) seal Extrapolated from
tank vent EP Code 84
87 H Bleaching Cl0, subst. (low) washer Site 1 (HP2)
‘ . ‘vent ’ : :
88 8 Bleaching ClO, subst. (low) washer Site 1 (8PS6),
: vent ' ' Site 2 (PS€),
: Site 4 (SPS)




TABLE B-7. EMISSIONS SOURCES AND DATA FACTORS

(CONTINUED)

EP Wood Mill Emission Point ~ Basis for
Code Type Process Description Emission Factor
89 H Bleaching Cl0, subst. (low) seal Extrapolated from
3 tank vent EP Code 87
90 s Bleaching Cl0O, subst. (low) seal Extrapolated from
tank vent EP Code 88
91 H Bleaching El-stage (0%) tower vent | Extrapolated from
EP Code 93
92 3 Bleaching El-stage (0%) tower vent | Extrapolated from
: " EP Code 94
93 H Bleaching Ei-stage (0%) washer Ratioed from EP
_ vent Code 94
94 S Bleaching El-stage (0%) washer Site 5 (PS5 DG),
vent Site 2 (P7)
95 B Bleaching El-stage (O%S 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 Ratioced from EP
» vent Code 100
100 S Bleaching El-stage (100%) washer Site S5 (SP5)
: vent
101 H Bleaching El-stage (100%) seal Extrapolated from
tank vent. EP Code 99
102 S Bleaching El-stage (100%) seal Extrapolated from
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
105 H _Bleaching El-stage (high) washer Site 4 (HP9, WWS)

vent




TABLE B-7. EMISSIONS SOURCES AND DATA FACTORS (CONTINUED)
EP Wood Mill Emission Point Basis for
Code Type Process Description Emission Factor
106 3 Bleaching El-stage (high) washer Site 4 (SVS5,
vent ] SPe),
Site 1 (SP7)
107 H Bleaching El-stage (high) seal Extrapolated from
tank vent EP Code 105
108 S Bleaching El-stage (high) seal Extrapolated from
tank vent ' EP Code 106
109 H Bleaching El-stage (low) tower Extrapolated from
vent EP Code 111
110 S Bleaching El-stage (low) tower Extrapolated from
» vent. EP Code 112
111 H Bleaching El-stage (low) washer Site 1 (HP3) .
vent ' ' _
112 S Bleaching El-stage (low) washer Site 1 (SP7)
vent ' ) ‘
113 H Bleaching El-stage (low) seal tank | Extrapolated from
vent : EP Code ll1
114 S Bleaching El-stage (low) seal tank | Extrapolated from
: vent EP Code 112
115 H Bleaching Dl-stage (0%) tower vent Extrapolated from
' EP Code 117
116 S Bleaching Dl-sﬁage (0%) tower vent Site 5 (P6 DG)
117 H Bleaching Dl-stage (0%)_wa§her : Ratioed from EP
vent Code 118
118 s Bleaching Dl-stage (0%) washer Extrapolated from
vent EP Code 116
119 H Bleaching Dl-stage (0%) seal tank 'Extrapolated from
vent EP Code 117
120 s Bleaching Dl-stage (0%) seal tank | Extrapolated frdm
’ vent ' EP Code 118
121 H Bleaching Dl-stage (100%) tower Extrapolated from
B vent : EP Code 123
122 S Bleaching Dl-stage (100%) tower Extrapoiated from
vent EP Code 124




TABLE B-7. EMISSIONS SOURCES AND DATA FACTORS (CONTINUED)
EP Wood Mill Emission Point Basis for
Code Type Process Description Emission Factor
123 H Bleaching Dl-stage (100%) washer Assumed the same
vent as EP Code 129
124 8 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 5 Bleaching Dl-stage (100%) seal Extrapolated from
tank vent EP Code 124
127 H 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 Ratioced from EP
vent Code 130
130 S Bleaching Dl-stage (high) washer Site 3 (sSP8,
vent SP11)
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 Dl-stage (low) tower Extrapolated from
vent EP Code 135
134 S Bleaching Dl-stage (low) tower Extrapolated from
' vent EP Code 136
135 H Bleaching Dl-stage (low) washer Site 1 (HVIA)
vent
136 S Bleaching Dl-stage (low) washer Site 1 (sSp8, SP9)
vent Site 2 (P9)
137 H Bleaching Dl-stage (low) seal tank | Extrapolated from
vent EP Code 135
138 s Bleaching Dl-stage (low) seal tank Assumed the same
' vent as EP Code 137
© 139 H Bleaching E2-stage tower vent Extrapolated from
EP Code 141




TABLE B-7. EMISSIONS SOURCES AND DATA FACTORS (CONTINUED)
EP Wood Mill Emission Point Basis for
Code Type Process Description Emission Factor
140 ] Bleaching E2-stage tower vent Extrapolated from
EP Code 142
141 H Bleaching E2-stage washer vent Ratioed from EP
Code 111
142 ] Bleaching E2-stage washer vent Raticed from Ep
Code 112
143 H Bleaching E2-stage seal tank vent Extrapolated from
: EP Code 141
144 S Bleaching E2-stage seal tank vent Extrapolated from
‘ ' EP Code 142 '
145 H Bleaching D2-stage tower vent Extrapolated from
’ : EP Code 147
146 ] Bleaching D2-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 B Bleaching D2-stage seal tank vent Extrapolated from
EP Code 147
150 S Bleaching D2-stage seal tank vent Extrapolated from
: EP Code 148
151 H Bleaching H-stage (0.5-2%) washer Ratioced from EP
: vent Code 152
152 S Bleaching H-stage (0.5-2%) washer Site 5 (P7 DG),
vent ) Site 2 (P8)
153 H Bleaching H-stage (0.5-2%) seal Extrapolated from
) ' tank vent. EP Code 151
154 S Bleaching H-stage (0.5-2%) seal Extrapolated from
tank vent EP Code 152
155 H Digesters "batch relief gases Assumed the same
- : as EP. Code 156
156 H | Digesters continuous relief gases Site 4 (WW1)




condensates ND

TABLE B-7. EMISSIONS SOURCES AND DATA FACTORS (CONTINUED)
EP "Wood Mill Emission Point Basis for
Code Type Process Description Emission Factor
157 S NCG System batch turpentine Assumed 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 B
160 s Tall 0Oil 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 (WW1l, HP1l)
164 S Digesters batch blow condensates Site 2 (WW4,
SPl),
Site 3 (WW2a)
165 H Digesters batch blow gases Extrapolated from
EP Code 177
166 S Digesters batch blow gases Site 3 (Ww24,
SP1)
167 H Digesters continuous blow gases I Site 4 (HP1)
168 S Digesters continuous blow gases I Ratioed from EP
. . Code 167
169 H Digesters continuous blow gases ND | Ratioced from EP
Code 170
170 ] Digesters continuous blow gases ND Site 1 (SPZ2,
: : 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 (WW1l)




TABLE B-7. EMISSIONS SOURCES AND DATA FACTORS (CONTINUED)
EP Wood Mill Emission Point Basis for
Code Type 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 (HV1, HP3,
HP6, HP4),
Site 1 (HP1)
178 s Washers hood vent Site 4 (SV1, ‘spl,
SP2, SP3, SP4)
181 H Washers deckers/screens Extrapolated'frbm
' EP Code 177
182 8 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 Evaporators | vent Site 4 (WW2)
186 5 Evaporators | vent Site 5 (WW2, DG)
187 Evaporators condensates -Site 1 (WW2),
Site 4 (WW2)
188 S Evaporators | condensates Site 3 (WW4,
WW7),
Site 5 (WW2, DG)
189 H Evaporators surface cond. Site 4 (WW3)
condensates
190 S Evaporators | surface cond. Ratioced from EP
condensates Code 189
191 H Oxygen .blow tank Extrapolated from
Delig. EP Code 193
192 s oxygen blow tank Site 1 (SV1, SP4)
Delig. : :




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 Ooxygen washer tank vent Site 1 (SP4, SPS)
Delig.
197 H weak black liquor Site 4 (HPZ,
storage tank HP4),
Site 1 (HP1)
198 ] weak black liquor Site 3 (SP3,
storage tank SP10Q), -
Site 1 (SP2),
Site 4 (SP6)
199 H Sulfite batch relief gases Extrapolated from
Digesters EP Code 206
200 ] 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
205 S Sulfite NCG | turpentine condenser Assumed the same
' System : as EP Code 158
206 H Sulfite hood vent Ratioed frdm 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




TABLE B-7. EMISSIONS SOURCES AND DATA FACTORS (CONTINUED)

EP Wood Mill Emission Point - Basis for
Code Type 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 ] Sulfite waste liquor Not used in Model
Washer Plants
216 H 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 Sulfite improved washer vent I Ratioed from EP
_ Washer L Code 231
231 S Sulfite ihproved washer vent I Site 3 (SP2)
- Washer
232 H Washers improved washer vent I Raticed from EP
: Code 233
233 Washers improved washer vent I Site 1 (Spl, SP3)
234 Bleaching Site 3 (WWl1),

scrubber effluent

Site 1 (WWS6)




TABRLE B-7. EMISSIONS SOURCES AND DATA FACTORS (CONTINUED)
EP Wood Mill Emission Point Basis for
Code Type Process Description Emission Factor
235 S Kraft covered weak black Site 1 (sp2),
liquor tank Site 4 (sp2),
Site 3 (SP3,
SP10)
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 E2-stage (low) tower Reference 8§
vent
302 S Bleadhing. E2-stage (low) tower Reference 8
vent
303 H Bleaching E2-stage (low) washer Reference 8
vent
304 S Bleaching E2-stage (low) washer Reference 8
A vent
305. H Bleaching E2-stage (low) seal tank Reference 8
vent '
306 S Bleaching E2-stage (low) seal tank Reference 8
' vent
307 H Bleaching E2-stage (high) tower Reference 8
vent
308 S Bleaching E2-stage (high) tower Reference 8
' _ - | vent
309 . H Bleaching E2-stage (high) washer Reference 8
vent
310 ] Bleaching E2-stage (high) washer Reference 8
vent
311 H Bleaching E2-stage (high) seal Reference 8
tank vent
312 S Bleaching E2-stage (high) seal Reference 8
tank vent -
313 H Bleaching E2-stage (100%) tower Reference 8
vent '




DG = Disolving grade; H = Hardwood; S = Softwood

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 E2-stage (100%) tower Reference 8
vent
315 H Bleaching E2-stage (100%) washer Reference 8§
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 E2-stage (100%) seal Reference 8
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-stage (100%) .seal Reference 9
tank vent :

2 Emission factors were extrapolated based on estimated relative emissians
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
programs.10 A complete discussion of the development of these ratios and
factors can be found in a separate document .11

The Agency recognizes the shortcomings associated with emission factor
determinations by methods other than direct vent measurements.
Consequehtly, when vent measurement data were identified for an emission
point, those data were weighted heavily in the determination of an emission
actor 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 papef manufacturing. The list of emission
factors presented here will.be updated in the future when warranted by new
data. ' '
B.12 EMISSIQN FACTORS

This section presents a listing of emission factors developed for a
‘group of individual constituents at 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.




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
Methanol 28.7372312.07739 50 50 6.30142 0.49
Carbon tetrachloride 0.3 0 0 0 0 0
Methyl ethyl ketone 0.24772 [0.10322 25 25 0.0258 1.4
Hydrogen Sulfide 0 0 0 0 -0 0
Methyl mercaptan 0 0 0 0 0 0
Dimethyl sulfide 0 0 0 0 0 0
Dimethyl disulfide 0 0 Q 0 0 0
Alpha pinene 0 0 0 0 0 0.02
Hydro Chloric Acid 0 0 0 0 0.1048 0
Chlorine 210 210 0 0 10 10
Chlorine dioxide 105 0 _ 0 0 1.95 -0
Methyl chloride 0.32967 |0.35834 3 3 5.01671 20
Chloroform 11.3 10 5.28889 [{5.03313 40 50
1 Benz 0 ) 0 .0 0 0
Phenol 0 0 o] (0] 0 0
Dioxin Q0 0 0 -0 0 0
Furan 0 0 0 0 0 0
1,1,1-Trichloroetane 0 0.1 0 0 0 0
2,4,5-Trichlorophencl 0 0 0.3 0.3 0 0
PCP-EF 0 .0 1.75 1.7 0 0
2,4,6-Trichlorophenol 0 0 0 0 0 0
Chlorophenol 0 0 10 10 0 0
Beta Pinene 0 0 0 0 0 0
Alpha Terpinol 0 o] 0 0 0 0
Acrolein 0.68891 |0.00177 2 2 0.02385 | 0.02
Acetaldehyde 0 0.01731 6 6 0.02077 | 0.13
Propionaldehyde 0 0.00812 16 16 0.08122 0.38
DACETON-EF 0 0.03718 0 0 0.00372 0.01
Toluene 0 0.6 0 0 0.25 2.1
Hexane 0 0 0 o 0 ]
Chloromethane 0 0.5 0 0 0 0.
p-Cymene 0 0 0 0 2 0
p-Dichlorobenzene 0 . 0 0 0 0
Formaldehyde 0 0.03071 i2 12 0,07677 3
Acetophenol 0 0 0 o] 0 0
Dimethyltrisulfide 0 0 0 0 0 0
Carbon disulfide 0 0 0 0 0 0
Total EC 0 0 0 0 6.74112 60
Other 41.60353|13.79686/119.5889(119.3331(51.,79654| 77.52
Total HAP 251.6035]|223.7969]119.5889(119.3331[61.90134( 87.52
Total VOC 41.41658(13.41229]198.3389|198.0331|55.53784| 118.55
TRS 0 0 .0 0 0 0.




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND

COMPOUNDS (g/Mg pulp) (CONTINUED)
) EP Codes A
Compound Names 39 40 41 42 45 46
Acetone 70 70 67 67 0.14272 ] 0.03659
Methanol 50 50 100 100 28.73723] 2.07739
Carbon tetrachloride 0 0 0 0 0.3 0
Methyl ethyl ketone 25 25 20 20 0.24772 | 0.10322
Hydrogen Sulfide 0 0 0 0 0 0
Methyl mercaptan 0 0 0 0 0 0
Dimethyl sulfide 0 0 0 0 0 0
Dimethyl disulfide 0 0 0 0 0 0
Alpha pinene 0 0 0 0 0 0
Hydro Chloric Acid 0 0 0 0 0 0
Chlorine 0 0 0 0 210 210
Chlorine dioxide 0 0 0 0 105 0
Methyl chloride 3 3 3 3 0.32967 | 0.35834
Chloroform 5.28889 | 5.03313 | 1.41742 | 2.29962 | 5.27414 | 6.20716
1 Benz 0 0 0 0 0 0
Phenol 0] 0 0 0 0 0
Dioxin 0 0 0 s} 0 0
Furan 0 0 0 0 0 0
1,1,1-Trichloroetane 8] 0 0 0 0 0.1
2,4,5-Trichlorophenol | 0.37 0.37 0 0 0 0
PCP-EF 1.75 1.75% 0 0 0 0
2,4,6~Trichlorophenol 0 0 0 0 0 0
Chlorophenol 10 10 0 0 0 0
Beta Pinene 0 0 0 [§) 0 0
Alpha Terpinol 1] 0 0 0 0 0
Acrolein 2 2 1 1 0.68891 1 0.00177
Acetaldehyde 6 6 1.4 1.4 0 0.01731
Propionaldehyde 16 16 1.2 1.2 0 0.00812
DACETON-EF 0 0 4] 0 0 0.03718
Toluerne 0 0 0.002 0.002 -0 0.6
Hexane 0 0 0 0 8] 0
Chloromethane 0 0 0 0 0 0.5
p-Cymene - 0 0 -0 0 0 0
p-Dichlorobenzene 0 0 0 0 0 0
Formaldehyde 12 12 9 9 0 - 0.03071
Acetophenol 0 0 0 0 0 0
Dimethyltrisulfide 0 0 0 0 0 0
Carbon disulfide 0 0 0 0 0 0
Total HC 0 0 0 0 _ 0 » 0
Other 119.6569|119.4031]137.0194|137.9016|35.57767) 10.00402
"lITotal HAP 119.6589|119.4031|137.0194[137.9016(245.5777| 220.004
Total VOC 198.4089/198.1531(201.0194[201.9016]35,.39072] 9.61945
TRS 0 ] [§] 0 0 0




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND

COMPOUNDS (g/Mg pulp) (CONTINUED)
EP Codes

Compound Names 47 48 49 S0 53 54
Acetone 2.7 2.7 3.5 3.5 0.07319 0.0022
Methanol 500 500 300 300 7.6171 0.62322
Carbon tetrachloride 0 0 0 0 0.29 0.3
Methyl ethyl ketone 2 2 0.7 0.7 0.72253 | 0.00103
Hydrogen Sulfide 0 0 0 0 0 0
Methyl mercaptan 0 0 0 0 0 0
Dimethyl sulfide 0 0 0 0 0 0
Dimethyl disulfide 0 0 0 0 0 0
Alpha pinene 0 Q 0 0 0 0
Hydro Chloric Acid 0 0 0 0 0.01344 | 0.02015
Chlorine , 0 0 0 0 50 50
Chlorine dioxide 0 0 0 i} 105 125
Methyl chloride 6 6 3.3 3.3 0.50167 | 0.14333
Chloroform 0.89839 | 0.80657 | 0.24077 | 0.36852 | 0.85725 | 1.93089
1 Benz 0 0 0 c 0 0
Phenol 0 0 0 0 0 0
Dioxin 0 0 0 0 0 0
Furan 0 0 0 0 0 0
1,1,1-Trichloroetane 0 0 0 0 0.3 o]
2,4,5-Trichlorophenol 0.37 0.37 0 5} 0 0
PCP-EF 1.75 1.75 0 0 0 0
2,4, 6-Trichlorophenol 0 0 o . 0 0 0
Chlorophenol 1 1 0 0 0 0
Beta Pinene 0 0 0 0 0 0
Alpha Terpinol (o] 0 0 0 0 0
Acrolein 0.2 0.2 0.16 0.16 0.04416 | 0.00128
Acetaldehyde 0.7 0.7 3 3 0.11249 0
Propionaldehyde -1.1 1.1 0.6 0.6 0 0.00002
DACETON-EF 0 0 0 0 0.07436 0
Toluene 0.00003 | 0.00003 | 0.00006 | 0.00006 0.06 0.06
Hexane 0 0 0 -0 0 0-
Chlorocmethane 0.0025 0.0025 ¢} 0 1.8 0.5
p-Cymene 0 0 .0 o] 8 0
p-Dichlorcbenzene 0 0 0 0 0.3 0.3
Formaldehyde 9 El 6 6 0.29942 0
Acetophenol 0 0 0 0 0 0
Dimethyltrisulfide 0 0 0 0 0 0
Carbon disulfide 0 0 0 0 0 0
Total HC 0 0 0 0 0 0
Other $20.2709|520.1791|314.0008|314.1286] 12.90462 3.85977
Total HAP $30.2700(520.1791| 314.0008] 314.1286] 62.91806 | 53.87992 |
Total VOC §19.7209]|519.6291|314.2008]|314.3286] 20.2505 3.71864
TRS 0 0 8] 0 0 0




TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND
' COMPOUNDS (g/Mg pulp) (CONTINUED)
. EP Codes
Compournid Names 5% 56 57 58 61 62
Acetone 2.7 2.7 3.5 3.5 0.07319 | 0.0022
Methanol 500 500 300 300 7.6171 0.62322
Carbon tetrachloride: 0 0 0 0 0.29 0.3
Methyl ethyl ketone 2 2 0.7 0.7 0.72253 1 0.00103
Hydrogen Sulfide 0 0 0 0 0 0
Methyl mercaptan 0 0 0 0 0 0
Dimethyl sulfide 0 0 0 0 0 0
Dimethyl disulfide 0 0 0 0 0 0
Alpha pinene 0 0 0 0 0 0
Hydro Chlorie Acid 0 0 0 0 0.01344 | 0.02015
Chlorine 0 0 0 0 50 50
Chlorine dioxide 0 -0 0 0 105 125
Methyl chloride 6 [ 3.3 3.3 0.50167 | 0.14333
Chloroform 3.31554 |1.96125 |0.59376 |0.89609 | 1.16536 | 1.93089
1 Benz 0 0 0 0 0 0
Phenol 0 0 0 i} 0 0
Dioxin 0 0 0 0 0 0
Furan 0 0 0 0 0 0
1,1,1-Trichloroetane §] 0 0 0 0.3 0
2,4,5-Trichlorophenol 3.7 0.37 0 0 0 Q
PCP-EF 1.75 1.75 0 0 0 0
2,4,6-Trichlorophenol 0 0] 0 0 ] 0
Chlorophenol 8 8 0 0] 0 0
Beta Pinene 0 0 0 0 0 0
Alpha Terpinol 0 0 0 0 0 0
Acrolein 0.2 0.2 0.16 0.16 0.04416 | 0.00128
Acetaldehyde 0.7 0.7 3 3 0.11249 o] .
Propicnaldehyde 1.1 1.1 0.6 0.6 0 0.00002
DACETON-EF 0 § 0 0 0.07436 0
Toluene 0.00003 [0.00003 |0.00006 |0.00006 0.06 0.06
Hexane 0 0 0 0 0 0
Chlorcmethane 0.0025 0.0025 0 0 1.8 0.5
p-Cymene 0 0 o] 0 8 0
p-Dichlorobenzene 0 0 "~ 0 0 0.3 0.3
Formaldehyde 9 9 6 6 0.29942 0
Acetophenol 0 0 0 0 0 0
Dimethyltrisulfide 0 0 0 0 0 0
Carbon disulfide 0 0 0 o] 0 0
Total HC c 0 0 0 0 0
Other §24.9161]|521.3338|314.3538]314.6562|13.21273 3.85977
Total HAP- §24.0181|521.3338|314.3538]314.6562 63.22617| 53.87992
Total VOC £31.3681|527.7638|314.5538|314.6562[20.55861] 3.71864
TRS 0 0 0 0 0 0




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND
COMPOUNDS (g/Mg pulp) -{CONTINUED)

EP Codes
Compound Names 63 64 65 66 69 70
Acetone 2.2 1 2 1 0.14272 | 0.03659
Methanol 460 200 100 30 28.73723 | 2.07739
Carbon tetrachloride 0 0 0 0 0.3 0
Methyl ethyl ketone 7 3 10 2 0.24772 | 0.10322
Hydrogen Sulfide 0 0 0 0 0 0
Methyl mercaptan 0 ¢ 0 0 0 0
Dimethyl sulfide 0 0 0 0 0 0
Dimethyl disulfide 0 0 0 0 0 0
Alpha pinene 0 0 0 0 0 0
Hydro Chloric Acid 0 0 0 0 0 0
Chlorine 0 0 0 0 210 210
Chlorine dioxide 0 0 0 0 105 4]
Methyl chloride 3 3 0.03 3 0.32967 | 0.35834
Chloroform 4.09718 ] 3.79904[1.09805 [1.73577 5.27414 | 4.31903 .
1 Benz 0 0 0 0 0 0
Phenol 0 0 0 0 0 0
Dioxin 0 0 0 4] 0 0
Furan 0 0 0 .0 0 0
1,1,1-Trichloroetane 0 0.0002 0 0.002 0 0.1
2,4,5-Trichlorophenol 0.37 0.37 0 0 0 0
PCP~EF 1.75 1.75 0 0 0 0
2,4,6=Trichlorophencl 0 0 0 0 0 0
Chlorophenol 10 10 0 0 0 0
Beta Pinene 0 [0} o} 0 0 0
Alpha Terpinol 0 0 0 o] 1] 0
Acrolein 2.5 0.05 0.14 0.1 0.68891 | 0.00177 |
Acetaldehyde 1.2 0.2 2.3 1 0 0.01731
Propionaldehyde 0.5 0.3 0.08 0.8 0 0.00812
DACETON-EF 0 0.06 0 0 0 0.03718
Toluene 0 0.003 0 0.001 0 0.6
Hexane 0 0 0 0 -0 0
Chloromethane 0 0.03 0 0 0 0.5
p-Cymene 0 0 0 0 0 0
p-Dichlorobenzene -0 0 0 0 0 0
Formaldehyde 8.1 1 15 3.4 0 0.03071 |
||Acetophenol 0 0 0 0 0 0
Dimethyltrisulfide 0 0 0 0 0 0
Carbon disulfide 0 0 0 0 0 0
Total HC 0 0 0 0 0 0
Other v 286.7672| 211.7522| 1268.6481| 42.03877| 35.57767 | 8.11589
Total HAP 486.7672| 211.7522| 128.6481|42.03877| 245.5777 | 218.1159
Total VOC 397, 7172| 221,562 | 130.6181]|40.03677| 35.39072 | 71.73132 |
TRS 0 0 0 0 0 0




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND
COMPOUNDS (g/Mg pulp) (CONTINUED)

EP Codes
Compound Names 71 72 73 74 75 76
Acetone 1.95 0.5 1.40091 |0.35921 1.95 0.5
Methanol 415 30 311.2622]22.50088 415 30
Carbon tetrachloride 0.3 0 0.00266 0 0.3 0
Methyl ethyl ketone 2.4 1 1.30507 [0.54378 2.4 1
Hydrogen Sulfide 0 0 0 0 0 0
Methyl mercaptan 0 0 0 0 0 0
Dimethyl sulfide 0 0 0 0 0 0
Dimethyl disulfide 0 0 0 0 0 0
Alpha pinene 0 0 0 -0 0 0
Hydro Chloric Acid 0 0 0 0 0 0
Chlorine 210 210 5.32471 5.324 210 210
Chlorine dioxide 105 0 2.66236 0 - 105 0
Methyl chloride 0.46 0.5 0.04193 | 0.04558 0.46 0.5
Chloroform 11.3 10 0.72566 |0.64217 5.27414 6.20716
1 Benz 0] 0 0 0 0 0
Phenol 0 0 0 0 0 0
Dioxin 0 0 0 0 0 0
Furan 0 0 0 0 0 0
1,1,1-Trichloroetane 0 0.1 0 0.00139 0 0.1
2,4,5-Trichlorophencl 0 0 0 0 0 0
PCP~EF 0 0 0 0 0 0
2,4,6=-Trichlorophenol 0 o] 0 0 0 0
Chlorophenol 0 0 0 0 0 0
Beta Pinene 0 0 0 0 0 0
Alpha Terpinol 0 0 0 0 0 0
Acrolein 7.8 0.02 3.82303 (0.01237 7.8 0.02
Acetaldehyde 0 0.2 0 0.12574 0 0.2
Propiconaldehyde 0 0.1 0 0.06616 0 0.1
DACETON-EF 0 0.2 0 0.06515 0 0.2
Toluene 0 0.6 0 0.01923 0 0.6
Hexane 0 0 o] 0 (] 0
Chloromethane 0 0.5 0 0.02273 0 0.5
p-Cymene 0 0 0 0 -0 0
p-Dichlorobenzene 0 0 0 0 0 0 .
Formaldehyde 0 0.4 0 0.27675 0 0.4
Acetophenocl 0 0 0 0 0 - 0
Dimethyltrisulfide 0 0 0 0 0 0
Carbon disulfide 0 0. 0 0 0 0
Total HC 0 0 -0 0 0 0
Other 437.26 43.42 | 318.1605|24.25678| 431.2341 |39.62716|
Total HAP 647.26 253.42 323.4852(29.58078| 641.2341 |249.6272]
Total VOC 438.75 43.52 | 319.5195|24.63417| 432.7241 |39.72716)
TRS 0 0 0 0 0 (o]




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND

COMPOUNDS (g/Mg pulp) (CONTINUED)
. EP Codes
Compound Names 77 78 79 80 81 82
Acetone 0.35921 [1.40091 1 0.03 0.71842 | 0.02155
Methanol 311.2622[22.50088| 110 9 82.50323 [ 6.75026
Carbon tetrachloride 0 0.00266 0.29 0.3 0.00257 0.00266
Methyl ethyl ketone 0.54378 |1.30507 7 0.01 3.80647 0.00544
Hydrogen Sulfide 0 0 0 0 0 0
Methyl mercaptan o 0 v 0 0 0
Dimethyl sulfide 0 0 0 0 0 0
Dimethyl disulfide 0 0 0 0 o} 0
Alpha pinene 0 0 0 0 0 0
Hydro Chloric Acid 0 0 0.2 0.3 0.15355 0.23033
Chlorine 5.324 |5.32471 50 50 1.268 1.26779
Chlorine dioxide 0 2.66236 105 125 2.66236 | 3.169417
Methyl chloride 0.04133 {0.04558 0.7 0.2 0.06381 0.01823
Chloroform 0.39861 |0.33869 |0.85725 |1.93089 | 0.05505 0.124
1 Benz 0 0 0 0 0 0
Phenol 0 0 0 0 0 0
Dioxin 0 0 0 0 0 0
Furan 0 0 0 0 0 0
1,1,1-Trichloroetane 0.00139 0 0.3 0 0.00417 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 0 0 0 0
Alpha Terpinol 0 0 0 0 0 0
Acrolein 4.82303 |0.01237 0.5 0.00128 | 0.30917 | 0.00128
Acetaldehyde 0.12574 0 1.3 0 0.81734 0
Propionaldehyde 0.06616 0 0 0.0003 0 0.0002
DACETON-EF 0.06515 0 0.4 0 0.1303 0
Toluene 0.01923 0 0.06 0.06 0.00192 | 0.00192
Hexane 0 0 0 0 .0 0
Chloromethane 0.02273 0 1.8 0.5 0.08181 | 0.02273
p-Cymene 0 0 8 0 0.06678 0
||p=-Dichlorobenzene 0 0 0.3 0.3 0.01223 0.01223
Formaldehyde 0.27675 0 3.9 0 2.69835 0
Acetophenol ] 0 o] 0 0 0 0
Dimethyltrisulfide 0 0 0 0 0 0
Carbon disulfide 0 0 0 0 0 0
Total HC VR 0 0 0 0 0
Other 317.5800|24.20525]127.0073|12.30247| 90.35612 | 6.93895
Total HAP 337.9040[20.52996]177.2073]| 62.60247| 91.77767 | 8.43707 |
Total VOC. 3179626 | 25.56058] 135.4073|12.13247| 91.20364 | 6.94227
TRS 0 0 0. 0 0 0




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SQURCES AND
COMPOUNDS (g/Mg pulp) (CONTINUED)

. EP Codes
Compound Names 83 84 85 86 87 88
Acetone 1 0.03 0.71842 }0.021535 1.95 0.5
Methanol 110 9 82.50323(6.75026 415 30
Carbon tetrachloride 0.2% 0.3 0.00257 |0.002¢é6 0.3 0
Methyl ethyl ketone 7 0.01 3.80647 [0.00544 2.4 1
Hydrogen Sulfide 0 0 0 0 0 0
Methyl mercaptan 0 0 0 0 0 0
Dimethyl sulfide 0 0 0 0 0 0
Dimethyl disulfide 0 0 0 0 0 0
Alpha pinene 0 0 0 0 0 0
Hydro Chloric Acid 0.2 0.3 0.15355 |0.23033 0 0
Chlorine 50 50 1.268 |1.26779 210 210
Chlorine dioxide 105 125 2.66236 |3.16947 105 0
Methyl chloride 0.7 0.2 0.06381 |0.01823 0.46 0.5
Chloroform 1.16536 [1.93089 |0.07484 0.124 5.27414 4.31903
1l Benz 0 0 0 0] 0 0
Phenol 0 0 s} 0 0 0
Dioxin 0 4] 4] 0 0 0
Furan 0 0 0 0 0 0
1,1,1-Trichlorocetane 0.3 0 0.00417 0 0 0.1
2,4, 5-Trichlorophenol 0 0 0 0 0 0
PCP-EF 0 0 0 0 0 0
2,4,6-Trichlorophencl 0 0 0 0 0 0
Chlorophenol 0 0 0 0 0 0
Beta Pinene a 0 4] 0 0 0
Alpha Terpinol 0 0 0 0 8} 0
Acrolein 0.5 0.00128 {0.30917 |0.00128 7.8 0.02
Acetaldehyde 1.3 0 0.81734 0 0 0.2
Propionaldehyde 0 0.0003 0 0.0002 0 0.1
DACETON-EF 0.4 . 0 0.1303 0 0 0.2
Toluene 0.06 0.06 0.00192 |0.00192 0 0.6
Hexane 0 o 0 o 0 0
Chloromethane 1.8 0.5 0.08181 10.02273 0 0.5
p-Cymerne 8 0 0.06678 0 0 0
p-Dichlorobenzene 0.3 0.3 0.01223 j0.01223 0 0
Formaldehyde 3.9 0 2.69835 0 0 0.4
Acetophenol 0 0 0 0 0 0
Dimethyltrisulfide o) 8] 0 0 0 0
Carbon disulfide 0 0 a 0] o] 0
Total HC 0 0 0 0 o "0
Other 127.3154]|12.30247] 90.37591]| 6.93895 | 431.2341 | 37.73903
Total HAP 177.5154]|62.60247] 91.79746|8.43707 | 641.2341 | 247.739
Total VOC 135.7154| 12.13247]|91.22343| 6.94227 | 432.7241 | 37.83903
TRS -0 0 0 0" 0 [}




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND

COMPOUNDS (g/Mg pulp) (CONTINUED)
: EP Codes
Compound Names 89 90 91 92 93 94
Acetone 1.40091 {0.35921 [2.19563 2.19563 30 30
Methanol 311.2622122.50088]0.48472 | 0.48472 7. 7
Carbon tetrachloride [0.00266 0 0 0 0 0
Methyl ethyl ketone 1.30507 [0.54378 |3.09655 3.09655 30 30
Hydrogen Sulfide 0 0 0 0 0 0
Methyl mercaptan 0 0 0 0 0 0
Dimethyl sulfide 0 0 0 0 0 0
Dimethyl disulfide 0 0 0 0 0 0
Alpha pinene 0 0 0.13 0.13 0.13 0.13
Hydro Chloric Acid 0 0 0.02687 | 0.02687 0.4 0.4
Chlorine 5.32471 | 5.324 3 3 3 3
Chlorine dioxide 2.66236 §] 3 3 3 3
Methyl chloride 0.04193 {0.04558 |3.58337 | 3.58337 .5 5
Chloroform 0.34738 [0.27736 |7.93455 |10.55217 }7.93455 | 10.55217
1 Benz 0 0 0 o - 0 0
Phenol 0 0 0 0 0 0
Dioxin 0 0 0 0 0 0
Furan 0 9] 0 0 0 0
1,1,1-Trichloroetane 0 0.00139 0.3 0.3 0.3 0.3
2,4,5-Trichlorophenol 0 0 0 0 0 0
PCP-EF 0 0 0. 0 0 0
2,4,6-Trichlorophencl 0 0 0 0 0 0
Chlorophenocl 0 0] 0 o 0 0
Beta Pinene 0 0 0.01885 | 0.01885 0.02 0.02
Alpha Terpinol 0 0 0 0 0 0
Acrolein 4.82303 |0.01237 |[0.17664 | 0.17664 2 2
Acetaldehyde 0 0.12574 0 0 0 0
HfPropionaldehyde 0 0.06616 |0.08122 | 0.08122 1 1
DACETOMN-EF 0 0.06515 0 0 0 0
Toluene 0 0.01923 S S S 5
Hexane 0 0 -0 0 0 0
Chloromethane 0 0.02273 0 0 0 0
p~Cymene 0 0] 1 1 1 1
p-Dichlorcbenzene 0 0 0 o] 0. 0
Formaldehyde 0 0.27675 |0.00384 | 0.00384 0.0 0.05
Acetophenol 0 0 0 0 o] 0
Dimethyltrisulfide 0 0 0 0 0 0
Carbon disulfide 0 0 0 0 0 0
Total HC 0 0 1.54968 | 1.54968 4 4
Other 317.7823|23.89197|20.66089] 23.27851 |58.28455] 60.90217 |
Total HAP 323.107 |29.21597|23.68776| 26.30538 | 61.68455] 64.30217
Total VOC 319.1412|24.26936]21.67168] 24,2893 88.13455| 90.75217
TRS 0 0 0. 0 0 0




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SQURCES AND

COMPOUNDS . (g/Mg pulp) (CONTINUED)
EP Codes
Compound Names 95 96 37 98 99 100
Acetone 21.55246[21.55246]6.22096 |6.22096 85 - 85
Methanol 5.25021 |5.25021 |5.40121 }5.40121 78 78
Carbon tetrachloride 0 0 . 0 0 0 0
Methyl ethyl ketone 16.31342|16.31342|6.50274 |6.50274 63 63
Hydrogen Sulfide 0 0 0 0 0 0
Methyl mercaptan 0 0 0 0 0 0
Dimethyl sulfide 0 0 0 0 0 0
Dimethyl disulfide 0 0 0 0 0 0
Alpha pinene 0.00687 [0.00687 0 0 0 0
Hydro Chloric Acid [ 0.3071 0.3071 0 0 0 0
Chlorine 0.07607 [0.07607 0 0 0 0
Chlorine dioxide 0.07607 [0.07607 0 0 0 0
Methyl chloride 0.45576 [0.45576 [4.58671 |4.58671 6.4 6.4
Chloroform 0.50954 |0.67763 |3.95654 |2.89633 |3.95654 | 2.89633
1 Benz 0 0 -0 0 0 0
Phenol . 0 o] 0 0 0 0
Dioxin 0 0 -0 0 0 Q
Furan 0 0 0 0 0 0
1,1,1-Trichloroetane 0.00417 [0.00417 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-Trichlorophenocl 0 0 0 0 0 0
Chlorophenol 0 0 0 0 0 0
Beta Pinene 0.0014 0.0014 0 0 0 0
Alpha Terpinol [¢] 0 0 0 0 0
Acrolein 1.23667 [1.23667 [0.18548 [0.18548 2.1 2.1
Acetaldehyde 0 0 0.18171 |0.18171 2.1 2.1
Propionaldehyde 0.66156 [0.66156 |0.09747 (0.09747 1.2 1.2
DACETON-EF 0 0 0 0 0 0
Toluene 0.16025 |{0.16025 6 6 6 6
Hexane 0 0 0 0 0 0
Chloromethane 0 0 0 0 .0 0
p-Cymene 0.00835 [0.00835 1 1 1 1
p-Dichlorobenzene 0 0 0 0 1} 0
Formaldehyde 0.03459 [0.03459 | 0.4069 0.4069 5.3 5.3
Acetophenol 0 0 0 0 0 0
Dimethyltrisulfide 0 0 0 0 (] 0
Carbon disulfide 0 0 1) 0 0] 0
{{Total HC 0.65903 |0.65903 0 0 0 0 .
Other 24.62617| 24.70426(27.31876|26.25855]168.0565[ 166.9963
Total HAP 25.00034|25.17743|27.31876|26.25855]|168.0565| 166.9963
Total VOC 36.39435]46.56244]29.95301|28.8928 |247.6565| 246.5963
TRS 0 0 0 0 0 0




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND

COMPOUNDS (g/Mg pulp) (CONTINUED)
: EP Codes

Compound Names 101 102 103 104 105 106
Acetone 61.06531]61.06531|6.22096 6.22096 85 as
Methanol 58.50229(58.50229(5.40121 5.40121 78 78
Carbon tetrachloride 0 0 0 -0 0 0
Methyl ethyl ketone 34.256819| 34.25819|6.50274 | 6.50274 63 63
Hydrogen Sulfide 0 0 0 0 0 0
Methyl mercaptan 0 0 0 0 0 0
Dimethyl sulfide 0 0 0 0 0 0
Dimethyl disulfide 0 0 0 0 ) 0
Alpha pinene 0 0 0 0 0 0
Hydro Chloric Acid 0 0 0 0 o} 0
Chlorine 0 0 0 0 0 0
Chlorine dioxide 0 0 0 0 0 0
Methyl chloride 0.58337 [0.58337 4.58671 |4.58671 6.4 6.4
Chloroform 0.25408 |0.18599 |3.95654 [2.89633 |3.95654 | 2.89633
1 Benz 0 [s] 0 0 0 0
Phenol 0 0 0 0 0 0
Dioxin 0 0 0 0 0 0
Furan 0 0 0 0 0 0 .
1,1,1-Trichlorcetane 0 0 0 0 0 0
2,4,5-Trichlorophenol V] 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 o] 0 0
Beta Pinene 0 0 0 0 0 0
Alpha Terpinol 0 4] 0 0 0 0
Acrolein ’ 1.20851 |1.29851 [0.18548 [0.18548 2.1 2.1
Acetaldehyde 1.32032 |1.32032 |0.18171 |0.18171 | 2.1 2.1
Propionaldehyde 0.79388 [0.79388 (0.09747 [0.09747 1.2 1.2
DACETON-EF 0 0 0 ’ 0 0 0
Toluene 0.1923 0.1923 6 [ 6 6
Hexane 0 0 -0 0 0 0
Chloromethane 0 0 0 0 0 0
p-Cymene 0.00835 {0.00835 1 1 1 1
p-Dichlorobenzene 0 0 -0 0 *0 0
Formaldehyde 3.66699 |3.66699 | 0.4069 0.4069 5.3 5.3
Acetophencl 0 0 0 0 0 0
Dimethyltrisulfide 0 0 0 0 0 0
Carbon disulfide 0 0 0 0 0 0
Total HC 0 0 0 0 0 0
Other 100.8699| 100.8018|27.31876|26.25855) 168.0565/166.9963
Total HAP 100.68699(100.8018(27.31876{26.25855 168.0565]166.9963
Total VOC 161.3602]|161.2921 36.95301] 28.08928 |247.6565|246.5963
TRS 0 0 0 0 0 0




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND
COMPOUNDS (g/Mg pulp) (CONTINUED)

EP Codes
Compound Names 107 108 109 110 111 112
Acetone 61.06531]61.06531[2.19563 |2.19563 30. 30
Methanol 58.50229|58.50229 0.48472 [0.48472 7 7
Carbon tetrachloride 0 0 0 0 0 0
Methyl ethyl ketone 34.25819| 34.25819|3.09655 | 3.09655 30 30
Hydrcgen Sulfide 0 0 0 0 0 0
Methyl mercaptan 0 0 0 0 0 0
Dimethyl sulfide 0 0 0 0 0 0
Dimethyl disulfide 0 0 0 0 0 0
Alpha pinene 0 0 0.13 0.13 0.13 0.13
Hydro Chloric Acid 0 0 0.02687 |0.02687 0.4 0.4
Chlorine 0 0 3 3 3 3
Chlorine dioxide 0 0 3 3 3 3
Methyl chloride 0.58337 |0.58337 |3.58337 |3.58337 5 5 _
Chloroform 0.25408 [0.18599 [7.93455 |10.55217 7.93455 10.555I7—
1 Benz 0 0 0 0 0 0
Phenol 0 0 0 0 0 0
Dioxin 0 0 0 o} 0 0
Furan 0 0 0 0 0 0
1,1,1-Trichlorocetane 0 0 0.3 0.3 0.3 0.3
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 0.01885 10.01885 0.02 0.02
Alpha Terpinol 0 0 0 § 0 0
Acrolein 1.29851 |1.29851 |0.17664 |[0.17664 2 2
Acetaldehyde 1.32032 [1.32032 0 0 0 0
Propionaldehyde 0.79388 |0.79388 [0.08122 ]0.08122 1 1
DACETON-EF 0 0 0 0 0. 0
Toluene 0.1923 0.1923 S 5 5 S
Hexane 0 0 0 0 0 0
Chloromethane 0 0. 0 0 0 0
p-Cymene 0.00835 [0.00835 -1 1 1 1
p-Dichlorobenzene [ (0] - 0 4] 0 0
Formaldehyde 3.66699 [3.66699 [0.00384 {0.00384 0.05% 0.05
Acetophenol 0 0 0 0 0 0
Dimethyltrisulfide 0 0 0 0 0 0
Carbon disulfide 0 0 0 0 0 0
Total HC 0 . 0 1.54968 [1.54968 4 . 4
Other 100. 8695|100, 8018[20.66089] 23.27851|58.28455|60.90217 |
[Total HAP 100.8609|100.8018|23.68776]26.30538]61.68455|64.30217
Total VOC 161.36021161.2921]21.67168| 24.2893 |88.13455[90.75217
TRS 0 -0 0 0 Q 0




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND
COMPOUNDS (g/Mg pulp) (CONTINUED)

EP Codes
Compound Names 113 114 115 116 117 118
Acetone 21.55246|21.55246(0.07319 [ 0.07318% 1 1
Methanol 5.25021 |5.25021 [0.20774 [0.20774 3 . 3
Carbon tetrachloride 0 0 0 0 0 0
Methyl ethyl ketone 16.31342]16.31342[0.30965 |0.30965 3 3
Hydrogen Sulfide 0 0 0 0 0 0
Methyl mercaptan 0 0 0 0 0 0
Dimethyl sulfide 0 0 0 0 0 0
Dimethyl disulfide 0 0 0 0 0 0
Alpha pinene 0.00687 {0.00687 0 0 0 0
Hydro Chloric Acid 0.3071 0.3071 ) 0 0 0
Chlorine ] 0.07607 [0.07607 10 10 10 10
Chlorine dioxide 0.07607 [0.07607 40 40 40 40
Methyl chloride 0.45576 [0.45576 [4.30004 [4.30004 6 6
Chloroform 0.50954 [0.67763 |15.79747(20.48362]15.79747[20.48362
1 Benz 0 0 0 0 0 0
Phenol 0 0 [¢] 0 0 0
Dioxin 0 0 0 0 0 0
Furan 0 0 0 0 0 0
1,1,1-Trichloroetane [0.00417 |0.00417 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~Trichlorophenocl 0 0 0 0 0 0
Chleorophenol 0 0 0 0 0 0
Beta Pinene 0.0014 0.0014 0 0 0 0
Alpha Terpinol 0 0 0 8] 0 0
Acrolein 1.23667 |1.23667 |0.04416 |0.04416 0.5 0.5
Acetaldehyde 0 -0 0.03461 |0.03461 0.4 0.4.
Propionaldehyde 0.66156 |0.66156 |0.16245 |0.16245 2 2
DACETON-EF 0 0 0 0 0 0
Toluene 0.16025 [ 0.16025 0 0 0 0
l|Hexane 0 §] 0 0 0 0
Chloromethane 0 o] 0 0 0 0
p-Cymene 0.00835 |0.00835 .0 0 0 0
p-Dichlorcbenzene 0 0 0 0 0 0
Formaldehyde 0.03459 [ 0.03459 |0.92128 |0.92128 12 12
Acetophenocl 0 0 0 0 0 0
Dimethyltrisulfide 0 0 0 0 0 0
Carbon disulfide 0 0 0 0 0 0
Total HC 0.65903 | 0.65903 0 0 0 -0
Other 24.62617|24.79426|21.7774 |26.46355[42.69747]47.38362
Total HAP 25.00934|25.17743[31.7774 |36.46355|52.69747|57.38362 |
Total VOC . 46.39435[46.56244[17.55055] 22.2367 |37.69747]42.38362
TRS 0 0 0 0 0 0




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND

COMPOUNDS (g/Mg pulp) (CONTINUED)
EP Codes
Compourd Names 119 120 121 122 123 124
Acetone 0.71842 [0.71842 [0.00029 [0.00029 0.004 0.004
Methanol 2.25009 [2.25009 [0.00069 [0.00069 0.01 0.01
Carbon tetrachloride . 0 0 0 0 0 0
Methyl ethyl ketone 1.63134 [1.63134 [0.00021 [0.00021 0.002 0.002
Hydrogen Sulfide 0 0 0 0 0 0
Methyl mercaptan 0 0 0 0 0 0
Dimethyl sulfide ¢ 0 0 0 0 0
Dimethyl disulfide 0 0 0 0 [0} 0
Alpha pinene 0 0 0 0 0 0
Hydro Chloric Acid 0 0 0 0 0 0
Chlorine 0.25356 [0.25356 10 10 10 10
Chlorine dioxide 1.01423 }1.01423 40 40 40 40
Methyl chloride 0.54691 [0.54691 {1.07501 [1.07501 1.5 1.5
Chloroform 0.9891 1.3154 [0.04616 }0.03379 {0.04616 | 0.03379
1 Benz 0 0 0 0 0 0
Phenol 0 0 0 0 0 0
Dioxin 0 0 Q 0 0 0.
Furan 0 0 0 0 0 0
1,1,1-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-Trichlorophencl 0 0 0 0 0 0
JiIChlorophenol 0 0 0 o] 0 0
Beta Pinene 0 0 0 0 0 0
Alpha Terpinol 0 0 0 0 0 0
Acrolein 0.30017 |0.30917 |0.00018 {0.00018 0.002 0.002
Acetalcehyde 0.25149 [ 0.25149 }0.00043 {0.00043 0.00S. 0.005
Propicnaldehyde 1.32313 [1.32313 [0.00049 [0.00049 0.006 0.006
DACETON-EF 0 0 0 0 0 0
Toluene 0 0 o 0 0 0
Hexane 0 0 0 0 0 0
Chloromethane 0 0 0 0 0 0
p-Cymene 0 0 0 0 0 0
p-Dichlorobenzene 0 0 -0 0 -0 0
Formaldehyde 8.30261 [8.30261 {0.00461 [0.004561 0.06 0.06
Acetophenol 0 0 0 0 0 0
Dimethyltrisulfide 0 0 0 0 0 0
Carbon disulfide 0 0 0 0 0 0
Total HC 0 0 0 [¢] 0 0
Other 15.60384[15.93014[1.12778 |1.11541 |1.63116 | 1.61879 |
Total HAP 15.8574 |16.1837 |11.12778|11.11541|11.63116(11.61879 |
Total VOC 15.77535[16.10165(0.05306 [0.04069 [0.13516 | 0.12279
TRS 0 -0 0 0 4] 0




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND
COMPOUNDS (g/Mg pulp) - (CONTINUED)

EP Codes
Compourid Names 125 126 127 128 129 - 130
Acetone 0.00287 [0.00287 [0.00029 [0.00029 0.004 0.004
Methancol 0.007S 0.0075 0.00069 [0.00069 0.01 0.01
Carbon tetrachloride 0 i) 0 0 0 0
Methyl ethyl ketone 0.00109 |0.00109 |0.00021 [0.00021 0.002 0.002
Hydrogen Sulfide 0 0 0 0 0 0
Methyl mercaptan 0 ) 0 0 0 0
Dimethyl sulfide 0 0 0 0 0 0
Dimethyl disulfide 0 0 0 9] 0 0
Alpha pinene 0 0 0 0 0 0
Hydro Chloric Acid 0 0 0 0 0 0
Chlorine 0.25356 [0.25356 10 10 10 10
Chlorine dioxide 1.01423 {1.01423 40 40 40 40
Methyl chloride 0.13673 |0.13673 |1.07501 [1.07501 1.5 1.5 .
Chloroform 0.00296 |0.00296 |0.06275 |0.10605 [0.06275 | 0.10605
1 Benz 0 0 0 0 0 0
Phenol 0 0 4] 0 0 0
Dioxin 0 0 0 0 0 0
Furan 0 0 0 0 0 0
1,1,1-Trichlorcetane 0 0 0 0 0 0
Z,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 0 0 0 0
Alpha Terpinol 0 [0} 0 0 0 0
Acrolein 0.00124 [0.00124 |C.00018 {0.00018 0.002 0.002
Acetaldehyde 0.00314 [0.00314-]0.00043 [0.00043 0.005 0.005
Propionaldehyde 0.00397 |0.00397 |0.00049 [0.00049 0.Q06 0.006
DACETON-EF 0 0 0 0 0 0
Toluens= 0 0 0 0 0 0
Hexane 0 0 0 0 0 0
Chloromethane 0 0 0 0 0 0
p-Cymene 0 0 0 0 0 0
p-Dichlorobenzene . 0 0 .0 0 0 0
Formaldehyde 0.04151 [0.041S1 [0.00461 |0.00461 0.06 0.06
Acetophenol 0 0 0 0 0 0
Dimethyltrisulfide 0 0 0 0 0 0
Carbon disulfide 0 0 0 0 0 0
Total HC 0 0 0 0 0 0
Other 0.19814 |0.19814 |1.14437 [1.18767 |1.64775 | 1.69105
Total HAP 0.4517 | 0.4517 |11.14437]11.18767|11.64775[11.69105
{|Total VOC 0.06428 |0.06428 [0.06965 |0.11295 [0.15175 | 0.19505
TRS 0 0 0 0 0 0




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND

COMPOUNDS (g/Mg pulp) (CONTINUED)
EP Codes

Compound Names 131 i32 133 134 135 136
Acetone 0.00287 [0.00287 |0.07319 {0.07319 1 1
Methanol 0.0075 0.0075 0.20774 |0.20774 3 3
Carbon tetrachloride 0 0 0 0 0 0
Methyl ethyl ketone 0.00109 |0.00109 |0.30965 [0.30965 3 3
Hydrogen Sulfide 0 0 0 0 0 0
Methyl mercaptan 0 0 0 0 0 0
Dimethyl sulfide 0 0 0 0 0 0
Dimethyl disulfide 0 0 0 0 0 0
Alpha pinene 0 0 0 -0 0 0
Hydro Chloric Acid 0 0 0 0 0 0
Chlorine 0.25356 |0.25356 10 10 10 10
Chlorine dioxide 1.01423 {1.01423 40 40 - 40 40
Methyl chloride 0.13673 [0.13673 [4.30004 ]4.30004 6 6
Chloroform 0.00403 |0.00681 |15.79747)14.2528 [15.79747| 14.2528
1 Benz 0 0 0 0 0 0
Phenol 0 0 0 0 0 0
Dioxin 0 ¢} 0 0 0 0
Furan [ 0 0 0 [§] 0
1,1,1-Trichlorcetane 0 0 0 0 0 0
2,4,5-Trichlorophencl 0 0 0 0 0 0
PCP-EF 0 0 0 0 0 0
2,4, 6~Trichlorophenol 0 0 0 ] 0 o}
Chlorophenol 0 0 0 0 0 0
Beta Pinene 0 0 0 0 0 0
Alpha Terpinol 0 _ 0 0 0 0 0
Acrolein 0.00124 |0.00124 {0.04416 |0.04416 0.5 0.5
Acetaldehyde 0.00314 |0.00314 [0.03461 [0.03461 0.4 0.4
Propionaldehyde 0.00397 |0.00397 [0.16245 [0.16245 2 2
DACETON-EF 0 -0 0 0 0 -0 .
Toluene 0 0 0 0. 0 0
Hexane 0 0 0 0 0 0
Chloromethane 0 0 0 8] 0 0
p-Cymene 0 0 0 -0 ‘0 0
p-Dichlorobenzene 0 0 o] 0 0 0
Formaldehyde 0.04151 |0.04151 |0.92128 [0.92128 12 12
Acetophenol 0 0 0 0 0 -0
Dimethyltrisulfide [§] 0 0 0 0 0
Carbon disulfide 0 0- 0 0 0 0
Total HC 0 0 0 0 0 0
Other 0.19921 |0.20199 |21.7774 |20.23273|42.69747| 41.1528
Total HAP 0.45277 |0.45555 |31.7774 |30.23273|52.69747| 51.1528
Total VOC 0.06535 |0.06813 [17.55055|16.00588[37.69747| 36.1528
TRS 0 0 0 0 0 0




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND

COMPOUNDS (g/Mg pulp) (CONTINUED)

. . EP Codes
Compound Names 137 138 139 140 141 142
Acetone ©.71842 10.71842 [1.09782 [1.09782 15 15
Methanol 2.25009 [2.25009 [0.24236 |0.24236 3.5 3.5
Carbon tetrachloride 0 0 0 0 0- 0
Methyl ethyl ketone 1.63134 |1.63134 |1.54827 |1.54827 15 15
Hydrogen Sulfide 0 i 0 0 0 0 0
Methyl mercaptan 0 0 0 0 0 0
Dimethyl sulfide 0 0 0 0 - 0 0
Dimethyl disulfide 0 0 0 0 0 0
Alpha pinene o} 0 0.065 0.065 0.065 0.065
Hydro Chloric Acid 0 0 0.01344 | 0.01344 0.2 0.2
Chlorine 0.25356 |0.25356 0 0 0 0
Chlorine dioxide 1.01423 [1.01423 1.5 1.5 1.5 1.5
Methyl chloride 0.54691 |0.54691 |1.79168 |1.79168 2.5 2.5
Chloroform 1.01447 |0.91528 ]3.96728 |5.27608 [3.96728 | 5.27608
1 Benz 0 §] 0 0 0 0
Phenol 0 0 0 0 0 0
Dioxin 0 0 0 0 0 0
Furan 0 0 0 0 0 0
1,1,1-Trichloroetane -0 0 0.15 0.15 0.15 0.15
2,4,5-Trichlorophencl 0 0 0 0 0 0
PCP-EF 0 [§] s} 0 0 0
2,4,6-Trichlorophenol 0 0 0 0 0 0
Chlorophenol 0 0 0 0 0 0
Beta Pinene 0 0 0.00942 [0.00942 0.01 0.01
Alpha Terpinol 0 0 0 0 0 0
Acrolein 0.30917 |0.30917 [0.08832 |0.08832 1 1
Acetaldehyde 0.25149 |0.25119 0 0 0 0
Propiocnaldehyde 1.32313 [1.32313 [0.04061 [0.04061 0.5 0.5
DACETCN-EF 0 0 0 0 0 0
Toluene 0 0 2.5 2.5 2.5 2.5
Hexane 0] 0 0 0 0 0
Chlorcmethane 0 0 0 0 0 0
p-Cymene 0 0 0.5 0.5 0.5 0.5
p-Dichlorobenzene 0 0 0] 0 0] 0
Formaldehyde 8.30261 [8.30261 [0.00192 [0.00192 0.025 0.025
Acetophenol 0 0 Q 0 0 0
Dimethyltrisulfide 0 0 0 0 0 (0]
Carbon disulfide 0 0. 0 0 0 0]
Total HC 0 0 0.77484 [0.77484 2 2
Other 15.62921|15.53002|10.33044]11.63924{29.14228{30.45108
Total HAP 15.88277]15.78358]10.34388|11.65268}29.342238}30.65108
Total VOC 15.80072|15.70153|10.83584|12.14464|44.06728|45.37608
TRS 0 0 0 -0 0 0




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND

COMPOUNDS (g/Mg pulp) (CONTINUED)

EP Codes
Compound Names 143 144 145 146 147 148
Acetone 10.77623]10.77623]0.00029 [0.00029 0.004 0.004
Methanol 2.6251 2.6251 0.00069 [0.00069% 0.01 0.01
Carbon tetrachloride 0 0 0 0 0 0
Methyl ethyl ketone 8.15671 {8.15671 |0.00021 [0.00021 0.002 0.002
Hydrogen Sulfide 0 0 0 0 0 4]
Methyl mercaptan 0 0 0 0 0 0
Dimethyl sulfide 0 0 0 0 0 0
Dimethyl disulfide 0 ] 0 0 0 0
Alpha pinene 0.00343 [0.00343 0 0 0 0
Hydro Chloric: Acid 0.15355 [0.1535% 0 0 0 0
Chlorine 0 0 10 10 10 10
Chlorine dioxide 0.03803 |0.03803 40 40 40 40
Methyl chloride 0.22788 | 0.22788 |1.07501 [1.07501" 1.5 1.5
Chloroform 0.25477 10.33882 |0.04616 [0.03379 [0.04616 | 0.03379
1 Benz 0 0 0 0 0 0
Phenol 0 0 0 0 0 0
Dioxin 0 0 0 0 -0 0
Furan 0 0 0 0 0 0
1,1,1-Trichloroetane 0.00209 |0.00209 0 o 0 ]
2,4,5~Trichlorophenol 0 ] 0 0 -0 0
PCP~-EF 0 0 0o 0 0 0
2,4,6-Trichlorophenol 0 0 0 0 0 0
Chlorophenol 0] 0 0 0 0 0
Beta Finene 0.0007 | 0.0007 0 0 0 0
Alpha Terpinol 0 0 0 0 o] 0
Acrolein 0.61834 |0.61834 |0.00018 |0.00018 0.002 0.002
Acetaldehyde 0 0 0.00043 [0.00043 0.005 0.005
Propicnaldehyde 0.33078 {0.33078 |{0.00049 [0.00049 0.006 0.006
DACETON-EF 0 -0 0 0 0 0
Toluere 0.08012 {0.08012 0 0 0 0
Hexane 0 0 0 0 0 0
Chloromethane 0 0 [0} 0 0 0
p-Cymene 0.00417 |0.00417 0 0 0 0
p-Dichlorobenzene 0 0 0 0 0 0
Formaldehyde 0.0173 0.0173 [0.00461 |0.00461 0.06 0.06
Acetophenol 0 0 0 0 0 0
Dimethyltrisulfide 0 0 0 0 0 0
Carbon disulfide 0 0 0 0 0 0
Total HC 0.32951 (0.32951 0 0 0 0
Other 12.31309]12.39714|1.12778 |1.11541 [1.63116 | 1.61879 |
Total HAP 12.46664]12.55069[11.12778]11.11541|11.63116{11.61879
Total VOC 23.19716]23.268121}0.05306 [0.04069 |0.13516 0.12279
TRS .0 0 0 0 0 0




TABLE B-8,

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND

COMPOUNDS (g/Mg pulp) (CONTINUED) .
EP Codes

Compound Names 149 150 151 152 153 154
Acetone 0.00287 [0.00287 0.18 0.18 0.12931 | 0.12931
Methanol 0.0075 0.0075 91 91 68.25267{68.25267
Carbon tetrachloride 0 0 0 0 0 0
Methyl ethyl ketone 0.00109 ]0.00109 0.25 0.25 0.13595 | 0.13595
Hydrogen Sulfide 0 0 0 0 0 0
Methyl mercaptan 0 0 0 0 0 0
Dimethyl sulfide 0 0 0 o} 0 0
Dimethyl disulfide 0 0 0 0 0 0
Alpha pinene 0 0 0 0 0 0
Hydro Chloric Acid 0 0 1.56 1.56 1.1977 1.1977
Chlorine 0.25356 {0.25356 10 10 0.25356 | 0.25356
Chlorine dioxXide 1.01423 [1.01423 1.95 1.95 0.04944 | 0.04944
Methyl chloride 0.13673 |0.13673 7 7 0.63806 | 0.63806
Chloroform 0.00296 |0.00296 40 40 2.56869 | 2.56869
1 Benz 0 0 0 0 0 0
Phenol 0 0 0 0 0 0
Dioxin 0 0] 0 0 -0 0
Furan 0 0 0 0 0 0
1,1,1-Trichloroetane 0 0 0 0 0 0
2,4,5~Trichlorophenol 0 [} o] [o] o] 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 Finene 0 0 0 0 0 0
Alpha Terpinol 0 b} 0 0 0 0
Acrolein 0.00124 |0.00124 0.27 0.27 |0.16695 | 0.16695
Acetaldehyde 0.00314 |0.00314 0.24 0.24 0.15089 | 0.15089
Propicnaldehyde 0.00397 |0.00397 1 1 0.66156 | 0.66156
DACETON~-EF 0 ) 0.02 0.02 0.00651 | 0.00651
Toluene 0 0 0.25 0.25 0.00801 | 0.00801
Hexane ‘ 0 0 0 0 0 0
Chlorcmethane 0 0 0 0 , 0 : o
p-Cymene 0 0 2 2 0.01669 | 0.01669
p-Dichlecrobenzene 0 0 0 0 0 0
Formaldehyde 0.04151 {0.04151 1 1 0.69188 | 0.69188
Acetophenol 0 -0 0 0 0 0
Dimethyltrisulfide 0 0 0 0 0 0
Carbon disulfide 0 0 0 0 0 0
Total HC 0 0 17.4 17.4 |2.86678 | 2.86678
Other 0.19814 [0.19814 | 141.01 | 141.01 |73.27466[73.27466.
Total HAP 0.4517 | 0.4517 | 152.57 | 152.57 |74.72592|74.72592
Total VOC 10.06428 |0.06428 | 153.61 153.6 75.65589(75.65589
TRS 0 0 0 0 - 0 0 -

B-54




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND

COMPOUNDS (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

Compound Names 161 162 163 164 165 166
Acetone 4 4 1.2 1.6 1.51742 0.04
Methanol 500 500 580 100 6.21319 0.24
Carbon tetrachloride 0 0 0 0 0" 0
Methyl ethyl ketone 2 2 1.2 2.2 2.4105 0.1
Hydrogen Sulfide 6.7 6.7 98 0 53 53
Methyl mercaptan 16.1 16.1 113 113 75 75
Dimethyl sulfide 26.5 26.5 101 101 2422 2422
Dimethyl disulfide 21.8 21.8 18.3 18.3 1469 14869
Alpha pinene 0.1 0.1 0 0.01 273.1999 0
Hydro Chloric Acid 0 0 0 0 70 0
Chlorine 0 0 0 0 0 0
Chlorine dioxide 0 0 0 0 0 0
Methyl chloride o] 0 0 0 0 0
Chlorcform 0 0 (o] 0 0 0
1 Benz 0 0 0 0 0 0
Phenol 0 (] 0 0 0 0
Dioxin 0 0 0 o] 0 o]
Furan 0 0 0 0 0 0
1,1,1-Trichloroetane 0 0 0 0 0 0
2,4,5-Trichlorophenol 0 0 0 4] 0 0
PCP~-EF 0 0 0 0 0 0
2,4,6-Trichlorophencl 0 0 0 0 0 0
Chleorophenol 0 0 0 0 0 (0]
Beta Finene 0 0 0 0.1 0.09954 0
Alpha Terpinol 0 0 0 0 0.70248 0
Acrolein 0.002 0.002 0 0.03 0.24382 0.001
Acetaldehyde 3. 3 0 1 1.57845 0.035
Propionaldehyde 0.22 0.22 0 0.2 0 0
DACETON-EF 0 0 0 0 . 0 0
Toluene 0 0 0 0 4.24162 0
Hexane o . 0 -0 0 85 0
Chloromethane 0 0 0 0 0 0
p-Cymene 0 0 0 0 0 o]
p-Dichlorobenzene 1] 0 0 [§] 0 0
Formaldehyde 0.06 0.06 0 1 0.34563 0.017
Acetophenol 0 0 0 0 2.2234¢6 0
Dimethyltrisulfide 0. 0 0 0 0 0
Carbon disulfide 0 0 0 [¢] 0 0
Total HC 400 400 34 4 33.04327 0
Other 505.282 |505.282 591.2 104.43 [102.2567| 0.393
Total HAP 505.282 |505.282 591.2 104.43 [102.2567| 0.393
Total VOC 973.782 |973.782 | 858.17 342.44 [4366.819|3966.433
TRS 71.1 1.1 330.3 232.3 4019 4019




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND

COMPOUNDS (g/Mg pulp) (CONTINUED)

) EP Codes
Compound Names 169 170 171 172 175 176
Acetone 1 0.16 2.9 4.3 5.05806 | 7.25722
Methanol 91 3 590 346 20.71063131.06594
Carbon tetrachloride 0 0 0 0 0 0
Methyl ethyl ketone 7 0.1 22 14 8.03501 3.21401
Hydrogen Sulfide 53 53 98 98 0 0
Methyl mercaptan 1125 1125 113 113 0 0
Dimethyl sulfide 533 533 101 101 0 0
Dimethyl disulfide 661 661 18.3 18.3 0 0
Alpha pinene 0 77 0 30 600 870
Hydro Chloric Acid 0 0 0 0 0 0
Chlorine 0 0 0 0 0 0
Chlorine dioxide 0 §] 0 0 0 0
Methyl chiloride 0 0 0 0 0 0
Chloroform 0 0 0 0 0 0
1 Benz 0 0 0 0 0 0
Phenol 0 0 0 0 0 0
Dioxin 0 0 0 0 0 0
Furan 0 o] 0 0 0 0
1,1,1-Trichloroetane 0 (6] 0 0 0 0
2,4,5-Trichlorophenol 0 0 o] 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 10 0 4.8 0.3 600
Alpha Terpinol 0 3 0 0 2.34161 | 2.92701
Acrolein 0 0.0006 0 0.013 0.81272 | 0.43345
Acetaldehyde -2 0.4 7 9.6 5.26149 | 0.18415
Propionaldehyde ‘0.184 § 0 2.2 0 0.13808
DACETON-EF 0 0 0 0 0. 0
Toluene 0 0.0001 0 0 6 243
Hexane 0 0 0 0 51 300
Chloromethane 0 0. 0 0 0 0
p-Cymene 0 0.0004 - 0 0 0 0.021
p-Dichlorobenzene 0 0 0 0 0 0
Formaldehyde 0.5 0.00017 1.7 0.44 1.15209 | 0.69125
Acetophenol 0 0 0 0 3 0
Dimethyltrisulfide 0 0 0 0 0 0
Carbon disulfide 0 0 0 0 0 0
Total HC 0 2500 340 34 110.1442|550.7212 |
Other 100,684 | 3.50087 | 620.7 |372.253 |95.97194}578.7269 |
Total HAP 100.684 |3.50087 | 620.7 |372.253 |95.97194|578.7269 |
Total VOC 2420.684|4912.661| 1195.9 |677.653 |813.8158/2609.653
TRS 2372 2372 330.3 330.3 0 0




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND

COMPOUNDS (g/Mg- pulp) (CONTINUED)
EP Codes

Compound Names 177 178 181 182 183 184
Acetone 23 33 0.512 0.73461 11 37.98302
Methanol 100 150 2.22926 |3.34388 176 186.3905
Carbon tetrachloride 0 0 0 0 0. 0
Methyl ethyl ketone 25 10 0.5503 {0.22012 7 7.26621
Hydrogen Sulfide 53 53 0 0 0 0
Methyl mercaptan 788 788 0 0 45 45.3
Dimethyl sulfide 533 533 0 0 116 116
Dimethyl disulfide 10 661 0 0 59 59
Alpha pinene 200 290 3.04156 |4.41026 200 13.36248
Hydro Chloric Acid 0. 0 0 0] 0 0
Chlorine 0 0 0 .0 0 0
Chlorine dioxide 0 0 0 0 0 [o]
Methyl chloride 0 0 0 0 0 0
Chloroform 0 0 0 3 0 0
1 Benz 0 0 0] 0 0 0
Phenol 0 0 0 o 0 0
Dioxin 0 0 0 0 0 0
Furan . 0 0 o 0 0 0
1,1,1-Trichloroetane 0 0 0 0 0 0
2,4,5-Trichlorophenol 0 0 0 0 0 0
PCP=-EF 0 0 0 0 o] 0
2,4,6-Trichlorophenol 0 0 0 0 0 0
Chlorophenol (] 0 0 0 0 0
Beta Pinene 0.1 200 0.00166 |3.31062 35 12.22611
Alpha Terpinol 1.6 2 0.03129 [0.03911 4 0.28222
Acrolein 3 1.6 0.06641 [0.03542 0.07 1.42378
Acetaldehyde 20 0.7 0.44309 }0.01551 3.6 0.6454
Propionaldehyde -0 0.56 0 10.01243 0.4 0.55885
DACETON-EF 0 0 0 0 0 : 0
Toluene 2- ‘81 0.02526 [1.02312 0.4 2.30664
Hexane 17 100 0.00543 (0.03185 0 0.0324
Chloromethane 0 0 0 0 0 0
p-Cymene 0o . 0.007 -0 0.00004 9 0.00005
p-Dichlorobenzene 0. 0 0 [ 0 0
Formaldehyde 5 3 0.11117 | 0.0667 2 3.25619
Acetophenol. ] 1 0 0.01236 0 0 0
Dimethyltrisulfide 71 71 0 0 0 0
Carbon disulfide 1 0 0 0 0 0
Total HC 100 500 2.02718 (10.13588 954 94.76082
Other 174 346.86 |3.44328 [4.74913 | 189.47 | 201.88
Total HAP 174 346.86 |3.44328 [4.74913 | 189.47 | 201.88
Total VOC 1900.7 [3424.867|9.05697 |23.37965]|1622.47 |580.7947 |
TRS 1456 2106 0 0 220 220.3




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND

COMPOUNDS (g/Mg pulp) (CONTINUED)
EP Codes
Compound Names 185 186 187 188 189 190
Acetone 0.2 0.007 10 3.9 2.5 0.975
Methanol 20 1.4 3000 150 615 30.75
Carbon tetrachloride. 0 0 0 0 0 0
Methyl ethyl ketone 0.85 0.006 30 7.7 6.9 1.771
Hydrogen Sulfide 823 823 364 364 195 195
Methyl mercaptan 638 638 126 126 42.1 42.1
Dimethyl sulfide 533 533 22.4 22.4 21.5 21.5
Dimethyl disulfide 1542 1542 12.3 12.3 5.46 5.46
Alpha pinene 8.5 3.9 1 3.7 0.13 0.481
Hydro Chloric Acid ¢} 0 0 0 0 0
Chlorine 0 0 (U 0 0 0
Chlorine dioxide 0 0 0 0 0 0
Methyl chloride 0 0 -0 0 0 0
Chloroform 0 0 0 0 0 0
1 Benz 0 0 0 0 0 0
Phenol 0 0 0 0 0 0
Dioxin 0 0 0 0 0 0
Furan 0 0 0 0 0 0
1,1,1-Trichloroetane 4] 0 0 0 .0 0
2,4,5-Trichlorophencl 0 0 0 0 0 0
PCP-EF 0 0 0 0] 0 0
2,4,6-Trichlorophencl 0 0 0 0 0] o]
Chlorcphenol 0 0 0 0 4] 0
Beta Pinene 3.7 2.8 1 3.4 0 0
Alpha Terpinol 0 0 0 0 0 0
Acrolein 0 0.3 0 2 0.11 0
Acetaldehyde 0.097 0.014 7 4 1.3 0.74286 .
Propicnaldehyde 0 0 0.5 2 . 0.15 0.6
DACETCN-EF 0 0 0 0 0 0
Toluene 0 0 0 0 0 0
.|Hexane 0 0 0 0 0 0
Chlorcmethane 0 0 0 0 0 0
p-Cymene _ 0 0 0 Q 0 0
p~Dichlorobenzene 0 0 -0 0 0 0
Formaldehyde 0.04 0.03 L) S 5.2 5.2
Acetophenol 0 0 0 0 0 0
Dimethyltrisulfide 0 0 0 0 0 0
Carbon disulfide 0 0 0 0 0 0
Total HC 2640 348 0 200 9.3 Q
Other 20.987 1.75 3042.5 170.7 628.66 [(39.06386
Total HAP 20,987 1.75 3042.5 170.7 | 628.66 |39.06386
Total VOC 5386.387]|3069.457| 3215.2 542.4 709.65 [109.5799 |
TRS 3536 3536 524.7 524.7 264.06 264.06




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND

COMPOUNDS (g/Mg pulp)

(CONTINUED)

Compound Names

EP Codes

191

193 194

197

198

Acetone

0 1

73

0.5

[
(=]

Methanol

4.72202 So

76

100

-
(@]

Carbon tetrachloride

0 0

0

[e]

Methyl ethyl ketone

7.90645 0.2

82

o
-

Hydrogen Sulfide

0

Methyl mercaptan

Dimethyl sulfide

Dimethyl disulfide

(o] Neo! o)
(el el o] Neol

s ~N| o~
Ol Ol O Of ol @l &l W

ol Ol o] O -

Alpha pinene

123.704 1.4

O
-3

[
Q

Hydro Chloric Acid

Chlorine

v Chlorine dioxide

Methyl chloride

Chloroform

1 Benz

Phenol

Dioxin

Furan

1,1,1-Trichloroetane

2,4,5-Trichlorophencl

PCP-EF

2,4,6-Trichlorophenol

Chlorophenol

Ol O] O] O] O] Of O] O O] O] O O] O ©

Beta Pinene

o] o] o] oo o] O] ©] O] of o O]l O|

Q)
~

Alpha Terpinol

0

o]l o] ofj o]l o]l o] o] o]l ojojo]o]o|o]ole

Acrolein

0.16254

| o| o] of o] of| o| o} of o] o} o| of o} o] o] o] »| 2] o| o| o} +| o

0.02

Acetaldehyde

1.02599

0.15

Propionaldehyde

0.73969

[

(&)
&>

DACETON-EF

0

Toluene

Hexane

Chloromethane

p-Cymene

p-Dichlorobenzene

o o| o] o} of o| 5l 5| v] o] o] o] o] o] of o] of o| e of o] of of of © Ol o| o] of ©

Jo o o| o| o] o] 5| ] ™| o of o] o of of o] o] o of o| o o] of o} ©

Formaldehyde

(&,

J

~
w
(1o
.

~

Acetophenol

‘|Dimethyltrisulfide

Carbon disulfide

Total HC

@l o| o o] | of of 0| of o| o| of of of of -

[
| od
OO OO N O] O] O| O] ©
-]
~J
W

o| of o| o] \°

. °la
o] o] o] o] v O] o] o ©] O] Of of o

o} o] o]l o] v o] O O] o] oo -

Other

18.68348

N} O] O] O] O

N
q

154.01

42.67

Total HAP

18.68348

|

>
N
~

154.01 -

42.67

Total VOC

142.3874

[
o
0
~
>
o

~

154.54

68.67

TRS

0 ¢}

(=)
Ol W

0

‘o




TABLE B-8. EMISSION FACTORS FOR INDIVIDUAL SOURCES AND

COMPOUNDS (g/Mg pulp) (CONTINUED)
EP Codes

Compqund Names 199 200 201 202 203 204
Acetone 0.19792 [0.19792 [0.19792 0.5 0.2 0.007
Methanol 11.80506|11.80506{11.80506 70 20 1.4
Carbon tetrachloride 0 0 0 0 0 0
Methyl ethyl ketone 0.28926 [0.28926 |0.28926 0.04 0.85 0.006
Hydrogen Sulfide 27 27 53 53 0 0
Methyl mercaptan 225 225 75 75 0 0
Dimethyl sulfide 0.246 5 0.007 0.007 550 550
Dimethyl disulfide 0 0 0 0.c08 0 0
Alpha pinene 526.3998[526.3998(526.3998| ~ 1 8.5 3.9
Hydro Chloric Acid ] 0 0 . 0 0 0
Chlorine 0 0 0 0 0 0
Chlorine dioxide 0 0 0 0 0 0
Methyl chloride 0 0 0 0 0 0
Chloroform 0 0 0 0 0 0
1 Benz 0 0. 0 0 0 0
Phenol 0 0 0 0 0 0
Dioxin 0 0 0 0 0 0
Furan 0 0 0 0 0 0
1,1,1~Trichlorocetane 0 0. 0 0 0 0
2,4,5-Trichlorophencol 0 0 0 0 0 0
PCP-EF 0 0 0 0 0 0
2,4,6-Trichlorophencl 0 0 0 0] 0 0
Chlorophenol 0 0 o 0] 0 0
Beta Pinene 298,6056(298,6056{298.6056j 0.03 3.7 2.8
Alpha Terpinol 0 0 0 0 0 0
Acrolein 1.78799 |1.78799 [1.78799 | 0.005 0 0.3
Acetaldehyde 0.03157 {0.03157 |0.03157 1 0.097 0.014
Propionaldehyde 0.01405 [0.01405 [0.01405 0.06 0 s}
DACETON-EF 0 -0 0 0 0 0
Toluene 8.48324 [8.48324 [8.48324 0.005 0 0
Hexane 0 0 0 0 0 0
Chloromethane 0 0 0 0 0 0
p-Cymene - 4300 4300 4300 14 i) 0
p-Dichlorobenzene 0 0 0 0 0 0
Formaldehyde 0.06913 [0.06913 [0.06913 0.004 0.04 0.03
Acetophenol . 0 0 8] 8] 0 .0
Dimethyltrisulfide 0 0 0 0 o] 0
Carbon disulfide 0 0. 4] 0 0 0
Total HC 0 0 0 87 2640 348
Other 22.4803 |22.4803 |22.4803 | 71.114 20.987 1.75
Total HAP 32.4803 | 22.4803 |22.4803 | 71.114 | 20.987 | 1.75 |
Total VOC 5372.93 |5377.684|5222.691|248.659 |3223.387]| 906.457
TRS 252.246 257  |128.007 |128.015 550 550




TABLE B-8,

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND

COMPOUNDS (g/Mg pulp) (CONTINUED)
EP Codes

Compound Names 206 207 210 211 212 213
Acetone 3 3 0.19792 | 0.19792 0.3 0.3
Methanol 190 190 11.80506]11.80506 50 50
Carben tetrachloride 0 0 0 0 Q 0
Methyl ethyl ketone 3 3 0.28926 |[0.28926 0.2 0.2
Hydrogen Sulfide 53 53 0 0 98 98
Methyl mercaptan 788 788 0 0 113 113
Dimethyl sulfide 0.01 0.01 0 0 101 101
Dimethyl disulfide 0 0 0 0 18.3 18.3
Alpha pinene 400. 400 526.3998]526,3998 0.5 0.5
Hydro Chloric Acid 0 0 0 -0 0 0
Chlorine 0 0 0 0 0 0
Chlorine dioxide 0 0 0 0 0 0
Methyl chloride 0 0 0 0 0 0
Chloroform 0 0 0 0 o] 0
1 Benz 0 0 0 0 0 0
Phenol 0 0 0 0 0 0
Dioxin 0 0 0 0 0 0
Furan 0 0 0 0 0 0
1,1,1-Trichloroetane 0 0 0 o 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
Chlorophencl 0 0 0 0 0 j
Beta Pinene 300 300 298.6056]298.6056 0.5 0.5
Alpha Terpincl 1] 0 0 : 0 0 0
Acrolein 22 22 1.78799 |1.78799 3 3
Acetaldehyde 0.4 0.4 0.03157 {0.03157 0.01 0.01
Propionaldehyde 0.19 0.19 0.01405 | 0.01405 0.05 0.05
DACETON-EF 0 0 0 .0 0 0
Toluene 4 4 8.48324 [8.48324 0.004 0.004
Hexane 0 0 0 0 o} 0
Chloromethane 0 0 0 0 0 0
p-Cymene 860 860 4300 4300 0.3 0.3
p-Dichlorobenzene 0 0 i} 0 0 0
Formaldehyde 1 1 0.069%913 |0.06913 0.5 0.5
Acetophenol 0 0 0 0 0 .0
Dimethyltrisulfide 0 0 0 0 0 0
Carbon disulfide 0 0. 0 0 0 0
Total HC 0 0 0 0 70 70
Other 220.59 220.59 |22.4803 |22.4803 | 53.764 53.764
Total HAP 220.59 220.59 [22.4803 [22.4803 [ 53.764 53.764
Total VOC 2571.6 | 2571.6 |5147.684|5147.684]357.664 | 357.664 |
TRS 841.01 841,01 0 -0 330.3 330.3




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND
(CONTINUED)

COMPQUNDS

(g/Mg pulp)

Ceompound Names

EP Codes
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TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND

COMPOUNDS (g/Mg pulp) (CONTINUED)

EP Codes
Compound Names 228 229 230 231 232 233
Acetone 4.81615 {4.81615 | 0.0066 0.0066 1.5 1.5
Methanol 4.72202 |4.72202 0.02 0.02 28 28
Carbon tetrachloride 0 0 0 0 [ 0
Methyl ethyl ketone 7.90645 | 7.90645 |0.00011 |0.00011 0.2 0.2 |
Hydrogen Sulfide 0 0 0 0 53 53
Methyl mercaptan 0 0 0 0 788 788
Dimethyl sulfide 0 0 10 10 533 533
Dimethyl disulfide 0 0 0 0 661 661
Alpha pinene 0 0 0.00025 |[0.00025 300 300
Hydro Chloric Acid 0 0 0 0 0 0
Chlorine 0 0 0 4] 0 0
Chlorine dioxide 0 0 0 0 0 0
Methyl chloride 0 0 .0 0 0 0
Chloroform 0 0 0 0 0 0
1 Benz 0 0 0 0 0 0
Phenol 0. 0 0 0 0 o]
Dioxin 0 0 0 0 -0 0
Furan 0 0 -0 0 0 0
1,1,1-Trichloroetane 0 0 0 0 0 [§]
2,4, 5-Trichloxrophenol 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 o}
Beta Pinene 0 0 0.0077 0.0077 0 0
Alpha Terpinol 0 0 0 0 §] 0
Acrolein 0.13004 |0.13004 |0.00014 [0.00014 }{0.00004 0.00004
Acetaldehyde 1.02599 |1.02599 |0.00024 |0.00024 0.001 0.001
Propionaldehyde 0.73969 |0.73969 |0.00001 |0.00001 | 0.0005 0.0005
DACETON-EF 0 -0 0 0 0 0
Toluene 0 0 0.00012 |0.00012 0 0
Hexane 4 0 0 0 0 0 0
Chlorcmethane 0 0 0 0 _ 0 0
p-Cymene 0 0 0.00012 |0.00012 0.17 0.17
p-Dichlorobenzene 0 0 0 0 0 0
Formaldehyde 4.14753 [4.14753 | 0.0025 0.0025 0.01 0.01
Acetophenol 0 0 0 0 0 0
Dimethyltrisulfide 0 0 0 0 71 71
Carbon disulfide o] 0 0 0 0 0
Total HC 0 0 0 0 0 0
Other 18.67172|18.67172|0.02312 |0.02312 [28.21154 28.21154
Total HAP 18.67172|18.67172|0.02312 |0.02312 |28.21154 28.21154
Total VOC 33.48787|23.46787|10.03779]10.03779}2382.882 2382.882
TRS 0 0 10 10 2106 2106




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND
COMPOUNDS (g/Mg pulp) (CONTINUED)

EP Codes
Compound Names 301 302 303 304 305 306
Acetone 1.09782 [1.09782 15 15 10.77623110.77623
Metharnol 0.24236 [0.24236 3.5 3.5 2.6251 2.6251
Carborn tetrachloride 0 0 0 0 0 0
Methyl ethyl ketone 1.54827 [1.54827 15 15 8.15671 8.15671
Hydrogen Sulfide 0 0 0 o} 0 0
Methyl mercaptan 0 0 0 0 0 0
Dimethyl sulfide 0 0 0 0 0 0
Dimethyl disulfide 0 0 0 0 0 0
Alpha pinene 0.065 0.065 0.065 0.065 0.00343 | 0.00343
Hydro Chloric Acid 0.01344 |0.01344 0.2 0.2 0.15355 | 0.15355
Chlorine 0 0 0 0 0 0.
Chlorine dioxide 1.5 1.5 1.5 1.5 0.03803 | 0.03803
Methyl chloride 1.79168 [1.79168 2.5 2.5 0.22788 | 0.22788
Chloroform 3.96728 |5.27608 |3.96728 [5.27608 [0.25477 | 0.33882
1 Ben:z 0 0 0 - 0 0 0
Phenol 0 0 0 0 0 [0}
Dioxin §] 0 0 0 8} 0
Furan 0 0 0 0 0 0
fi1,1,1-Trichloroetane 0.15 0.15 0.15 0.15 0.00209 | 0.00209
2,4,5-Trichlorophenocl 0 0 0 0 0 0
PCP-EF : 0 0 0 0 0 0
2,4,6-Trichlorophenol 0 0 0 o 0 0
Chlorophenol 0 0 0 0 0 0
Beta Pinene 0.00942 |0.00942 0.01 0.01 0.0007 0.0007
Alpha Terpinol 0 0 o 0 0 0
Acrolein 0.08832 |0.08832 1 1 0.61834 | 0.61834
Acetaldehyde 0 0 0 0 0 0
Propionaldehyde 0.04061 |0.04061 0.5 0.5 0.33078 | 0.33078
DACETON-EF 0 0 0 0 0 0
Toluene 2.5 2.5 2.5 2.5 0.08012 | 0.08012
Hexane 0 0 0 0 ] o
Chloromethane 0 0 0 0 0 0
p-Cymene 0.5 0.5 0.5 0.5 0.00417 | 0.00417 |
p-Dichlorcbenzene o] 0 0 0 0 0
Formaldehyde 0.00192 |0.00192 0.025 0.025 0.0173 0.0173
Acetcphenol 0 0 0 0 0 0
Dimethyltrisulfide 0 0 0 0 0 0
Carbcn disulfide 0 o 0 0 0 0
Total HC 0.77484 [0.77484 2 2 0.32951 | 0.32951
Other 10.33044|11.63924|29.14228[30.45108{12.31309[12.39714
Total HAP 10.34388[11.65268|29.34228]30.65108 12.46664[12.55069
Total VOC 10.83584|12.1446444.06728|45.37608|23.19716 23.28121
TRS 0 0 0 0 0 0




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND

COMPOUNDS (g/Mg pulp) (CONTINUED)
T EP Codes

Compound Names 307 308 309 310 311 312
Acetone 3.11048 [3.11048 42.5 42.5 30.53266{30.53266
Methanol 2.70061 [2.70061 39 39 29.25114(29.25114
Carbon tetrachloride 0 0 0 0 0 0
Methyl ethyl ketocne 3.25137 {3.25137 31.5 31.5 17.1291 | 17.1291
Hydrogen Sulfide 0 0 0 0 0 0
Methyl mercaptan 0 0 0 0 0 0
Dimethyl sulfide o 0 0 0 o] 0
Dimethyl disulfide 0 0 0 0 0 0
Alpha pinene 0 0 0 0 0 §
Hydro Chloric Acid 0 0 0 0 0 6]
Chlorine 0 0 - 0 0 0 0
Chlorine dioxide 0 0 0 0 0 0
Methyl chloride 2.29335 j2.29335 3.2 3.2 0.29169 [ 0.29169
Chloroform 1.97827 11.44816 [1.97827 ]1.44816 [0.12704 0.093
1 Benz 0] 0 0 0 0 0
Phenol 0 0 0 0] 0 0
Dioxin 0 0 0 o] 0 4]
Furan 0 0 0 0 0 0
1,1,1-Trichloroetane 0 0 0 o 0 0
2,4,5-Trichlorophenocl 0 0 0 0 0 0
PCP-EF 0 0 0 0 0 0
2,4,6-Trichlorophenol 0 0 0 0 0 0
Chlorophenocl 0 0 0 0 0 0
Beta Pinene 8] 0 0 0 0 0
Alpha Terpinol 0 0 0 0 0 0
Acrolein 0.09274 |0.09274 1.05 1.08 0.64%25 | 0.64925
Acetaldehyde 0.09085 |0.09085 1.05 1.05 0.66016 | 0.66016
Propionaldehyde 0.04873 |0.04873 0.6 0.6 0.39694 | 0.39694
DACETON-EF 0 0 0 0 0 0
Toluene 3 3 3 3 0.09615 |.0.09615
Hexane 0 0 -0 0 0 0
Chloromethane 0 [ 0 0 0 0
p-Cymene 0.5 0.5 0.5 0.5 0.00417 | 0.00417
p-Dichlorobenzene 0 0 0 0 0 0
Formaldehyde 0.20345 |0.20345 2,65 2.65 1.83349 | 1.83349
Acetophenol 0 0 0 0 0 0
Dimethyltrisulfide 0 0 0 0 0 0
Carbon disulfide 0 0 0 0 o 0
Total HC 0 0 0 0 0 0
Other 13.65937|13.12926|84.02827]83.49816|50.43496 50.40092
Total HAP 13.65937[{13.12926 84.02827 83.49816]50.43496]50.40092
Total VOC 14.9765 |14.44639|123.8283|123.2982(80.6801 |80.64606
TRS 0 0 0 0 0 0




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOQURCES AND
COMPOUNDS (g/Mg pulp) (CONTINUED)

EP Codes
Compound Names 313 314 315 316 317 318
Acetone 3.11048 [3.11048 42.5 42.5 30.53266|30.53266
Methanol 2.70061 [2.70061 39 39 29.25114(29.25114
Carbon tetrachloride 0 0 i} 0 0 0
Methyl ethyl ketone 3.25137 |3.25137 31.5 31.5 17.1291 | 17.1291
Hydrogen Sulfide 0 0 0 0 0 0
Methyl mercaptan 0 0 0 0 0 0
Dimethyl sulfide 0 0 0 0 0 0
Dimethyl disulfide 0 0 0 0 0 0
Alpha pinene 0 0 0 0 0 0
Hydro Chloric Acid 0 0 0 0 0 0
Chlorine 0 [0} 0 0 0 0
Chlorine dioxide 0 0 o] 0 0 0
Methyl chloride 2.29335 |2.29335 3.2 3.2 0.29169 | 0.29169
Chlorcform 1.97827 |1.44816 |1.97827 |1.44816 0.12704 0.093
1 Benz 0 0 0 0 0 0
Phenol 0 0 0 0 0 0
Dioxin 0 0 0 0 0 0
Furan 0 8] 0 0 0 0
1,1,1-Trichloroetane 0 0 0 0 o 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 0 0 0 0
Alpha Terpinol 0 0 0 o] 0 0
Acrolein 0.09274 |0.09274 | 1.05 1.05 0.64925 | 0.64925
Acet.aldehyde 0.09085 |0.09085 1.05 1.05 0.66016 | 0.66016
Propionaldehyde 0.04873 |0.04873 0.6 0.6 0.39694 | 0.39694
DACETON-EF 0 0 0 0 0 0
Toluene 3 3 3 3 0.09615 | 0.09615
Hexane 0 0 0 0 0 0
Chloromethane 0 0 0 0 [0} 0
p-Cymene 0.5 0.5 .0.5 0.5 0.00417 | 0.00417
p-Dichlorcobenzene 0 0 0 0 0 0
Formaldehyde 0.20345 |0.20345 2.65 2.65 1.83349 | 1.83349
‘[Acezophenol 0 0 0 0 0 0
Dimethyltrisulfide 0 0 0 o 0 0
Carbon disulfide 0 0 0 0 0 0
Total HC 0 o] [y] 0 0 . 0
Other 13.65937]|13.12926(84.02827|83.49816 50.43496|50.40092
Total HAP 13.65937]13.12926|684.02827|83.49816(50.43496(50.40092
Total VOC 14,0765 |14.44639|123.8283[123.2982|80.6801 [80.64606
TRS 0 0 0 0 0 0




TABLE B-8.

EMISSION FACTORS FOR INDIVIDUAL SOURCES AND
COMPOUNDS (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
Compound Names 407 408 409 410
Acetone 0 85 85 61.06531
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 Sulfide

Methyl mercaptan

Dimethyl sulfide

Dimethyl disulfide

Alpha pinene

Hydro Chloric Acid

Chlorine

Chlorine dioxide

Methyl chloride

Chloroform

1 Benz -

Phenol

Dioxin

Furan

1,1,1-Trichlorcetane

2,4,5-Trichlorophenol

PCP-EF

2,4,6-Trichlorophenol

Chlorophenol

Beta Pinene

Alpha Terpinol
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Acrolein 1.29851 2.1 2.1 1.29851
Acetaldehyde 1.32032 2.1 2.1 1.32032
Propionaldehyde 0.79388 1.2 1.2 0.79388
DACETON-EF 0 0 0 0 .
Toluene 0.1923 6 6 0.1923
Hexane 0 0 0 0
Chloromethane 0 0 0 0
p~-Cymene 0.00835 1 1 0.00835
p-Dichlorcobenzene 0 . 0 0 . 0
Formaldehyde 3.66699 5.3 5.3 3.66699
Acetophenol 0 0 0 0
Dimethyltzrisulfide 0 0 0 0
Carbon disulfide 0] 0 0 0
Total HC 0 0 0 0
Other 700.8726|167.0261|168.0897([100.8043
Total HAP 100.8726|167.0261|168.0897|100.8043
Total VOC 100.881 |253.0261]254.0897|161.878 |
TRS 0 4] 0 0
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APPENDIX C.1

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 fiqures (P1-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 prodess vent and wastewater
stream characteristics of each emission point in the model
process unit. These characteristics include:

L Flow rate factor; and

o 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 a pulp mill. Assuming a
Kraft pulpiné 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-1. The continuous line utilizes a diffusion washer and




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-1)
rotary vacuum drum washer would be estimated using the
following steps:

1. Identify emission point code (EP_CODE): for

Model P-1, the code for the washer is 177;

2. Identify the associated emission point emission
factor ("Compound" EF): for methanol (MEOH_EP), the
factor is 0.1 kg/Mg pulp;

3. Multiply factor by process line capacity:

0.1 Kg MeCH % 1000 Ton Pulp < 1 Mg - 90.9 Kg MeOH
Mg Pulp Day 1.1 Ton Day

4. Convert to annual emissions, assuming mill operates
350 days per year:

90.9 Kg MeOH X 350 Day _ 31,800 Kg MeOH
Day 1 Year Year




SUMMARY TABLE OF PULPING MODEL PROCESS UNITS

= T —— -
‘Model oxygen
process Digestion Wood Chenical delignification
unit Pulping type type type recovery Washer type (Yes or No)
P~1 I Kraft Batch Hard Kraft Rotary drum No
p-2 Kraft Batch Soft Kraft Rotary drum ' No
P-3 Kraft Continuous Hard . Kraft Improved washing No
P-4 ' Kraft Continuous Hard Kraft Rotary drum No
P-5 Kraft Continuous Soft Kraft Improved washing No
P-6 Kraft Continuous Soft Kraft Rotary drum No
P-7 Sulfite NA2 Soft Sulfite Rotary drum No
P—8. Sulfite NA Hard Sulfite Rotary drum No
P-9 Semichem/kraft NA Soft Kraft Rotary drum ' No
P-10 Semichem/kraft NA Soft Sulfite . Rotary drum No
P-11 Kraft Continuous Hard Kraft Improved washin§ Yes
P-12 Kraft Continuous Soft Kraft Improved washing Yes
P-13 Kraft Batch Hard Kraft Improved washing Yes
P-14 Kraft Batch soft Kraft Improved washing Yes
P-15 Sulfite Batch Hard Sulfite Rotary drum Yes
P-16 Sulfite Batch Soft Sulfite Rotary drum Yes
P-17 Kraft Batch Hard Kraft Improved washing No
pP-18 Kraft Batch Soft Kraft Improved washing No

@ NA = Not applicable.

J1h.108¢
c-tbl
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Figure P1. Pulping Identification - Kraft, HWD, Batch
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Model PV - Stream Charscteristics 08/12/93

1
HAL_STATUS |

T T T ¥ L] T T T T T T T
| WPu_CODE | EP_CODE | SOURCE | PROC_TYPE | PULP_TYP | WOOO_TYP | ENCLOSURE | SOURCE TYP | VFLO_FAC | SFLO_FAC | VHAP_CON | SHAP_CON |
I t t 1 } i t — } t t } t —
| m | 155 | Digesters, relief gases joeue | KRAFT | WARD | | venr | 2.57€-3 | | 8.69€+2 | | N |
(] | 163 | Digesters, blow condensates | eue | KRAFY | Hamp | | STREAM | | 1.406+0 | | 9.96€+2 | L |
i { 165 | Digesters, blow gases | oenp | KRAFY | hamo | | vENT | 1.30€40 | | 4.18e41 | | N |
| m | 175 | Knotters, hood vent | eup | KRAFT | waxo | 1 | vewr | 9.00e-1 | | 5.67E+1 | | N i
| pt | 177 | Washers, hood vent | ep | KRAFT | WARD | 3 | vewr | 9.00€-1 | | 1.03ee2 | | N |
[ { 181 | MASHERS, DECKERS/SCREENS | PP | KRAFT | w0 | 1 | vear | 9.006-1 | | 2.03E+0 | | L] |
[ | 184 | Vashers, fosm tank | eup | KRAFT | HarD | | vewr | 1.00€-1 | | 5.96642 | | N |
() | 185 | Eveporators, vent | eup | KRAFT | Haro | vewr | 2.706-3 | | 41343 | | L |
| P | 187 | Evaporators, condensates | PP | KRAFY | Wm0 | | simeas | | 4.90640 | | t.48€¢3 | ] |
| Pt | 189 | Evaporators, surface cond. condensstes [ V| KRAFY | waro | | smmeam | | 4.206¢0 | | 3.53€¢2 | L] |
i P | 197 | WEAK BLACK LIOUOR STORAGE TANK | pup | KRAFT | wamo | | vEWT | 2.T4€-3 | | 2.99+4 | | [ |
t L 1 1 i 1 1 i 1 1 1 1 —
Model P1 - Emission Factor Susmary
T T T T T T T T T 1 T 1 T T ¥
WPU_COOE | EP_CODE | SOURCE | ACEV_EF | MEOH_EF | CTET_EF | MEK_EF | PCOB_EF | FORM_E€F | MCL_EF | CL2_EF | MECL_EF | CHCL3_EF | L_BENZ_EF | PHENL_EF | WCHCLIEF | TCP24SEF,
t 1 } i i } t % } { } t { ! }
3] } 155 | Digesters, relief gases | 6.40€-5 | 3.20€-3 | | 8.006-4 | | 3.006-5 | | | | | | |
1 | 163 | Digesters, blow condensates ) 1.206-3 | 5.90€-1 | | 1.206-3 | | _l | | | | | | |
Pt | 165 | Digesters, blow gases | 1.52e-3 | 6.21€-3 | | 2.41€-3 | | 3.46€-4 | | | | | | | |
(] | 175 | Knotters, hood vent | 5.06€-3 | 2.07e-2 | | 8.046-3 | | 1.15€-3 | ) | | | | | | |
(3] | 177 | usshers, hood vent | 2.30E-2 | 1.00€-1 | | 2.50€-2 | | 5.00€-3 | | | | | | | | |
1] } 181 | WUASHERS, DECKERS/SCREENS | 5.12e-4 | 2.236-3 | | 5.50€-4 | | 1.19€-4 | | | | | | | | |
P | 184 | washers, foam tank | 3.806-2 | 1.86E-1 | | 7.27E-3 | | 3.266-3 | | | | | | | | |
Pt i 185 | Evaporators, vent | 2.00€-4 | 2.00€-2 | | 8.50€-4 | | 4.00€-5 | i | | [ | | | |
4] | 187 | Evaporstors, condensates | 1.00€-2 | 3.00€+0 | | 3.00€-2 | | 5.006-3 | | | | | | | | |
i3l | 189 | Evaporators, surface cond. condensates | 2.50€-3 | 6.15€-1 | | 6.90€-3 | | 5.20€-3 | | | | | | | | |
P | 197 | UEAK BLACK LIOUOR STORAGE TANK | 5.006-4 | 1.006-1 | | 1.00€-3 | | 2.00€-3 | | | | | | | | |
1 i i 1 i L 1 i 1 gl 1 1 1 1 1 1 —
T T ¥ T . H
MPU_CODE | EP_CODE | Soumce | pce_gF i ACROLEINEF | PROPAL_EF | TOLUENE_EF i CMETHANEEF | TCDD_EF i YCOF_EF | ACETOPWNEF i CARGOIS_EF | HEKAWE_EF | TOTHAPEF | TOTVOCEF | TRS_EF |
'\ ' J } [ il [l | —
1 L] L] T T H
4] | 155 | Digesters, relief goses | | | | i i | i | 4.20E-3- | 2.59€+0 | 2.62640 |
13} | 163 | Digesters, blow condensstes | | | | | | | . | | S.9E-1" | 8.59%€-1 | 3.306-1 |
4] | 165 | Digesters, blow gases i | 2.44E-4 | | 4.2¢e-3 | | | 2.22¢-3 | | 8.506-2 | 1.026-1 | 4.37E¢0 | 4.02640 |
P1 | 175 | Knotters, hood vent | | e.v3€-4 | 6.006-3 | } 3.006-3 | | 5.106-2 | 9.606-2 | 8.%4E-Y |
P | 177 | Vashers, hood vent | | 3.006-3 | 2.006-3 | | 1.006-3 | 1.006-3 | 1.70E-2 | V.74E-1 | 1.906+0 | 1.46E40 |
P1 | 181 | VASHERS, DECKERS/SCREENS | | 6.646-5 | 2.53-5 | | 1.266-5 | | 5.43E-6 | 3.44E-3 | 9.06E-3 |
P1 | 184 | Washers, fosm tank | | .42€-3 | 5.59%-4 | 2.31€-3 | | | | | 3.24e-5 | 2.026-1 | 5.81E-1 | 2.20€-% |
13} | 185 | Evaporators, vent | | | | | | | | | | 2.106-2 | 5.39640 | 3.56!'0 |
P ] 187 | Evaporators, condensates | | | 5.00€-4 | | i | } | | | 3.04640 | 3.22£+0 | 5.25 |
Pl | 189 | Evaporators, surface cond. condensates | | v.106-4 | 1.506-4 | | | | | | | | 6.29€-1 | 7.106-1 | 2.8&4 |
4 | 197 | WEAK BLACK LIQUOR STORAGE TANK | | 1.006-3 | 1.006-5 | ) } | | | | | 1.54E-1 | V.55€6-1 | |
i i )| 1 1 1 I )3 Il i 1 1 'y 1 L —
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Figure P3. Pulping Identification - Kraft, HWD, Continuous, Improved Washing
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Model P5 - Emission Factor Suwmary 08/12/93
i T T T Y T T T T T T ¥ T T T T ¥
| WPU_CODE | EP_CODE | SOURCE | PCP_EF | ACROLEINEF | PROPAL_EF | TOLUENE_EF | CMETKAMEEF | TCOD_EF | YCOF_EF | ACEVOPHMEF | CAREDIS_EF | WEXAME_EF | TOFWAPEF | TOTVOCEF | ws_efF |
| 1 t ! t t } t } } } ¢ t t i t |
| »s | . 158 | NCG System, cont. turpentine condenser | | 5.006-7 | | | | ) | | | | 4.046-3 | 4.11640 | 2.68600 |
| s | 160 | Tatll 0il Recovery, continuous vent | | | | | | | | | | | | 5.83€-3 | 1.02€-1 |
i o5 i 161 | MLG System, turpentine condensates i | 2.006-6 | 2.206-4 | { i i | } | | S.0SE-Y } 9.74E-Y | T.1€-2 |
| s | 170 | Digesters, blow gases | | 6.00€-7 | | 1.006-7 | | | | | | | 3.506-3 | 4.91E¢0 | 2.37€+0 |
| »5 | 172 | Digesters, blow condensates | | 1.30e-5 | 2.206-3 | ) | | } | | | 3.726-1 | 6.786-1 | 3.306-1 |
| » ) 176 | Knotters, hood vent | | 4.33E-¢ | 1.38E-4 | 2.436-1 | | | ) | | 3.006-1 | S.79€-1 | 2.61€¢0 | i
| » | 182 | VASHERS, DECKERS/SCREENS | | 3.5¢€-5 | 1.24€-5 | 1.026-3 | | | | | | 3.206-5 | 4.7S€-3 | 2.34E-2 | |
| »s | 183 | Washers, foas tank i | 7.006-5 | 4.006-4 | 4.00€-4 | [ | | | | | V.89 | 1.62640 | 2.206-1 |
| #5 | 186 | Evaporators, vent . | | 3.0064 | | n | | | | | | V7563 | 3.07640 | 3.54g00 |
| »5 { 188 | Evaporators, condensates | | 2.006-3 | 2.006-3 | | | | | | | | .706-1 | 5.426-% | S.25E-1 |
| »s | 190 | Evaporstors, surface cond. condensates | | | 6.006-& | | | | | | | | 3.91€-2 | 1.106-1 | 2.646-1 |
| » | 198 | WEAK BLACK LIQUOR STORAGE TANK | | 2.006-S | 4.006-4 | | | | | [ | | 4.27€-2 | o.87E-2 | |
[ ] | 233 | Weshers, hood vent | | &«.006-8 | S.006-7 | | | { ] | | | 2.826-2 | 2.38640 | 2.V1E+0 |
L 1 1 i 1 I i 1 [l i i I 1 1 i 1 J
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Figure P6. Pulping Identification - Kraft, SWD, Continuous
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Model P& - Emission Factor Susmary 08/12/93%

f T ¥ I B 1§ I T T T T T T T ] M T T

| WPu_CODE | €P_CODE | SOURCE | PCP_EF | ACROLEIMEF | PROPAL_EF | TOLUENE_EF | CMETHANEEF | TCOO_EF | TCOF_EF | ACETOPHNEF | CARBDIS EF | NEXAME EF | TOTHAPEF | voTvoces | Tas_Ef
t = t e e - : = t t : | { ~4— f

| pe [ 158 | NCG System, cont. turpentine condenser | |.s.006-7 | | | | | | | | | 4.046-3 | 4.VIE+0 | 2.68E%0
| ps | 160 | Tall Oil Recovery, continuous vent | | } | | ] i | | | | | 5.836-3 | 1.026-1
(] { 161 | NCG System, turpentine condensates | | 2.006-6 | 2.208-4 | | | | | | | | 5.05€-1 | 9.74E-V | T.11E-2
| P i 170 | Digesters, blow gases ] | 6.006-7 | | 1.006-7 | | | | | | | 3.506-3 | 4.91E+0 | 2. :1:oo
| P& | 172 | Digesters, blow condensates | | v.306-5 | 2.20€-3 | | | | | i | | 3.726-1 . | 6.786-1 | 3.30¢

| pé | 176 | Knotters, hood vent | | 4.3%-4 | 1.386-4 | 2.4361 | | | | | | 3.006-1 | S.79€-) | 2.61€¢0 |

| pé | 170 | Washers, hood vent | | 1.606-3 | 5.606-4 | 8.106-2 | | | | | { 1.006-1 | 3.67E-1 | 3.426+0 | 2.11E0
| pe ] 182 | WASHERS, DECKERS/SCREENS | | 3.54E-S | t.24€-S | 1.026-3 | | | | | | 3.206-5 | 4.75€-3 | 2.34€-2 |

| pe | 183 | Uashers, foam tank, | | 7.00e-5 | 4.00E-4 | 4.00€-4 | | | | | | | 1.09€-1 | 1.62€«0 | 2.20€-%
| e6 | 186 | Evaporstors, vent ) | 3.006-4 | | | | | | | | | 1.756-3 | 3.07E+0 | 3.545'0
| - Po | 188 | Evaporators, condensates | | 2.006-3 | 2.00€-3 | | | | | | | | 1.70E-0 | S.426-V | 5.2%€-

| pé | 190 | Evaporstors, surface cond. condensates | | | 6.006-4 | | | | | | | | 3.91€-2 | V.10¢ l | 2.64E- l
| ve | 198 | WEAK BLACK LIQUOR STORAGE TANK | | 2.006-5 | 4.006-4 | | | | | | | | «.27€-2 | 6.07€-2 |

L i i —_— i i i I i i 1 1 1 i . RS U, | i
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Figure P9. Pulping Identification - Semi-chemical (Kraft ProceéS), SWD
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08/12/93

198 | WEAK BLACK LIQUOR STORAGE TANK VENT
1

Hodel P? - Stresm Characteristics
r T T T T T T T T | T T T 1
| MPU_CODE | EP_CODE | SOURCE | PROC_TYPE | PULP_TYP | wo0D_TYP | ENCLOSURE | SOURCE_TYP | VFLO_FAC | SFLO_FAC | VHAP_CON | SHAP_CON ! HAL_STATUS !
} t t t — t i } i t } t f 1
| »y | 157 | NCG SYSTEM, TURPENTINE CONDENSER | pup | SEMI-CHEMICAL |  SOFT | I VENT | 2.57€-3 | 1.106-1 | B.36€e2 | | N |
| P9 | 159 | TALL OIL RECOVERY, BATCH VENT | Putp | SEMI-CHEMICAL |  SOFT | | VENT | 7.64€-3 | | | | N |
| »® | 162 | NCG SYSTEM, TURPENTINE CONDENSATES | PULP | SEMI-CHEMICAL | SOFT | | STReam | | 1.10e-y | | 1.08e¢4 | ] |
T o [ 164 | DIGESTERS, BLOM CONDENSATES | eup ) semi-cuemicaL | sofy | | stReam | { t.408¢0 | | 176842 | ] |
[ 24 | 166 | DIGESTERS, BLOMW GASES | PULP | SEMI-CHEMICAL | SOFT | | vENT | 130640 | | 1.61€-1 | ] N |
| Ppo | 176 | KNOTTERS, NOOD VENT | PULP | SEMI-CHEMICAL | SOFT | 1 | vewsr | 9.00€-1 | | 3.426+2 | | L] |
| po | 183 | WASHERS, FOAM TANK VENT | eutp | SEMI-CHEMICAL | SOFT | | VENT | v.806-1 | | 5.60642 | | N |
| po | 186 | EVAPORATORS, VENT | PULP | SEMI-CHEMICAL | SOFT | | vewr | 2.70€-3 | | 3.456+2 | | L] |
| P | 188 | EVAPORATORS, CONDENSATES | PuLP | SEMI-CHEMICAL | SOFT | | STREAM | | 4.906+0 | | 8.21E+1 | L] |
[ | 190 | EVAPORATORS, SURFACE COND. CONOENSATES | PULP | SEMI-CHEMICAL |  SOFT | | sTRean | | 4.206+0 | | 2.196¢1 | [ |
| 9 | 198 | WEAK BLACK LIGUOR STORAGE TANK VENT | PuLP | SEMI-CHEMICAL | SOFT | | vewy | 2.74€-3 | | 6.286+3 | | " |
L 1 1 - i L 1 L 1 [ 1 1 Il i )
Model P9 - Emission Factor Summary
[ T T T T T T T T T T T T T 1
| WPU_CODE | EP_CODE | SOURCE | ACEY_EF | WEON_EF | CYET EF | MEK_EF | PCOB_EF | FORM_EF | WCL_EF | CL2_EF | MECL_EF | CHCL3_EF | L_BENZ_EF | PMENL_EF ! MCNCLIEF ! TCP4SEF !
t { t t i 1 } t t { t 1 t i
| »® | 157 i NCG SYSTEN, TURPENTINE CONDEMSER i 1.20€-4 i 3.20€-3 | i 2.00€-4 8.006-6 i | | | | | ] | |
| P | 159 | TALL OIL RECOVERY, BATCH VENT | | | ] | | | | | | | | | |
| 9 | 162 | NCG SYSTEN, TURPENTINE CONDENSATES | 4.006-3 | 5.006-1 | < | 2.00e-3 | 6.006-5 | | | | | | | | |
| »po | 164 | DIGESTERS, BLOW CONDENSATES | 1.60E-3 | 1.006-1 | | 2.20e-3 | 1.00€-3 | [ | | | | | | |
| 9 | 164 | DIGESTERS, BLOW GASES | 4.00E-S | 2.40E-4 | | 1.006-4 | 1.706-5 | | | | | | | | |
| po ] 176 | KNOTTERS, NOOD VEMT | 7.266-3 | 3.mE-2 | | 3.21€-3 | 6.91E-4 | | | ) | ] } | |
| 9 | 183 | WASHERS, FOAM TANK VENT | 1.90€-2 | 1.76€-1 | | 7.006-3 | 2.00€-3 | | | | | | | | |
| po | 186 | EVAPORATORS, VENT | 7.006-6 | 1.40€-3 | | 6.006-6 | 3.00€-5 | | | | | | | | |
P9 | 188 | EVAPORATORS, CONDENSATES | 3.906-3 | 1.50-1 | | 7.706-3 | | 5.00€-3 | | | | | | | | |
»9 | 190 | EVAPORATORS, SURFACE COND. CONDENSATES | 9.7T5€-4 | 3.086-2 | | 1.77€-3 | | 5.20€-3 | | | | | | | | |
»9 | 198 | WEAK BLACK LEQUOR STORAGE TANK VENT ] 1.00€-2 | 4.00€-2 | | 1.00€-4 | | 2.006-3 | | | | | | | | |
1 Iy 1 1 1 1 1 1 - i 1 1 1 4 1 Il J
. T T T T T T T ¥ T - T T
| mPU_CODE | EP_CODE | SOURCE | PCP_EF | ACROLEINEF | PROPAL_EF | TOLUEME_EF | CNETNANEEF | TCDD_EF | TCOF_EF | ACETOPHMEF | CARBOIS_EF | WEKAME_EF | TOTWAPEF | TOTVOCEF | TRS_EF
[N } | kN 1 [ i I I\ 1 ] i
L] T 1 1 1 T 1 1 1) 1] L ¥
| e | 157 | MCG SYSTEM, TURPENTINE CONDENSER | | 5.00e-7 | | | | | | | 4.046-3 | 4.11E+0 | 2.68£+0
| o9, | 159 | TALL OIL RECOVERY, SATCH VENT | | | | | | | | | | | 5.836-3 | 1.02€-1
| po 1 162 | NCG SYSTEM, TURPENTINE CONDENSATES | | 2.006-6 | 2.206-4 | | 1 | | | 5.056-1 | 9.74e-1 | 7.11E-2
| po | 164 | DIGESTERS, BLOW CONDENSATES | | 3.006-5 | 2.006-4 | | | | | | | 1.04E-1 | 3.426-1 | 2.32¢-%
| P | 166 | DIGESTERS, BLOM GASES | | 1.006-6 | | | | { | | | 3.936-4 | 3.9TE+0 | 4.02€+0
| P9 | 176 | KNOTTERS, HOOD VENT | | 4.33e-4 | 1.386-4 | 2.43e-1 | | | | | 3.00€-1 | 5.79€-1 | 2.61E+0 |
| »9 | 183 | VASHERS, FOAM TANK VENT | | 7.006-5 | 4.006-4 | 4.00E-4 | | | | | | 1.896-1 | 1.62640 | 2.20€-1
| »o | 1856 | EVAPORATORS, VENT | | 3.006-4 | | | | | | | | | 1.75€-3 | 3.07E¢0 | 3.54E+0
| »® | 188 | EVAPORATORS, COMOENSATES |- | 2.00e-3 | 2.006-3 | | } | | | | | 1.71E-1 | S.426-1 | 5.25€-1
| 9 | 190 | EVAPORATORS, SURFACE COND. COMDENSATES | | | 6.00€-4 | | | | | | | | 3.91€-2 | 1.106-1 | 2.64€-1
| ro | | | 2.006-5 | 4.006-&4 | | | | | | | | 4.27e-2 | s.87€-2 |
L - i i 1 1 1 1 1 i 1 i 1 1 i 1
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Figure P10. Pulping Identification - Semi-chemical (Sulfite Process), SWD



Model P10 - Stresm Characteristics

08/12/93

T T T T T T T T T 1
l MPU_CODE | EP_CODE | | PROC_TYPE |  PULP_TYP | wO0D_TYP | EMCLOSURE | SOURCE_TYP | VFLO_FAC | SFLO, FAC | VHAP_CON | SHAP_CON | HAL_STATUS |
t } t + t { } t + { } } {
| et0 | 176 | MASHERS, KNOTTER VEMT | PULP | SEMI-CHEMICAL | sofT | 1 | vewt | 9.00€-1 | | 3.42642 | | U] |
| e0 | 200 | DIGESTERS, RELIEF GASES | PULP | SEMI-CHEMICAL | SOFT | | vewy | 2.57€-3 | | 4.656+3 | | " |
| er0 | 202 | DIGESTERS, BLOM GASES | PuLp | SEMI-CHEMICAL | SOFY | | vewr | 1.306¢0 | | 2.91641 | | N |
| et0 | 213 | DIGESTERS, BLOW CONDENSATES | eute | semi-CHEmlcAL |  soRi | | STREAM | | 1.40€40 | | 9.06E71 | W A
| ep10 | 217 | VEAK BLACK LIQUOR STORAGE TANK VENT | PULP | SEMI-CHEMICAL | SOFY | | VENT | 2.74E-3 | | 5.956+4 | | L] |
I p0o | 229 | UASHERS, FOAM TANK VENT | PULP | SEMI-CHEMICAL | sOFT | | vENT | 1.80E-1 | | 5.526+1 | } N |
| E— i 1 1 1 i 1 1 1 L i 1 1 J
Model P10 - Emission factor Summary
r T T —T T T T T T T T T T T 1
| wPu_cooe | €P_caoE | soumce | ACET_EF | MEOM_EF | CYET_EF | MEK_EF | PCOB_EF FORM_EF | NCL_EF | CLZ_EF | MECL_EF | CHCL3_EF | L_BENZ_EF | PHENL_EF | MCHCL3EF | TCP245EF
I t t —1 } { 4 t { t t } } }
| pi0 | 176 | WUASHERS, KNOTTER VENT ° | 7.2¢6-3 | 3.11€-2 | | 3.21€-3 | 6.91E-4 | | | | | |
| et0 | 200 | DIGESTERS, RELIEF GASES ] 1.98€-4 | 1.186-2 | | 2.89€-¢4 | 6.91E-S | | | | | | |
| e | 202 | DIGESTERS, BLOW GASES | 5.006-4 | 7.00€-2 | | 4.00€-5 | 4.00€-6 | | | [ | | | | I
| et0 | 213 | DIGESTERS, BLOW COMDENSATES | 3.006-4 | 5.006-2 | | 2.006-4 | $.006-4 | | | | | | | |
| epi0 | 217 | WEAK BLACK LIQUOR STORAGE TANK VENT | 2.006-3 | 3.00€-1 | | 4.006-4 | 2.00E-3 | | | | | | |
i e0 | 229 | WASHERS, FOAM TANK VENT | 4.826-3 | 4.72e-3 | | 7.91€-3 | 4.15E-3 | i | | | | |
L 1 1 L i I i i 1 1 I I i 1 i 1 J
f T T T T T T T T T v
| MPU_CODE | EP_CODE | SOURCE | PCP_EF | ACROLEINEF | PROPAL_EF | TOLUENE_EF | CMETMANEEF | TCOD_EF | TCOF_EF | ACETOPHNEF | CARBOIS_EF | WEXANE_EF | TOTHAPEF | TOTVOCEF | VRS_EF
] i i [l i 1 I J [l i
I . T T ¥ T T 1 T L T
| ept0 | 176 | VASHERS, KNOTTER VENT | | 4.336-4 | 9.386-4 | 2.438-1 | i | | 3.00€-% S.79€-1 2.61E+0
| pi0 f 200 | DIGESTERS, RELIEF GASES | | 1.7T9€-3 | 1.40E-5 | B8.48-3 | | { | 2.25E-2 | S.386+0 | 2.5TE-1
| P10 | 202 | DIGESTERS, BLOW GASES | | 5.006-6 | 6.00€-5 | S5.006-6 | | | | 1 | 7.11€6-2 | 2.49€-1 | 1.286-%
| et0 | 213 | DIGESTERS, BLOW CONDENSATES | | 3.006-3 | S.00E-5 | 4.006-6 | | | | | | 5.386-2 | 3.586-1 | 3.30€-%
| et0 { 217 | MEAX BLACK LIGUOR STORAGE TANK VENT | | 4.006-3 | 3.00E-4 | | | | | | | 3.07€-% | 9.55€-1
P10 | 229 | WASHERS, FOAM TANK VENT | | 1.306-4 | T.40€-& | | } | | ] ! 1.87€-2 ! 2.35€-2
1 1 . 1 i 1 i 1 i | I |
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Figure P11. Pulping ldentification - Kraft, HWD, Continuous,
Improved Washing, Oxygen Delignification



-
LT

8Z-0

Hodel P11 - Stream Characteristics 08/12/93
e e ey e | } - g g e e e e = RN \ . | \
| WPU_CODE | EP_CODE | SOURCE | PROC_IYPE |  PULP_IYP | woao _Tvp | ENCLOSURE | SOURCE_TYP | VFLO_FAC | SFLO_FAC | VHAP_CON | SHAP_CON | WAL_STAIUS |
f e R S Bt A S B e el | g
| e | 156 | DIGESTERS, RELIEF GASES | pup | KRAFT | wARD | | Vet | 2.60€-3 | | 8.59€¢2 | | ] |
| e | 169 | DIGESIERS, BLOW GASES | pup | KRA# Y | wamD | | vEwt |-2.608-2 | | 2.06€+3 | | L] J
(B 2] | 71 | DIGESTERS, BLOW CONDENSATES | puLP | KRAHL i WakD i simeax | i 49061 | | 212643 | N !
| en i 175 | KNOTYERS, HOOD VENT | puLp i KRAFT |  wao | 1 | vewr | 9.00-1 | | 5.67E+1 | | [} |
i e i 181 | WASHERS, SCREEWS OR DECKER VENT i eue i KRAFT i wuako i i vewi i v.00e-1 | | Z.036+0 | i L i
| e | 184 | WASHERS, FOAM TANK VENT | Pup | KRAFT | nam0 | |  vewr | 1.80€-1 | - | 5.96E+2 | i L] |
4] i i85 | EVAPORATORS, VEWI i PuiP i KRAFT i #ARD i VEWNT j 2.70€-3 | | 4.938¢3 | | L] i
| ent I 187 | EVAPORATORS, CONDENSATES | pup | KRAFT | wAaRD | | SIREAM | | 4.90E«0 | | 1.46E+3 | N |
[ FTE} i 180 | EUADANATADC CLDIArE roah  COURELCAT 1 Do o 1 woary i uasn t 1 crarau i | ¢ 2nE.n ) 1t 8.2 | N ]
i et ! 189 | EVAPORATORS, SURFACE COND. CONDEWSATES | pue | KRAFT | wams | | staean | | 4.20840 | | 3.53€+2 | ] |
| en | 191 | OXYGEN DELIGNIFICATION BLOW TANK j oepwe | KRAFT | waRp | | vENr ) 2.60€-2 | | 3.826¢2 | | ] |
| e | 193 | OXYGEM DELIGMIFICATION UASHER VENT | e | XRAFY | masp | { o vEMT { 1.808-1 | | TamEe2 | | ¥ !
| et | 197 | WEAK BLACK LIQUOR STORAGE TANK VENT | Pup | KRAFT | WNARD | | VENT | 2.74€-3 | | 2.996v% | | " |
e ! 232 | UASHERS, NOOD VENT | eup | KRAFY | HarD | | vewr ) 2.%E-2 | | 5.47€02 | { L] |
L 4 i - — 1 1 i i 1 i N 1 [ S — |
Model P11 - Emission Factor Summary
T T - T T ¥ T T T ¥ T ¥ T R ) | T T L]
| WPU_CODE | EP_CODE | SOURCE : | ACET_EF | MEOH_EF | CTET_EF | MEX_EF | PCOB_EF | FORM_EF | WCL EF | CLZ2_EF | MECL_EF | CHCL3_EF | L_BENZ_EF | PHENL_EF | MCNCL3EF | TCP24SEF |
I 4 } l } } i L 'Y } L 1 ' ! ' - i i
¥ ¥ 1 T T L) T T ¥ ) 1 1) T ] T 1
| ent | 156 | DIGESTERS, RELIEF GASES | 6.406-5 | 3.206-3 | |- 8.00€-4 | | 3.00€-5 | | | | | | | | |
i en i V69 | DIGESTERS, BLOW GASES | 1.006-3 | 9.90€-2 | | 7.00€-3 | i 5.006-4 j i i i i i i i 1
| en | 171 | DIGESTERS, BLOM couosusues | 2.90E-3 | 5.906-1 | } 2.20€-2 | | 1.706-3 | | } | ) | | } |
i Pt i s RS { 5.066-3 | 2.07€-2 | | 8.04€-3 | | §.95€-3 § H i i i i H i i
| M [ 181 | WASHERS, SCREENS OR DECKER VENT | S.126-4 | 2.2%-3 | | 5.50€-4 | | 1.VE-4 | | | | | | | | |
| o ! 184 | UASHERS, FOAM TAMEK VENT | 3.806-2 ) ymsy | { 7.276-3 | | 3.248-3 | | | | | | | H !
| en | 185 | EVAPORATORS, VENT | 2.006-4 | 2.006-2 | | B.SOE-4 | | 4.00€-5 | | | | ] | | I |
P | 187 | EVAPORATORS, CONOENSATES | 1.006-2 | 3.006+0 | | 3.00€-2 | | 5.00€-3 | | | | N | ] | |
[ enl | 189 | EVAPORAVORS, SURFACE COMD. CONDENSATES [ 2.50€-3 | 6.9SE-1 | | 6.90€-3 | | 5.20€-3 | | | | | | { | f
| m | 197 | OXYGEN DELIGNIFICATION BLOM TANK | | 4.726-3 | | 7.91€-3 | | 4.13€-3 | | | | | | | | |
| en | 193 | OXYGEN DELIGNIFICATION WASHER VENT | 7.30€-2 | 7.606-2 | | 8.20€-2 | | 5.97-2 | | | | | | | | |
Al | 197 | WEAK BLACK LIQUOR STORAGE TANK VENT | $.006-4 | 1.00£-% | | 1.006-3 | | 2.00€-3 | | | | | | | | |
| en | 232 | WASHERS, MOOD VENT | 1.50€-3 | 2.80€-2 | | 2.006-4 | | 1.00€-5 | | | | | { | | |
L 4 i R | 1 1 1 1 1 1 i 1 y - i | 1 i —




Model P11 - Emission Factor Suwsary 08/12/93

f T T ¥ T T T T T T T 7 T

| weu_cope | Ep_cooe i SOURCE | PCP_EF | ACROLEINEF | PROPAL_EF i TOLUENE_EF | CMETMANEEF | TCOD_EF | TCOF_EF | ACETOPHMEF | CARBDIS_EF | WEXANE_EF | TOTHAPEF | TOTVOCEF | Tas_€f
- } t b 1 t } 1 t t t { t } }

| e} 156 | DIGESTERS, RELIEF GASES | | | | I | | | | | | 4.20€-3 | 2.61E+0 | 2.88€+0
(AL B 169 | DIGESTERS, BLOW GASES | | | 1.8€-4 | | | } | | | | 1.01E-1 | 2.426+0 | 2.37E+0
I m 174 | DIGESTERS, BLOW CONDENSATES | | | | | | | | | | | 6.21€-1 | 1.20€+0 | 3.30€-)
i e | 175 | KNOTTERS, NOOD VENT | | 8.136-4 | | 6.006-3 | ) | | 3.006-3 | | S5.106-2 | 9.60E-2 | 8.16E-V |

| e | 181 | WASHERS, SCREENS OR DECKER VENT | | 6.64€-5 | | 2.53-5 | | | | V.25 | | 5.438-6 | 3.446-3 | 9.06E-3 |

| e 184 | WASHERS, FOAM TANK VENT | | 1.426-3 | S.59%-4 | 2.31€-3 | | | | [ | 3.24€-5 | 2.026-1 | 5.81-1 | 2.20€-1
| oenn | 185 | EVAPORATORS, VENT | | | | | | | | | | | 2.106-2 | 5.39€+0 | 3.54640
[ L B | 187 | EVAPORATORS, COMDEMSAIES | ] | 5.00€-4 | | | | | | | | 3.04€+0 | 3.226¢0 | 5.25€-1
| v | 189 | EVAPORATORS, SURFACE COND. COMDENSATES | | 1.106-6 | 1.506-4 | | | | | | | | 6.29€-1 | 7.10€-1 | 2.64E-1
| e 191 | OXYGEN DELIGNIFICATION BLOW TANK | | 1.636-4 | 7.40€-4 | | | | | | | | 1.07€-2 | v.a2e-1 |

| e 193 | OXYGEM DELIGMIFICATION WASHER VENT | | 2.006-3 | 1.00€-2 | | | | | | | | 2.436-1 |.4.106-) |

| e | 197 | WEAX BLACK LIQUOR STORAGE TAMK VENT | | 1.006-3 ) 1.006-5 | | | | | | | | V.S4E-1 | 1.55€-1 |

(L LI 232 | WASHERS, NOOD VENT | | 4.006-8 | 5.006-7 | | | } | | | | 2.826-2 | 2.386+0 | 2.11E+0
L L i i L 1 i i i 1 1 i ' 1 1 1

L unpnppempn————— g el
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Figure P12. Pulping Identification - Kraft, SWD, Continuous,
Improved Washing, Oxygen Delignification



T€-0

- Stream Characteristics

Model P12 08/12/93
g e G- - ey S e e s e e - e
| MPU_CODE | €P_CODE | SOURCE | PROC_T1YPE |  PULP_TYP | WOOD_TYP | ENCLOSURE | SOURCE_TYP | VFLO_FAC | SFLO_FAC | VHAP _CON | SHAP_CON | HAL_STATUS |
i Rl B v T e e Bt SR LR IR [
| P2 | 158 | NCG SYSTEM, CONT. TURPENTINE COMDENSER | pute | KRAFI | soft | | VENT | 2.60E-3 | 1.106-1 | B.26E+2 | ) L] |
| e | 160 | VALL OJL RECOVERY, CONTINUOUS VENT | pup | KRAFY I sofr | | VENT | 6.90€-5 | | | | N |
i Pz i 161 | NCG SYSTEM, TURPENIINE CONDENSATES VY | KRAF1 i sorr i SIREMM | | 1.W0€-Y | 1.08E+4 | N i
| P2 | 170 | DIGESTERS, BLOW GASES | emp | KRAF T | sorr | | VENT | 2.60€-2 | | 7.16E+1 | | N |
| P2 | 172 | DIGESTERS, COMDEMSAIES | eup | KRAFT | sofv | | STREAM | | 6.90e-1 | ] 1.276+3 | N |
| P2 | 176 | XNOTTERS, HOOD VENI | puLp | KRAFY | soft | 1 | VENT | 9.00-1 | | 3.42642 | | L] |
| ep12 | 182 | WASHERS, DECKERS/SCREENS { eup | KRAFT | sofv | 1 | vewt | 9.006-1 | | 2.81E+0 | | N |
| p2 | 183 | WASHERS, FOAM TANK VENI | pup | KRAFT | soft | | VENT | 1.806-% | | 5.60E¢2 | | N |
| PR | 186 | EVAPORATORS, VENT | pup | KRAFT | sofr | | VENT | 2.70€-3 | | 3.45€¢2 | | N |
| P12 | 188 | EVAPORATORS, COMDENSATES | pump | KRAFT | soft | SIREAM | | 4.90E+0 | | 8.21E+1 | N |
| e | 190 | EVAPORATORS, SURFACE.COND. CONDENSATES | epup | KRAFY | soft | | SIREAM | | 4.20€+0 | | 2.19€01 | [ |
| e | 192 | OXYGEN DELIGNIFICATION BLOW TANK | pup | KRAFT | sofr | | VENT | 2.60€-2 | | 1.036+3 | | N |
| P2 | 194 | OXYGEN DELIGNIFICATION WASHER VENT | pup | KRAFT | sofr | | VENT | 1.80€-1 | | 7-17€+2 | | N |
(4T t 198 | WEAK BLACK LIOUOR SIORAGE TANK VENT | emp | KRAFT | sofr | | vent | 2.74€-3 | | 8.28€¢3 | | N |
| e12 | 233 | WASHERS, HOOD VENT | eup | KRAFT | sofr | | VENT | 2.74€-2 | | 5.47€¢2 | | N |
L L i — PR L 1 1 1 ] 1 A 1 1 1 -t
Model P12 - Emission Factor Summary
[ ¥ T T T T ] T T T T T L) 1 - T T 1
| weu_CODE | EP_CODE | SOURCE | ACET_EF | MEON_EF | CTEV_EF | MEK_EF | PCOB_EF | FORM_EF | NCL_EF | CL2 EF | MECL_EF | CHCL3_EF | L _BENZ_EF | PHENL_EF | MCHCLIEF | YCP4SEF |
[t } [l - } 1 I } [l } i } 4 - [EURY SV SNV S, [ —
T ¥ T T T T L] T 1 T T T ) " " { —{ *
| 2 | 158 | NCG SYSTEM, CONT. TURPENTINE CONDENSER | v.206-4 | 3.20€-3 | | 2.008-4 | | 8.006-6 | | | | | | | |
| #2 | 160 | TALL OIL RECOVERY, CONTiNUOUS VENT | | | | | | | [ | | | | | |
| e | 161 | NCG SYSTEM, TURPENTINE CONDENSATES | 4.006-3 | 5.00e-1 | | 2.00€-3 | | 6.006-5 | | | | | | | |
| P2 | 170 | DIGESTERS, BLOW GASES | 1.606-4 | 3.006-3 | | ¥.006-4 | | v.70E-7 | | | | | | | |
[ 4T | 172 | DIGESIERS, CONDENSATES | 4.306-3 | 3.466-1 | | 1.40€-2 | . | 4.40€-4 | | | | | | | |
| P2 | 176 | KNOTVERS, MOOD VENT | 7.266-3 | 3.11€-2 | | 3.21€-3 | | 6.91€-4 | | | | | | | |
L 4 1 ) 182 | MASNERS, DECKERS/SCREENS | 7-356-4 | 3.34€-3 | | 2.20€-4 | | 6.67€-5 | | | | | | | |
P12 | 183 | WASHERS, FOAM TANK VENT | 1.906-2 | 1.76E-1 | | 7.00€-3 | | 2.00€-3 | | | | | | | |
P12 | 186 | EVAPORATORS, VENT | 7.006-6 | 1.406-3 | | 6.006-6 | | 3.00€-5 | | | | | | | |
. P2 | 188 | EVAPORATORS, COMDENSATES | 3.906-3 | 1.506-1 | | 7.70¢-3 | | 5.006-3 | | | | | | | |
| P2 | 190 | EVAPORATORS, SURFACE COMD. CONDENSATES | 9.756-4 | 3.08¢-2 | | 1.77e-3 | | 5.20€-3 | | | | { | | |
[ 2 { 192 | OXYGEN DELIGNIFICATION BLOW TANK | 1.006-3 | 5.00€-2 | | 2.00€-4 | | | | | | | | | |
| P2 | 194 | OXYGEM DI 1 IGNIFICATION WASHER VENT | 7.306-2 | 7.606-2 | | 8.20€-2 | | 5.97e-2 | | I | | | | |
| ez | 198 | WEAK BLACK LIQUOR STORAGE TANK VENT | 1.008-2 | 4.006-2 | | v.00€-4 | | 2.00€-3 | | | | | | | |
| m2 | 233 | WASHERS, HOOD VENT | 1.50-3 | 2.806-2 | | 2.006-4 |’ | 1.00€-5 | | | | { | | |
L i i 1 1 i 1 | b 1 s i i i 1 1

b e - e e ———— —— e — — — —
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Model P13 - Stream Characteristics
[ | T [ ) J ) I B TR AR R R [ T 1 1
| WPU_CODE | &P _CODE | SOURCE | PROC_TYPE |  PULP_TYP | WOOD_TYP | ENCLOSURE | SOURCE_TYP | VFLO_FAC | SFLO_FAC | VHAP_CON | SHAP_CON | HAL_STAWUS |
R e b T e L I e Rt il IR IRCINE
| P13 | 155 | DIGESTERS, RELIEF GASES | pup | KRAFT | Haro | | VENT | 2.57¢-3 | | 8.69€02 | | N I
| P13 | 163 | DIGESTERS, BLOW CONDENSATES | puLp | KRAFT | warD | | STREAM | | 1.40€+0 | | 9.96£+2 | N |
| P13 | 165 | DIGESTERS, BLOW GASES | pup | KRAFT | HARD | | VENT | 1.30e+0 | {61860 | | N |
[ )] | 175 | KNOTTERS, HOOD VENT | pup | KRAF1 | HarD | 1 | vEwt | 9.006-7 | | S.67€¢v | | N |
| P13 i 181 | WASHERS, DECKERS/SCREENS | puLp | KRAF T |  wARD | 1 | VENT | 9.006-1 | | 2.03e¢0 | | N |
| P¥3 | 184 | WASHERS, FOAM TANK VERT | purp | KRAFT | HWARD | | VENT | 1.806-1 | | 5.96e¢2 | | [] |
| P13 185 | EVAPORATORS, VENT [ VU B | KRAFT | waro | | veNT | 2.70E-3 | | 6.13E¢3 | | N |
| P3| 187 | EVAPORATORS, COMDENSATES | epmp | KRAFT | wam0 | | siream | | 4.90€+0 | | 1.46E+3 | U |
| P13 | 189 | EVAPORATORS, SURFACE COND. COMDENSATES | pup | KRAFT | HarD | | svaean | | 4.20€+0 | | 3.53E¢2 | N |
| P13 | 191 | OXYGEN DELIGNIFICATION BLOM TANK | ewe | KRAFY | wamo | | vENT | 2.60€-2 | | 3.826¢2 | | N |
| o3 | 193 | OXYGEN DELIGNIF ECATION WASHER VENT | PP | KRAFT | WAaRD | | VENT | 1.806-1 | | 7.17€+2 | ] [ |
| P13 | 197 | WEAK BLACK LIQUOR STORAGE TANK VENT | pup | KRAF[ | WD | | vewt | 2.74€-3 | | 2.99€+ | | L] |
| P13 | 232 | WASHERS, HOOD VENT | pue | KRAFY | wWamD | | vewr | 2.74€-2 | | 5.47€¢2 | | [ |
L i i i I 1 i i 1 1 i Jl i J
Model P13 - Emission Factor Summery
r T T T T T T T T T T 1 T T ¥ ¥ T 1
| wPu_CaDE | EP_CODE | SOURCE | ACET_EF | WEOK_EF | CTIEV_€F | MEK_EF | PCOB_EF | FORM_EF | HCL_EF | CL2_EF | MECL_EF | CHCLI_EF | L _BEMZ_EF | PHENL_EF | MCHCLIEF | TCP24SEF |
: t t : : t : f t t = : : + -1 f t {
| P3| 155 | OIGESVERS, RELIEF GASES | 6.40€-5 | 3.206-3 | | 8.00€-4 | | 3.00€-5 | | | | | | | | |
[ P13 163 | DIGESTERS, BLOW CONDENSATES | 1.20€-3 | 5.90€-1 | | v.206-3 | | | | | | | | | | |
| P13 | 165 | OIGESTERS, BLOW GASES | 1.526-3 | 6.21€-3 | | 2.41€-3 | | 3.46E-4 | | | | | | | | |
| P13 | 175 | KNOTTERS, HOOD VENE | 5.06-3 | 2.07¢-2 | | 8.04€-3 | | v.15€-3 | | | | | | | | |
| e8| 181 | WASHERS, DECKERS/SCREENS | S.126-4 | 2.23¢-3 | | 5.50E-4 | | V.91E-4 | { | | | | | | |
| P3| 184 | WASHERS, FOAM TANK VENT | 3.806-2 | 1.86E-Y | | 7.27-3 | | 3.26€-3 | | | | | | | | |
| el | 185 | EVAPORAIORS, VENT | 2.00E-4 | 2.00€-2 | | 8.50E-4 | | 4.00€-5 | | | | | | | | |
1 e | 187 | EVAPORATORS, COMDENSATES | 1.00€-2 | 3.006+0 | | 3.00€-2 | | 5.00€-3 | | | | | | | | |
3 | 189 | EVAPORATORS, SURFACE COMD. COMOENSATES | 2.50E-3 | 6.15E-1 | | 6.906-3 | | 5.206-3 | | | | | | | | |
(2} 191 | OXYGEN DELIGNIFICATION BLOM TANK | | 4.726-3 | | 7.91€-3 | | 4.13€-3 | | | | | | | | |
(3 193 | OXYGEM DELIGNIFICATION WASHER VENT | 7.306-2 | 7.60€-2 | | 8.206-2 | | 5.97€-2 | | | | | | | | |
P13 i 197 | MEAK BLACK LIQUOR STORAGE TANK VEWT | 5.006-4 | 1.00€-1 | | 1.006-3 | . | 2.00€-3 | | | | | | | i |
P13 | 1.506-3 | 2.80€-2 | | 2.006-4 | | 1.006-5 | | | | | | | } |
4 1 1 1 1 1 i ] 1 1 1 i i 1 ]

- —

232 | WASHERS, HOOD VENT
1
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Model P13 - Emission Factor Suwma. S 08/12/93
[} T T T T ¥ T T T T T T T ¥ M
| WPU_CODE | EP_CODE | SOURCE | PCP_EF | ACROLEINEF | PROPAL_EF | TOLUENE_EF | CMETMANEEF | TCOD_EF | TCOF_EF | ACETOPHNEF | CARBDIS_EF | MENANE EF | TOTHAPEF | VOIVOCEF | TRS_EF |
t t t i t } } t } } t t { t i
| m3 155 | DIGESTERS, RELIEF GASES | | | | | | | | | | | 4.206-3 | 2.59€+0 | 2.626+0 |
] P3| 163 | DIGESTERS, BLOM CONDENSATES | ) | | | | | | } | | 5.91€-% | 8.59€-1 | 3.306-1 |
| rm3 | 165 | DIGESTERS, BLON GASES | | 2.446-4 | | 4.24E-3 | | | | 2.226-3 | | 8.506-2 | 1.026-1 | 4.37€«0 | 4.026+0 |
i ori3 V75 | KNOTTERS, HOOD VENT ] | 8.13-4 | | 6.00-3 | | | | 3.006-3 | | 5.106-2 | 9.60€-2 | 8.%E-V | |
| 3 181 | WASHERS, DECKERS/SCREENS | | 6.64E-S | | 2.53-5 | | | | V24E-S | | 5.436-6 | 3.44E-3 | 9.086-3 | |
| P13 | 180 | WASHERS, FOAN TANK VENT | | v.42€-3 | 5.59%€-4 | 2.31€-3 | | | | | | 3.246-5 | 2.026-1 | 5.81€-1 | 2.206-% |
| p13 | 185 | EVAPORATORS, VENT | | | | | | | | | | | 2.106-2 | 5.39€+0 | 3.54E+0 |
| n3 | 187 | EVAPORATORS, COMDENSATES | | | 5.006-4 | | | | | | | | 3.046+0 | 3.22€+0 | 5.25€-1 |
[ 1 B | 189 | EVAPORATORS, SURFACE COMD. COMDENSATES | | v.106-4 | 1.506-4 | | | | | | | | 6.29E-1 | T.106-1 | 2.64€-V |
| n3 | 191 | OXYGEM DELIGNIFICATION BLOM VANK | | 1.63-4 | T.406-4 | | | | | ] | | v.07E-2 | v.426-1 | |
[ 1) 193 | ONVGEN DELIGHIFICATION WASHER VENT ) | 2.006-3 | 1.006-2 | | | | | | ] | 2.436-1 | 4.10e-1 | |
| e 197 | WEAX BLACK LIQUOR STORAGE TANK VENT | | 1.006-3 | 1.006-5 | | | ] J | | | 1.54€-7 | 1.55€-1 | |
} 3 | 232 | WASHERS, HOOD VENT | | 4.006-8 | 5.006-7 | | | | ) | | | 2.826-2 | 2.386+0 | 2.11E+0 |
L L i 1 I i A i A 1 1 i 1 1 2 1 )
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Figure P14. Pulping Identification - Kraft, SWD, Batch,
improved Washing, Oxygen Delignification
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Model P14 - Emission Factor Suwsary 08/12/9%

r T T T T T T T T T L T T T 1
| WPu_CODE | EP_CODE | SOURCE | PCP_EF | ACROLEINEF | PROPAL_EF | TOLUENE_EF | CMETHAMEEF | 1C0D_EF | TCOF_EF {ACEI(PMMH i CARBOIS_EF | HEXANE_EF | TOTNAPEF | TOTVOCEF | ns_uJ
' f = | : : = — : : = { % t = |
P | 157 | NCG SYSTEM, TURPENTINE CONDENSER | | s5.006-7 | | | | | | | | | 6.04E-3 | 4.11E+0 | 2.68E+0 |
e | 159 | TALL OlL RECOVERY, BAYCH VENT | | | | | | | | | | { | 5.83€-3 | 1.026-1 |
e | 162 | MCG SYSTEM, TURPENTINE COMDENSATES ! | 2006-6 | 2.206-4 | | | | | | | | 5.05€-1 | 9.74€-Y | T.ME-2 |
P | 164 | DIGESTERS, BLOW CONDENSATES | | 3.006-5 | 2.00€-4 | ] | | | | | | 1.046-1 | 3.426-1 | 2.32-1 |
P | 166 | DIGESTERS, BLOW GASES | | 1.006-6 | | | | | | | | | 3.93£-4 | 3.97€+0 | 4.026+0 |
Pie | 176 | KNOTTERS, HOOD VENT | | 4.336-4 | 1.38E-4 | 2.436-0 | | | | | | 3.006-% | S5.79e-1 | 2.61€+0 | |

L LI 182 | WASHERS, DECKERS/ SCREENS } | 3.54€-5 | 1.24€-5 | 1.026-3 | | | | | | 3.206-5 | 4.756-3 | 2.34€-2 | |
P | 183 | WASHERS, FOAM TANK VENT [ | 7.006-5 | 4.006-4 | 4.00€-4 | | | | | ] | 1.89E-1 | V.626+0 | 2.20€-% |
Pl | 186 | EVAPORAIORS, VENT. | | 3.006-4 | | | | | | | ) | 1.75€-3 | 3.07€+0 | 3.54E+0 |
Mmoo 188 | EVAPORATORS, COMDEMSATES | | 2.006-3 | 2.00€-3 | ] | | | ] | | 1.TIE-Y | S.426-1 | 5.256-1 |
re | 190 | EVAPORATORS, SURFACE COND. COMDENSATES | | | 6.00€-4 | | | | | | | | 3.99€-2 | 1.106-1 | 2.64E-1 |
e | 192 | OXYGEM DELIGNIFICATION BLOV TANK | | | | | | | | | | ] 5.026-2 | 1.42€-1 | |
e | 194 | OXYGEW DELIGNIFICATION VASHER VENT | | 2.006-3 | 1.006-2 | | | | | | | | 2.436-1 | 4.20€-1 | |
e | 198 | MEAK BLACK LIQUOR STORAGE TAMK | | 2.006-5 | 4.00€-& | | | | | | | | 6.27€-2 | 6.87E-2 | |
LA I | | 4.006-8 | 5.00€-7 | | | | | } | | 2.826-2 | 2.38+0 | 2.M1E00 |

1 I I 1 i i i L [ i i 1 1 L }

233 | WASHERS, MOOD VENT
I

g8€-0



6€-0

WOO0D
CHIPS

HEAT

®

Ha1s3nia
HOLvE

COOKING

LEGEND

Process Steam
-------- Vent Stream
- = - == Liquid Stream

HO)
RECOVERY | ! ;
I ) : :
L e
' : SCREENS
: : : WPROVED. on
BLOW s WASHER DECKER
K ; KNOTI’Eﬂ— |
i
T
)
ey
i
|
NN |
C)J . :qb :
: Y
FOAM |o........_| SEAL
TANK TANK

®

NOLLVYOIHINDIMEA
N3DAXO
ANVL MO8
NOLLYDIJINDMIAA
N3ODAXO

! TOSTORAGE
' OR BLEACHING
I
s
TANK
1
]
'
TO CHEMICAL RECOVERY

MULTI-EFFECT
EVAPORATOR

|
1
t

Figure P15. Pulping ldentification - Sulfite, HWD,

Improved Washing, Oxygen Delignification



1) T T T T T T L] 1) ¥ T T ¥ T T T T 1
| | ! | ] | 1 | | 9-308°2 | | 23010 | | s-300°2 | 9-30979 | IN3A 0OOW ‘w3NsWA | 0£Z | ste |
| ! | | | | | | | z-300°9 | | z-302°0 | | 2-309°2 ] 2-206¢ | INIA VINSVA NOTIVI14IND1130 W3DAXO | 022 I std |
| | | | | | | | | €-3s1°y | | g-382 | | s-3ey ] 5-320y | WYL MOTE NOTIVITAINOI13a N39AXO | 912 | e |
| | | | | | | | | £-300°2 | | y-300°y | | 1-300°¢ ] £-300°2 | WNVA TOVNOIS ¥ONOTY XIV1E Xvan | 912 I ste |
| | | | | | | | | y-300°5 | | v-300°2 | | z-200s | %-300°¢ | SIIVSNIONGD MOIE ‘Su31sINNg | Z12 I ste |
| | | | | | | | | s-36'9 | | 9-389-2 | | z-3ou | v-met | IN9A wIX230 ‘wuswn | 012 I sia |
| | | | | | | | | s-300°% | | y-208°9 | | z-300z1 9-300°2 | INIA "dVA3 132493 T1IW “SWOIVN04YA | £02 I e |
| | | | | | | | | s-316°9 | | v-260°2 | | -3} y-met | $ISvo noe ‘seaisaole | 1oz I s |
] ] | I ] | | | | s-ne'9 | | y-3602 1 | 3ot | v-men | S3SVD 231730 ‘sesmia | esl | ste |
| | | | | | | | | £-302°s | | €-306'9 | I s-3su°9 | g-306°2 | SILVSNIONGD *ONOJ JIVIUNS ‘SWOIVNOIVAI | 691 I s1e |
| | | | | ] I | | £-300°¢ | | 2-300°¢ | | oe300°¢ | 2z-300°1 | SILVSNIONDD 'SNOLYNOIVAZ | (Bt I ste |
| | | | | | | I | £-392°s | | o327z | | -390 | z-309°x | IN3A WV wvos ‘wansw | et | s1e |
] | | | ] | ] | | €-3s1°t | | -390 | | 2-:0°2 | €-390°s | IN3A oooM “w3Liowx | ssi | ste
L (| } L I ] { | 1 ' [ 1. (1 i } 1 | ]
[ 1 T ¥ T L} i) 1 T . L} T ¥ 1 T L T 1
| 43gy2438 | 23670MM | 437 Mamd | 2372307 | 9375ma | 937am | a3TZm _ 337100 _ 137 Ww0d | 1378024 _ 137 am _ 9371310 | 137w | 437130v | 3708 | 3003743 | u8u|=s.__
[ ] 1 [ I 1 - 3 1 1 1 1 L 1 1
AJwumns J01I94 UOISSIW] - Sld 1IPON

r—="" T T T T T T T i T T T T

| " | | 1-3699 | I 23wzl | | aww | 3113s dnd | INIA 00OW ‘¥INSWYR | 0f2 I sie

| " | | 2sat1-z | | v-3oet | mmam | |  owww | 3148 dnd | IN3A W3HSYN NOIIVIESINGTTIQ W3IDAXO | 022 | sid

] " | | 2e328°5 | | 230921 tmm | | o | 3004 dand | WNYL OB NOTIVIIFINDIT13G NI9AXO | §12 | 14

| " | | 9e356°5 | | g3z | | owww | 312wms dnd | WNYL IOVHOIS BONOIT YOVIS Xvan | 912 | sid

| N | te390%6 | | o0es3091 | | wams | | owm | 3trans dind | S3ILVSHIONOD MO8 “S¥IISING | 212 | sid

| n | | ve3agene | | v-300%6 | ILE Y| 1 | auww | 31t4ns dnd | IN3A ¥3IX230 “samswn | orz | sid

| [ | | ge3t17y | | g300:2 | | | oww | ETYRR, dnd | INIA “dVA3 123433 11M ‘SUOLVN04VAI | £02 | sid

| ] | | o+361°6 | | oe308°t | awam | | o | 3nisms ang | SIsvy rote ‘sunsanig {10z - | cid

| n | | ge359°9 | | g-ucz| | | oww |  3t1ams dind | SISVD 431138 “s¥I1sI010 | 66l | si4

| " | 2e3mst | | oe302°y | | weaws | | o | 3tisns and | SIIVSNIONOD “ONOD 3IVINNS “SWOLVNOIVAZ | 691t | s4

! W 1 fe399i | | oes06°% | i wiIsis | I oswm | 3msns dang | SIIVSNIONGD ‘SYOLVNOIVAI | /% i s

| N | | z+396° | I ot-308 v | man | | owww | 31408 dand | INIA WNVL WYOS INSYR | 99y | sud

| [ i | 1e329°g | i 1-30006! w3 | 1 | awww | 3ttans dnd | 1M3A G0OM ‘¥3110MN | s/1 [+ std

| : i i i b - Sttt AR 1 - - B i EE |

| snivis™ wn _ NOD dVHS _ %02 dvHA | Iv3TON4S | avaToNA | da1"3omnos | 3unsorand | dai”ooon | d4r17dnd 3dA1 Joud | 30¥00s | 3003743 | 3003 Ndm _

t b [P RS ST S SR TS - U | ——— ! DU
§6/21/80 S311S1J31J040Y) WeaJ)s - Gl 4 1IPON

C-40




Model P15 - Emission Factor Suwmary

08/12/93

f ¥ T T T Y T T T ¥ T I T 1
| mPu_cooe i EP_CODE i SOURCE | PCP_EF" | ACROLEINEF | PROPAL_EF | TOLUENE bf | CMETHANEEF | TCDD_EF | TCDF_EF | ACETQPMMEF | CARBDIS_EF | WENAME_EF | TOTHAPEF | TOTVOCEF | TS EF |
t 1 t f : : : f —— : t | i f |
| e | 175 | KNOTTER, HOOD VEMT | | 8.136-4 | | 6.006-3 | | | | 3.006-3 | | 5.106-2 | 9.606-2 | 8.WE-1 | {
| s | 186 | WASHER, FOAM TANK VENT | | V.626-3 | 5.59%-4 | 2.31€-3 | | | | | | 3.246-5 | 2.026-1 | 5.81€-1 | 2.20€-V |
| s | 187 | EVAPORATORS, COMDEMSATES ! ) | s.00e-¢ | ' | ' ! | | | 3.046¢0 | 3.22640 | $.25€-1 |
[ 4} | 189 | EVAPORATORS, SURFACE COMD. CONDENSATES | | v.106-4 | V.SOE-4 | | | | | | | | 6.296-1 | 7.106-1 | 2.84€-1 |
| rms | 199 | DIGESTERS, RELIEF GASES | | 1.796-3 | 1.41E-5S | B.48E-3 | | | | - | | | 2.25€-2 | 5.37€+0 | 2.526-1 |
| s | 201 | DICESTERS, BLOW GASES | | V793 | 1.41€6-5 | B.48E-3 | | | | | | | 2.256-2 | 5.226+0 | 1.286-V |
| s 203 | EVAPORATORS, ML TI EFFECT EVAP. VENI | | | | | | | | | | | 2.106-2 | 3.226+0 | 5.506-1 |
| P15 | 210 | wAsHeR, DECKER VENT [ | 1793 | 1.40E-S | B.48e-3 | | ] | | | | 2.256-2 | 5.15€00 | |
| Ps | 212 | DIGESTERS, BLOW CONDENSATES | | 3.006-3 | S.006-5 | 4.006-6 | | | | | | | 5.366-2 | 3.586-% | 3.30€-1 |
| P15} 216 | WEAK BLACK LJQUOR STORAGE TANK } | 4.006-3 | 3.00€6-4 | | | | | | | | 3.07€-1 | 9.55e-1 | |
| P8 | 218 | ONYGEN DELIGNIFICATION BLOW TANK | | 1.306-4 | 7.40€-4 | | | | | | | | 1.87€-2 | 2.35e-2 | |
| s 220 | ONYGEN DELIGNIFICATION WASHER VENY | | 1.606-3 | 1.00€-2 | | | | | | | | 2.43E-1 | 3.16E-1 | |
| s | 230 | | 1.406-7 | 1.00€-8 | 1.206-7 | | | | | | | 2.33€-S | 1.006-2 | 1.00€-2 |
[| 4 1 ] 1 I3 1 i i 1. 1 A 1 5 A I J

| WASHER, HOOD VENT
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Model P16 - Stream Characteristics ' 08/12/93

e g e T . e e s e [y . . . )
;w_ccoe | €P_CODE | SOURCE | PROC_TYPE |  PULP_TYP | WOOD_TYP | ENCLOSURE | SOURCE_TYP | VFLO_FAC | SFLO_FAC | VHAP_CON | 'SHAP_CON | HAL_STATUS |
ol B | T L e Rt --——»——-u e R P
(Al | 176 | KNOTTER, HOOD VENT (. | SULFITE | soft | 1 | VENT |9 | | 3.42602 | | N |
| P18 | 183 | WASHER, FOAM TANK VENT | pup | SuLfF1IE |  soFT | | VENT | 1 | | 5.606¢2 | { [] |
[ T I 188 | EVAPORATORS, CONDENSATES | PULP | SULFIIE i soft | | swean | | 4.90E¢0 | | 8.21€+1 | L] |
i pie | 190 | EVAPORATORS, SURFACE COND. CONDEWSATES | pup | suLktte | soft | | stmean | | ¢ 20600 | P 2a%n | N i
[ T | 200 | DIGESVER, RELIEF GASES | pup | SULFLIE | sofr | | VENT | 2.57€-3 | | 4.65€+3 | ] ] |
] P | 202 | DIGESIERS, BLOV GASES { oeup | swFue | osofr | I vewr | 1.30€00 | | 2911 | . l
| P16 | 204 | EVAPORATORS, MULTI EFFECT EVAP. VENT | eup | SULFITE | sofr | | VENT | 2.70€-3 | | 3.45€¢2 | | N |
| P16 | 211 | WASHER, DECKER VENT | pup ) SULFITE | soft | 1 | VENT | 9.00€-1 | ] 1.336+% | | N |
| P | 213 | DIGESTERS, BLOW CONDENSATES | euLp | SULFITE | soft | | STREAN | | v.40€¢0 | | 9.06E41 | [ |
| Pe | 217 | VEAK BLACK L1GUOR STORAGE TANK VEMT | PR | SULFITE | soft | | VENT | 2.74€-3 | | 5.95€+4 | | L] i
|, P | 219 | OXYGEN DELIGNIFICATION BLOW TANK | Ppup | SULFITE | soft | 1 VENT | 2.60€-2 | | 1.03€¢3 | | ] |
| Pe { 221 | OXYGEN DELIGNIFICATION WASHER VENT | eup | SULFIIE | soft | | VENT | 1.80€-% | | T.47€e2 | | [] |
| P16 | 231 | VASHER, HOOD VENT | Pup | SULFIIE | soft | | vewt | 2.746-2 | | 6.49-1 | | ] |
1 N 1 J— 1L i i 1 1 1 1 1 L i J
Nodel P16 - Emission Factor Summary
r T T T T T ¥ T T T T T L ¥ T L] T }
| WPU_CODE | EP_CODE | SOURCE , | ACET_€F | WEOW_EF | CYEV_€F | MEK_EF | PCOS_EF | FORM_EF | WCL_EF | CL2_EF | WECL_EF | CHCLI_EF | L_BENZ_EF | PHENL_EF | MCHCLIEF | TCP24SEF |
F + : : e : : : = t t : t : % : : {
| P18 | 176 | KNOTTER, HOOD VEWT | 7.266-3 | 3.01€-2 | | 3.21€-3 | | 6.91€-4 | | | | y | | | |
| P& | 183 | WASHER, FOAM TANK VENT | 1.10e-2 | 1.766-1 | | 7.00€-3 | | 2.006-3 | | | | | | | | {
| P16 | 188 | EVAPORATORS, COMOENSATES | 3.906-3 | 1.506-1 | | 7.70€-3 | | 5.00€6-3 | | | | | | | | |
| Pe | 190 | EVAPORATORS, SURFACE COND. CONDENSATES | 9.75e-4 | 3.086-2 | | V.77E-3 | | 5.20€-3 |} | | | | o | | |
| P& | 200 | OIGESTER, RELIEF GASES | 1.986-4 | 1.186-2 | | 2.89€-4 | | 6.91€-5 | | | | | | | | |
[ T 202 | DIGESTERS, BLOM GASES | 5.006-4 | 7.006-2 | | 4.00€-5 | | 4.00€-6 | | | | | | | | |
| e8| 204 | EVAPORATORS, WULTI EFFECT EVAP. VENT | 7.006-6 | V.40€-3 | | 6.006-6 | | 3.00€-5 | | | | | | | | ]
| ew | 211 | UASHER, DECKER VENT | v.98E-4 | 1.18E-2 | | 2.89¢-¢ | | 6.91€-5 | | | | | 1 | | |
| P16 | 213 | DIGESTERS, BLOW CONDENSATES | 3.006-4 | 5.006-2 | | 2.006-4 | | 5.006-4 | | | | | | | | |
[ 2 LI | 217 | VEAK BLACK LIQUOR STORAGE TANK VENTY | 2.00e-3 | 3.006-V | | 4.006-4 | | 2.00€-3 | | | | | | | | |
| Pe | 219 | OXYGEM DELIGNIFICATION BLOW TANK | 1.006-3 | 5.006-2 | | 2.00€-4 | | | | | | | | | | |
I me | 221 | ONYGEN DELIGMIFICATION WASHER VENT | 7.306-2 | 7.60€-2 | | 8.20€-2 | | 6.00€-2 | | | | | { | | |
[ 2 T T | 6.60E-6 | 2.006-5 | | 1.10€-7 | | 2.50€-6 | | | | | | | | |
(3 1 1 1 i i . 1 i 1 1 1 1 1 1 1 v}

231 | MASHER, WOOD VENT
1
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Model P18 - Stream Charecteri."ics

08/12/93

r 1] ¥ Tt B R 1 T T ¥ T T T T T 1
| WPu_CODE | EP_CODE | SOURCE | PROC_TYPE | PULP_TYP | WOGD_TYP | ENCLOSURE | SOURCE_TYP | VFLO_FAC | SFLO_FAC | VHAP_CON | SHAP_CON | HAL_STATUS |
f t t et R + t t t i | f |
[ e,8 | 157 | NCG System, turpentine condenser | eup | KRAFT | soft | | vENT | 2.5TE-3 | 1.106-1 | 8.36Ee2 | | N |
| Pa | 159 | Tall Oil Recovery, batch vent | PuP | KRAFI | sofr | | vent | 7.64E-3 | | | | ] |
| rp8 | 162 | NCG System, turpentine condensates | pup | KRAFT | soft | | STREAM | 1 1.10€6-1 | | 1.08E¢4 | L] |
| e8| 164 | Digesters, blow condensates | pup | KRAFT | soft | | simeam | | 1.406%0 | | 1.76842 | ] |
| e8| 166 | Digesters, blow geses | pup | KRAFT | sofr |} | vewr | 1.30640 | | 1.61€-1 | | L |
| P18 | 176 | Knotters, hood vent [ pup | KRAFY | sofr | 1 | vewr | 9.00e-1 | | 3.42642 | | L] |
| e | 182 | WASNERS, DECKERS/SCREENS | pup | KRAFT | sofr | 1 | vewr | 9.00€-1 | | 2.81€+0 | | ] |
| e8| 183 | vashers, fosm tank | eutp | KRAFY | - sofr | | vewr | 1.80€-1 | | 5.60€¢2 | | ¥ |
| P8 | 186 | Evaporators, vent | e | KRAFT | sofv | | vewr | 2.706-3 | | 3.456¢2 | | N |
| e8| 188 | Evaporators, condensates | e | KRAFY | sofy | | simEan | | 6.906+0 | | 8.21E+1 | ] |
| P8 | 190 | Evaporators, surface cond. condensates | pue | KRAFT | soft | | simeam | | 4.206+0 | | 2.19€41 | (] |
| »i8 | 198 | VEAK BLACK LIQUOR STORAGE TANK | Pup | KRAFT | soft | | VENT | 2.246-3 | | 8.28E+3 | | N |
| e8| 233 | Vashers, hood vent | pup | KRAFT | soft | | veEwv | 2.74E-2 | | 5.47€¢2 | | N |
[1 il 1 i 1 i 1 1 1 1 i 1 1 J
Model P18 - Emission Factor Summary
r T T T T T T T T T T T T T T T T L]
| WPU_CODE | EP_CODE | Souce | ACET_EF | meoM EF | CTET_EF | MEK_EF | PCOB_EF | FOMM_EF | WCL_EF | CL2_EF | MECL_EF | CHCL3_EF | L_BEMZ_EF | PHENL_EF | wUMCLIEF | TCP24SEF |
I } i } t ! t } i { t } { { } t i i
| rs i 157 | NCG System, turpentine condenser | v.20€-4 | 3.206-3 | | 2.00€-4 | | 8.00€-6 | ) ) } | | | | |
| Pa | 159 | Tall Oil Recovery, batch vent | { | | | | . | { | | | | | | |
| »8 | 162 | NCG System, turpentine condensates | 4.006-3 | S.006-1 | | 2.00€-3 | | 6.00€-5 | | | | | | | | |
| ms | 164 | Digesters, blow condensates | 1.606-3 | 1.006-1 | | 2.20€-3 | | v.00€-3 | | | | | | | | |
| mae | 166 | Digesters, blow gases | 4.00€-5 | 2.40€-4 | | 1.006-4 | | v.70€-5 | | | | | | | | |
| ema | 176 | Knotters, hood vent | 7.266-3 | 3.m€-2 | | 3.21€-3 | | 6.91E-4 | ) | } | | | | |
| mas | 182 | VASHERS, DECKERS/SCREENS | 7.35€-4 | 3.34¢-3 | | 2.206-4 | | 6.67€-5 | - { | | | | | |
| ma { 183 | Vashers, foam tank | 1.106-2 | v.76€-1 | | 7.00€-3 | | 2.00€-3 | | | | B | | | |
| r8 | 186 | Eveporators, vent | 7.006-6 | 1.40€-3 | | 6.00E-4 | | 3.00€-$ | | | | | | | | |
Q| ris | 188 | Evaporstors, condensates | 3.906-3 | 1.50€-1 | | 7.70€-3 | | 5.006-3 | | | | | | | | |
1 rs | 190 | Eveporators, surfsce cond. condensates | 9.73€-4 | 3.08€-2 | | v.77e-3 | | S.20¢ & | | | | | | | | |
ol BT 198 | WEAK BLACK LIQUOR STORAGE TANK | 1.006-2 | 4.006-2 | | 1.006-4 | | 2.00€-3 | ) i | | | | | |
@ p16 | 253 | uashers, hood vent | 1.50€-3 | 2.806-2 | | 2.00€-4 | | 1.006-5 | I I ] f I I i i
[ 1 i i 1 1 1 1 L i 1 1 1 1 1 1 i | J
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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 MPU's are defined based on wood type,
bleaching sequence, and percent chlorine dioxide substitution
level (see following summary table). The following figures
(B1-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:
. Flow rate factor; and
. 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.1 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 CAEHD 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 OCJEDDED 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.1, the O stage
is not a factor in the model assignment. Second, the model
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.
Thérefore, using the summary table as a guide, this sequence
would be assigned the softwod CAEDED (High) model (BS).
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 ("Compound"_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 % 1Mg _ 36.4 kg chloroform
Mg Pulp Day 1.1 Ton Day

4. Convert to annual emissions, assuming mill operates
350 days per year:

36.4 kg chlorofornm < 350 Day _ 12,700 kg chloroform
' Day Year - Year
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SUMMARY TABLE OF BLEACHING MODEL PROCESS UNITS

Model process Bleaching sequence
unit (¥ Clo; substitution)? Wood type
B-1 CEHD (0%) Hard
B-2 CEHD (0%) Soft
B-3 CEDED (0%) Hard
B-4 CEDED (0%) Soft
B-5 CAEDED (low)DP Hard
B-6 C4EDED (low)bP Soft
B-7 CAEDED (high)€ Hard
B-8 CAEDED (high)€ Soft
B-9 CAEDED (100%) Hard
B-10 CAEDED (100%) Soft
B-11 o-gd Hard
B-12 o-gd Soft

- Key: c Chlorine

cd Chlorine dioxide substituted for chlorine

o
([ TR

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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Model B1 - Stream Charscteristics . 08/12/93

(- ¥ . P | B T . . . S
| WPU_CODE | EP_CODE | SOURCE | PROC_TYPE | WOOD_TYP | ENCLOSURE | SOURCE_TYP | VFLO_FAC | SFLO_FAC | VHAP_CON | SHAP_CON i HAL_STATUS |
[ i t e e e e f— : f { f R
| » | 3 | Bleaching, €02 subst. (0X) tower vent | BLEACH |  wamD | | veNt | 2.408-2 | | V.49€+3 | | Y |
| o | 7 | Bleaching, C-stage acid sewer | BLEACH | HARD | | stean | | 1.04E41 | | 1.16E40 | \ |
[ 1} | 19 | Bieaching, H-stage (0.5-2X) tower vent | BLgack | waro | | VENY | 2.406-2 | | 3.476¢2 | | L] !
| = | 41 | Bleaching, €102 subst. (0X) caustic sewer | BLEACH | WARD | | SIREAM | | 9.06640 | | 1.526+% | Y |
[ | 71 | Blesching, C-stage washer vent | BLEACH | namp | | VENT | 3.626-1 | | 2.55€+2 |~ | \ |
| o | 73 | Sleaching, C-stage seal tank vent { BLEACHW | wARD | | veNt | 1.40€-2 | | 3.29€43 | | v |
| = | 91 | Bleaching, El-stage (0X) tower vent | GLEACH | WARD | | VENT | 2.40€-2 | | 1.416¢2 | | Y |
| » } 93 | Bleaching, El1-stage (0X) washer vent | BLEACH | wARD | | VENT | 3.626-1 | | 2.436¢1 | | ¥ |
| | 95 | Bleaching, El1-stage (0X) seal tank vent | BLEACH | wamD | | VENT | 1.40€-2 | | 2.54€¢2 | | Y |
| = | 115 | Bleaching, D1-stage (0X) tower vent | steacw | namp | | vewt | 2.40€-2 | | 1.89602 | | Y |
| » | 117 | Bleaching, D1-stage (0X) washer vent | sLEacH | wARD | | veNt | 3.626-1 | | 2.07€¢v | | J }
| ot | 119 | Bleaching, D1-stage (0X) seal tank vent | SLEACH | wARD | | VENT | 1.40€-2 | | 1.61€¢2 | | Y |
| ® | 151 | Bleaching, W-stege (0.5-2%) washer vent | SLEACH | wARD | | vewt | 3.626-% | | 6.00€+% | | v |
| » | 153 | Sleaching, H-stage (0.5-2X) sesl tank vent | BLEACK | WARD | | VENT | 1.408-2 | | 7.60€+2 | | Y |
L 1 L i 1 1 1 i 1 i : i 1 J
Model 81 - Emission Factor Suwmery
L[] T T T T T T T T T T ¥ ¥ L ¥ | T 1
| WPU_CODE | EP_CODE | SOURCE | ACET_EF | MEOW_EF | CTEY_EF | MEK_EF | PCOB_EF | FORM_EF | WCL_EF | CL2 EF | MECL_EF | CHCL3 EF | L_BEMZ_EF | PMENL_EF | MCHCLIEF | TCP24SEF |
: : t t = : : t t + : = t e [ -: : i
| » | 3 | Bleaching, €02 subst. (0X) tower vent | 1.43€-4 | 2.87€-2 | 3.00€-4 | 2.4BE-4 | | | | 2.90€-1 | 3.30€-4 | 1.13€-2 | | | | |
[ | "7 | Blesching, C-stage acid sewer | 7.00e-2 | 5.006-2 | | 2.50€-2 | | v.20€-2 } | | 3.006-3 | 5.29¢-3 | | | | 3.00€-4 |
| ® | 19 | sleaching, H-stege (0.5-2X) tower vent | 1.326-5 | 6.306-3 | | 2.58€-5 | | 7.686-S | 1.05E-4 | 1.00€-2 | 5.026-3 | 4.006-2 | | | | |
| » | o1 | Blesching, C102 subst. (0X) coustic sewer | 6.70E-2 | 1.00€-V | | 2.00€-2 | | 9.006-3 | | | 5.006-3 | 1.426-3 | | | | |
| » | 7t | Blesching, C-stage washer vent | V.95€-5 | 4.9SE-V | 3.00E-4 | 2.40€-3 | | | | 2.10E-1 | 4.60€-4 | 1.136-2 | | | | I
[ | 73 | Sleaching, C-stage seal tank vent | 1.406-3 | 3.01E-1 | 2.66E-6 | 1.31E-3 | | | | 5.326-3 | 4.19€-S | 7.26€-4 | | | | |
i = | 91 | Slesching, El-stage (0X) tower vent | 2.206-3 | 4.85€-4 | | 3.10€-3 | | 3.84E-6 | 2.69€-5 | 3.006-3 | 3.58¢-3 | 7.93t-3 | | | 3.006-¢ | |
| s | 93 | Sleaching, E1-stege (0X) washer vent | 3.006-2 | 7.00¢-3 | | 3.00€-2 | | $.006-S | 4.00E-4 | 3.006-3 | 5.006-3 | 7.93¢-3 | | | 3.006-4 | |
] & | 95 | Bleaching, El-stage (0X) seal tank vent | 2.16€-2 | 5.256-3 | | 1.636-2 | | 3.48€-5 | 3.07€-4 | 7.61E-S | 4.56E-4 | 5.V0E-4 | | | 4.v7€-6 | |
[ 1} | 15 | Bleaching, D1-stege (0X) tower vent | 7.326-5 | 2.086-4 | | 3.106-4 | | 9.21€-4 | | 1.00€-2 | 4.30€-3 | 1.586-2 °| | | ] |
| { 117 | Slesching, D1-stage (0X) washer vent | 1.006-3 | 3.00€-3 | | 3.00€-3 | | 1.206-2 | | 1.006-2 | 6.006-3 | 1.58¢-2 | | { { |
[} | 119 | Sleaching, D1-stage (0X) seal tenk vent | 7.186-4 | 2.25¢-3 | | v.63€-3 | | 8.306-3 | | 2.54E-4 | S.47E-4 | 9.09E-4 | | | | |
| » ) 151 | Btesching, H-stege (0.5-2X) washer vent | V.80€-4 | 9.10€-2 | | 2.50€-4 | | 1.006-3 | 1.56€-3 | 1.00€-2 | 7.006-3 | 4.00€-2 | | { | |
| » | 153 | Sleaching, H-stage (0.5-2X) seal tank vent | 1.29€-4 | 6.836-2 | | V.36€-4 | | 6.92E-4 | 1.206-3 | 2.54€-4 | 6.38E-4 | 2.57¢-3 | | | | |
[1 L 1 ) 1 1 4. 1 1 'l 1 1 1 1 1 1 i ]
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Model B2 - Stream Characteristics 08/12/93
r T L] T Tt T - | I T T T T r 1 TR
| WPU_CODE | €P_CODE | SOURCE | pROC_TYPE | WO00_TYP | ENCLOSURE | SOURCE_YYP | VFLO_FAC | SFLO_FAC | VNAP_CON | SHAP_CON | HAL_STATUS |
b 1 1 S B Bl s [ | R e
| ®2 { 4 | Bleaching, C-stage tower vent | BLEACH | sofT | | vENT | 2.40€-2 | [ 1.336+3 | { J |
[ | 8 | Bleaching, C-stage acid sewer | BLEACH | soft | | siREAm | | V.04E0Y | | v.16E0Y | Y |
| #2 | 20 | Bleaching, W-stage (0.5-2%) tower vent | BLEACH | sofT | I vEWY | 2.40E-2 | | 5.19€¢2 | | Y [
| 8 { 42 | Bleasching, €102 subst. (0X) caustic sewer | BLEACH | SOFT | | sTReam | | 9.06E+0 | | 1.53€41 | Y |
[t | 72 | Bteaching, C-stege washer vent | BLEACH | sofFT ) | VENT | 3.626-% | | 9.97€41 | | A\l |
| =2 | 74 | Bleaching, C-stage seal tank vent | oLeach | sofr | | vewtr | 1.40€-2 | | 3.01E+2 | | Y |
| ®2 | 92 | Bleaching, El-stage (0X) tower vent | BLEACH | sOFT | | VENY | 2.40€-2 | | 1.56E¢2 | | ] |
| ®2 | 94 | 8leaching, El-stage (0X) washer vent | BLEACH | SOFT | | VENT | 3.626-1 | | 2.53e¢V | | Y |
| ®2 | 96 | Bleaching, E1-stpge (0X) seal tank vent | BLEACH | SOFT | | vewt | 1.40€-2 | | 2.56€+2 | | Y |
| s | 116 | Bleaching, Dt-stage (0X) tower vent | seach | sofT | | vEwt | 2.40€-2 | | 2.16€¢2 | | ] |
| » ] 118 | Bleaching, D1-stage (0X) washer vent | ®LEach | sofT- | | VENT | 3.626-1 | | 2.2601 | | ¥ |
| ®2 | 120 | Bleaching, D1-stage (0X) sesl tank vent | SLEACW | sOFT | | VENT | 1.40E-2 | | 1.65E¢2 | | Y |
| ®2 | 152 | Bleaching, N-stage (0.5-2X) washer vent* | BLEACH | soOfT | | vewt | 3.626-1 | | 6.00E+1 | | Y |
| =2 | 154 | Bleaching, H-stage (0.5-2X) seal tank vent | BLEACH | SOFT | | vewr | 1.40€-2 | | 7.606¢2 | | v |
L i 1 1 1 1 i i ] 1 I} 1 J

Model 82 - Emissioh Factor Summary
mr ¥ T T T T T T T T T T T T T T T 1)
| WPu_CODE | €P_CODE | SOURCE | ACET_EF | MEOM_EF | CTEV_EF | MEK_EF | PCO | FORM_EF | WCL_EF | CL2_ EF | MECL_EF | CHCL3_EF | t_BEMZ_EF | PHWENL_EF | WCHCL3EF | TCP24SEF |
L I } 1 } I } - i i ' $ 1 i N -4 } q{
L] T L} 1 1 T T ., T T ¥ ¥ T T T ¥ L) L) 1
| ®2 { & | Pleaching, C-stage tower vent | 3.66€-5 | 2.086-3 | | 1.036-4 | | 3.07€-5 | | 2.106-1 | 3.586-4 | 1.00€-2 | | | v.006-4 | |
[ | 8 | Bleaching, C-stage acid sewer | 7.006-2 | S.006-2 | | 2.50€-2 | | 1.206-2 | | | 3.00€-3 | 5.036-3 | | ) | 3.006-4 |
| ®2 | 20 | Sleaching, K-stage (0.5-2X) tower vent | v.006-3 | 4.90£-4 | | 1.40€-3 | | 3.00€-3 | | 1.006-2 | 2.006-2 | 5.006-2 | | | | |
[ 1 | 42 | Sleaching, €102 subst. (0X) caustic sewer | 6.706-2 | 1.006-1 | | 2.00€-2 | | 9.00€-3 | | | 3.00E-3 | 2.306-3 | | I | |
[ { 72 | Bleaching, C-stage washer vent | 5.006-4 | 3.006-2 | | 1.00€-3 | | 4.00€-4 { | 2.10€-1 | $.00€-4 | 1.00€-2 | | | 1.00€-4 | |
| 2 ] 74 | Blesching, C-stage seal tank vent | 3.59€-4 | 2.25¢-2 | | S.44E-4 | | 2.4 | | 5.326-3 | 4.56E-5 | 6.42€-4 | | | t.39€-6 | |
| s2 | 92 | sleaching, El-stage (OX) tower vent | 2.206-3 | 4.85€-4 | | 3.106-3 | | 3.84€-6 | 2.69€-5 | 3.006-3 | 3.58€-3 | 1.06€-2 | | | 3.006-4 | |
| ®2 | 9 | Sleaching, Ei1-stage (0X) washer vent | 3.006-2 | 7.006-3 | | 3.00€-2 | | 5.00€-5 | 4.006-4 | 3.006-3 | 5.00€-3 | 1.06€-2 | | | 3.006-4 | |
| =2 | 96 | Bleaching, El-stage (OX) seal tank vent | 2.166-2 | 5.25e-3 | | 1.63€-2 | | 3.48E-S | 3.0TE-4 | 7.6VE-5 | 4.S6E-4 | 6.78E-4 | | | 4.17€-6 | |
| ®2 | 116 | Bleaching, D1-stage (0X) tower vent | 7.326-5 | 2.086-4 | | 3.106-4 | | 9.21E-4 | | 1.00€-2 | 4.30€-3 | 2.05€-2 | | | | |
| e2 | 118 | Bteaching, D1-stage (0X) washer vent | 1.006-3 | 3.006-3 | | 3.00€-3 | { 1.206-2 | | 1.006-2 | 6.006-3 | 2.056-2 | | | | |
| = | 120 | Sleaching, D1-stage (OX) seal tank vent | 7.186-4 | 2.25€-3 | | 1.63€-3 |} | 8.30€-3 | | 2.54E-4 | S.4TE-4 | V.32€-3 | | | | |
| w2 | 152 | Bleaching, H-stage (0.5-2X) washer vent | 1.806-4 | 9.10€-2 | | 2.50€-4 | | 1.00€-3 | 1.566-3 | 1.00€-2 | 7.00€-3 | 4.006-2 | | | | }
| ®2 | Sleaching, N-stage (0.5-2X) seal tank vent | 1.296-4 | 6.836-2 | | 1.366-4 | | 6.92€-4 | 1.206-3 | 2.54E-4 | 6.30E-4 | 2.57€-3 | | | | |
[ . 1 1 1 1 L i 1 i 1 [l 1 1 1 1 i )
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Model B3 - Stream Characteristics 08/12/93

r T T - L R R YT T T T i T ey |

| wPu_CODE | EP_CODE | SOURCE | PROC_TYPE | wOOD_TYP | ENCLOSURE | SOURCE_TYP | VFLO_FAC | SFLO_FAC | VHAP_CON | SHAP_CON | HAL_SVATUS |

f : : —— - I B | a | = | e |

| 3 | 39 | Bleaching, C-stage acid sewer | BLEACK | HARD | | SIREAM | | 1.04E1 | | v.16E01 | v |

| o3 | 41 | Bleaching, C102 subst. (OX) caustic sewer | BLEACH | HARD | | SIREAM | | 9.066+0 | | V.52E¢1 | v |

| 1 | 45 | Bleaching, €-stage tower vent | steacw | wamp | | vewr | 2.40e-2 | | 1.466+3 | | v |

| 3 | 75 | Sleaching, C-stage washer vent | BLEACK | WARD | | vewt | 3.626-% | | 2.526¢2 | | ¥ |

| 3 | 77 | Bleaching, C-stage seal tank vent | siEach | HARD | | vENT | 1.40€-2 | | 3.28603 | | Y |

| o3 | ' 91 | Sleaching, El1-stage (0X) tower vent | BLEACH | WARD | | vewt | 2.40€-2 | | 1.41€¢2 | | Y |

| o3 | 93 | sleaching, Et-stage (0X) washer vent | BLEACH | HARD | | VENT | 3.626-1 | | 2.43e01 | | v |

| a3 | 95 | Bleaching, E1-stage (0X) seal tank vent | eeach | HARD | | VENT | 1.406-2 | | 2.54E¢2 | | Y |

| a3 | 115 | Bleaching, D1-stage (0X) tower vent | BLEACH | HARD | | VENT | 2.406-2 | | 1.89€02 | | Y |

[ ] | 117 | Bleaching, DV-stage (0X) washer vent | BLEACH | HARD | | VENT | 3.826-V | | 2.07€41 | | Y |

| o3 | 119 | Bleaching, D)-stage ((0X) seal tank vent | sLEacH |  warp | | vewt | 1.40€-2 | | V.62 | | A |

| »3 | 139 | Sleaching, E2-stage tower vent | BLEACH | WaRD | | VENT | 2.408-2 | | 6.14E+Y | | ¥ |

| »3 | 141 | Bleaching, E2-stage washer vent | SLEACK | WamD | | VENT | 3.626-% | | 1.15Ee1 | | Y |

| 3 | 143 | Steaching, €2-stage seal tank vent | SLEACH | MARD | | vew¥ | 1.406-2 | | 1.27ee2 | | Y |

| o3 | 145 | Bleaching, D2-stage tower vent | sLeacw | waRD | | VENT | 2.406-2 | | 6.60€¢1 | | Y {

| a3 | 147 | Bleaching, D2-stage washer vent | sLeach | wamo | | vest | 3.626-1 | | 4.57€40 | | Y |

| #3 | 149 | Bleaching, D2-stage seal tank vent | sLeach | wamp | | veNT | 1.40€-2 | | 4.59€+0 | | \ |

t 1 1 i 1 1 A 1 1 1 1 1 PR |

Model BY - Emission Factor Suwmary

[} T T T 1 ¥ T ) T T T ¥ T T T T T
| WPU_CODE | EP_CODE | SOURCE | ACEV_EF | WEOM_EF | CTEV_EF | MEK_EF | pcom_€F .| FomM_EF | MCL_EF | CL2_EF | MECL_EF | CHCLI_EF | L_BENZ_EF | PHENL_EF | MCHCLIEF | VCP24SEF
t t t . } 1 1 t 1 t 1 t t N i 1 1 {
| 3 | 39 | Sleaching, C-stage acid sewer | 7.00E-2 | 5.00€-2 | | 2.50€-2 | | 1.20€-2 | | | 3.00€-3 | 5.29€-3 | | | | 3.70€-4
| o3 i 41 | Bleaching, CI02 subst. (0X) caustic sewer | 6.706-2 | 1.00€-V | | 2.00€-2 | | 9.00€-3 | | | 3.006-3 | 1.426-3 | | | |
| 83 | 45 | Bleaching, C-stage tower vent | 1.436-4 | 2.87€-2 | 3.006-4 | 2.48£-4 | | | | 2.90€-1 | 3.30€-4 | 5.27E-% | | | |
| o3 | 75 | Blesching, C-stage washer vent | 1.95€-3 | 4.15€-1 | 3.00€-4 | 2.406-3 | | i } 2.106-1 | 4.606-4 | 5.27-3 | | | |
| »3 | 77 | Slesching, C-stage seal tank vent | 3.59€-4 | 3.1E-1 | | S.44E-6 | | 2.77E-4 | | 5.326-3 | ¢.93€-5 | 3.99€-4 | | | 1.39-6 |
| 3 | 91 | Sleaching, EV-stage (OX) tower vent | 2.20€-3 | 4.85€-4 | | 3.10€-3 | | 3.84€-6 | 2.69€-5 | 3.00€-3 | 3.586-3 | 7.936-3 | | | 3.006-4 |
| a3 | 93 | Bleaching, EV-stage (0X) washer vent | 3.006-2 | 7.00€-3 | | 3.00€-2 | | $.006-S | 4.00€-4 | 5.00€-3 | 5.00€-3 | 7.93¢-3 | | | 3.006-4 |
| o3 | 95 | Sleaching, £1-stage (0X) seal tank vent | 2.16€-2 | 5.25€-3 | | 1.63€-2 | | 3.46€-S | 3.07€-4 | 7.61E-5 | &.56E-4 | 5.106-4 | | | 6.17-6 |
| e i 115 | Bleaching, O1-stage (0X) towsr vent | 7.326-5 | 2.08&-4 | | 3.106-4 | | 9.21€-4 | | 1.00€-2 | 4.306-3 | 1.58€-2 | ) [ |
| 83 ) 117 | Bleaching, D1-stage (0X) wesher vent | 1.006-3 | 3.006-3 | | 3.00€-3 | | v.20€-2 | | 1.006-2 | 6.00E-3 | 1.58E-2 | | |- |
| # | 119 | Bleaching, Di-stage (0X) seal tenk vent | 7.186-4 | 2.256-3 | | 1.63€-3 | | 8.30€-3 | - | 2.54€-4 | S.4TE-4 | 9.89E-4 | | | |
(T } ) | 139 | Blesching, E2-stage tower vent | 1.106-3 | 2.426-4 | | 1.55€-3 | | 1.926-6 ) 1.34€-5 | | 1.79€-3 | 3.97€-3 | | | 1.50€-4 |
| o3 | 141 | Slesching, €2-stage washer vent | 1.50€-2 | 3.50€-3 | } 1.50€-2 | | 2.50€-S | 2.00€-4 | | 2.50€-3 | 3.97¢-3 | | | 1.50€-4 |
| 3 | 143 | Bleaching, E2-stage seal tank vent | 1.086-2 | 2.63-3 | | 8.16€-3 | | V.73€-5 | 1.546-4 | | 2.286-4 | 2.55€-4 | | | 2.09-6 |
| o3 | 145 | Bleaching, D2-stage tower vent | 2.906-7 | 6.90E-7 | | 2.10€-7 | | 4.61€-6 | | 1.006-2 | 1.086-3 | 4.626-5 | | | |
| ] 147 | Bleaching, D2-stage washer vent | 4.00E-6 | 1.00€-5 | | 2.006-6 | | 6.006-5 | | 1.00€-2 | 1.50€-3 | 4.626-5 | | | |
| o3 | 149 | Bleaching, 02-stage seal tank vent | 2.87-6 | 7.506-6 | | 1.09€-6 | | 4.15€-5 | | 2.54E-4 | 1.37€-4 | 2.96E-6 | | | |
L i A 1 1 | L 1 i i | i A 1 i [ 1

e e
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- Emission Fector Suwmary

Model B3
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Hodel B84

- Stream Characteristics

08/12/93

£€9-0

T T - cteomow [ B R - | T B YT T T I B ) \
(W_cwe | €P_CODE | SOURCE | PROC_TYPE | wO0D_TYP | ENCLOSURE | SOURCE_TYP | VFLO_FAC | SFLO_FAC | VHAP_CON | SHAP_CON | HAL_STAIUS |
; f % ————— e e e S o |.__A.M,.., ' PO ‘,,,_‘. . {_ 1l = ______ _’ ________ |...4,._, 4._| m e e '
| o4 | 40 | Bleaching, C-stage acid sewer | BLEACH |  sofT | | STREAM | j 1.04E01 | | 1.16€01 | v |
| ® | 42 | Bleaching, CLO2 subst. (0X) caustic sewer | BLEACH | SOfT | | STream | | 9.06E+0 | | 1.53€41 | \ |
[ ! 46 | Bleaching, C-stage tower vent | sueacw | sofr | | ovewr | 2.406-2 | P 13163 | ! Y !
| = | 76 | Bleaching, C-stage washer vent | BLEACH | soFt | | VvENT | 3.626-1 | | 9.826+1 | | Y |
| o | 78 | Sleaching, C-stage seal tank vent | BLEACcw | sOFT | | VENT | 1.40E-2 | | 3.006¢2 | | v {
| 8 | 92 | Bleaching, E1-stage (UX) tower vent | seacn | soFr | | ver | 2.40€-2 | | 1.56€¢2 | | Y |
| . | 9% | Bleaching, El-stage (OX) washer vent | ©LeacH | SsOfT | | VENT | 3.626-1 | | 2.536¢1 | | ] |
[ | 96 | Bleaching, E1-stage (0X) seal tank vent | BLEACW | sofFT | | vEwt | 1.40€-2 | | 2.56E¢2 | | Y |
| B | 116 | Bleaching, D1-stage (0X) tower vent | 8Leach | soft | | vewt | 2.408-2 | | 2.16E02 | | Y |
| #& | 118 | Blesching, D1-stage (0X) washer vent | BLEACW | sofT | | VENT | 3.626-1 | | 2.26E¢1 | | \ |
| o4 { 120 | Bleaching, D1-stage (0X) seal tank vent | BLEACH | SOFT | | VENT | 1.40€-2 | | 1.656e2 | | ¥ J
| 8 | 140 | Bleaching, E2-stage tower vent | ®LEAcH | sofT | | vewr | 2.40€-2 | | 6.91E+1 | | Y |
| o | 142 | Bleaching, E2-stage washer vent | siteacw | sofr | | vent | 3.626-1 | | 1.2 | | Y |
| ®4 | 144 | Sleaching, £2-stage seal tank vent | SLEACH | sofT | | vewt | v.40€-2 | | 1.28642 | | Y |
| . { 146 | Bleaching, D2-stage tower vent | BLEACH | sofT | | vERT | 2.40€-2 | | 6.59€¢1 | | ¥ |
| | 148 | Bteaching, D2-stage washer vent | BLEACH | sofT | | vewt | 3.626-1 | | 4.57E«0 | | Y |
| . | 150 | Bleaching, D2-stage sesl tank vent | OLEACN | SOFT | | vewt | 1.406-2 | | 4.59€+0 | | Y |
L N 1 4 1 i 1 i 1 4 I} 1 PR }

Model B4 - Emission Factor Suswary

r T T - T T v T T L T T T T T T T T ]
| wPu_CODE | EP_CODE | SOURCE | ACET_EF | MEOW_EF | CTET_EF | MEX_EF | PCDB_EF | FORM EF | MCL_EF | CL2_EF | MECL_EF | CHCLI_EF | L_BEWZ_EF | PHENL_EF | WCHCL3EF | TCP24SEF |
f { - } } } f i t } + } } }— 4 t % {
| » | 40 | Sleaching, C-stage acid sewer | 7.006-2 | 5.006-2 | | 2.50€-2 | | 1.20€-2 | | | 3.006-3 | 5.03¢-3 | ) | | 3.70€-4 |
| & | 42 | Bleaching, €02 subst. (0X) caustic sewer | 6.706-2 | 1.006-1 | | 2.00€-2 | | 9.00€-3 | | | 5.006-3 | 2.30¢-3 | | | | |
| o4 { 46 | Bleaching, C-stage tower vent | 3.66E-5 | 2.08€-3 | | 1.03e-4 | | 3.07€-5 | | 2.106-1 | 3.586-4 | 6.21€-3 | | | 1.006-4 | |
| o4 | 76 | Blesching, C-stege washer vent | 5.006-4 | 3.00€-2 | | 1.00€-3 | | 4.00€-4 | | 2.106-1 | 5.006-4 | 6.21€-3 |. | | 1.006-4 | |
| 8 | 78 | Sleaching, C-stage seal tank vent | V.40€-3 | 2.25€-2 | 2.66E-6 | 1.31E-3 | { | | 5.326-3 | 4.56E-5 | 3.39€-4 | | | | i
| » | 92 | Sleaching, El-stage (0X) tower vent | 2.20€-3 | 4.85¢-4 | | 3.106-3 | | 3.84€-6 | 2.69€-5 | 3.00€:3 | 3.586-3 | 1.06€-2 | | | 3.00€-4 | |
| o4 | 94 | Sleaching, €1-stage (0X) washer vent | 3.006-2 | 7.006-3 | | 3.00€-2 | | 5.006-5 | 4.00E-4 | 3.00€-3 | 5.006-3 | 1.06€-2 | | | 3.006-4 | |
| o | 96 | Bleaching, EV-stage (OX) seal tank vent | 2.16€-2 | 5.25¢-3 | | 1.636-2 | | 3.46€-5 | 3.07€-4 | 7.61E-5 | 4.566-4 | 6.786-4 | | | 6.97€-6 | |
I s | 114 | Sleaching, 01-stage (0X) tower vent | 7.326-5 | 2.08€-4 | | 3.10€-4 | | 9.21€-4 | | 1.006-2 | 4.306-3 | 2.05-2 | | | | |
| 4 | 118 | Bteaching, D1-stage (OX) washer vent | 1.006-3 | 3.006-3 | | 3.00€-3 | | v.206-2 | | 1.006-2 | 6.006-3 | 2.05€-2 | | | | |
| # | 120 | dleaching, D1-stage (0X) seal tenk vent | 7.18€-4 | 2.25c-3 | | v.63€-3 | | 8.30€-3 | | 2.54E-4 | 5.47€-4 | 1.326-3 | | | | |
| ®4 | 140 | Bleaching, E2-stage tower vent | 1.106-3 | 2.426-4 | | 1.5%€-3 | | 1.926-6 | 1.34€-5 | | 1.796-3 | 5.28¢-3 | | | 1.50€-4 | |
| = | 142 | Sleaching, E2-stage washer vent | 1.506-2 | 3.506-3 | | 1.50€-2 | | 2.50€-5 | 2.00€-4 | | 2.50€-3 | 5.28¢-3 | | | 1.506-4 | |
| ® | 144 | Bleaching, E2-stage seal tank vent | 1.006-2 | 2.636-3 | | 8.16E-3 | | 1.736-5 | 1.54€-4 | | 2.286-4 | 3.39€-¢ | i | 2.09€-6 | |
| ® | 146 | Bleaching, D2-stage tower vent | 2.906-7 | 6.906-7 | | 2.106-7 | | 4.61€-6 | | 1.00€-2 | 1.086-3 | 3.386-5 | | | | |
| o ] 148 | Bleaching, D2-stage washer vent | 4.006-6 | 1.00€-5 | { 2.00€-6 | | 6.00€-S | ] 1.00€-2 | 1.50€-3 | 3.386-5 | | | | |
| » { 150 | Blesching, D2-stage seal tank vent | 2.87¢-6 | 7.506-6 | | 1.09€-6 | | 4.15€-5 | | 2.566-4 | 1.378-4 | 2.9¢6-6 | | | | |
L A ' i i 1 I 1 1 1 1 i 1 i ] A i J




08/12/93

- Emission Fector Summary

Model B84
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Model BS - Stream Characteristics 08/12/93
S . . § o e e e e e g i T .
| WPu_CODE | EP_CODE | SOURCE | PROC_TYPE | WOOD_IYP | ENCLOSURE | SOURCE_TYP | VFLO_FAC | SFLO_FAC | VHAP_CON | SHAP_CON | HAL_STATUS |
; i f - : R R I N 5 { f . it IR
| 85 | 63 | llnchim, C-stage acid sewer | BLEACH | HARD | | STREAM | | V.04E+1 | | 472641 | Y |
| #s | 65 | Bleaching, CLO2 subst. (low) caustic sewer | BLEACH |  MARD | | SIREaM | | 9.06€40 | | 1.43e01 | \ i
[ ] 69 | slesching, C-stage tower vent | BLEACH | WARD | | VENT | 2.406-2 | | 1.46E+3 | | v |
| o8 | 87 | Blesching, C-stage washer vent | BLEACH | HARD | | vewr | 3.626-1 | | 2.52e¢2 | | Y |
| »s | .89 | Bleaching, C-stage seal tank vent | GLEACH | HARD | | VvENT | 1.40E-2 | | 3.298¢3 |~ | ¥ |
[ | 109 | Bleaching, EV-stage (low) tower vent | BLEACH | HARD | | VENT | 2.40E-2 | | V.e1Ev2 | | Y |
| 85 | 111 | Bleaching, E1-stage (low) washer vent | BLEACH | HARD | | VENT | 3.626-1 | | 2.43e01 | | ] |
| ®s | 113 | Sleaching, El-stage (low) seal tank vent | BLEACH | WARD | | vENT | 1.40€-2 | | 2.54€¢2 | i ] |
| s | 133 | Bleaching, D1-stage (low) tower vent | BLEACH | HARD | | vewt | 2.40€-2 | | 1.89€¢2 | | Y |
| 85 { 135 | Bleaching, D1-stage (low) washer vent | SLEACH | nHaRD | | VENT | 3.626-1 | | 2.07e91 | | Y |
| % | 137 | Blesching, D1-stage (fou) sesl tank vent | SLEACH | HARD | | vewnt | 1.406-2 | | 1.626+2 | | v ]
| o5 | 145 | Slesching, D2-stage tower vent | GLEACH |  HARD | | VENT | 2.40€-2 | | 6.606¢% | | ] |
| 5 | 147 | Bleaching, 02-stage washer vent | seach | Hamo | | vewr | 3.62-1 | | 4.57€+0 | | ¥ |
| =5 | 149 | Sleaching, D2-stage seal tenk vent | BLEACH | wARD | | vENT | V.40€-2 | | 4.59€40 | | v |
| o5 | 301 | Bleaching, E2-stage tower vent | SLEACH | nARD | | VENT | 2.406-2 | | 6.%4€Ee1 | | Y |
[ | 303 | Sleaching, E2-stage washer vent | seacw | wamo | | vent | 3.626-1 | | 1.15€+1 | | v |
| oS- | 305 | Bleaching, E2-stage seal tank vent | SLEACH | HARD | | VENT | 1.40€-2 | | 1.27€¢2 | | v |
L i 1 — - 1 i L 1 1 1 i 1 1 J
Model 85 - Emission Fector Summary
r T T T T ¥ T T T T T T T T - T T T ]
| WPU_CODE | EP_CODE | SOURCE | ACET_EF | mEOM_EF | CTET_EF | MEK_EF | PCOB_EF | FORM_EF | WCL_EF | CL2_EF | MECL_EF | CHCL3 EF | L_BEMZ_EF | PHENL_EF | MCHCLIEF | TCP4SEF |
I t i - } t 1 { { } { i { t t }— | t {
| #s | 63 | Bleaching, C-stage acid sewer | 2.206-3 | 4.60€-1 | | 7.00€-3 | | 8.106-3 | | | 3.00€-3 ) 4.106-3 | | | | 3.70€-4 |
| 5 | 65 | Bleaching, ClO2 subst. (low) caustic sewer | 2.006-3 | 1.00€-1 | | 1.00€-2 | | v.50€-2 | | | 3.00€-5 | 1.10€-3 | | | | |
| »s | 69 | Blesching, C-stage tower vent ] 1.436-4 | 2.87€-2 | 3.00€-4 | 2.¢BE-4 | | | | 2.10€-1 | 3.306-4 | 5.27€-3 | | | | |
| »S | 87 | Bleaching, C-stage washer vent | 1.95€-3 | 4.15€-1 | 3.006-4 | 2.40€-3 | | | | 2.10€-1 | 4.606-4 | 5.27¢-3 | | ] | |
| ®s | 89 | Bleaching, C-stage seal tank vent | 1.6406-3 | 3.91€-1 | 2.66E-6 | 1.3%-3 | | | | 5.326-3 | 4.19€-5 | 3.47€-4 | | | | |
[ 1 | 109 | Bleaching, E1-stage (low) tower vent | 2.206-3 | 4.85€-4 | | 3.10€-3 | | 3.846-6 | 2.69€-5 | 3.00€-3 | 3.586-3 | 7.93€-3 | | | 3.006-4 | |
[ | 111 | 8leaching, E1-stage (low) washer vent | 3.006-2 | 7.006-3 | | 3.00€-2 | | 5.006-5 | 4.006-4 | 3.006-3 | 5.006-3 | 7.93¢-3 | | | 5.006-4 | |
| 85 | 113 | sleaching, E1-stage (low) seal tank vent | 2.166-2 | 5.25€-3 | | 1.63€-2 | | 3.46E-5 | 3.07E-4 | 7.61E-5 | 4.56E-4 | S.106-4 | | | 4.17€-6 | |
| ®5 ] 133 | Sleaching, D1-stage (low) tower vent | 7.32-5 | 2.086-4 | | 3.10€-4 | | 9.21E-4 | | 1.006-2 | 4.306-3 | 1.58€-2 | | | | |
| #s | 135 | Bleaching, D1-stage (low) washer vent [ v.006-3 | 3.006-3 | | 3.00€-3 | | 1.20€-2 | | 1.006-2 | 6.006-3 | 1.586-2 | | | | |
| #5 | 137 | aleaching, D1-stage (low) seal tank vent | 7.186-4 | 2.25€-3 | | 1.63¢-3 | | 8.30€-3 | | 2.54E-4 | S.47E-4 | 1.01E-3 | | | | |
| »s | 145 | Sleaching, D2-stage tower vent | 2.906-7 | 6.906-7 | | 2.10€-7 | | 4.61€-6 | j 1.006-2 | 1.08E-3 | 4.626-5 | | | | |
| o ) 147 | Sleaching, D2-stage washer vent | 4.006-6 | 1.00€-5 | | 2.00€-6 | | 6.00€-$ | | 1.00E-2 | 1.506-3 | 4.626-5 | | | | |
| o | 149 | Sleaching, 02-stage seal tank vent | 2.87€-6 | 7.506-6 | | 1.09€-6 | | 4.15€-5 | | 2.54E-4 | 1.37€-4 | 2.96€-6 | | | | |
| s | 301 | Sleaching, E2-stage tower vent ] 1.106-3 | 2.426-4 | | 1.55€-3 | | 1.926-6 | 1.34€-5 | | 1.79€-3 | 3.97-3 | | | 1.506-4 | |
| oS | 303 | Bleaching, £2-stage washer vent | 1.50€-2 | 3.50€-3 | | 1.50€-2 | | 2.50€-5 | 2.00€-4 | | 2.506-3 | 3.97e-3 | | | 1.506-4 | |
] s | 305 | Blesching, E2-stage seal tank vent |t 2 ] 2.63-3 | | 8.16€-3 | | V.73E-5 | 1.54€-4 | | 2.286-4 | 2.55€-4 | | | 2.00€-6 | |
L 1 1 I3 i i i ] i i i L i 1 i J§ ]

1
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65 | Bleaching, Cl02 subst. (low) caustic sewer

49 | Sleaching, C-stags tower vant
111 | Bleaching, E1-stege (low) washer vent

87 | Bleaching, C-stage washer vent

109 | Bleaching, Et-stage (low) tower vent
113 | Stesching, E1-stage (low) sesl tank vent
133 | Bleaching, DI-stage (low) tower vent
135 | Blesching, D1-stage (low) washer vent

63 | Blesching, C-stage acid sewer
89 | Bleaching, C-stage seal tank vent

137 | Blesching, D1-stage (low) sesl tank vent
145 | aleaching, D2-stage tower vent

147 | Blesching, D2-stage washer vent
149 | Bleaching, D2-stage ses! tank vent

301 | Blesching, E2-atage tower vent

303 | Bleaching, E2-stage washer vent

305 | Bleaching, E2-stage seal tank vent
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Model 86 - Stream Characteristics 08/12/93

- L T - o - [ : " R | T . T T N Tr ot oTTmTT
| WPU_CODE | EP_COOE |- SOURCE | PROC_IYPE | WOOD_TYP | ENCLOSURE | SOURCE_TYP | VFLO_FAC | SFLO_FAC | VHAP_CON | SHAP_CON | HAL_STATUS |
F . - - fi e e e o e : e : : frmr e
| 86 | 64 | Bleaching, C-stage acid sewer | BLEACH | SOFT | | SIREAM | | 1.04E41 | | 2.05€¢1 | Y |
| 86 | 66 | Bleaching, CI02 subst. (low) caustic sewer | BLEACH |  sOfFt | | sIREan | | 9.06£+0 | | 4.68640 | Y i
1 s | 70 | Bleaching, C-stage tower vent | SLEACH | sofT | | vENT | 2.40€-2 | | 129643 | o v |
| 86 | 88 | Bleaching, C-stage washer vent | oLEaCcH | soFT | | vewr | 3.626-1 | | 9.76E+1 | | v |
| o6 | 90 | Bleaching, C-stage seal tank vent | BLEACH | SOFT | | VENT | 1.40€-2 | | 2.97€e2 | | Y |
| # | 110 | 8leaching, E}-stage (low) tower vent | BLEACH | SOFT | | VENT | 2.40€-2 | | 1.56E+2 | | Y |
| ®6 | 112 | Bleaching, E1-stage (low) washer vent | OLEACH |  sOFT | | vewy | 3.62€-1 | | 2.53e¢1 | | ¥ {
| 86 | 114 | Bleaching, EV-stage (low) seal tank vent | SLEACH | SOFT | I vent | V.408-2 | | 2.56€+2 | | Y |
| 8 | 134 | 8leaching, Dl-stage (low) tower vent | SLEACH |  SOFT | | VENT | 2.406-2 | | 1.79€e2 | | Y {
| ®6 | 136 | Bledching, D1-stage (low) washer vent | ®LEAcH |  SOFT | | VENT | 3.626-1 | | 2.01€1 | | v |
| o6 | 138 | Bleaching, D! - rage (low) seal tank vent | SLEACH | SOFT | | vewt | 1.40€-2 | | 1.61€02 | | \ |
| ®6 | 146 | Bleaching, D2 stage touer vent | otEacw | soFT | | vEwr | 2.40€-2 | | 6.59€% | | Y |
| o6 | 148 | Bleaching, D2-stage washer vent | BLEACH | sofFT | | vewr | 3.62€-% | | 4.57€v0 | | \l |
| ®6 | 150 | Bleaching, D2-stage seal tank vent | osleacw | soFt | | vent | 1.40€-2 | | 4.59€+0 | { v |
| 86 | 302 | Bleaching, E2-stage tower vent | oteacw | soFi | | vEwt | 2.40€-2 | | 6.91E0 | | Y |
| ®6 | 304 | Bleaching, E2-stege washer vent | BLEACM | soFT | | vewt | 3.626-1 | | 1.21€01 | | v |
| 6 | 306 | Bleaching, E2-stage seal tank vent | oLeacw | soFT | | VENT | 1.40€-2 | | 1.286¢2 | | Y |
| T i 1 s 1 1 'y i i 1 1 1 1 J

Model 86 - Emission Fector Summery

L} T T T T T ¥ ¥ 1 ] T T T L) T T T
| WPu_CODE | €P_CODE | SOURCE | ACET_EF | MWEOW_EF | CIET_EF | MEK_EF | PCOB_EF | FORM_EF | WCL_EF | CL2_EF | MECL_EF | CHCLY_EF | L_BENZ_EF | PHEML_EF | NCWCLIEF | VCP24SEF
} 1 } . t i { t } — } t t { 1 t t {
| ®8 | 64 | Bleaching, C-stage acid sewer | 1.00€-3 | 2.00€-1 | | 3.00€-3 | | 1.00€-3 | | | 3.006-3 | 3.80€-3 | | | 2.00€-7 | 3.70E-4
| 8 | 66 | Bleaching, CLO2 subst. (low) ceustic sewer | 1.006-3 | 3.006-2 | | 2.00€-3 | | 3.40€-3 | { | 3.006-3 | 1.74€-3 | | | 2.006-6 |
[ | 70 | Bleaching, C-stage tower vent | 3.66€-5 | 2.08¢-3 | | v.03€-4 | | 3.07-5 | } 2.10€-1 | 3.58€-4 | 4.32€-3 | | | 1.006-¢ |
[ 1 | 88 | Blesching, C-stage washer vent | 5.00-4 | 3.006-2 | | 1.00€-3 | | 4.00€-4 | | 2.10E-1 | 5.00€-4 | 4.326-3 | | | 1.00€-4 |
| w6 | 90 | Slesching, C-stage seal tank vent .| 3.59€-4 | 2.25E-2 | | S.44E-4 | | 2.77€-4 | | 5.32€-3 | 4.56E-5 | 2.77€-4 | | | 1.39€-6 |
| o8 | 110 | Sleaching, EV-stage (low) tower vent | 2.206-3 | 4.856-4 | | 3.10€-3 | | 3.84€-6 | 2.69€-S | 3.006-3 | 3.586-3 | 1.06€-2 | | | 3.006-4 |
) | 112 | Sleaching, E1-stage (low) washer vent | 3.006-2 | 7.00€-3 | | 3.00€-2 | | 5.00€-5 | 4.00€-4 | 3.006-3 | $.00€-3 | 1.06€-2 | } | 3.006-4 |
| s i 114 | Slesching, E1-stage (low) sesl tank vent | 2.16€-2 | 5.25€-3 | | 1.636-2 | | 3.46€-5 | 3.07€-4 | 7.61€-5 | 4.566-4 | 6.78€-4 | | | 4.47€-6 |
| 6 | 134 | Slesching, D1-stage (low) tower vent | 7.326-5 | 2.086-4 | | 3.10€-4 | | 9.21E-4 | | 1.00€-2 | 4.306-3 | 1.436-2 | | | |
| ®s | 136 | Bleaching, D1-stage (low) washer vent | 1.006-3 | 3.00€-3 | | 3.006-3 | | 1.20€-2 | | 1.006-2 | 6.006-3 | ¥.43E-2 | | | |
| e | 138 | Blesching, D1-stage (low) sesl tenk vent | 7.18E-4 | 2.25€-3 | | 1.63€-3 | { 8.30€-3 | | 2.54E-4 | 5.47€-4 | 9.156-4 | | | |
| | 146 | Blesching, D2-stage tower vent | 2.90€-7 | 6.906-7 | | 2.10€-7 | | 4.61E-6 | | 1.006-2 | 1.08€-3 | 3.386-5 | | | |
| ® | 148 | Blesching, D2-stage washer vent | 4.006-6 | 1.00€-5 | | 2.00€-6 | | 6.00€-5 | | 1.006-2 | 1.506-3 | 3.386-5 | | | |
| » | 150 | Sleaching, D2-stage seal tank vent | 2.87€-6 | 7.50€-6 | | 1.0%-6 | | 4.156-5 | | 2.54E-4 | 1.37€-4 | 2.966-6 | | ) |
| ®6 | 302 | Slesching, €2-stage tower vent | 1.10€-3 | 2.426-4 | | 1.55€-3 | | 1.92E-6 | V.34E-5 | | 1.79€-3 | 5.28¢-3 | { | 1.506-4 |
| w8 | 304 | Bleaching, E2-stage washer vent | 1.506-2 | 3.50€-3 | | 1.50€-2 | | 2.50€-5 | 2.00£-4 | | 2.50€-3 | S.28E-3 | | | 1.50€-4 |
| ®6 | 306 | Bleaching, E2-stege seal tank vent .| 1.08€-2 | 2.63k-3 | .| 8.16€-3 | 1.736-5 | 1.S4E-4 | | 2.288-4 | 3.39€-4 | | | 2.09€-6 |
L 1 i L 1 1 4 1 1 1. 1 1 1 1 1 1
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(low) caustic sewer

Sleaching, C-stage acid sewer
Bleaching, C-stage washer vent
Bleaching, Di-stage (low) washer vent
Sleaching, 01-stage (low) sesl tenk vent
Slesching, D2-stage tower vent
Sleaching, D2-stage washer vent
Bleaching, D2-stage seal tank vent
Bleaching, E2-stage tower vent
Slesching, E2-stage washer vent
Bleaching, E2-stage seal tank vent

Sleaching, ClO2 subat.
Bleaching, C-stege tower vent
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Model B7 - Stream Characteristics 08/12/93

T | B T T T | . ) n 1
| WPU_CODE i €P_CODE |rswacs | raoc_nve | _Tve | ENCLOSURE | SOURCE_TYP | VFLO_FAC | SFLO_FAC | VHAP_CON | SHAP_CON | nu‘smus |
f f t R S St b 4 t t : . boo e
[ 14 | 55 | Bleaching, C-stage acid sewer | OLEACH | mwaRD | | STREAM | | 1.04€41 | | 5.00€+1 | ] |
| e7 | 57 | Bleaching, CLO2 subst. (high) caustic sewer | BLEACH | WARD | | STREAM | | 9.066¢0 | | 3.50€41 | Y |
| o7 | 61 | Bleaching, C-stage tower vent | BtEacw | wamp | ! veNY | 2.408-2 | | 3.75E¢2 | i ¥ i
| o2 ) 83 | Bleaching, C-stage washer vent | BLEAcK | warD | {1 | 3.62e-1 | | 6.98E¢1 | | \ |
[ 14 | 85 | Bleaching, C-stage seal tank vent | BLEACH | HARD | { VENT | 1.40€-2 | | 9.34E¢2 | | ] |
| w7 } 103 | Sleaching, E1-stage (high) tower vent | BLEACK | HARD | | vewr | 2.406-2 | | 1.62642. | | Y |
[ Y4 | 105 | Sleaching, El-stage (high) washer vent | BLEACH | KARD | | VENT | 3.626-1 | | 6.63€+1 | | \ |
| 7 | 107 | Sleaching, El-stage (high) seal tank vent | BLEACH | NARD | | VENT | 1.40€-2 | | 1.03e+3 | | \ |
[ 14 | 127 | 8leaching, D1-stage (high) tower vent | BLEACH | HARD | | VENT | 2.406-2 | | 6.61€+t | | Y i
| a7 | 129 | Slesching, DV-stage (high) washer vent | OLeacH | HamD | | vewt | 3.626-1 | | 4.586+0 | | \ |
[ Y | 131 | Bleaching, D1-stage. (high) seal tank vent | BLEACH |  WARD | | VENT | 1.406-2 | | 4.60600 | | Y |
[ 14 | 145 | Bleaching, D2-stage tower vent | SLEack |  waRD | | vent | 2.406-2 | | 6.60E¢1 | | v |
[ 14 | 147 | Bleaching, D2-stege washer vent | BLEACH | waro | | VENT | 3.626-1 | | 4.57€v0 | | Y |
| »7 | 149 | Sleaching, D2-stage seal tank vent | SLEACK |  wARD | | VENT | 1.406-2 | | 4.99€+0 | | 1] |
| o7 | 307 | Bleaching, E2-stage tower vent | BLEACH | wamD | | vewt | 2.40€-2 | | 8.10€¢1 | | Y |
| o7 | 309 | Bleaching, E2-stage washer vent | SLEACH |  wamp | | vewy | 3.626-1 | | 3.30€e1 | | Y |
[ 14 | 311 | Sleaching, E2-stage sesl tank vent | BLEACH | wamD | | VENT | 1.40€-2 | | S.136e2 | | Y |
L 1 1 1 1 i 1 1 i 1 1 1 ]
Model 87 - Emission Factor Susmary
] ¥ T ¥ T T T T ] T T T T T ¥ T T 1
| WPU_CODE | EP_CODE | SOURCE | ACET_EF | MEOW EF | CTET_EF | MEK_EF | PCOB_EF | FORM_EF | WCL_EF | CL2_EF | MECL_EF | CWCL3_EF | L_BEMZ_EF | PHENL_EF | MCWCL3EF | TCP24SEF |
[ t f - f f i t : = f t f pommm e e e
[ 14 [ 55 | Sleaching, C-stage acid sewer | 2.706-3 | 5.006-1 | | 2.00€-3 | | 9.00€-3 | | | 6.006-3 | 2.226-3 | | | | 3.706-3 |
| w®7 | 57 | Wleaching, €102 subst. (high) caustic sewer | 3.506-3 | 3.006-1 | | 7.006-4 | | 6.00€-3 | | | 3.30€-3 | 5.94€-¢ | | | { |
| w7 i 61 | Blesching, C-stage tower vent | 7.326-5 | 7.626-3 | 2.90€-4 | 7.236-4 | 3.006-¢ | 2.99€-4 | 1.34E-5 | 5.006-2 | 5.026-4 | 1.17€-3 | | | 3.00€-4 | ]
| o7 | 83 | Slesching, C-stage washer vent | 1V.006-3 | 1.10€-) | 2.90E-4 | 7.006-3 | 3.006-4 | 3.906-3 | 2.00¢-4 | 5.00€-2 | 7.006-4 | 1.17E-3 | | | 3.006-4 | |
[ 14 | 85 | Sleaching, C-stage seal tank vent | T.18€-4 | 8.25€-2 | 2.57€-6 | 3.81€-3 | 1.226-5 | 2.70€-3 | 1.54€-4 | 1.27€-3 | 6.38€-5 | 7.48€-5 | { | 4.17€-6 | |
[ 1 | 103 | Bleaching, El-stege (high) tower vent | 6.226-3 | 5.40€-3 | | 6.506-3 | | 4.07-4 | | | 4.59€-3 | 3.966-3 | | | | |
| 87 | 105 | Bleaching, E1-stage (high) wesher vent | 8.506-2 | 7.80€-2 | | 6.306-2 | | 5.30€-3 | | | 6.406-3 | 3.9¢6-3 | | | | |
| w7 | 107 | 8leaching, El-stage (high) sesl tank vent | 6.11€-2 | 5.856-2 | | 3.43€-2 | | 3.67€-3 | | | 5.836-4 | 2.54€-¢ | | | | |
| o7 | 127 | 8leaching, D1-stage (high) tower vent | 2.90€-7 | 6.90€-7 | | 2.10€-7 | | 4.61€-6 | | 1.006-2 | 1.086-3 | 6.286-5 | | | | |
| 7 { 129 | Bleaching, DI-stege (high) washer vent | 4.006-6 | 1.00€-5 | | 2.00€-6 | | 6.006-5 | | 1.00€-2 | 1.506-3 | 6.28¢-5 | | | | |
| 7 | 131 | Bleaching, Di-stage (high) seal tank vent | 2.87€-6 | 7.50€-8 | ] 1.09€-6 | | ~.15€-5 | | 2.54€-6 | 1.37€-4 | 4.03k-6 | | | | |
| o7 | 145 | Bleaching, D2-stage tower vent | 2.90€-7 | 6.90€-7 | | 2.10€-7 | | 4.61€-6 | | 1.00€6-2 | 1.08€-3 | 4.62¢-5 | | | | |
| o7 | 147 | Blesching, D2-stage washer vent | ¢.006-6 | 1.006-5 | | 2.00¢-6 | | 6.00€-5 | | 1.00€-2 | 1.50€-3 | 4.62¢-5 | | | | |
| o7 | 149 | Bleaching, D2-stage seal tonk vent | 2.87€-6 | 7.50€-6 | | 1.09€-6 | | 4.15€-5 | | 2.54€-4 | 1.37E-4 | 2.966-6 | | | | |
| w7 i 307 | Bteaching, E2-stage tower vent | 3.11€-3 | 2.706-3 | | 3.25€-3 | | 2.03E-4 | | | 2.29€-3 | 1.98¢-3 | | | | |
[ 14 | 309 | steaching, E2-stage washer vent | 4.256-2 | 3.90€-2 | | 3.15€-2 | | 2.65€-3 | ) | 3.20€-3 | 1.98¢-3 | | | | |
| »7 | 310 | Bleaching, €2-stage seal tank vent | 3.056-2 | 2.93e-2 | | v.71E-2 | | 1.836-3 | | | 2.926-4 | 1.27¢-4 | | | i |
L i i 1 1 1 1 1 Il 4 1 1 1 i 1 1 4 J
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Model 88 - Stream Characteristics 08/12/93
[ T T T - A IR I T R | T T T T T T [}
| WPu_CODE | EP_CODE | SOURCE | PROC_TYPE | WOOD_TYP | ENCLOSURE | SOURCE_TYP | VFLO_FAC | SFLO_FAC | VHAP_CON | SKAP_CON | WAL_STATUS |
b : + - B i S et | | : % vt R
| e | 56 | Bleaching, C-stage acid sewer | BLEACH | sofT | | SIREAm | | 1.04E+1 | | 5.05+1 | Y |
| o8 | 58 | Bleaching, €102 subst. (high) caustic sewer | BLEACN | SOFT | | simeam | | 9.06€+0 | | 3.50e+1 | Y |
| o8 i 62 | Bieaching, C-stage tower vent j BLEACW | SOFT i VERT i 2.408-2 | i 3.e0e%2 | i ¥ i
| e8 | 84 | Bleaching, C-stage washer vent | oLEacw | sofr | | vewr | 3.626-1 | | 2.46€01 | | Y |
| o8 | 86 | Bleaching, C-stage seal tank vent | oLEAcw | SOFT | | vENT | 1.406-2 | | 8.58€+1 | | Y |
| a8 | ° 104 | Bleaching, E1-stage (high) tower vent | BLEACH | SOFT | | vewr | 2.40E-2 | | 1.56€+2 | | \ |
| o8 | 106 | Bleaching, El1-stage (high) washer vent | BLEAch | sofT | | vENT | 3.62€-1 | | 6.57e+1 | | \ |
| o8 | 108 | @leaching, El-stage (high) seal tank vent | BLEACH | SOFT | | vExt | v.406-2 | | 1.036+3 | i Y |
| o8 | 128 | Bleaching, D1 stage (high) tower vent | BLEACK | sOfFV | | VENT | 2.40€-2 | | 6.64E41 | | Y |
| o8 | 130 | 8leaching, D1-stage (high) washer vent | eLeacw | soFT | | vewr | 3.626-) | | 4.60€+0 | | | |
| o8 | 132 | Bleaching, D1-stage (high) seal tank vent | BLEACH | SOfT | | vewr | 1.40€-2 | | 4.636+0 | | Y |
| o8 | 146 | Bleaching, D2 stage tower vent | SLEACW | sofT | | VENT | 2.408-2 | | 6.596+1 | | Y |
| o8 | 148 | 8leaching, D2-stage washer vent | oLEACW . | sOFT | | vewt | 3.626-1 | | 4.5T€+0 | | \ |
| o8 | 150 | Blesching, D2-stage seal tank vent | sLeacw | soFT | i VENT | v.40€-2 | | 4.59€¢0 | | Y |
| a8 | 308 | Bleaching, E2-stage tower vent | StEACH | soF1 | | VENT | 2.40€-2 | | 7.79841 | { Y |
| o8 | 310 | Blesching, E2-stsge washer vent | seatw | soFT | | vEwNr | 3.626-1 | | 3.28641 | | Y |
| o8 | 312 | Sleaching, E2-stage seal tank vent | SLEACH | soFT | | veNT | 1.40€-2 | | 5.13€¢2 | | Y |
L i 4 1 i 1 1 1 1 i L 1 i

Model B8 - Emission Factor Summary
) T T T T T T T T T T T T T ¥ T T 1
| WPU_CODE | EP_CODE | SOURCE | ACEV_EF | mEOM_€F | CYEV_EF | MEK_EF | PCOB_EF | FORM_EF | WCL_EF | CL2_EF | MECL_EF | CHCL3_EF | L_BEMZ_EF | PHENL EF | MCHCLIEF | TCPR4SEF |
I t } t t } } { t } { t 1 } i t 1 i
| o8 | 56 | Bleaching, C-stege scid sewer | 2.706-3 | S.006-1 | | 2.00€-3 | | 9.006-3 | | | 6.006-3 | 1.96€-3 | | | | 3.706-4 |
| =8 | 58 | Sleaching, €102 subst. (high) caustic sewer | 3.50E-3 | 3.00€-1 | | 7.006-4 | . | 6.00€-3 | | | 3.306-3 | 8.96€-4 | | { | i
| a8 | 62 | Bleaching, C-stage tower vent | 2.206-6 | 6.23-4 | 3.00E-4 | 1.03£-6 | 3.00€-4 | | 2.026-5 | S.00€-2 | V.43E-& | 1.93E-3 | | | | |
| 8 | 84 | Bleaching, C-stage washer vent | 3.006-5 | 9.00€-3 | 3.006-4 | 1.006-5 | 3.00€-4 | 3.006-4 | 5.006-2 | 2.006-4 | 1.936-3 | | | | |
| »8 | 86 | Bleaching, C-stage seal tenk vent | 2.166-5 | 6.75€-3 | 2.66E-6 | 5.446-6 | 1.226-5 | | 2.306-4 | 1.27€-3 | 1.826-5 | V.24E-4 | | | | |
| s8 | 104 | Blesching, E1-stege (high) tower vent | 6.226-3 | S5.40€-3 | | 6.50€-3 | | 4.07€-4 | { | 4.59€-3 | 2.906-3 | | | | |
| ss. | 106 | Bleaching, El-stage (high) washer vent | 8.506-2 | 7.806-2 | | 6.306-2 | | 5.306-3 | | | 6.406-3 | 2.906-3 | | | | |
| o8 | 108 | Blesching, EV-stage (high) seal tank vent | 6.11E-2 | 5.85€-2 | | 3.43€-2 | | 3.67€-3 | | | 5.836-4 | 1.886-4 | | | | |
| o8 | 128 | Sleaching, DY-stage (high) tower vent | 2.906-7 | 6.906-7 | | 2.10€-7 | | 4.61E-6 | | 1.00€-2 | 1.08E-3 | 1.06€-4 | | | | |
| .»8 | 130 | Bleaching, D1-stage (high) washer vent | 4.006-6 | 1.00E-5 | | 2.00€-6 | | 6.00€-5 | | V.00€-2 | 1.50€-3 | 1.06€-4 | | | | |
| o8 | 132 | Bleaching, DY-stage (high) seal tank vent | 2.87E-6 | 7.506-6 | | 1.09-6 | | 4.15€-5 | | 2.54E-4 | 1.37€-4 | 6.81E-6 | | | | |
| =8 | 146 | Bleaching, 02-stage tower vent | 2.906-7 | 6.90€-7 | | 2.10€-7 | | 4.61€-6 | | 1.006-2 | 1.086-3 | 3.38€-5 | | | | {
| »a | 148 | Bleaching, D2-stage washer vent | 4.006-6 | V.00E-5 | | 2.006-6 | | 6.00€-5 | | 1.006-2 | 1.50€-3 | 3.386-5 | | | | |
| o8 | 150 | Bleaching, D2-stage seal tank vent | 2.87¢-6 | 7.506-6 | | 1.09€-6 | | 6.15€-5 | | 2.54E-& | 1.37€-4 | 2.96E-6 | | | | ]
| a8 | 308 | Sleaching, E2-stage tower vent | 3.11€-3 | 2.706-3 | | 3.25¢-3 | | 2.036-4 | | | 2.29€-3 | 1.45€-3 | | | | |
| o8 | 310 | Bleaching, E2-stage washer vent | 4.25€-2 | 3.90€-2 | | 3.15€-2 | | 2.65€-3 | | | 3.206-3 | 1.4SE-3 | | | | |
| o8 | 312 | Sleaching, E2-stage seal tank vent | 3.05¢-2 | 2.93e-2 | | v.7E-2 | | 1.83¢-3 | | | 2.92€-4 | 9.306-5 | | | | |
t i N 1 1 i I 1 i A i 1 1 1 1 I | Ll ]
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- Emission Factor Summary
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Model B9 - Stream Characteristics 08/12/93
| R B - - I A R R | - * T L] ¥ T Tty T Ty
| MPU_CODE | EP_CODE | SOURCE | PROC_TYPE | wOOD_IYP | ENCLOSURE | SOURCE_TYP | VFLO_FAC | SFLO_FAC | VHAP_CON | SHAP_CON | WAL_STATUS |
b } t S et i = : 1 t p—— |
| #9 | 47 | 8leaching, C-stage acid sewer | BLEACH | NARD | | simeam | | t.04€41 | | 5.04E+1 | \ |
| o9 | 49 | Bleaching, C102 subst. (100X) caustic sewer | BLEACH | HARD | [ svream | | 9.06€+0 | | 3.49€41 | v |
| ®® i 53 | Blesching, C-stage tower vent | BLEACH | HARD | | VENT | 2.406-2 | | 3.736+2 | | v |
| &9 | 79 | Blesching, C-stage washer vent | SLEACH | NaRD | | vewr | 3.626-1 | | 6.97€41 | | ] |
| w9 | 81 | 8leaching, C-stage seal tank vent | BLEACH | HARD | ] VENT | 1.408-2 | | 9.336+2 | | Y |
| 89 | 97 | Steaching, E1-stage (100X) tower vent | BLEACH | NARD | } VENT | 2.40€-2 | | 1.62642 | | Y |
| o9 | 99 | Bleaching, E1-stage (100X) washer vent | BLEACHN | HARD | | VENT | 3.626-1 | | 6.61€¢1 | ] Y |
| &9 | 101 | Bleaching, E1-stage (100X) seal tank vent | BLEACH | HARD | | vewr | 1.406-2 | | 1.036¢3 | | Y {
| 89 | 121 | Bteaching, DY-stage (100X) tower vent | GLEACH | nARD | | vewr | 2.40€-2 | | 6.60E+1 | | ] |
| »9 | 123 | 8leaching, DI-stage (100X) washer vent | GLEACH |  wAmD | | vENT | 3.626-v | | 4.57€+0 | | Y |
| o9 | 125 | Bteaching, D)-stage (100X) seat tank vent | BLEACHN | wARD | | veNT | v.40E-2 | | 4.59€+0 | | Y ]
| ®9 | 145 | Bleaching, D2-stage tower vent | BLEACH | wamD | | VENT | 2.40€-2 | | 6.60E¢Y | | Y |
| ®9 | 147 | Oleaching, D2-stage washer vent | BLEACH |  HARD | | vewr | 3.626-% | | 4.57E¢0 | | Y |
| 89 | 149 | 8leaching, D2-stage seal tank vent | GLEACN |  HaRD | | vewr | 1.40€-2 | | 4.59€+0 | | Y |
] e | 313 | sleaching, €2-stage tower vent | SLEACH |  HARD | | VENT | 2.40-2 | | 8.106¢1 | | Y |
| o9 | 315 | Sleaching, €2-stage washer vent | SLEACH |  HamD | | VENT | 3.626-1 | | 3.30€¢% | | v |
| w9 | 317 | sleaching, £2-stage seal tank vent | oLeacw | wamD | | vewr | 1.40€-2 | | 5.138¢2 | | v |
L 1 1 1 i 1 i i 1 i i 4 -l

Model 89 - Emission Factor Sun. ~ry
1} T T T T T T T T g T T T T T T T T 1
| mPu_CODE | €P_CODE | SOuRCE | ACET_EF | MmEOM_EF | CTET_EF | MEK_EF | PCOB_EF | FORM EF | WCL_EF | CL2_EF | MECL_EF | CWCL3_EF | L_BENZ_EF | PHENL_EF | MCHCLSEF | TCP24SEF |
e f t= t ; t : : f = = : t t t t t !
| a9 | 47 | Bleaching, C-stage acid sewer | 2.706-3 | 5.00€-% | | 2.00€-3 | | 9.00€-3 | | | 6.006-3 | 8.986-4 | | | | 3.706-4 |
| a9 | 49 | Bleaching, CLO2 subst. (100X) caustic sewer | 3.506-3 | 3.006-1 | | 7.00€-4 | | 6.00€-3 | | | 3.306-3 | 2.49€-4 | | | | |
[ | 53 | Bleaching, C-stage tower vent | 7.326-S | 7.626-3 | 2.90E-4 | 7.23€-4 | 3.00E-4 | 2.99€-4 | 1.34E-S | 5.006-2 | 5.02€-4 | 8.57¢-4 | { | 3.006-4 | |
| o9 | 79 | Blesching, C-stage washer vent | V.00E-3 | 1.90€6-1 | 2.90E-4 | 7.00€-3 | 3.00-4 | 3.90E-3 | 2.00€-4 | 5.00€-2 | 7.00€-4 | B.57¢-4 | | | 5.00€-4 | |
| 9 | 81 | Bleaching, C-stage seal tank vent | 7.%0€-4 | 8.25€-2 | 2.57E-6 | 3.8VE-3 | 1.226-5 | 2.70€-3 | 1.54€-4 | 1.27€-3 | 6.386-5 | S.5¥E-5 | | | 4.17€-6 | |
| ®9 | 97 | Sleaching, El-stage (100X) tower vent | 6.226-3 | 5.40€-3 | | 6.50€-3 | | 4.07€-4 | | © | 4.59-3 | 3.96€-3 | } | | i
| »9 { 99 | Slesching, El-stage (100X) washer vent | 8.50€-2 | 7.80€-2 | | 6.30€-2 | | 5.30€-3 | | | 6.40€-3 | 3.9¢6-3 | | | i i
| o9 | 101 | Bleaching, EV-stage (100X) sesl tonk vent | 6.11E-2 | 5.856-2 | | 3.43€-2 | | 3.67€-3 | | | 5:836-4 | 2.54E-4% | | | | |
| o9 { 121 | Sleaching, Di-stage (100X) tower vent | 2.906-7 | 6.90E-7 | | 2.10€-7 | | 4.61€-6 | | 1.006-2 | 1.08£-3 | 4.626-5 | | | | |
| | 123 | Sleaching, D1-stage (100X) washer vent | 4.00€-6 | 1.006-5 | | 2.00€-6 | | 6.00€-5 | | 1.006-2 | 1.50€-3 | 4.62€-5 | | | | |
| o9 | 125 | Bleaching, Di-stage (100X) seal tank vent | 2.87€-6 | 7.50€-6 | | 1.09€-6 | | 6.15€-5 | | 2.54€-4 | V.37€-4 | 2.966-6 | | | | |
| w9 | 145 | Bleaching, D2-stege tower vent | 2.90€-7 | 6.90€-7 | | 2.10€-7 | | 4.61€-6 | | 1.00E-2 | 1.086-3 | 4.626-5 | | | | |
i o9 | 147 | Bleaching, D2-stage washer vent | 4.006-6 | 1.00€-5 | | 2.00€-6 | | 6.00€-S | | V.00E-2 | 1.50€-3 | 4.62€-5 | | | | |
| 9 | 149 | Sleaching, D2-stage seal tank vent | 2.876-6 | 7.50€-6 | | 1.00€-6 | | 4.15€-5 | | 2.54E-4 | 1.37€-4 | 2.96E-6 | | | | |
| o9 | 313 | Bleaching, E2-stage tower vent | 3.11€-3 | 2.70¢-3 | | 3.25€-3 | | 2.036-4 | | | 2.29€-3 | 1.986-3 | | | i |
| o9 | 315 | Sleaching, E2-stage washer vent | 4.25€-2 | 3.90€-2 | | 3.15€-2 | | 2.65€-3 | | | 3.206-3 | 1.986-3 | | | | |
| o | Bleaching, €2-stege seal tank vent | 3.05€-2 | 2.93-2 | | 1.71€-2 |} | v.836-3 | | | 2.926-4 | 1.27€-4 | | | | |
L i i i 1 1 i 1 1 i 1 N i [l 1 i )
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Model B10 - Stream Characteristics
-1 T o o R T T T T T inbaniends thae M
| WPU_CODE | EP_CODE | SOURCE | prOC_TYPE | WOOD_TYP | ENCLOSURE | SOURCE_TYP | VFLO_FAC | SFUO_FAC | 'VHAP_CON | SHAP_CON | HAL_STATUS |
s S S | TR et = t e t foom
| 80 | 48 | Bleaching, C-stage acid sewer | BLEACH | sofT | | STREAM | | 1.04641 | | 5.04€¢1 | \ |
| ®0 | 50 | 8lesching, ClO2 subst. (100X) caustic sewer | BLEACH |  SOFT | | STREAM | | 9.066+0 | | 3.506¢y | ] |
| mo | S4 | Bleaching, C-stage tower vent | SLEACW | sofT | | VENT | 2.40E-2 | | 3.20E¢2 | i Y i
| =0 | 80 | Bleaching, C-stage washer vent | BLEACH | SOFT | | VENT | 3.62E-1 | | 2.46E41 | | ] |
| ®10 | B2 | Bleaching, C-stage seal tank vent | BLEACH | SOFT | | vewt | 1.40€6-2 | | 8.586¢1 | | ¥ |
| @0 | 98 | Bleaching, E1-stage (100X) tower vent | BLEACH | SOFT | | vENT | 2.40€-2 | ] 1.56E¢2 | | Y |
| @0 | 100 | @leaching, E1-stage (100X) washer vent | BLEACH | SOFT | | VENT | 3.626-1 | | 6.57€+1 | | Y {
| =10 | 102 | Bleaching, EY-stage (100X%) seal tank vent | BLEACK | SofFT | | VENT | 1.40€-2 | | 1.036+3 | | ] |
| o0 | 122 | Bleaching, D1-stage (100X) tower vent | BLEACK | SOFT | | VENT | 2.40€-2 | | 6.59E+1 | | Y |
| =0 | 124 | Bleaching, D1-stage (100X) washer vent | BLEACH | sOFT | | VENT | 3.626-1 | | 4.57€+0 | | Y |
| o0 | 126 | Bleaching, P1-stage (100X) seal tenk vent | BLEACH | SofT | | vewt ] 1.00e-2 | | 4.59€+0 | | \ |
| @0 | 146 | Bleaching, D2-stage tower vent | ®LEACW | sOfT | | vewt | 2.6 2 | | 6.59€+1 | ) \J |
| w10 | 148 | Bteaching, D2-stage washer vent | oLeacw | soft | | vEwt | 3.626-1 | | 4.57€¢0 | | Y |
| s | 150 | Bleaching, D2-stage seal tank vent | @LEacw | soFT | | VENT | 1.406-2 | | 4.59€+0 | | v |
| ®s0 | 314 | Sleaching, E2-stage tower vent: | BLEACH | sOFT | | VENT | 2.406-2 | | 7.79E+1 | | Y |
| ®0 | 316 | Sleaching, E2-stage washer vent | weacw | sofT | | vewr | 3.62-1 | | 3.28€¢% | | Y |
| s | 318 | ®leaching, €2-stage seal tank vent | BLEACH | sOFT | | vewnt | 1.40€-2 | | 5.13e+2 | | ] |
1 1 1 1 A 1 1 1 1 1 1 1 J
KHodel 810 - Emission Factor Summary
L) N T T T ¥ T ¥ T ¥ T T ¥ T T L T T 1
| WPU_CODE | EP_CODE | SOURCE | ACEV_EF | MEOW_EF | CTEV_EF | MEX_EF | PCDB_EF | FORM _EF | WCL_EF | CL2_EF | MECL_EF | CHCA3_€F | L _BENZ_EF | PHENL_EF | WCHNCL3EF | TCP24SEF |
} t 1 } { i } i t } i i t t } ! } {
| @0 | 48 | Slesching, C-stage acid sewer | 2.706-3 | 5.006-1 | | 2.00€-3 | | 9.00€-3 | | | 6.006-3 | 8.07c-¢ | | | | 3.706-4 |
| 10 i 50 | Slesching, Cl02 subst. (100X) caustic sewer | 3.50€-3 | 3.00€-1 | | 7.00€-4 | | 6.00E-3 | | | 3.306-3 | 3.69%-4 | | | | i
R 11 | 5S4 | Sleaching, C-stage tower vent | 2.206-6 | 6.23€-4 | 3.00€-4 | 1.03€-6 | 3.006-4 | | 2.02E-5 | S.00E-2 | V.43E-4 | 1.936-3 | | | | |
Q 80 | 80 | Bleaching, C-stage washer vent | 3.006-5 | 9.006-3 | 3.00€-4 | 1.00E-5 | 3.00€-4 | | 3.00E-4 | 5.006-2 | 2.006-4 | 1.93c-3 | | | | |
! si0 | 82 | Bleaching, C-stage seal tank vent |"2.966-S | 6.TSE-3 | 2.66E-6 | 5.44E-6 | 1.226-5 | | 2.306-4 | 1.27€-3 | 1.826-5 | 1.246-4 | | § | |
g 810 | 98 | Bieaching, E1-stage (100X) tower vent | 6.226-3 | S.40€-3 | | 6.50€-3 | | 6.07e-4 | | | 4.59€-3 | 2.90€-3 | | | | |
A 31} | 100 | Bteaching, E1-stage (100X) washer vent | 8.506-2 | 7.80€-2 | j 6.30€-2 | | 5.30€-3 | | | 6.40€6-3 | 2.90€-3 | | | | |
| s | 102 | Sleaching, EV-stage (100X) seal tenk vent | 6.11E-2 | 5.856-2 | | 3.43€-2 | | 3.67€-3 | | | 5.836-4 | 1.86E-4 | | | | |
| o0 | 122 | 8leaching, O)-stage (100X) tower vent | 2.906-7 | 6.90€-7 | | 2.10€-7 | | 4.61€-6 | | 1.006-2 | 1.086-3 | 3.386-5 | { | | |
| ®o | 124 | Sleaching, Di-stage (100X) washer vent | 4.006-6 | 1.006-5 | | 2.00€-6 | | 6.00€-5 | | 1.006-2 | 1.506-3 | 3.386-5 | | | | |
| 0 | 126 | Bleaching, D1-stage (100X) seal tank vent | 2.87E-6 | 7.506-6 | | 1.09€-6 | | 4.15€-5 | | 2.54€-4 | 1.37€-4 | 2.966-6 | | | | |
| ®0 | 146 | Blesching, D2-stage tower vent | 2.906-7 | 6.90€6-7 | | 2.10€-7 | | 6.61€-6 | | 1.006-2 | 1.086-3 | 3.386-5 | | | | |
|- s10 | 148 | Bleaching, D2-stage washer vent | 4.00E-6 | 1.006-S | | 2.00€-6 | | 6.00€-5 | | 1.00€-2 | 1.50€-3 | 3.38€-5 | | | | |
| s | 150 | Sleaching, D2-stage seal tank vent | 2.87e-6 | 7.506-6 | | 1.00€-8 | | 4.15€-5 | | 2.54€-4 | 1.37€-4 | 2.96E-6 | | ) | |
| s | 314 | Blesching, E2-stage tower vent | 3.11€-3 | 2.706-3 | | 3.256-3 | | 2.03e-4 | ] | 2.296-3 | 1.45€-3 | | | | |
| ®0 | 316 | Sleaching, E2-stage washer vent | 4.25€-2 | 3.90€-2 | | 3.15€-2 | | 2.65€-3 | | | 3.20€-3 | 1.45€-3 | | | | N
{ o0 | 318 | Bleaching, E2-stage seal tank vent | 3.056-2 | 2.93¢-2 | | 1.ne-2 | | 1.83€-3 | | | 2.926-4 | 9.306-5 | | | | |
[ 1 i . 1 Iy 1 i 1 1 Il 1 Il i 1 i i i
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Model 811 - Stream Characteristics
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APPENDIX C.3

DEFINITION OF TERMS

2,4,6-Trichiorophenol

Abbreviation Description/Compound Units@ T
ACET EF Acetone kg/Mg pulp
MEOH_EF Methanol kg/Mg pulp
CT EL_EF Carbon tetrachloride kg/Mg pulp
_h—A-E_K_EF 2-Butanone (Methyl ethyi ketone) kg/Mg pulp
H2S EF 'Hydrogen sulfide kg/Mg pulp
MMER_EF Methyl mercaptan kg/Mg pulp
DlMES=EF . Dimethyl sulfide kg/Mg pulp
DIMDS EF Dimethyl disulfide kg/Mg pulp
ALPINE EF Alpha-pinene kg/Mg pulp
ﬂéF Hydrogen chloride kg/Mg pulp
CL2 EF Chlorine kg/Mg pulp
CLO2_EF Chlorine dioxide kg/Mg pulp
MECL EF Methylene chloride kg/Mg pulp
CHCL3 EF Chioroform kg/Mg pulp
L_BENZ EF Benzene kg/Mg pulp
PHENOL _EF Phenol kg/Mg pulp
TCDD_EF 2,3,7,8-Tetrachloro-p-dioxin ka/Mg pulp
TCDF _EF 2,3,7,8-Tetrachloro-p-furan kg/Mg puip
MCHCL3_EF Methyl chioroform (1,1,1 Trichloroethane) kg/Mg pulp
TCP245 EF 2,4,5-Trichlorophenol kg/Mg pulp
TCP246_EF kag/Mg pulp
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DEFINITION OF TERMS (Continued)

Abbreviation Description/Compound Unitsa
CLPHEN _EF Chlorophenolics kg/Mg pulp
PCP_EF Pentachlorophenol kg/Mg pulp
B_PINE_EF Beta-pinene kg/Mg pulp
ATERP_EF Alpha-terpene kg/Mg pulp
ACROLEINi Acrolein kg/Mg pulp
ACETAL_EF Acetaldehyde kg/Mg pulp
PROPAL EF Propionaldehyde kg/Mg pulp
DACETON_EF Dichloroacetonitrile kg/Mg pulp
TOLUENE_EF Toluene kg/Mg pulp
HEXANE_EF Hexane kg/Mg pulp
CMETHANE_EF Chioromethane kg/Mg pulp
PCYMENE_EF p-Cymene kg/Mg pulp
PCDB=EF 1,4-Dichlorobenzene kg/Mg pulp
FORM_EF Formaldehyde kg/Mg pulp
ACETOPHN_EF Acetophenone kg/Mg pulp
DIMTS_EF Dimethyl trisulfide kg/Mg pulp
CARBDIS_EF Carbon disulfide kg/Mg pulp
THC_EF Total hydrocarbon kg/Mg pulp
TOTHAP_EF Total HAP kg/Mg pulp
TOTVOC EF Total VOC kg/Mg pulp
TRS_EF Total reduced sulfur kg/Mg pulp
MPU_CODE MPU code Unitless
PROC_TYP Process type Unitless
PULP=TYP Pulp type Unitless
WOOD_TYP Wood type Unitless
EP_CODE Emission point ID Unitless
SOQURCE Source description Unitless

A
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DEFINITION OF TERMS (Continued)

Abbreviation Description/Compound Units@
VFLOW_FAC Vent flowrate secmm/Mg
pulp/day
SFLO_FAC Wastewater stream flowrate £/min/Mg
‘ pulp/day
VHAP_CON Vent HAP concentration ppmv
SHAP_ CON Wastewater stream HAP concentration mg/L
HWD Hardwood Unitless
HAL STATUS Is the vent stream halogenated (yes or no) Unitleas
SWD Softwood Unitless
| C Chlorine Unitless
cd Chlorine dioxide substitution Unitless
E Extraction Unitless
H Hypochlorite Unitless
D Chlorine dioxide Unitless
I ENCLOSURE Number of enclosures required Unitless

aKey:
kg/Mg 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.
2/min = Liters of wastewater per minute.
ppmv = Parts per million by volume.

mg/2 = Milligrams of compound(s) per liter of wastewater.
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