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CHAPTER I
INTRODUCTION

THE PURPOSE OF THIS DOCUMENT

The purpose of this Technical Guidance Document is to provide
California facility operators with additional technical guidance in
implementing the inventory plans required by the Air Toxics "Hot Spots"
Information and Assessment Act of 1987 (Health and Safety Code Sections
44300 et seq.) (the "Act"). These inventory plans must meet requirements of
the Emission Inventory Criteria and Guidelines Regulation, (the
"Regulation") California Code of Regulations, Subchapter 7.6, Sections 93300
through 93347. The Technical Guidance Document focuses on emission
estimation methods the facility operator may use to quantify listed
substances when source testing or other measurement is not required. An
adjunct to the Regulation, this document is not regulatory. The estimation
methods included are suggestions, and facility operators should refer to the
Regulation as well as consult with their local air pollution control
district or air quality management district when implementing their plans.
(Copies of the Regulation are available from the districts.)

In developing this document, the ARB staff received assistance from a
technical advisory committee which included representatives from several air
pollution control districts and air quality management districts, the
Department of Health Services, and the California Air Pollution Control
Officers Association. The public also provided comments and suggestions at
two sets of public consultation meetings held in Sacramento and Los Angeles
during February and July of 1989.

Periodic updates to this report are planned as time and staff resources
permit. Updates will incorporate new information and additional technical
guidance for facility operators to use to comply with the Regulation. A
high priority of the ARB staff is developing process-specific estimation
techniques for facility operators to use to comply with the Regulation. As
required by the Act, emission data derived from the AB 2588 process are to
be used to support the ARB's Toxic Air Contaminants Identification and
Control Program, commonly referred to as the AB 1807 process (Health and
Safety Code, Sections 39650 et seq.). Facility operators should check with
the air pollution control districts for the most current version of the
Technical Guidance Document.

THE EMISSION INVENTORY CRITERIA AND GUIDELINES REGULATION

On April 14, 1989, the Air Resources Board approved the Emission
Inventory Criteria and Guidelines Regulation, California Code of
Regulations, Subchapter 7.6, Sections 93300 through 93347. The Regulation
provides facility operators with criteria and guidelines to use in
completing their emission inventory plans and emission inventory reports
required by the Air Toxics "Hot Spots® Information and Assessment Act of
1987 (AB 2588 or the "Act"). The Regulation was adopted by the



ARB Executive Officer on May 23, 1989, and became effective on June 1, 1989,
as an emergency regulation,

Beginning July 1, 1988, the Act applies to any California facility that
meets one of the following criteria: (1) manufactures, formulates, uses, or
releases any listed substance, and releases 25 tons per year or more of
total organic gases, particulate matter, nitrogen oxides, or sulfur oxides;
or (2) is listed in any current toxics use or toxics air emission survey,
inventory, or report released or compiled by an air pollution control
district or air quality management district and referenced in Appendix B of
Title 17, California Code of Regulations, Sections 90700 through 90704. 1In
addition, beginning July 1, 1989, this Act also applies to any facility
which manufactures, formulates, uses, or releases any listed substance and
releases 10 or more but less than 25 tons per year of total organic gases,
particulate matter, nitrogen oxides,; or sulfur oxides.

Facilities subject to the Act in 1988 were to submit an emission
inventory plan to their appropriate district by August 1, 1989. Those
facilities subject to the Act in 1989 must submit their plans to the
appropriate district by August 1, 1990. The plan must present a
comprehensive and detailed description of the methods the facility operator
proposes to use to quantify air releases or potential air releases from all
points of release of substances listed in Appendix A-I of the Regulation.
That Appendix is contained in Attachment A-I of this document.

The Regulation sets forth the requirements for quantifying emissions.
Source testing and other measurement requirements are found in Appendix D of
the Regulation, and are incorporated in Attachment A of this report as
Appendix D. The Regulation also specifies the acceptable estimation methods
to quantify substances for which source testing or other measurement is not
required. Under the Regulation, the plan must also account for the effects
of control equipment on emissions, and justify the use of any proposed
control efficiencies to the district.

Facility operators should work with their districts as they develop
their plans. Once the district approves the plan, the facility operator is
committed to using that plan, and has 180 days to implement the plan by
completing and submitting an emission inventory report to the district. The
emission inventory report must include the results of all required source
tests, material analyses, and any other measurement performed to quantify
specific substances as well as emission estimation methods used to quantify
substances not requiring actual measurement.

The Regulation contains the reporting forms facility operators must use
to complete the emission inventory report; these are available at local
district offices and will be provided upon request (see Appendix B of the
Regulation for “Reporting Forms and Instructions"). However, if the
district requires, facility operators will use an alternative format.

Attachment B of this document contains a more detailed summary of the
Emission Inventory Criteria and Guidelines Regulation.



CHAPTER II
WHERE TO FIND INFORMATION

This Chapter provides facility operators with guidance on where to
locate the necessary information to implement the emission inventory plan.
These plans must be prepared in accordance with the requirements set forth
in the Emission Inventory Criteria and Guidelines Regulation. Facility
operators must familiarize themselves with the Regulation. To assist
operators in doing this, Table 1 in this Chapter references key sections in
the Regulation, and Attachment A contains the following sections from the

Regulation:

"Summary of Requirements for Measurement and Alternatives"”
"Substances for Which Emissions Must Be Quantified"
"Substances for Which Production, Use, or Other Presence Must Be

Reported"

Table 2 of this Chapter contains a series of questions and answers to
guide the operator to the information in this document needed for estimating
emissions when source testing is not required. Table 3 lists those ARB
publications available to facility operators at the district office.



KEY SECTIONS IN THE EMISSION

TABLE 1

INVENTORY CRITERIA AND GUIDELINES REGULATION

Sub ject
Under the Regulatlen

References
In the Regulatlion

References
In this Document

Substances for Which Emissions
Muet Be Quantifled

Substances for Which Productlion,
Use or Other Presence Must
Be Reported

Requiremente for Source Testing
and Measurement

Speciflcatlions for Identlfying
Emisslion Points
and Substances Emltted
("Faclilty Look-Up Table™)

Speciflicatlons for Acceptable
Eetimation Methods ond
Emleslon Factore

Speclifications for Emliesion
Quantificatlion and Degree
of Accuracy

Specifications for Reporting Perlod
and Averaging Intervale

Reporting Forms
Inetructions for Completing Reporting Forms

Exempted Uses

Appendix A-1I

Appendix A-I1I

Sectlons 933386
through 83340 and
Appendix D

Section 983332 and
Appendix C

Sectlion 983345

Section 93334

Section 93331

Section 93322
Appendix B
Section 93333

Attachment A

Attachment A

Attachment A




Questions

TABLE 2

GUIDE TO CHAPTERS AND ATTACHMENTS
IN THE TECHNICAL GUIDANCE DOCUMENT

Answers

Reference In Document

-]

What substances must I
quantify?

Am I required to
source test?

Doee the ARB have o
specific emienlon
estimation technique
(EETI for my faclllty's
emitting process?

If no EET exlsts, what
other methods can I use
to estimate emlesions
of llsted substances?

If no EET exlsts and
the generic methods

in Chapter III are not
appllicable, how do I
eotimate emissione?

The Emisslon Inventory Criteria

ond Gulidelines Regulatlion epecifies
what substances must be quantified.
A copy of that Iist has been
reproduced In this document.

In speciflc cases, source

testing ls required by the Emission
Inventory Criterio and Guidellines
Regulation. These requirements

are Included In this document.

The ARB has developed 9 EETs.
An addltional EET was developed
Independently.

Chapter 1II provides discusslion

and examples of generlic

emission estimation methods:
emisslon factors, moss balance,
engineering calculations,

and speclation proflles.

The faclillty operator should review
the material In Chapter III before
going to the Attachments.

Some EETe may be adaptable to your
faclllity's process.

Attachment A

Attachment A

Chapter V

Chapter 111

Chapter V




TABLE 2 Contlinued

Questlions , Answers Reference In Document
o Where do 1 find Facllity operators will fiInd Attachmente E-I and E-I1
emleslon factorse? AB 1887 Emisslon Factors in .

Attochment E-I, and Other

Emisslon Factors In

Attachment E-II. Faclillity
operatore are required by the
Regulatlion to use AB 1807 emisslion

factors.
o Where do I find o ARB-published specliation
speclation profllie? profiies are avallable at the
dietrict offlce.
° How do I account for Chapter IV provides a general Chapter IV
control efflicienclien? discuselon of control efficlencles.

The engineering calculations in
Chapter 111 provide an example
calculation with o control efficlency

° Where do I flind See Chapter IV or consult your dlstrict. Chapter IV
control effliclenclen? Tables 4, S, 6, 7




TABLE 3
ARB PUBLICATIONS AVAILABLE THROUGH DISTRICT OFFICES

The Emission Inventory Criteria and Guidelines Regulation
Emission Inventory Reporting Forms

The Technical Guidance Document for The Emission Inventory Criteria
and Guidelines Regulation

ARB Speciation Profiles
(Source Classification Codes and ARB profiles are cross
referenced.)







CHAPTER III
GENERIC EMISSION ESTIMATION METHODS

INTRODUCTION

The purpose of this Chapter is to provide facility operators with
information about general emission estimation methods that are available for
facility operators to use in preparing emission inventory reports. Where
source testing is not required but listed substances must be quantified,
facility operators may use emission estimation methods such as emission
factors, mass balance, engineering calculations, and speciation profiles.
These methods are suggestions only. Operators need to determine the method
that applies to their facility's process and the substances being emitted.

This Chapter provides specific examples of the general estimation
methods to demonstrate how a facility operator would calculate emissions
using one of these methods. Each example presents emission estimates from
one process and substance, but does not account for facility-wide emissions.
Facility operators must account for all the sources of emissions of any
substance listed in Appendix A-I of the Regulation (reproduced in
Attachment A-I of this document.) In addition, the numbers representing the
process rates and emission factors used in these examples may not be
representative of the operator's facility, and should not be used without
independent verification.

To comply with the reporting requirements in the Regulation, facility
operators must report emissions of listed substances as an annual average
and a maximum one-hour emission during the reporting year and must also meet
the degree of accuracy requirements set forth in the Regulation. These
terms are defined below for the purposes of this document and the
Regulation.

Annual average emissions are defined as the total emissions (expressed
in pounds) of listed substances released under normal operating
conditions during the reporting calendar year.

Maximum hourly emissions are defined as those emissions (expressed in
pounds) of listed substances occurring in one hour, which are allowable
under normal operating conditions, and which are expected to result in
the worst emissions of those substances. In calculating maximum hourly
emissions, the facility operator should use those process conditions
resulting in the worst emissions within the range of allowable
conditions, under routine operation or predictable upset, but not
including conditions reflecting atypical shut-down or malfunction of
control equipment. ’

If the facility operator is unable to determine the hourly process
parameters used to calculate "maximum hourly emissions,” then the daily
maximum emissions divided by the number of operating hours in the day
may be used. If this second approach is not possible, the facility
operator should consult with the district to determine the appropriate
options. In some cases, the operator may be able to use the design



value or maximum capacity of the piece of equipment to determine maximum
hourly emissions.

The Degree of Accuracy for emission quantification is specified in
Section 93334 of the Regulation. The emission results from source
testing, where required, must be reported to within the detection and
accuracy levels of the ARB-adopted source test method used. The total
emissions of listed substances from processes not requiring source
testing must meet the degree of accuracy specified in Section 93334 (d)
and (e). If a facility's emissions of a substance fall below the
required degree of accuracy, the facility operator shall report only the
presence of that substance on the use/production form provided in the
Regulation.

ESTIMATION METHODS
Emission Factors

Emission factors can be used to estimate emissions of listed substances
from a wide range of sources. An emission factor expresses air emissions as
a ratio of the amount of a poliutant released to a process-related parameter
or measurement ("process unit"), frequently expressed as the amount of
pollutant emitted per throughput of a process or piece of equipment, or per
quantity produced or processed, (for example, pounds of a particular
substance emitted per pounds of product produced).

When using emission factors, Section 93345 (a) (3) (B) of the Regulation
requires facility operators to use published AB 1807 emission factors to
estimate emissions where applicable to the facility's emitting process.
Attachment E-I contains the published AB 1807 emission factors. If an
appropriate factor is not in Attachment E-I, facility operators may use
other available emission factors which are found in Attachment E-II. The
emission factors included in Attachment E-II were developed from source test
data and mass balance calculations.

If operators find no applicable emission factor listed, they should
explore the following alternatives. Operators should check with the
district staff for an emission factor applicable to the facility's process.
If the district does not have an acceptable emission factor, then operators
will need to use some other method of estimating emissions, such as mass
balance, engineering calculations, and speciation profiles. These other
methods are described later in this chapter.

Examples Using Emission Factors

1. Estimating Emissions of Chloroform From a Pulp and Paper Mill Using An
Emission Factor

A mill uses wood chips and recycled paper to produce approximately
35,000 tons of bleached kraft pulp and 52,500 tons of tissue paper pulp per
year by chemical pulping process. The facility's maximum process rates are
122 tons of bleached kraft pulp and 157 tons of tissue paper pulp per day.
The mi1l operates 10 hours per day, 350 days a year. Other days are



reserved for maintenance. To estimate annual average and maximum hourly
chloroform emissions from the pulping process, the facility operator should
use the following method.

Using Attachment E-II, the operator finds that the uncontrolled emission
factor for bleached kraft pulp is 0.00022 1b of chloroform per 1b of pulp
produced (or 0.00022 ton of chloroform per ton of pulp produced), and the
uncontrolled emission factor for tissue paper pulp is 0.00016 1b chloroform
per 1b of pulp produced.

Using these emission factors and the calculated process rates, the
facility operator estimates chloroform emissions as follows:

EMS = PR x EF (1)
Where:

EMS = Annual average chloroform emissions, tons/yr

PR = Annual process rate, tons/yr

EF = Emission factor, ton chloroform emitted/ton pulp produced

A. Annual Average Emissions
For bleached kraft_pulp:
EMS = 35,000 tons/yr x 0.00022 ton chloroform/ton pulp produced

= 7.7 tons of chloroform emitted per year
= 15,400 1bs chloroform emitted per year

For tissue paper pulp:

EMS

52,500 tons/yr x 0.00016 ton chloroform/ton pulp produced

8.4 tons of chloroform emitted per year
= 16,800 1bs chloroform emitted per year

Total annual chloroform emissions from the pulping process for the
facility:

= 15,400 lbs/yr + 16,800 1b/yr
= 32,200 1bs/yr

B. Maximum Hourly Emissions

In this example, the operator cannot estimate maximum hourly emissions
directly because the maximum hourly process rates are not available.
However, the maximum daily process rates and the daily hours of operation
are known.



To calculate the maximum hourly process rates, the operator uses the
maximum daily process rate and the daily hours of operation as follows:

HPRpay = DPRo., + DHO (2)
Where:

HPRmax = Maximum hourly process rate, tons/hour

DPR . = Maximum daily process rate, tons/day

DHO = Average daily hours of operation, hours/day

For bleached kraft pulp:
HPR ax = 122 tons of bleached kraft pulp/day + 10 hours/day
= 12.2 tons of bleached kraft pulp produced/hour
For tissue paper pulp: |
HPRmax = 157 tons tissue paper produced/day + 10 hours/day
= 15.7 tons tissue paper pulp produced/hour

To estimate maximum hourly emissions, the facility operator uses
Equation (2), and follows a procedure similar to the one used for
calculating annual average emissions. In this case, maximum hourly
parameters replace all the annual ones.

HEMS .. = HPR axX  EF (3)
Where:

HEHSma‘ = Maximum hourly chloroform emissions, 1bs/hour

HPRmax = Maximum hourly process rate, tons/hour '

EF = Emission factor, ton chloroform/ton pulp produced
For bleached kraft pulp:

HEHSmn = 12.2 tons/hr x 0.00022 ton chloroform/ton pulp produced

= 0.00268 tons chloroform emitted per hour

The maximum hourly emissions must be expressed in pounds, so to convert
tons of chloroform to pounds, the operator does the following:

HEMSmax = 0.00268 tons/hr x 2,000 1bs/ton

= 5.4 1bs of chloroform emitted per hour

11



For tissue paper pulp:

HEHSmax 15.7 tons/hour x 0.00016 ton chloroform/ton pulp

produced x 2,000 1bs/ton
= 5.0 1bs chloroform emitted per hour

Total maximum hourly chloroform emissions from the facility's pulping
process:

5.4 1bs/hour + 5.0 1bs/hour
= 10.4 ]bs/hour.

2. Estimating Emissions of Nitrobenzene From Nitrobenzene Production Using
An Emission Factor

Facility "P" produces 5,000 gallons of nitrobenzene per year for use in
manufacturing benzidine and quinoline. The facility operates 16 hours per
day, 250 days per year. The maximum quantity of nitrobenzene produced daily
in this process is 28 gallons. The facility operator knows that
nitrobenzene weighs approximately 10 pounds per gallon. (The density of the
solvent is used to convert from gallons of solvent to pounds of solvent in
the emissions calculation.) The facility operator calculates the annual
average and maximum hourly pounds of nitrobenzene emitted during this
process using the following method:

Calculate the activity level or process-related parameter:
PR = PRV x DN (4)
Where:

PR = Amount of nitrobenzene produced through the wash and
neutralization phase in mass units, 1bs/year

PRY = Amount of nitrobenzene produced through the wash and
neutralization phase in volumetric units, gallons/year

D“ = Density of nitrobenzene, 1bs/gallon

PR = 5,000 gallons produced/year x 10 1bs/gallon
= 50,000 1bs of nitrobenzene produced/year

Using Attachment E-II, the facility operator finds that the emission

factor for nitrobenzene during its production is 8.0 x 10'61b of
nitrobenzene per 1.0 1b of nitrobenzene produced, which represents



uncontrolled fugitive emissions. Thus, the facility operator estimates
nitrobenzene emissions as follows:

A. Annual Average Emissions

Using Equation (1) again: (1)
EMS = PR x EF
Where:
EMS = Annual nitrobenzene emissions, 1bs/yr
PR = Amount of nitrobenzene produced during the wash and
neutralization phase in mass units, 1bs/yr
EF = Emission factor, 1bs nitrobenzene/lbs of nitrobenzene

produced

EMS = 50,000 1bs/yr x (8.0 x 10°8) 1b nitrobenzene/
1bs nitrobenzene produced

= 0.4 1b nitrobenzene emitted per year
B. Maximum Hourly Emissions
To estimate the maximum hourly emissions, the facility operator must

estimate the maximum hourly process rate. The operator inserts the maximum
daily process rate and the daily hours of operation into Equation (2).-

Using Equation (2) again: (2)
HPlex- DPR oy DHO
Where:

HPRmax = Maximum hourly process rate, 1bs/hour

DPRmax = Maximum daily process rate, 1bs/day

DHO = Average daily hours of operation, hours/day

DPR = 28 gallons/day x 10 1bs/gallon

B (density of nitrobenzene
DPRmax = 280 1bs/day
HPRmu « 280 1bs/day + 16 hours/day

= 17.5 1bs of nitrobenzene produced per hour

13



After calculating the maximum hourly emissions, the operator uses
Equation (3) and the previous emission factor for nitrobenzene to estimate
the maximum hourly nitrobenzene emissions as follows:

HEMSmax = HPRmax x EF (3)
Where:
HEMSmax = Maximum hourly nitrobenzene emissions, 1bs/hour

17.5 1bs/hour x (8.0 x 10'6) 1bs of nitrobenzene/1b

HEMS
max nitrobenzene produced

= 0.00014 1bs nitrobenzene/hour for this process
Mass Balance

Mass balance can be used to estimate emissions when emission factors are
unavailable, or when mass balance would provide a more accurate estimate
than the use of emission factors. Mass balance is a method which equates
the input of material to the consumption, accumulation, and loss of that
material. A1l mass balance calculations must account for all routes of
inflow and outflow, as well as any accumulation or depletion of the
substance in the equipment, including control devices, and through any
chemical reaction.

Examples Using Mass Balance

1. Estimating Emissions Using Mass Balance with a Single Component

In one process, facility "Z" uses a solvent bath to clean its product,
widgets. The solvent density is 7.7 1bs per gallon. (The density of the
solvent is used to convert from gallons of solvent to pounds of solvent in
the emissions calculation.) Substance A is the only substance in the
solvent for which emissions must be quantified, and it constitutes 87% of
the solvent by weight. At the beginning of 1989, the facility had 7,500 1bs
of this solvent in storage and purchased another nine tons over the year,.

At the end of 1989, the facility has 10,000 1bs in storage.

A. Annual Average Emissions

Assumptions:

a. Solvents are typically volatile, and the total volume is usually
emitted to the atmosphere. Thus, emissions equal amount of
solvent used.

b. No control device is used to reduce the emissions of solvent.



Because emissions equal the amount of solvent used, emissions (EMS) are
determined using the following equation:

EMS = (SB + SI - SE) x F (5)
Where:

EMS

Annual emissions of substance A, 1bs/yr

SB = Amount of solvent in storage at the beginning of the year,
SI = A:Zunt of solvent purchased during the year, 1bs

Se. = Amount of solvent left in storage at the end of the year,
F = ;?:ction of substance A in the solvent, 1bs A/1b solvent
EMS = [7,500 1bs + (9 tons x 2,000 1bs/ton) - 10,000 1bs]

x 0.87 1b A/1b solvent
= 15,500 1bs x 0.87 1b A/1b solvent
= 13,485 1bs of substance A emitted in 1989
B. Maximum Houriy Emissions
The facility operator reviews the facility's production records for the
maximum amount of solvent used in the tank in a one-hour period, and uses

the following equation to determine the maximum solvent used in an hour.

Assume other process parameters remain the same throughout the year.

HEMsmax' [(SBH + SIH - SEH) x D] x F ‘ (6)
Where:

HEMS x " Maximum hourly emissions of substance A, 1bs/hour

SBH M@ = Amount of solvent in bath at start of hour, gallons

SIH = Amount of solvent added throughout the hour, gallons

SEH = Amount of solvent remaining in bath at the end of hour,

gallons
D = Density of solvent, 1bs/gallon
F = Fraction of substance A in solvent, 1bs A/1b solvent

The facility operator determines the parameters of the facility's
maximum hourly emissions, and inserts these values into Equation (6) to
estimate maximum hourly emissions. There are 10 gallons of solvent in the
widget cleaning tank at the beginning of the hour. At the



end of the hour, there are 9.03 gallons of solvent left in the tank. No
solvent was added during the hour.

HEMSmax = (10 gals + 0 gals - 9.03 gals)hr x 7.7 lbs/gal
x 0.87 1b A/1b solvent

= 6.5 1bs of substance A emitted/hour (rounded off)
2. Estimating Emissions Using Mass Balance With Multiple Components

A facility uses a solvent "B" that is 16% perchloroethylene (PERC), 28%
methyl chloroform (1,1,1-trichloroethane or TCA), and 45% xylenes by weight.
The remaining 11% consists of components not found on the 1ist of substances
to be quantified. The facility began 1989 with 1,250 1bs of solvent "B" in
storage. The facility purchased 1,500 1bs that year, and when 1989 ended
had 875 1bs of solvent "B" in storage. The facility operates 8 hours per
day, 260 days per year. Although the facility operator does not keep count
of hourly production rates, purchase records indicate that the maximum daily
amount of solvent "B" used is 7.88 1bs.

Assumptions:
a. No solvent is reclaimed.
b. All solvent used is eventually emitted to the atmosphere.

The facility operator estimates the annual average and maximum hourly
emissions of PERC, TCA, and xylenes as follows (Remember: input = output):

A. Annual Average Emissions

Equation (5) is also applicable in this example, and is repeated here.
In the calculation, emissions of each substance is rounded off.

EMS = (SB + SI - SE) x F (5)

Where:

EMS Annual emissions of listed substance, 1bs/yr
SB = Amount of solvent in storage in the beginning of the year,
1bs

SI = Amount of solvent purchased during the year, 1bs

SE = Amount of solvent left in storage at the end of the year,
1bs

F = Fraction of listed substance in the solvent, 1bs of listed
substance/1b of solvent

Emissions of PERC

EMS = (1,250 1bs + 1,500 1bs - 875 1bs) x
(0.16 1b PERC/1b solvent "B")

"= 1,875 1bs x 0.16 1b/1b
= 300 1bs of PERC emitted in 1989
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EMS = (1,250 1bs + 1,500 1bs - 875 1bs) x
(0.28 1b methyl chloroform/1b solvent "B")

= 1,875 1bs x 0.28 1b/1b
= 525 Tbs of methyl chloroform emitted in 1989
Emissions of Xylenes

EMS (1,250 1bs + 1,500 1bs - 875 1bs) x
(0.45 1b xylene/1b solvent "B")

1,875 1bs x 0.45 1b/1b

= 844 1bs of xylenes emitted in 1989
For a quick check on whether or not the annual average calculations are
correct, add the individual quantities of each listed substance emitted to

determine whether the total equals the percentage of listed substances to be
quantified.

In this example, the individual quantities of substances emitted are:
300 Tbs/yr + 525 1bs/yr + 844 1bs/yr

= 1,669 1bs of three quantified substances in solvent "B"
emitted/year

The operator needs to quantify 89% of solvent "B."
1,875 1bs/yr x .89 1b to quantify/1b “B"
= 1,669 1bs of PERC, TCA, and Xylenes emitted in 1989
The calculation is correct.
B. Maximum Hourly Emissions
In this example, the maximum daily emission rates of each listed

substance have been determined. The facility operator estimates the maximum
daily emissions for each listed substance as follows:

DEMS . = DS . XF | (7)

Where:

DEMSmu = Maximum daily emissions of a listed substance, 1bs/day
DSpax = Maximum daily emissions of solvent "B", 1bs/day
F = Fraction of listed substance in solvent "B", 1bs/1b
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The facility operator estimates the maximum hourly emissions of each
listed substance as follows:

HEMS_ ., = DEMS_ .. + DHO (8)
Where:
I-IEMSmax = Maximum hourly emission of a listed substance, 1bs/hr
DEMS_,, = Maximum daily emissions of solvent “B", 1bs/day
DHO = Daily hours of operation, hours/day

The operator uses Equations (7) and (8) together to calculate the
maximum hourly emissions of the three listed substances in solvent "B" as
follows:

T f Perch] thyl
DEMSmax = 7.88 1bs solvent "B"/day x .16 1b PERC/1b solvent "B*
= 1.26 1bs PERC/day '
HEMS_ ., = 1.26 lbs/day + 8 hours/day
= 0.16 1bs of perchloroethylene emitted/hour
Emissions of Methyl Chloroform

DEMSmax = 7.88 1bs solvent "B"/day x .28 1b methyl chloroform/
1b solvent "B"
= 2.21 1bs methyl chloroform/day
HEHSmax = 2.21 1bs/day + 8 hours/day

= 0.28 1bs of methyl chloroform emitted/hour
Emissions of Xylenes

DEMS = 7.88 1bs solvent "B" emitted/day
WX x .45 1bs xylenes/1b of solvent "B"

= 3.55 1bs xylenes/day
HEMS . o

3.55 1bs/day + 8 hours/day
= 0.44 1bs of xylenes emitted/hour
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Engineering Calculations

Engineering calculations involve the use of principles of chemistry and
physics to estimate emissions. (For example, information derived from the
ideal gas law is frequently used to establish gaseous concentrations of a
particular substance.) Engineering calculations generally provide "fill-in"
information needed for another emission estimation method when emissions
cannot be directly estimated. Information about the design of the unit of
operation, equipment design, or emission information from similar processes
are used to calculate emissions.

Eyamiae iking Enod rvoe Bttt

1. Estimating Releases From a Process Vent

A facility withdraws liquid from a process tank to feed a reactor. The
mixture in the tank contains 5 percent by weight of substance A, 15 percent
by weight of substance B, and 80 percent by weight of substance C. To
prevent possible explosion, the vessel is vented at the top of the tank
under a hood. A fan is used to draw the vapgr to the atmosphere at the rate
of 0.5 cubic feet per minute (measured at 70°F). This fan is operated
continuously for 200 days per year. The process is simplified in the
following figure: '

Atmosphere

T

To reactor —d—

Assumptions:
a. Vapor above the liquid in the tank is continuously emitted to the

atmosphere at the exhaust rate of the vent.
b. The substance content vapor is constant in composition.



The facility operator estimates emissions of any species from the tank
as follows (any component in the mixture is denoted the "ith" species):

-1

EMSi = [ER x Yi X (Kv) ] x Mwi (9)
Where:

EMSi = Emissions of the ith species, 1bs/yr

ER = Exhaust rate, ftalyr

Yi = Mole fraction or volume fraction of the ith species in

vapor phase, dimensionless
Kv = Conversion factor from molar unit to volumetric unit,

£t3/1b-moTe
MW = Molecular weight of the ith species, 1b/1b-mole

The facility operator calculates the exhaust rate, ER, from the vent
rate and the operation rate as follows:

ER = 0.5 ft3/min x 60 min/hr x 24 hr/day x 200 days/yr
= 1.44 x 10 5ftafyr

Assume equilibrium exists between vapor and liquid in the tank. For an
ideal solution, the relationship (also known as Raoult's Law) among the
partial pressure, the liquid mole fraction, and the vapor pressure of
any component in the mixture is:

0
Where:
P; = Partial pressure of component i, atmosphere
X1 = Mole fraction of the ith species in the liquid,
dimensionless
p? = VYapor pressure of pure component i, atmosphere

1

For an ideal gas, partial pressure of any component (also known as
Dalton's Law) is expressed as:

Py = Y x Pp (11)
Where:
71 = Mole fraction of component i in the gas, dimensionless
PT = Total pressure of the vapor, atmosphere
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By setting Equation (10) equal to Equation (11), the facility operator
determines the mole fraction in the vapor.

Y; = (P§ + Py) x X, (12)

Assume the vapor is exposed to air; therefore the total pressure is
equal to 1.0 atmosphere.

Note: Raoult's Law works best if the liquid and the gas are ideal
solutions. For ideal solutions, the components in the liquid mixture are
very similar chemically and physically, and the pressure of the gas is
relatively low (approximately less than 3 atm). A more rigorous approach to
estimating the gaseous mole fraction requires the Henry's Law constants in
place of the pressure ratios. Henry's Law is applicable to non-ideal
solutions, and these constants must be determined experimentally for each
substance.

Only weight percents of the liquid components are provided; therefore
the liquid mole fraction, Xi, is estimated as follows:

X; = [ Wt, + MW, 1+ 2 [ W+ MW; ] (13)
Where:

Nt1 = Fraction by weight, dimensionless

MW ; = Molecular weight, 1b/1b-mole

The symbol T represents the summation of all species in the solution.
As an example, the facility operator calculates the liquid mole fraction of
A in the mixture as follows:
Mt A

MHA
Mole fraction of A =

WL A+ WL B + WL C
MW, Mig MW

To calculate the liquid mole fraction, Xi. and the vapor mole fraction,
Yi' the facility opergtor needs the physical properties of the substances A,

B, and C. The Handbook of Chemistry and Physics is one source. Some other
sources that provide information on the physical properties of substances
include the Chemical Engineering Handbook and the Handbook of Environmental
Data on Organic Chemicals. In this example, the data for A, B, and C are:

Substances Molecular Weight . Yapor Pressure (atm)
A 78 0.10
B 92 0.03
C 106 0.01

From the above properties, the facility operator uses Equation (13) to
calculate the liquid mole fraction of XA' of substance A:
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Xy = [.05+ 78]+ [(.05+78) + (.15 + 92) + (.80 + 106]
Xy = 0.065

Similarly, the facility operator calculates XB and Xc as 0.166 and 0.769,
respectively.

Using Equation (12) and the calculated liquid mole fraction of A, Xp

the facility operator calculates the vapor mole fraction of A, Y,, as

follows:
YA = (0.10 + 1.0) X 0.065
= 0.0065

The vapor mole fractions YB and Ycare 0.005 and 0.00769, respectively.

Because the total of vapor mole fractions equals 1.0, the balance of 0.922
is air.

To estimate the conversion factor, K, , from molar unit to volumetric

v’
unit, the facility operator would use Equation (14) as follows:

K, = 359 t3/1b-mole x [(T, + 460) °R + (32 + 460) °R ] (18)
Where:
Ta = Measured temperature of the vent exhaust, Of

Assume the vapor follows the ideal gas relationship. Tgerefore. one
Ib/mole of gas at standard temperafture and pressure (32°F and 1

atmosphere) occupiés 359 ft3/1b-mole. In this case, T,is 70°F;

therefore the conversion factor is corrected to the actual temperature

Ta‘ In this example, Kv is calculated as follows:

K, = 359 ft3/Tb-mole x (70 + 460) °R + (32 + 460) °R

= 387 ft3/1b-mole

With all the available data, the facility operator uses Equation (9) to
estimate emissions of any substance as follows:

EMS, = 1.44 x 10° 1t3/yr x 0.0065 x (387 f£3/1b-mote)™}
x 78 1b/1b-mole

= 189 1bs,yr

22



Emissions of species B are 171 1bs/yr and emissions of species C are 303
1bs/yr.

2. Estimating Emissions of Trace Metals Using Engineering Calculations,
with a Control Efficiency

Facility A burns 5 million gallons of distillate oil a year in its
boilers. The facility's boilers operate 12 hours per day, 300 days a year.
The maximum amount of distillate oil the facility's boiler can burn is 2,000
gallons/hr. The facility hires a contractor to analyze its oil, and the
contractor provides the following average trace metal composition from all
the storage tanks in the facility as follows:

Metals Concentratijon (ppmw)
Arsenic 0.01
Beryllium 0.003
Copper 0.01
Cadmium 0.20
Chromium 0.01
Lead 1.10
Mercury 0.04
Manganese 0.30
Nickel 5.2
Selenium 0.20
Zinc 0.02

: The ppmw is the part per million by weight, or one unit mass of the
substance per million unit masses of the fluid.

Assume all metals in the oil are emitted upon combustion.

The facility operator estimates the trace metal emissions resulting from
burning the oil as follows:

EMS, = (1 - CNTL,) x PR x D x C, (15)
Where:
EHS1 = Annual emissions of the ith trace metal, 1bs/yr
CNTLi = Control efficiency for the ith substance (expressed as
fraction), dimensionless
PR = Amount of distillate oil burned per year, gals/yr

D = Density of distillate oil, 1bs/gallon
ci = Concentration of the ith element in distillate oil, ppmw or

16/10% 1bs
Given that Facility A uses a baghouse (fabric filter) with an 85%

control efficiency for trace metals except mercury. Assume the average
density of distillate oil equals 7.2 1b/gal.
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Using the nickel concentration of distillate oil, the facility operator
estimates the annual average and maximum hourly emissions of nickel as
follows:

A. Annual Average Emissions

Using Equation 15: (15)
EHSi = (1 -.85) x 5 x 106 gals/yr x 7.2 1b/gal x 5.2 1b/ 1051b
EMS1 = 28 1b of nickel emitted per year

Similarly, emissions for other trace contaminants are estimated by
substituting their concentrations in distillate oil as reported. However,
the operator knows that mercury behaves like a gas under these conditions
and escapes through the baghouse. Therefore, for mercury, the control
efficiency of the baghouse is zero.

B. Maximum Hourly Emissions

The maximum hourly process rate is available, and the operator uses
Equation (15) to estimate maximum hourly emissions of nickel:

HEMSmax = (1 -.85) x 2,000 gals/hr x 7.2 lbs/gal x 5.2 IbsllosIbs
HEMSmax = .011 1bs of nickel emitted per hour

Note: The calculation(s) in the above section apply to trace metals.
Emission factors or source testing should be used to estimate emissions
for organic gases such as benzene and formaldehyde.

3. Estimating Emissions of Carbon Tetrachloride Using Engineering
Calculations Based on the Conversion of a Chemical Reaction

A facility manufactures a specific drug which uses 5,000 1bs per year
of carbon tetrachlioride as an intermediate. The operator determines that
90% of carbon tetrachloride is converted to the manufacturer's product, and
only 10% of carbon tetrachloride is lost at the end of the process. The
effluent of this process is 85% liquid and 15% gas by weight. The gas is
vented to the atmosphere and the liquid is drained into the sewer. (The
POTW accounts for the emissions from the sewer.) The maximum hourly usage
at any given time is approximately 2 pounds. The weight ratio between
carbon tetrachloride and other processed materials is 1:4.
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To simplify the emission estimation, the process is diagrammed as follows:

Gas to atmosphere

PROCESS

Feed < REACTOR

j=——3 Product

Liquid to drain

Using the available information, the facility operator estimates carbon
tetrachloride emissions as follows:

The calculation for emissions vented directly to the atmosphere at the
plant is:

EMS, = [(R x PR) x (1 - xc)] x (1-1) (16)
Where: |
EMS, = Emissions of carbon tetrachloride from exhaust,
1 1bs/yr
R = Weight ratio of carbon tetrachloride to feed material,
dimensionless
PR = Amount of feed materials, 1bs/year
Xe = Fraction of conversion, cdrbon tetrachloride, dimensionless
L = Fraction of liquid discharged into the sewage,
dimensionless
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A. Annual Average Emissions

Using Equation (16) and the information provided about the process, the
operator estimates carbon tetrachloride emissions directly at the plant as:
EMS1 = (.20) x 5,000 1bs/yr x (1 - .90) x (1 - 0.85)

= 15 1bs/yr

B. Maximum Hourly Emissions

To estimate maximum hourly emissions, the operator uses Equation (16)
along with the facility's hourly process rate of 2 1bs/hour:

HEMS oy = [(.20) x 2 1bs/hour x (1-0.90) x (1-0.85)
= 0.006 1b/hour

Speciation Profiles

A speciation profile lists the chemical composition of total organic
gases (TOG) or particulate matter (PM) by specific device/process. These
profiles are developed from a variety of sources including actual
measurements and engineering judgments. Speciation profiles do not always
provide an accurate method for estimating emissions, and may not include all
AB 2588 substances that need to be quantified. Therefore, facility
operators should use one of the other methods discussed in this chapter, if
that method gives a more accurate estimate of emissions.

To determine emissions using a speciation profile, the operator must
use the TOG or PM emissions and then multiply the TOG or PM emissions by the
the fraction(s) of the substance(s) to be quantified in the speciation
profile. TOG or PM emissions can be obtained by measurement or by the use
of methods similar to those in this chapter. Where emission factors for TOG
or PM are needed, the operator should consult the appropriate dlstr1ct In
addition, the

can be used to find emtssion
factors. However, when looking for factors for total organic gases, the
operator needs to obtain the emission factor for total organics and not just
the reactive gases.

Once the operator has the TOG or the PM emissions, the operator finds

the Spec1at1on profile in the ARB manual entitled Identification of Volatile
ARB Speciation Manual). This manual
contains approximately 500 spec1atlon profiles for TOG and approximately 70
profiles for PM emissions. Copies of this manual are available at the
district office. If no ARB speciation profile is available, the EPA Air

Profiles is another reference for speciation profiles.
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Example Using Speciation Profil

1. Estimating Emissions from an External Combustion Boiler Using an ARB
Speciation Profile

Facility "W" uses an external combustion boiler which burns natural
gas. The facility operates 300 days per year, 12 hours per day, and emits
1,500 1bs of TOG daily from this natural gas combustion. After reviewing
this document, the facility operator realizes that the the EETs in Chapter
and the generic methods in Chapter III are not appropriate for the
facility's emitting process, and the operator considers using a speciation
profile.

The facility operator knows that the facility's Source Classification
Code is 1-03-006-03. Using the ARB Speciation Manual with the Source
Classification Code, the operator finds the ARB speciation profile code is
#3. This profile lists several substances, but emissions of only three of
these substances must be quantified: formaldehyde, benzene, and toluene.
The weight fraction of each substance in the exhaust gas is 0.0768 for
formaldehyde, 0.0325 for benzene, and 0.0164 for toluene.

Although the facility does not keep account of the hourly production
rates, the operator does know that the maximum daily emissions of TOG are
1,750 1b a day, and then estimates emissions of the listed substances using
the following equations: .

EMS = PR xF (17)
Where:
EMS = Emissions of a listed substance, 1b/yr

F = Fraction of the listed substance in the exhaust gas,
dimensionless (wt/wt)
PR = 300 days/yr x 1,500 1bs/day of TOG
= 450,000 1bs/year of TOG
A. Annual Average Emissions
Emissions of Formaldehyde
EMS = 450,000 1bs/year x 0.0768

EMS = 34,560 1bs of formaldehyde emitted/year
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Emissi F B

EMS = 450,000 1bs/year x 0.0325

EMS = 14,625 1b of benzene emitted/year
Emission of Toluene

EMS = 450,000 1bs/year x 0.0164

EMS = 7,380 1b of toluene emitted/year

B. Maximum Hourly Emissions

HEMSmax = (DPRmax x F) + DHO (18)
~ Where:

HEMS ., = Maximum hourly emissions, 1b/hr

DPRmax = Maximum daily emissions of TOG, 1b/day

F = Fraction of listed substance in the exhaust gas,
dimensionless

DHO = Daily hours of operation, hr/day

Emissions of Formaldehyde

HEHSmax = (1,750 1b of TOG/day x 0.0768) + 12 hr/day

HEMS max = 134.4 lbs/day + 12 hr/day

HEMS ., = 11.2 Tbs of formaldehyde emitted/hour

Emission of Benzene

HEHSmﬂx = (1,750 1b of TOG/day x 0.0325) + 12 hr/day

HEMS .y *® 56.87 1bs/day + 12 hr/day

HEMSmu = 4.74 1bs of benzene emitted/hour

Emission of Toluene

“E“smax = (1,750 1b of TOG/day x 0.0164) + 12 hr/day

HEMS max ™ 28.7 1bs/day + 12 hr/day

HEMSma! = 2.39 1bs of toluene emitted/hour
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CHAPTER IV
CONTROL DEVICE EFFICIENCIES

This Chapter provides facility operators with basic information on
control device efficiencies. For the purposes of this document, control
efficiency is defined as the fraction of the uncontrolled emissions
collected and/or eliminated by the control device. Control devices are an
essential part of the emission inventory plan and report, and facility
operators must account for any depletion or accumulation of listed
substances which pass through the control device(s). In Chapter III, the
second sample engineering calculation "Estimating Emissions of Trace Metals
Using Engineering Calculations, With A Control Efficiency" demonstrates the
use of control efficiencies in the calculation of emissions.

To determine the exact control efficiency of a control device for any
particular substance, the emissions of the substance at the inlet and outlet
of the device must be directly measured. In cases where the operator is not
using direct measurement, a control efficiency must be used from another
source such as the manufacturer's performance tests. If the facility
operator has substance/device-specific control efficiencies, he or she

should submit them, with the appropriate justification, to the district for
approval.

Few control efficiencies are available from the literature for the
listed substances. Table 4 is a compilation of substance/device control
efficiencies found in the literature which may be useful for the facility
operator. These control efficiencies should be used under the conditions
specified in the table.

If the facility operator cannot find substance/device control
efficiencies, it may be possible to use control efficiencies for TOG or PM
in determining emissions of listed substances. However, this method is not
the preferred method of estimating emissions because it introduces a
significant degree of uncertainty. Table 5 1lists control efficiencies for
TOG and PM. In many cases, ranges of efficiencies are given; the operator
should use the lower end of the range unless the higher range can be
justified.

There are numerous factors which affect the control efficiency of a
control device. These include the substances emitted and their potential
for chemical interaction. Particle size is another factor affecting control
efficiency. Table 6 demonstrates the relationship between particle size and
control efficiency, and shows the broad range of control of emissions of PM
a facility operator might expect from a control device. The variation seen
is based solely on particle size. Table 6 is a starting point for facility
operators who use those types of control devices listed and have knowledge
of the range of size of the PM the facility emits.
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Few speciflec control efflclenclies exist for the substances on the AB 2588 |ist

TABLE 4

CONTROL EFFICIENCIES FOR SPECIFIC DEVICES AND SUBSTANCES

quantifled. The speciflic control efficlencies that exist are provided below.

which must be

SiEstencs
Chilorine

Hydrogen fluorlde
Hydrogen sulflde

Hydrogen oulflde
Mercury
Mercury
Porchloroothylcnf

Phthallc anhydride

Process/Device

General

General

General

General

General

General

Drycleaning-
dryer exhaust

Productlion-

maln process vent

Contrel Technolo

Absorptlion In an
alkall sofution

Water absorption

Absorption In a sodlium
carbonate/water solution

Adeorption on ammonla-
Impregnated activated carbon

Absorptlion In a brine/
hypochlorite solution

Adsorption on sulfur-
Impregnated activated carbon

Carbon adsorber- packed bed,
fluldized bed"

Wet scrubber

Control Efflcliency

b:1-} 4

95%
88%

95%

5%

99%
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TABLE 5: CONTROL EFFICIENCIES FOR TOTAL ORGANIC GASES AND PARTICULATE MATTER

Control Device/Method

No control equipment
Wet Scrubber- High Efflclency
Wet Scrubber— Medium Effliclency
Wet Scrubber- Low Efflclency
Gravity Collector— High Efflclency
Gravity Collector— Medlum Effliclency
Gravity Collector- Low Efficlency
Centrlfugal Cotllector

High Efficlency-
Centrilfugal Collector

Medlium Efflclency-
Centrifugal Collector

Low Efflclency-
Electrostatic Precipitator

High Efficlency-
Electrostatic Precipitator

Medium Efficlency-
Electrostatic Precipltatoer

Low Efficliency~-
Gas Scrubber (general, not classifled)
Mist Ellminator, High Veloclty

(v > 258 ft/min)-
Mliet Eliminator, Low Veloclty

(v < 250 1t/min)-
Fabrlic Flliter, High Temp.

(T > 250 F)-
Fabric Filter, Medium Temp.

(180 F < T < 250 F)-

Percent Efficiency Range By Substance Type

Partlculate Matter (PM) Total Organic Gases (TOG)
e 0
9% - 99.9
80 - 95.0
78 - 80.0
95 - 99.9
80 - 95.0
20 - Bo.e0
95 - 99.9
80 - 95.0
20 - Bo.0
95 - 99.9
80 - 985.0
60 - 80.0
70 - 99.0
7¢ - 99.0
50 - 99.9
75 - 99.9
80 - 99.9
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TABLE 5: CONTROL EFFICIENCIES FOR TOTAL ORGANIC GASES AND PARTICULATE MATTER Cont.

Percent Efficlency Range By Substance Type

Control Device/Method Particulate Matter M Total Organlc Gases (TOG)
Fabric Fllter, Low Temp.

(T < 188 F)- 80 - 99.9
Catalytlc Afterburner- 80 - 95.0 90 - 99.90
Catalytic Afterburner (with Heat Exchanger)- 806 - 95.0 90 - 99.0
Direct Flame Afterburner- 25 - 70.0 94 - 99.9
Direct Flame Afterburner

(with Heot Exchanger)- 25 - 70.0 94 - 99.9
Flaring- 25 - 988.0 90 - 99.9
Process Change- i0 - 90.90 10 - 90.0

Vapor Recovery System
(Including condensers, hooding,

and other enclosures)- 85 - 90.0
Activated Carbon Adsorption- 85 - 89.0
Liquld Flitration System- 50 - 99.9
Packed-Gas Absorption Column- 70 - 99%.90 70 - 89.0
Tray-Type Gas Absorption Column- 79 - 99.0 70 - 99.0
Spray Tower- 80 - 98.0 70 - 99.9
Venturl Secrubber- 88 - 99.0 70 - 99.0
Process Enclosure- 50 - 99.0
Impingement Plate Scrubber~ 20 - 99.0 20 - 89.0
Dynamic Separator ibry - 20 - 99.9
Dynamlc Separator (Wet)- 20 ~ 99.9
Mat or Panel Fllter- 10 - 95.0
Metal Fabric Fllter- 50 - 99.9
Process Gas Recovery- 95 - 99.9
Dust Suppression -By Water Sprays- 8 - 99.9
Dust Suppression By Chemlical

" Stablillizers or Wetting Agente~ e - 99.9
Gravel Bed Fllter- 990 - 99.9
Annular Ring Fllter- 80 - 99.9
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TABLE 5: CONTROL EFFICIENCIES FOR TOTAL ORGANIC GASES AND PARTICULATE MATTER Cont.

Percent Efficlency Range By Substonce Type
Control Device/Me d Particulate Matter (PM) Total Organic Gases (TOG)

Fluld Bed Dry Scrubber- 80 ~ 99.9
Tube and Shell Condenser- 20 - 99.9
Refrigerated Condenser- 20 - 99.9
Barometric Condenser- 20 - 89.9
Single Cyclone-~ 25 - 99.0
Multiple Cyclone w/o Fly Ash .

Relinjection- 50 - 89.9
Multiple Cyclione w/ Fly Ash

Relnjectlion- . 50 - 99.9
Chemical Oxldatlion- 20 - 99.9 : 20 ~ 99.9
Ozonatlon- 10 - 99.9
Chemical Neutrallzatlion- 106 - 99.9 18 - 99.9
Activated Clay Adsorption- 20 - 99.9
Wet Cyclonlc Separator- 20 - 96.9
Woter Curtalin- ie - 85.0 i@ - 95.90
Nitrogen Blanket- 10 - 99.90
Conservation Vent- 10 - 99.9
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TABLE 6: CONTROL EFFICIENCIES RELATED TO PARTICLE SIZE

' -
D : Eﬁnilflﬂ E ) E%%qlgﬁl
High Efficiency Cyclone 0.4 5%
2.5 50%
Venturi Scrubber*
P = 10 inches H20 0.4 20%
1.2 99%
P = 20 inches H20 0.1 15%
1.0 99¢%
P = 100 inches H20 0.28 99¢%
1.1 99.9%
Filter Fabric 0.10 99.8%
0.35 99.2%
4.0 99.9%
10.0 99.6%
Electrostatic Precipitators
(ESPs)
Hot 0.05 99.2%
0.50 97.0%
7.0 99.95%
Cold 0.015 80%
0.10 96%
0.40 92%
7.0 99.9%
Calvert Collision Scrubber 5.2 - 99.8%

*P = Pressure
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CHAPTER V
SPECIFIC EMISSION ESTIMATION TECHNIQUES

This Chapter contains process/device-specific emission estimation
techniques (EETs). This first set of EETs was developed with technical
review from the technical advisory committee identified in Chapter I. The
ARB initiated the development process by requesting district representatives
to submit a list of those processes/devices with significant toxic emissions
in their respective districts. These lists were then compiled and evaluated
by the ARB staff to form a prioritized list of processes/devices for the Air
Toxics "Hot Spots" program.

Time constraints did not allow the ARB staff to develop an EET for each
process/device on the prioritized 1ist. As the "Hot Spots" program
progresses, more EETs will be developed and included in this Technical
Guidance Document.

If an operator has not been able to utilize a generic emission
estimation method and an EET has not been developed for the facility's
process, the ARB staff recommends that the operator review the available
EETs in this Chapter. While process-specific, each EET explains the use of
one or more of the general methods described in Chapter III. A process
described in an EET may be sufficiently similar to the process at the
operator's facility to_allow the operator to use the estimation method in
that particular EET. If the operator is still in doubt as to whether an
estimation method described in Chapter III or in an EET is appropriate, the
operator should contact the appropriate air pollution control district or
air quality management district. Table 7 below 1ists the general methods
used in each EET.
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TABLE 7

GUIDE TO GENERIC ESTIMATION METHODS DISCUSSED
IN THE EMISSION ESTIMATION TECHNIQUES (EETs)

Emission Estimation Technique

Generic Estimation Method(s)

Chrome Electroplating

Combustion of Petrolemm Derivatives

Incineration

0il and Gas Production

0il Refinery
Perchloroethylene Production

Smelters and Secondary Foundries

Storage Tank

Surface Coating

Wood-Fired Boilers

Emission Factor
Mass Balance

Emission Factor
Engineering Calculation

Emission Factor
Engineering Calculation
Engineering Calculation
Emission Factor

Mass Balance

Emission Factor
Engineering Calculation
(With Examples of
Control Efficiencies)
Engineering Calculation
Mass Balance
(Estimation of solvents
emitted by evaporation)

Engineering Calculations
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CHROME ELECTROPLATING
EMISSION ESTIMATION TECHNIQUE (EET)

I. INTRODUCTION

This document is an Emission Estimation Technique (EET), developed by
the Air Resources Board staff in accordance with the Air Toxic "Hot Spots”
Information and Assessment Act of 1987 (the Act). Specifically this report
describes the processes used in the electroplating of metals. This process
results in the air emission of toxic substances listed pursuant to the Act.
This report specifies the method(s) a facility operator would use to
calculate resulting emissions of these listed substances.

A number of different industries use electrolytic deposition
(electroplating) to decorate and coat a variety of industrial and consumer
goods, resulting in emissions of listed substances such as chromium (VI) as
well as methyl chloroform (1,1,1-trichloroethane), trichloroethylene,
perchloroethylene, methylene chloride, and fluorocarbon-113. The focus of
this EET is quantifying emissions of chromium (VI) as well as other listed
substances.

The listed substance chromium (VI) is very toxic. The cancer unit risk

value, 1.5 x 1071 (ug/ma), for chromium (VI) is the highest among commonly
used industrial substances such as benzene, carbon tetrachloride, methylene
chloride, or perchloroethylene. (A cancer unit risk value relates the
possibility that one person in a million, exposed over seventy years, will
get cancer).

II. PROCESS DESCRIPTION FOR ELECTROPLATING WITH CHROME

The process(es) used in chrome electroplating depend upon the function
of the plating and the composition of the work piece. Generally, a
workpiece must be cleaned prior to electroplating.

A. Cleaning

Several cleaning steps are possible including physically removing loose
dirt and scale from the workpiece with a wire brush or wire wheel, or
soaking it in a solvent bath to remove paint or grease.

Possible intermediate steps include: soaking the work piece in an
alkaline bath, electrocleaning, and pickling. In electrocleaning, a
current is passed through the alkaline bath, mechanically and
chemically removing dirt. A final intermediate step is pickling, )
soaking the work piece in an acid bath and possibly passing an electric
current through it. Once cleaned, the work piece is ready for

electroplating.

Thirty percent of chrome electroplating is for decorative purposes
while seventy percent is for wear- and corrosion-resistance purposes.
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However, of that seventy percent, ten percent involves chromic acid
anodizing.

B. Decorative and Hard Electroplating

Although differing in their function, decorative and hard plating are
similar in that the workpiece is placed in a chramic acid bath as a
cathode of an electrolytic cell.

Typically, a layer of chrome with a thickness of 0.25 microns

(lo'sinches) is applied as a protective and decorative coating to such
items as auto parts, furniture, and plumbing fixtures. 1In hard

plating, a layer of chrome with a thickness of 10-300 microns (10~% to
.01 inch) is applied to such workpieces as tools, rollers, and pump
shafts.

Decorative and hard electroplating occur in tanks containing chromic
acid and a catalyst, generally sulfuric acid. A workpiece is placed in
a chromic acid bath as a cathode of an electrolytic cell; then a low
voltage, direct current is applied across the cell. Positively '

charged, chromium (VI) is drawn to the work piece and the metal is
deposited on it. '

During this process, electrolysis occurs; water is broken down into
hydrogen and oxygen, and with these bubbling gases, chromium can be
dispersed into the air. Eighty to ninety percent of the current that
is consumed results in the breakdown of water into hydrogen and oxygen.
The remaining 10 to 20 percent of current is used for the actual
electroplating process. Any remaining chromium (VI) must be reduced to
trivalent chromium (a much less toxic substance than chromium (VI)).
Substances such as ferrous sulfate, iron, sodium bisulfate, and sulfur
dioxide may be used to facilitate reduction.

C. Anodizing

Unlike decorative and hard plating, in anodizing an aluminum or
magnesium workpiece is placed in a bath of chromic acid as the anode of
an electrolytic cell (positive electrode); then a low voltage, direct
current is passed through the bath. In the process, chromium (VI) is
reduced and the surface oxidized (adds free oxygen) to form a
protective finish.
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III. POTENTIAL SOURCES OF EMISSIONS
Cleaning

As discussed in Section II, five steps are generally taken to clean a
workpiece prior to electroplating, and within each step emissions of
toxic listed substances are possible. During the cleaning process,
several solvents are used that contain listed substances including
1,1,1-trichloroethane, trichloroethylene, perchloroethylene, methylene
chloride, and fluorocarbon-113.

a) Emissions of potentially toxic particulate matter are of primary
concern when dirt and scale are physically removed.

b) Emissions of potentially toxic vapors and mists, especially in the
work area, are of primary concern during the the soaking process.

c) Emissions from caustic aerosols, especially in the work area, are of
primary concern during the alkaline bath and during electrocleaning.

d) Emissions from cdustic aerosols, especially in the work area, are of
primary concern during electrocleaning.

e) Emissions of toxic substances during pickling and electropickling
are possible.

Chrome Electroplating

The electroplating process itself is a primary source of toxic
emissions. The bubbling of the plating bath, due to electrolysis,
disperses chromium (VI) as an aerosol or mist. If there is no control
equipment or if such equipment is not working properly, the chromium
(VI) can reach the ambient air. Workplace emissions may reach the
ambient air through the vents for the exhaust fans in the plant's
circulation system.

IV. CONTROL DEVICES

An emission control device may greatly reduce air pollutants leaving a
device relative to those entering a device. Any one of the following
possibilities, or combinations of them, exist when an air pollutant enters a
control device. The pollutant may be transferred from the air stream to
another medium, be modified to a less toxic state, destroyed through
combustion and/or dissociation, or it may pass through untreated. When a
pollutant is transferred into another medium, the medium is a potential
source of emissions. If the medium has any emissions while located anywhere
on the facility site, the emissions must be accounted for. Emission
estimates must take into account the effect of the control device(s) used.
Usually the efficiency of the control device must be known. The data used
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should reflect the efficiency achieved during typical day-to-day operations,
not the theoretical optimum efficiency. The control efficiency used in
estimating emissions of each listed substance must be justified by the
facility operator, and the justification must be cited.

The ARB has determined that in the electroplating process, the
following control devices are applicable: a ventilation system channeled
through a system of scrubbers is the principle method used to control
emissions from the plating system. The most common type of scrubbers
utilized are water misting/recycling systems. These scrubbers are
associated with slot vents by the tank sides. These slot vents remove toxic
mists and vapors prior to those mists and vapors entering the breathing zone
of the plant employees. There are other scrubbers that utilize an alkaline
solution that neutralizes the vapors and mists produced during the
electroplating process. Source tests in California have shown that a
control efficiency of 75% can be achieved for chromium (VI) when such a
ventilation system is used.

Other control devices for electroplating emissions include foams
applied to the surface of the plating tanks. The EPA has estimated the
control efficiency of foams to be 90 to 99 percen$in reducing emissions of
chromium (VI). For the purposes of developing emission factors for use by
electroplating pursuant to the control phase of the Toxic Air Contaminant
Identification and Control Program (the AB 1807 Program), a control
efficiency of 95% has been used (1988 i
Hexavalent Chromium Control Plan.

)

V. EMISSION ESTIMATES

Source testing is the preferred method of accurately determining toxic
emissions of listed substances when testing is feasible and when approved,
reliable methods exist. Although source testing is available for the chrome
electroplating processes, the Air Toxics "Hot Spots” Emission Inventory
Criteria and Guidelines Regulation accompanying this document does not
require any new source testing for determining toxic emissions at this time.
The regulation does require, however, that source test results be reported
from all source testing performed pursuant to district regulations adopted
to implement the ARB airborne toxic control measure for hexavalent chromium,
which was adopted pursuant to the AB 1807 program.

Generally, for chrome electroplating operations, emission factors are
used to quantify emissions of chromium (VI). The emission estimate must
account for control devices used. Several emission estimation methods are
discussed on the next several pages.

A. Mass Balance

In general terms, a mass balance procedure accounts for all input and
output streams of a chemical in a whole process or subprocess. This
‘procedure is useful for estimating emissions when emission data have not
been measured, but input and output streams have been either measured or
estimated.
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The emissions can be calculated as the difference between the input and
output streams. Any accumulation or depletion of the chemical in the
equipment such as by reaction must also be accounted for. Individual
operations within the mass balance usually must be evaluated.

Example Using a Mass Balance

Mass balance is appropriately used to estimate emissions of listed
substances from cleaning solvent solutions. Plating Shop "A" uses a solvent
bath that is 95% perchloroethylene. At the beginning of 1989, Plating Shop
"A" had 4,000 pounds of this material in storage. The shop purchased 15,000
pounds; 7,000 pounds were left in storage when the year ended. Assuming no
solvent is reclaimed, the emissions of perchloroethylene for that year are
calculated as follows (remember: input = output):

(4,000 1bs. + 15,000 1bs.- 7,000 1bs.)(0.95) = Emissions of PERC,
1bs/year

(12,000 1bs.)(0.95) = emissions of PERC, 1bs/year
11,400 1bs. = 1bs of perchloroethylene emitted in 1989
B. Emission Factors

Emission factors usually express air emissions as a ratio of the amount
released of a pollutant to a process-related parameter or measurement
("usage unit®), frequently expressed as the amount of pollutant per
throughput of a process or piece of equipment, or as the amount of pollutant
per quantity produced or processed. The throughput must be quantified to
use this type of emission factor. Emission factors for air emissions are
commonly based on averages measured at several facilities within the same
type of industry. The applicability and accuracy of emission factors are
dependent on whether the chemical substances, processes, and equipment are
substantially equivalent between those tested and those to which the
emission factor is to be applied.

For chrome electroplating, the appropriate measure of throughput is the
current applied to the plating bath.

To calculate chromium (VI) emissions, an operator must know the
current applied to the plating bath (in amps), the emission factors
for chromium (VI), and whether emission control equipment is in
use.

-43-



CARB CHROME--PAGE 6
August, 1989

Hard plating/anodizing: 5.2 mg/amp-hour
Decorative plating: 0.50 mg/amp-hour
Hard plating/anodizing (scrubber): 1.3 mg/amp-hour

Hard plating/anodizing (foam)l: 0.26 mg/amp-hour
Decorative plating (scrubber): 0.13 mg/amp-hour

Decorative plating (foam)lt 0.025 mg/amp-hour
1- foam or foam plus scrubber

(Emission factor information was taken from ARB, 1988, Technical
j 5

Using the current (in amps) and these emission factors, an operator
would calculate chromium (VI) emissions using the following equation:

Emission factor x _gram  x 1lb x # Amps = 1b/hour
(mg/amp-hours) 1000 mg 453.6 grams

# Amps= the current used (in amperes)

The above hourly estimate is converted to annual emissions by
multiplying by the number of hours of operation per year.

E le Usina Emission Fact
Plating Shop "A" plates industrial equipment in a tank that is
operated at an average current of 10,500 amps over the year. This shop also
operates at a maximum of 12,000 amps. On an annual basis, shop "A" operates
the chrome plating tank approximately 4,000 hours. Facility "A" currently

has no emission control devices associated with its chrome electroplating
operation. The chromium (VI) emissions are calculated as follows:

1. Annual Average Emissions of Chromium (VI) from Plating Shop A
Ems = 5.2 mg/amp-hour x gram/1,000 mg x pound/453.6 grams
X 10,500 amps x 4,000 hours/year
= 481.48 pounds/year
2. Maximum Hourly Emissions of Chromium (VI) from Plating Shop A
Ems = 5.2 mg/amp-hour x gram/1,000 mg x pound/453.6 grams
x 12,000 amps
= 0.138 pounds/hour
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COMBUSTION OF PETROLEUM DERIVATIVES
EMISSION ESTIMATION TECHNIQUE (EET)

I. INTRODUCTION

Many facilities in California use combustion processes to generate heat
and/or power for various purposes, such as utility electrical generation,
industrial mechanical power, and commercial or residential space heat. Although
this EET only covers combustion of petroleum derivatives, every combustion
process emits listed substances that should be reported. If the primary purpose
of a combustion process is hazardous waste incineration, the incineration EET
should be used. If the process is primarily for energy generation, and if
relatively small amounts of hazardous waste are cofired (burned together) with
0il or gas, or if waste fuel is used, this combustion EET should be used. The
incineration EET may be helpful in estimating emissions from some waste fuels.
This EET may also provide some general background for combustion processes which
aren't specifically addressed herein.

Fuels which are petroleum derivatives include (but aren't limited to) all
the standard liquid fuels such as fuel oils (residual, distillates and diesel),
gasoline, kerosene, jet fuel, and light distillate gas turbine fuel. Also
included are gaseous petroleum derivatives such as methane (natural gas),
propane and butane, in gas or liquid form. In addition, there are the non-
standard fuels such as crude oils, waste oils, waste solvents, and waste gasses,
as well as process-derived fuels similar to those listed above, such as may be
used in oil extraction and refining. Typically, process-derived fuels result
from some process within a facility which yields a non-standard fuel which
nevertheless has significant heating value.

Since combustion is such a complicated process, its toxic emissions are
more difficult to estimate than those from most other processes. Combustion
emissions typically include more listed substances than other process emissions,
many of which (both organic and inorganic) can be emitted in gaseous and
particulate form, simultaneously. A flow chart of the basic procedure to follow
for each substance has been included for your reference. (See Fig. 1 in Section
IV of this EET.)

The Facility Look-up Table (App. C of the Regulation) includes most of the
listed substances which could be emitted. In addition, they are categorized in
Table I of this EET. Given the complex nature of the combustion process, these
tables may not include every listed substance which is being emitted, if the
substances haven't actually been researched, tested, and mentioned in the
literature. It should be noted, however, that facilities are still responsible
for reporting known or suspected emissions of any listed substances. Also, the
diversity of fuels and devices which are currently used appears to exceed the
presently available information on emission factors and contaminant
concentrations. Thus, this EET includes a general discussion of combustion
(Section II) for reference when adjustment of existing information for a specia
situation is appropriate. Those readers only interested in the emission
calculations should go directly to Sections IV and V.
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The outline of the rest of the EET is given below, to assist you in finding
the topic you need at any particular time.

I. Introduction (p. 1)
II. General Aspects of Combustion Processes (p. 2)
A. Combustion Emissions
B. Fuels
C. Devices
D. Control Devices
1. Particulate Matter
2. Gas/Vapor
III. Potential Emission Sources (p. 6)
IV. Emission Estimation (p. 6)
A. Source Tests
B. Fuel Analysis
C. Emission Factors
D. Control Efficiencies
V. Sample Calculations (p. 8)
VI. References (p. 17)
Attachment I (Table I)
Attachment II (Table II)
Attachment III (Table III)

II. GENERAL ASPECTS OF COMBUSTION PROCESSES

The main reason combustion is so complicated is the number and interactions
of the variables involved. In addition to chemistry, heat and mass transfer
play a very important role in theoretical descriptions of the process. On a
practical level, the most important factors affecting combustion processes are:

Equivalence Ratio

Combustion Temperature

Residence Time

Quenching Effects

Design of Combustion Chamber & Air-Fuel Mixing Devices

The Equivalence Ratio (usually denoted by @) is defined as a ratio of
ratios. Specifically, it is the ratio of the actual fuel-to-air ratio to the
stoichiometric (chemically exact) fuel-to-air ratio. Thus, if @ = 1 then the
actual process provides exactly the number of oxygen molecules required to
convert the fuel completely to CO2. If @ < 1, one has lean combustion, with
excess air. If & > 1, one has rich combustion, with excess fuel. Lean
combustion often gives rise to high NOx emissions, whereas rich combustion is
associated with high emissions of CO and products of incomplete combustion
(PICs). Generally, automobile engines have higher equivalence ratios than other
combustion devices. )

Combustion temperature also affects combustion efficiency, often in
conjunction with residence time. Higher temperatures mean faster combustion,
while lower combustion temperatures require longer residence times for complete
combustion. Sometimes the situation is more complicated; combustion
temperatures of 900-1450 deg. F have been found to promote dioxin formation,
while higher temperatures promote its destruction (assuming of course the
presence of chlorine in the fuel). (EPA 1984 Dioxin)
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Quenching refers to rapid cooling of combustion products (or intermediates -
such as would occur near a boiler's heat transfer surfaces, and is associated
with formation/retention of PICs and with particulate matter condensation.

Efficiency of air-fuel mixing is a major factor in combustion chamber
design as well as in fuel atomization and/or vaporization by means of special
fuel injection and/or burner designs. Mixing is more important than often
realized, since chemical oxidation can only occur if oxygen and fuel molecules
come in contact. Such designs, many of them for energy efficiency purposes,
also tend to reduce PIC formation. Gaseous fuels, such as natural gas, have a
distinct advantage over oil in this respect, since it is much easier to mix two
gasses on a molecular level than air and liquids or solids.

Secondary combustion is a fairly common pollution-control strategy which
illustrates the interrelationship of several of these factors. It is an
integral part of the combustion process whereby the PICs from first-stage
combustion are mixed with additional air, for more complete combustion. Wh'ile
the temperature range is typically 1200-1700 deg. F, both oxygen concentration
and residence time are apparently more important than temperature in promoting
complete combustion. Complete oxidation of organic particulate is especially
sensitive to residence time. (Edwards) Thorough mixing is very important since
if oxygen and fuel molecules never meet, they cannot react chemically.

Combustion emissions will be minimized by well-tuned, steady-state
combustion processes. Predictable process upsets or transients such as start-up
and shut-down, load variations, and air or fuel feed variations, will result in
higher emissions. While these may be part of normal operations, they will
likely result in maximum emissions from combustion processes. Poor maintenance
or poor operating practices will also typically result in increased emissions.

A. COMBUSTION EMISSIONS

These emissions include particulate matter (PM) and total organic gas™
(TOG), which together are expected to contain virtually all of the listed
substances which combustion would be expected to produce. (Exceptions include
H2S, HC1, HF, phosgene and Hg.) Both of these categories give rise to a
"species profile,” which is the set of particle types or volatile organics and
the fractions of each individual substance which make up the whole. For PM,
both the particle sizes and the type and amount of substances present are
defined by the profile. For TOG, only type and amount matter. Different
devices and different fuels both lead to variations in these profiles. For
example, destruction efficiencies have been found to be lower for more volatile
organics in small commerical boilers. (EPA 1984 Waste Qils) All fuels can lead
to both of these types of emissions, even natural gas in poor combustion
conditions such as insufficient air or flaring.

In addition to benzene, toluene, xylene, aldehydes, and other common
combustion emissions of listed substances, almost all combustion processes also
emit polycyclic organic matter (POM), which includes polycyclic aromatic
hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), polychlorinated dibenzo-
dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs). Depending on the
source, POM may include substances containing nitrogen, sulfur, chlorine, and
oxygen, as well as hydrogen and carbon. POM formation correlates with poor
combustion conditions as well as with high C/H ratios and high aromatic and
oxygen concentrations in fuels. (EPA 1983 POM)
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In cases of combustion of waste fuels or other sources of principal organic
hazardous constituents (POHCs), there will be emissions of toxic products of
incomplete combustion (PICs) which are formed during combustion and which would
be considered POHCs if present in the fuel prior to combustion. This is of
course in addition to the breakthrough emissions of POHCs. Mass emission ratios
of toxic PICs to POHCs range from 5 to 20, with lower values in this range
typical for incinerators and higher values typical for boilers. (Castaldini,
Acurex/EPA, EPA 1985 Haz Waste) See Table III for default breakthrough factors
for POHCs and formation factors for toxic PICs. While this table only includes
conservative averages derived from the literature for boilers and flares, other
values for other situations can be proposed in facility plans, based on the
general discussion herein.

In 13 field emission tests of 8 industrial boilers, the most common
halogenated toxic PICs were chlorinated methanes such as chloroform,
dichloromethane, and chloromethane, and the most common non-halogenated toxic
PICs were toluene and benzene. (Castaldini)

B.  FUELS

Many listed substances (such as formaldehyde, PAHs, and other PICs) are
formed from fuel components during the combustion process, while others (such as
benzene and nickel) are present in the new fuel. A1l other combustion
parameters being equal, fuels with higher molecular weight and higher
carbon/hydrogen ratios lead to increased emission of heavier organics and of
particulate. Also, the presence of chlorinated organics can promote PIC
formation, and metals can catalyze certain reactions. (EPA 1984 Waste 0jl Risk)
Also, the presence of chlorine may lead to finer particulate matter. (CARB 1981)

New fuels can also contain a bewildering variety of additives, some of
which contain metals, organometallics and/or complex organic compounds which may
include listed substances. Waste fuels such as used oils and solvents typically
contain more kinds and greater amounts of listed substances (particularly
chlorinated organics, as well as PAHs and higher metal concentrations) than do
new fuels. On the other hand, new fuels are only relatively ciean. Residual
o0il ends up with many of the original crude oil contaminants, while others may
contain additives (such as ethylene dibromide (EDB) in gasoline or metal
additives in boiler fuel) which can lead to emissions of listed substances.
Natural gas typically contains no metals, but its combustion will always lead to
emissions of some PICs. Landfill gas may contain vinyl chloride, benzene, EDB,
EDC, methylene chloride, perchloroethylene, carbon tetrachloride, chloroform,
methyl chloroform, and TCE. (CARB 1986)

Particulate matter from oil combustion differs from particulate matter
emitted from coal combustion. Coal particulate is characterized by
“enrichment," whereby metals with low boiling points (particularly As, Cd, and
Hg, and also to some extent Be, Cr, Cu, Mn and Ni) are partially or completely
volatilized during combustion, and then tend to condense more on smaller
particles which have a greater surface-to-volume ratio. O0il particulate has a
different structure such that surface area may be less strongly related to
particle size, resulting in less enrichment. (Radian 1986) ARB staff believes a
conservative approach might be to assume that enrichment of oil PM is 80% of

that of coal PM.

-49-



CARB Combustion--Page 5
August 1989

C. DEVICES

There are many combustion devices currently used, each of which is
characterized by its own specific emissions. In general, these devices emit
many of the same overall set of combustion products and contaminants, but
typically in differing proportions. Combustion devices capable of burning
petroleum derivatives include the following:

Boilers Miscellaneous
Firetube Furnaces Ovens
Watertube Heaters Flares (can be control devices in
Cast Iron Dryers certain situations--
Kilns see Section II.D.2 below)

Reciprocating Engines
Spark Ignition (gasoline)
Compression Ignition (diesel)
Turbines (light distillate oil
& natural gas)

For institutional and commercial space heat, firetube and cast iron boilers
are typically used. Industrial boilers are usually either firetube or
watertube. These devices use various designs for fuel atomization, such as
mechanical, rotary cup, pressurized-air, and steam-atomized. Burner position(s}
also vary, and include tangential (typical for utility boilers), front wall, a
horizontally opposed. Many of the larger boilers also now incorporate various
devices for NOx control, which are often an integral part of the combustion
device and process, and can affect emissions of listed substances.

For combustion of waste fuels, firetube and cast iron boilers have been
found to work better than watertube boilers (EPA 1984 Waste 0il Risk), possibly
due to quenching considerations. (See above discussion of quenching.) For
boilers larger than 1 MBtuh (M = 1E6), one study found no correlation between
boiler size, firing method, and destruction efficiency. (EPA 1984 Waste 0ils)
Combustion of waste fuels in cement kilns works fairly well, since in addition
to high temperatures and ample residence time, the alkali from the cement
neutralizes the hydrochloric acid which is formed from the chlorinated organic
contaminants. (CARB 1981) The Incineration EET also includes a discussion of
boiler types. 3

D. CONTROL DEVICES

In general, pollution control devices are designed primarily for removal of
either particulate matter or gasses and vapors. However, in some cases, a
device which is intended to control one type of pollutant may also, as a side
effect, remove some portion of the other type of pollutant when the two types
occur together as in combustion. For example, a fabric filter (baghouse) which
is installed for particulate removal may, through adsorption by, or chemical
reaction with, the previously collected particles, retain a portion of NOx
(which is known to react with organic particles). Similarly, organic vapors mav
adsorb onto particulate matter, especially organic particulate; in the case of
dioxins and furans this apparently leads to decreased toxicity. (CARB 1981)

Then there are devices such as wet scrubbers which may have been selected
primarily for one or the other, but typically remove both. Another control
ity
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strategy with dual effectiveness is water injection. Although not very common
except in gas turbines, it can reduce both NOx and soot formation.

Remember, though, that the efficiency rating given by the manufacturer or
other reference is usually a general efficiency describing overall gas/vapor or
particulate removal. Such overall efficiency ratings cannot be assumed to be
equal to removal efficiencies for individual listed substances. Another
important aspect of actual control device efficiency is the quality of operation
and maintenance procedures. Many control devices need regular and careful
attention if they are to continue to work as well as they did when recently
installed. (Some control devices take a little time after installation to
achieve maximum efficiency.)

The exact location of a given control device, with respect to the
combustion chamber, can affect its efficiency. As combustion products travel
away from the combustion chamber, they cool off, and an increasing portion of
the gaseous exhaust condenses, into or onto particulate. A fair number of
metals (such as mercury, arsenic and cadmium) and organic compounds (such as
PAHs and other organics of intermediate molecular weight) can be affected in
this way. Thus, a particulate control device should have a greater efficiency
when installed further away from the combustion chamber, where temperatures are
lower. Devices for vapor pollutant control would typically not be greatly
affected by this phenomenon, although some such as carbon adsorption units may
suffer from uneven or over-saturation.

1. Particulate Matter Control
The 5 main types of particulate control devices are:

Gravity Settlers (momentum separators, gravity spray towers)
Centrifugal Separators or Collectors (cyclones)
Electrostatic Precipitators (ESPs)

Scrubbers (spray towers, packed-bed unit, venturi scrubbers)
Filters (baghouses)

The selection of a specific particulate control device typically depends on
the flow rate, temperature, the type of pollutant, the particle size
distribution, and the particle concentration. Efficiency can be based on either
the weight or the number of particles removed; for reporting purposes,
efficiency in terms of weight should be used. Remember that overall
efficiencies cannot be used for individual listed substances. Two kinds of
information are needed to accurately estimate actual control efficiency for a
specific particulate substance: 1) the particle size distribution of that
substance and 2) the variation of control device efficiency with particle size.
Gravity and centrifugal settlers typically aren't very good at collecting
smaller particles (less than than 5-10 um in diameter). Venturi scrubbers and
(especially) baghouses are more efficient than settlers at removing small
particles. ESPs, on the other hand, are less efficient with particles having
high or low electrical resistivities, but can be quite efficient at sub-micron
particle removal. (Theodore) For particle sizes between 0.1-1 um, at least 95%
efficiency is typical, with 98-99% for other sizes. (Pedco)
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2. Gas/Yapor Controls
The 4 main types of gas-phase pollutant control are:

Condensation (contact & surface condensers)

Adsorption (with activated carbon or alumina, silica gel)
Absorption (packed or plate columns)

Incineration (flaring, thermal or catalytic oxidation)

The selection of a particular method and device depends on the type of
pollutant and characteristics of the gas stream such as flow rate, temperature,
pressure, humidity, and chemical reactivity. As with particulate control
devices, the overall efficiency rating will differ from the efficiencies for
individual listed substances. (Theodore)

Flares as control devices are most often found in the chemical, petroleum,
and metallurgical industries. While exact flare efficiencies will probably
never be available, some useful generalizations can be made. Flare stability is
limited by insufficient gas exit velocities (i.e., insufficient heating value)
and by excessively windy conditions. (The flare stability information below and
in Table III cannot be assumed to be relevant when ambient breezes exceed about
5-10 mph.) For a given flare gas mixture, stability can be described by a ratio
of actual gas exit velocity to the minimum exit velocity necessary to avoid
flame extinction. For ratios exceeding 1.2 (1.5 for toluene), flares studied
have shown combustion and destruction efficiencies of at least 98%. For ratios
near 1, 90% is typical, but may decline as low as 50%. Particulate matter
emissions are likely to occur in these transient unstable regions. (E&ERC 1986
& 1984, Eng'g-Science, EPA 1986 Flares)

The presence of chlorinated organic gasses in flares tends to inhibit
combustion. For methyl chloride, flare flame stability correlated with H/C1
ratios. Also, excessive amounts of chlorine are likely to increase soot and POM
emissions. (E&ERC 1986) On the other hand, H2S appears to burn more readily
than some hydrocarbon gasses. Pilots will of course enhance stability, though
at the expense of additional emissions. (EPA 1986 Flares) Steam injection can
suppress significant soot and particulate matter formation unless too much
results in quenching and decreased combustion efficiency. (E&ERC 1984, Eng'g-
Science) - I

III. POTENTIAL EMISSION SOURCES

Combustion devices emit the majority of toxic air pollutants associated
with combustion processes. The most common types are listed in section II.C of
this EET. Virtually every indoor combustion device (except a residential gas
stove) is required by code, if not by the local Air Pollution Control District
or Air Quality Management District, to be vented to the outdoors through some
sort of stack or flue, which represents the primary emission point source
associated with combustion. Devices which are outdoors may also exhaust through
stacks or flues. Some of these have only an exhaust pipe or short flue which is

part of the combustion device.

Combustion devices which have been burning waste fuels or other toxic
substances typically collect some portion of these substances and of related
toxic products of incomplete combustion (PICs) on their interior surfaces, and



CARB Combustion--Page 8
August 1989

continue to emit such toxics after waste fuel has been replaced by standard
fuels. (Acurex/EPA 1987)

If there are control devices which retain some of the substances which
would otherwise be emitted at the time of combustion, the possibility of
particulate or gaseous fugitives being emitted from a scrubber cake, from a
saturated carbon adsorption unit, from baghouse dust, etc., should be
considered. Such fugitives should be reported. Also, any leaking of combustion
exhaust upstream of the control device would result in fugitive emissions of
uncontrolled exhaust. (If a combustion source test is required, any leaks in
the combustion device upstream of the sampling point would result in fugitive
emissions. If an emission factor is used, facility operators may assume all
emissions exit through the stack or flue.) Some control devices use listed
substances as part of the control mechanism (such as ammonia for NOx control);
these may emit traces of listed substances.

Somet imes combustion exhaust gasses are used directly for product drying.
This creates the possibility of physical entrainment (in the combustion exhaust)
of product vapors or particles, as well as chemical reactions (due to heating or
to the specific substances present) between the products of combustion and any
substances which may arise from the product itself, such as occurs in cement
kilns. For reporting purposes, such dual processes as co-firing and combustion
of in-process fuel should be reported separately if possible and/or if required.
(See Section 93311(b) in the Regulation.)

Although one often thinks of combustion devices as the source of emissions,
in actual fact they all originate in the fuel(s) used. Devices can only
transform the fuel constituents, physically and/or chemically. Most petroleum
fuels contain and emit a wide variety of compounds. Most organic emissions
which contain carbon, hydrogen, nitrogen, oxygen, sulfur, and/or chlorine can be
emitted from liquid or gaseous fuels, while metals or metallic compounds are
only emitted from oil (or coal) combustion.

Fuel storage and transfer can also lead to fugitive emissions from
evaporation. The EET for storage tanks can be used to estimate these fugitives.
Lubricating oil vents on combustion devices may also emit fugitives from
evaporation.

IV. EMISSION ESTIMATION

The flowchart in Fig. 1 summarizes the general estimation procedure which
is implicit in this EET.

The complexity of the combustion process largely precludes use of
estimation methods other than source tests, fuel analysis and emission factors.
While mass balance techniques are mostly irrelevant (due to the theoretical
complexity of combustion) they can however be used to keep track of Cl
partitioning (distribution) into HC1 and various chlorinated hydrocarbons
(perhaps in conjunction with Table III), or partitioning of metal into
particulate and vapor phases. Engineering calculations, while theoretically
possible, have yet to be developed and verified.
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Table I summarizes two kinds of information about individual
substances, 1) the availability of the most common estimation methods, and
2) how each substance fits into the overall combustion context. Reporting
facilities can thus more easily see how to use the flowchart and sample
calculations to estimate emissions of each substance. Table II summarizes
information about typical concentrations of various listed substances in
various fuels. Table III summarizes information about default toxic
destruction efficiencies. None of these tables is definitive or complete,
due to time constraints.

The Air Toxics "Hot Spots" program requires reporting of total annual
emissions and maximum hourly emissions. Unless otherwise noted, simply
apply the best available information (whether it is based on a source test,
fuel analysis, or emission factor) to the maximum hourly and total annual
fuel use. If this seems inappropriate for some reason (such as occurrence
of predictable combustion upsets such as start-up), the general discussion
of combustion (and/or the references thereto) included in this EET can be
used as a basis for proposing adjustments to existing information. Such
adjustments would be subject to district review.

A.  SOURCE TESTS

Refer to Section 93336 and Appendix D of the Regulation to determine
the source test and/or fuel analysis requirements for the combustion
processes at your type of facility. (Appendix I of the Technical Guidance
Document is the same as Appendix D of the Regulation.) Also, source test
methodologies can be found in Appendix IV of the Technical Guidance
Document. (To determine if your facility is a small business, see :
Government Code Section 11342(e), or consult your local district.) If your
facility wishes to use pooled source testing, you should coordinate such
pooling with your district.

If any source tests are required for your facility, the source test
methods may be obtained from the Monitoring & Laboratory Division of the
ARB, located in Sacramento.

B. FUEL ANALYSIS

If fuel analysis is used for estimating emissions from combustion at
your facility, the ASTM methods referenced in the Regulation can be found in
The Annual Book of ASTM Standards, available at larger libraries. Emission
estimates based on fuel analysis should assume that all of each of the
metals and other elements found in the fuel are emitted. (Sometimes, fuel
is filtered or allowed to settle before combustion. It should then be
analyzed after filtration or sedimentation, as some portion of some metals
can be removed this way.)

A particular fuel can be analyzed for metals and other non-organic
contaminants, and for organic constituents and contaminants. In both cases,
default average concentrations (see Attachment II) can be used if lab fuel
analysis is not required or not available. Many fuels contain additives for
purposes such as improved fuel handling, soot/particulate suppression, or
corrosion prevention. Your fuel supplier or refiner should be able to
provide information on additives which are listed substances or precursors.
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Sometimes more than one fuel is used for one device during a reporting
year. In that case, the differences in emissions must be accounted for,
either by reporting several processes during the year for that device, or by
calculating a weighted (by fuel proportion) average of emissions for the
year. Maximum hourly emissions of a given substance would be based on both
the fuel and the process conditions which led to the highest emissions of
that substance.

C. EMISSION FACTORS

There are 2 categories of emission factors for combustion: 1) those
which estimate emissions of substances which can be source tested and/or
analyzed in the fuel, and 2) those which would be used by all facilities in
the absence of any approved source tests or fuel analyses. Typical units
for combustion emission factors are mass of pollutant per unit mass of fuel,
mass of pollutant per unit of fuel energy (higher heating value), and mass
of pollutant per unit time, such as ppmw, ng/J, and gm/hr, respectively.
Some factors have been tabulated for your use in Appendix V.

Where no reliable emission factors are available, TOG or PM speciation
profiles may be used. In such cases, emission factors should be calculated
by multiplying TOG or PM emission factors by the fraction of the listed
substance specified in the profile. An example of this type of calculation
can be found in Section III of the TGD.

Selection of an emission factor for a particular combustion process
should be based on the same SIC (standard industrial classification)
category, device, fuel and control device as the process for which emissions
are being estimated. If there is no emission factor for the specific type
of combustion process used in your facility, the general discussion of
combustion included in this EET can serve as a basis for extrapolation of
existing information, in conjunction with consultation with your district.

D. CONTROL EFFICIENCIES

The ranges of efficiencies for various devices can be found in Table
IV-A of the overall Technical Guidance Document (TGD). Please read section
I1.D. of this EET for general discussion about actual efficiencies for
particular substances. Appendix VIII of the TGD lists ARB-approved ranges
for efficiencies of various control devices.

V.  SAMPLE CALCULATIONS

NB: These samples are intended for illustration only. Any numbers such as
concentrations of listed substances, emission factors, or fuel consumption may not
be realistic and should not be used for facility calculations without independent

verification.

A variety of assumptions are used as a basis for these sample calculations,
some of which are listed at the beginning of the example, and some of which are
mentioned in the middle. While every effort has been made to use reasonably
realistic numbers, none of them may be used in an inventory plan or report without
independent verification, either elsewhere in this document or in the literature.
Also, these calculations don't include the effects of control devices in reducing
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emissions; this aspect is illustrated in Section III of the overall Technical
Guidance Document.

The use of identical emission factors for average annual and maximum hourly
emissions will not be accurate in all cases. Any device which experiences
predictable combustion process upsets lasting more than 10-15 minutes will have
higher toxic emission rates unless these transients are NOT characterized by any
of the poor combustion conditions discussed in Section II of this EET.

Although each example is different, the same average annual and maximum
hourly process rate (157,400 gal/hr and 60 gal/hr, respectively) has been used in
each case. Based on a hypothetical operating schedule of 24 hours a day, 50 weeks
a year, the average hourly process rate is about 19 gal/hr, much less than the
maximum hourly rate of 60 gal/hr which is assumed.

Throughout the combustion example calculations, engineering notation is used
for exponentials. When you see a number followed by "E" followed by a positive or
negative integer, the "E" means you should multiply the first number by the power
of ten indicated by the second number. Thus, 5.25 E-8 means 5.25 times 10 to the
minus 8 power. This type of notation is used in Fortran, and also appears on some
pocket calculators.

£ . ; G d .
cl CQlSH%ﬂIlQnTQIT;hIQmuum_!1_EmliiJ9ni_ﬂiiﬁd_ﬂﬂ_Euﬁl_Anﬂlxili_Qn_Dﬂiﬁull_

Given: Chromium concentration = 0.14 ppmw (parts-per-million by weight)
Chromium VI is 5% by weight of total Chromium in combustion products
Density of Fuel (0il) = 7.5 1b/gal

1. Calculate the amount of Cr-YI emitted per unit of fuel used. This number is
the emission factor for the process and substance.

EF = Emission factor
[Cr]F = Chromium -concentration in fuel
[Cr-VI]Cr = Chromium VI concentration in total chromium, after combustion
DF = Fuel density
[Cr]JF x [Cr-VIICr x DF = EF . (1)

0.14 1b Cr 0.05 1b Cr-VI\(7.5 1b fuel . 1b Cr=VI
--------------- = 5.25 E-8 ~-emmmcmee-
1E6 1b fuel 1 1bCr gallon fuel gallon fuel

2. Calculate emissions from total annual and maximum hourly process rates. For
combustion processes, the process rate is almost always fuel consumption.

EMS = Emissions

PR = Process Rate
EF = Emission Factor

=57~
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PR x EF = EMS (2)

Annual Emissions from 157,400 gallons of fuel used per year

(157,400 gal/yr)(5.25 E-8 1b Cr-VI/gallon) = 0.008266 1b Cr-VI/year

Maximum Hourly Emissions from 60 gallons of fuel used per hour

(60 gal/hr)(5.25 E-8 1b Cr-VI/gallon) = 3.15 E-6 1b Cr-VI/hour

B. . bl — .
; ]En;£nl%IEf?_9L_Eméii19nf_9f7£hlQn%nﬁ_QQ%Ln%ningTEngnnng%g_ﬁ?ggd_gn_Eugl_

Given: 30 ppmw Chlorine based on fuel (gasoline) analysis
20 ppmv (parts-per-million by volume) Ethylene Dichloride (EDC)
based on refinery specification
Density of Fuel (Gasoline) 6.0 1b/gal

1. Calculate the amount of chlorine present per unit of fuel based on fuel
analysis and on refinery specification.

[EDCIF = Concentration of EDC in fuel
[C1]F Concentration of chlorine in fuel
D-EDC = Density of EDC

MW-C1 = Atomic weight of chlorine

MW-EDC = Molecular weight of EDC

[EDC]JF x D-EDC x 2(MW-C1) / MW-EDC = [CI1]F (3)
20 gal EDC 1b EDC \ /71 1b C1/1b-mo1 EDC 1b C1

------------- 10.4 ceccccc|| coccccmcccccccanacaa | = 1.49 E-4 «ceee--

1 E 6 gal gas gal EDC/\99 1b EDC/1b-mo1 EDC gal gas

Convert units of fuel from pounds to gallons using fuel density.
30 b C1 1b gas 1b C1

------------ s‘o - . - - 1.80 En‘ - an an e -

1 EG6 1bgas gal gas gal gas

Clearly, 1.49 does not equal 1.80.

When such a discrepancy occurs, the reporting facility must make some
assumptions before proceeding. The refinery specification is probably an average
process concentration, with some uncertainty, whereas the fuel analysis is an
exact measurement of a specific sample. On the other hand, the analyzed sample is
a very small portion of the total fuel use for which emissions are being report:
For purposes of this calculation, and in the absence of analysis of another fue.
sample, the measured value is assumed to be correct. Dilemmas such as this should
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be discussed with local districts, and, if necessary, with CARB. Of course, ‘the
magnitude of the discrepancy is a factor; in this case there is roughly a 20%
difference. If it were only 1-2%, the decision would not be as important.

Assumptions must also be made as to the identity of the compounds containing
the 'extra' chlorine. If they are listed halogenated organics, as much as 1%
could be emitted in the original form. If they are inorganic chlorides, listed
halogenated organics are likely to be formed during combustion. In either case,
99% of the total chlorine may be assumed to be emitted as HC1, hydrogen chloride.
In actual fact, most of the chlorine in this case would be emitted as PbC1 rather
than HC1, since EDC is added to leaded gasoline specifically for lead scavenging.
In general, however, most of any chlorine present (see Table III) would be emitted
as HC1 in the absence of specific preempting chemical reactions such as lead

scavenging.

2. Calculate the emission factor for hydrogen chloride (HC1).

EF-HC1 = Emission factor for HC1
MW-HC1 = Molecular weight of HCI

[C1IF x 0.99 x MW-HC1 / MW-C1 = EF-HC (4)

b € 36.5 1b HC1/1bmol HC1 1b HC1
I - " (0.99) s x 1,00 Ell womminn

35.5 1b C1/1bmo1 HC1

3. Calculate the emission factor for EDC. In the absence of a source test,
assume 1% of the EDC is emitted rather than being destroyed by combustion.

EF-EDC = Emission factor for EDC

[EDCJF x D-EDC x 0.01 = EF-EDC (5)
20 gal EDC 1b EDC 1b EDC
------------- 10.4 ------- }(0.01) = 2.08 E-6 -------
1 E6 gal gas gal EDC gal gas

4. Calculate total annual and maximum hourly emissions of HC1 and EDC, based on
process rates.

PR x EF = EMS ' (2)

Annual HC1 Emissions from 157,400 gallons of fuel used per year

(157,400 gal/yr)(1.83 E-4 1b HC1/gal) = 28.8 1b HC1/year
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Maximum Hourly EDC Emissions from 60 gallons of fuel used per hour

(60 gal/hr)(2.08 E-6 1b EDC/gal) = 0.000125 1b EDC/hr

5. Calculate the amount of C1 which remains to be accounted for. One percent
(12) of the difference between the values from fuel analysis and refinery
specification is left, since 99% of the higher amount has been allocated to HC1
emission, and 1% of the smaller amount has been allocated to EDC emission.

(1.80 E-4 - 1.49 E-4) =--mmm- (0.0} % 3.0 E7 omeme--

Possible PICs which may result include chloroform, carbon tetrachloride,
chlorobenzene, ethylene dichloride, methylene chloride, benzyl chloride, etc. In
the absence of source tests, a conservative approach -would be to assume emissions
of those possible substances which have the highest unit risk values, such as
chloroform, carbon tetrachloride, or benzyl chloride.

C. Calculation of Some of the Emissions From an Industrial Boiler Burning Waste-
Derived Fuel

Given: Fuel Composition: 47.5% Fuel 0i1l
(by volume) 47.5% Waste Crankcase 0il
5.0% Waste Degreasing Solvent

Waste Oil Analysis: 1600 ppmw C1

Fuel 0il1 Analysis: 1.3 ppmw C1
Solvent Composition: 97% TCA
(by volume) 3% 1-4 Dioxane (a typical impurity)
Densities: 0il 7.5 1b/gal
TCA 11.024 1b/gal

1,4-D. 8.61 1b/gal

(In cases where a facility varies the composition of the fuel used for a
particular device, ingredient analysis would be necessary for accurate reporting.)
In addition to the emissions calculated here, the emissions of various listed
metals and organic substances typically present in oil and waste oil should also
be calculated.

1. Calculate overall fuel density (eqn. 6) and amount of listed substances or
precursors present per unit of fuel (eqns. 7-11)

D-F = Fuel density

D-0 = 0i1 density

D-TCA = TCA density

D-D = 1,4-Dioxane density

[0JF = Concentration of oil in fuel

[TCAJF = Concentration of TCA in fuel

[D]F = Concentration of 1,4-Dioxane in fuel
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[C1]0 = Concentration of chlorine in oil
[C1]TCA = Concentration of chlorine in TCA
W-0 = Weight fraction of oil in fuel
W-TCA = Weight fraction of TCA in fuel
W-D = Weight fraction of 1,4-Dioxane in fuel
W-C1 = Weight fraction of chlorine in fuel
MW-C1 = Atomic weight of chlorine
MW-TCA = Molecular weight of TCA
EF-HC1 = Emission factor for HCI
EF-TCA = Emission factor for TCA
EF-D = Emission factor for 1,4-Dioxane
[0JF x D-0 + [TCAJF x D-TCA + [DJF x D-D = D-F (6)

gal oil 1b oil gal solvent gal TCA Ib TCA
0.95 ~-cuuec 7.5 =eemme- + (0.05 —-ccemenaa- 0.97 cmmmcmaeee 11.024 -==ue--
gal fuel - gal oil gal fuel . gal solvent gal TCA

gal fuel gal solvent gal 1,4-dioxane
1b oil 1b TCA 1b 1,4-dioxane 1b fuel
= 7.125 ~ccmcaa- + 0.5347 -ccceee- + 0.0129 commmcmconaaa- = 7.67 ~eemeee-
gal fuel gal fuel gal fuel gal fuel
[0JF x D-0 / D-F = W-0 (7)
7.125 1b oil/gal fuel b oil
--------------------- = 0.9289 ~wece--
7.67 1b fuel/gal fuel 1b fuel
[TCAJF x D-TCA / D-F = W-TCA( (8)
0.5347 1b TCA/gal fuel 1b TCA
---------------------- = 0.0697 ---cee-
7.67 1b fuel/gal fuel 1b fuel
[DJF x D-D / D-F = W-D _ (9)
0.0129 1b 1,4-diox./gal fuel 1b 1,4-dioxane
---------------------------- = 0.00168 —----cc-ceeeae
7.67 1b fuel/gal fuel 1b fuel



CARB Combustion--Page 17

August 1989

3(MW-C1) / MW-TCA = [C1]TCA

16 C1
106.5 —==mceea-
1bmol TCA 1b C1
----------------- = 0,7978 «=-eu-
1b TCA 1b TCA
133.5 —-mmmmmm-
1bmo1 TCA

[C1]J0 x W-0 + W-TCA x [CI]JTCA = W-CI

1600 1b C1 1.3 1b CI b oil b TCA b €1
--------------- 4 meemmmmmeeee | 10,9289 ceesvas | & (0.069? S— (o.?e?a .

1 E6 1bw. oil 1 E6 1b oil 1b fuel

With so many fuel ingredients, things can get confusing.
intermediate results can be helpful.

Euel Components Yol.% Density (lb/gal) Wt.%

Fuel 100.0 7.67 100.0
0i1 95.0 7.5 92.89
Solvent 5.0
TCA 4,85 11.024 6.97
1,4-Dioxane 0.15 8.61 0.168
Chlorine (from TCA & Waste 0il) 5.63

2. Calculate emission factors for HC1, TCA and 1,4-Dioxane.

(10)

Summarizing your

In default of a

source test, 99% of the total chlorine is assumed to be emitted as hydrogen

chloride.

W-Cl x D-F x 0.99 x MW-HC1 / MW-C1 = EF-HCI]

1b C1 b fuel 36.5 1b HC1/1bmol HC1
(u.osaa ------- ) (7.57 -------- (JL)] et —— "

W-TCA x D-F x 0.01 = EF-TCA

1b TCA 1b fuel 1b TCA
(0.0597 ------- )(7.67 -------- (0.01) « 0005546 =<eemnes
1b fuel gal fuel gal fuel

-62=

(12)
b HC1
gal fuel
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Similarly,
W-D x D-F x 0.01 = EF-D (14)

3. Calculate emissions of HC1, TCA and 1,4-Dioxane based on total annual and
maximum hourly fuel use.

PR x EF = EMS (2)

Annual Emissions of TCA from 157,400 gallons of fuel used per year

(157,400 gal/yr)(0.005346 1b/gal) = 841.5 1b/yr

Maximum Hourly Emissions of HC1 from 60 gallons of fuel used per hour

(60 gal/hr)(0.440 1b/gal) = 26.4 1b/hr

D. Calculati ¢ PAH Emissi Eor Bomlaixbion B ; ibed in C.

Given: PAHs: 530 ppmw default concentration in waste oil
2.6 E-12 1b/Btu emission factor for fuel oil in industrial boilers
143,500 Btu/gal fuel heating value

1. Calculate amount of PAH present in waste oil which is emitted rather than
destroyed during combustion. In default of a source test, assume 1% of the PAHs
are emitted rather than destroyed.

[PAH]-0 = Concentration of PAHs in waste oil

W-W = Weight fraction of waste oil in fuel (see eqn. 7; 0.9289/2=0.464)

D-F = Fuel density

EF-1 = Emission factor due to PAHs in fuel

EF-2 = Emission factor due to PAHs formed in combustion

EF-PAH = Overall PAH emission factor
[PAH]-0 x W-W x D-F x 0.01 = EF-1 (15)
530 1b PAHs 0.464 1b w. oil 1b fuel 1b PAHs

)( )(7.51 -------- (0.01) v 1800 Bl wsomncs

1E6 1bw. oil 1 1b fuel gal fuel ; gal fuel

2. Additional PAHs will be formed as reflected by the emission factor. Convert
this emission factor into consistent units.

1b PAHs Btu 1b PAHs
2.6 E-12 ====eue- (143,500 e= ] = 3.73 E-7 -ccee==-
Btu fuel gal gal fuel
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3. Calculate overall PAH emission factor.

EF-1 + EF-2 = EF-PAH (16)
1b PAHs 1b PAHs

(3.73 E-7 + 1.888 E-5) -==vuww- = 1.93 E<b ---eeee-
gal fuel gal fuel

4. Calculate total annual and maximum hourly emissions based on appropriate
process rates.

PR x EF = EMS (2)

Annual Emissions from 157,400 gallons of fuel used per year

(157,400 gal/yr)(1.93 E-5 1b/gal) = 3.04 1b/yr

Maximum Hourly Emissions from 60 gallons of fuel used per your

(60 gal/hr)(1.93 E-6 1b/gal) = 0.00116 1b/hr
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ATTACHMENT I

TABLE I
SUMMARY OF
AVAILABILITY OF ESTIMATION METHODS AND
ROLE(S) OF LISTED SUBSTANCES IN COMBUSTION PROCESSES

EXPLANATION OF TABLE I

The first 4 columns indicate (with an 'x') the availability of approved
source tests, fuel analysis methods, ARB-approved (AB 1807) emission
factors, and other uncertified (non-1807) emission factors for each
individual listed substance which is a possible emission from any combustion
process. (Lack of availability is thus shown by a blank space.) For
availability of emission factors for a specific type of combustion (device,
fuel, control, etc.) see Appendix V.

The next 3 columns define for each substance the type of combustion
product it is. Organic combustion products are defined as PICs only if they
are thought to be actually formed during combustion. Those that are thought
to be strictly residual amounts of organic fuel additives or hazardous
contaminants are defined as POHCs (principle organic hazardous components).
Many organic substances fall into both categories.

The last 2 columns indicate which substances (organic or not) may be
present as fuel contaminants prior to combustion. Waste fuels include waste
oils and waste solvents.

The non-organic substances are subdivided into 2 categories, elements
(mostly metals), and miscellaneous. Although metals aren't involved in
basic combustion chemistry, they can affect combustion emissions; hence
their use as fuel additives. During combustion, the energy involved may
cause them to form compounds such as zinc oxide or mercuric chloride. Thus,
while you should assume that the fotal amount of gach metal found in the
fuel is emitted, there may be some leeway in the exact distribution of a
particular element among the various substances in which it is found. For
example, a given amount of zinc in the fuel could be emitted as zinc oxide
as well as in the simple elemental form. Of course, such allocation must be
consistent with approved measurement methods and emission factors.

Compounds which are listed in Appendix A-II are indicated with an
asterisk (*), while those which are chlorinated organics are indicated with

a number sign (#).
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TABLE 1 ARB Combustion Products  Fuel Contaminants

NON-ORGANIC ST _FA _EF__EF_  PICs POHCs Non-Org. New Fue]l Waste

SUBSTANCES

Elements

Arsenic X X X X X X

Beryllium X X X X X

Bromine X X X

Cadmium X X X X X

Chlorine X X --;-----—--;

Chromium VI X X X X X X

Copper X X X X

Lead X X X X X

Manganese X X X X

Mercury X X X X X

Nickel X X X X X X

Phosphorus X X X X

Radionuclides X X

Selenium X X X X

Sulfur X X

Zinc X X X X
. _—

Hydrogen Sulfide X X

Hydrogen Chloride # X X

Hydrogen Fluoride X X

Mercuric Chloride # ?

Phosgene # X

Zinc Oxide X

- - - - - — - - -

ORGANIC SUBSTANCES

Acetaldehyde ? X
Acrolein
Benzene ¢ X X X X
Benzyl Chloride # X
1,3-Butadiene X X X
Carbon Tetrachloride # x X X
Chloroform # X X X X
Chlorobenzene # X X X X
Chlorophenols # X
Cresols
Di(2-ethylhexyl)-

phthalate X
1-4 Dioxane X
Dioxins (PCDDs) # ¢ X X X
Epichlorohydrin # X
Ethyl Chloride # X )
Ethylene Dibromide X ¢ gasoline «x
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ARB Combustion Products ~ Fuel Contaminants
=T _FA _EF _EF  PICs POHCs Non-Org.  MNew Fuel Waste

Ethylene Dichloride # x X gasoline x
Ethylene Oxide X :
Fluorocarbons, (chlor-

inated & brominated) # x X X
Formaldehyde X X X

Furans (PCDFs) # X X X X
Glycol Ethers X

Methyl Bromide X

Methyl Mercury X

Methylene Chloride # x X X
Nitrosomorpholine X X
N-nitrosodiphenylamine X
Perchloroethylene # X X X
PCBs # X b ¢ X
Phenol X
Propyliene

Propylene Oxide

Styrene X
Styrene Oxide

Toluene X X
Trichloroethane # X X
Trichloroethylene # X X
Trichlorophenol # X
Vinyl Chloride # X X
Xylene X X
PAHs X X X X
Benz(a)anthracene X X
Benz(a)pyrene X X X
Benzo(b)fluoranthene X
*Benzo(j)fluoranthene

Benzo(k)fluoranthene x
*Dibenzo(a,h)acridine
*Dibenzo(a,j)acridine

Dibenzo(a,h)anthracene X
*7H-Dibenzo(c,g)cabazole
*Dibenzo(a,e)pyrene
*Dibenzo(a,h)pyrene
*Dibenzo(a,i)pyrene
*Dibenzo(a,1)pyrene

Indeno(1,2,3~

cd)pyrene X
Naphthalene X X

* Appendix A-II
# Contains Chlorine
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ATTACHMENT II

TABLE II
SUMMARY OF
AVAILABLE INFORMATION ON
CONCENTRATION OF LISTED SUBSTANCES IN VARIOUS TYPES OF OIL

NB: This table currently contains the best available information. Most of
these concentrations are ranges rather than single default numbers, because
there is so much variation in the literature. In most cases, there is no
clear justification for selecting a single value.

Any feedback as to reasonably accurate and unique values for these
default concentrations is very welcome.

REFERENCES

California Air Resources Board. 1985 Assessment of Used Solvent and Used
0i]1 as Fuel in California.

Radian Corp. 1986. Summary of Trace Emissions From & Recommendations of
Risk Assessment Methodologies For Coal & 0i] Combustion Sources.
(Final Draft). EPA contract # 68-02-3889.

U.S. Environmental Protection Agency. 1984.
EPA 530/SW-84-011

U.S. Environmental Protection Agency. 1984.

MWaste Crankcase 0i1 Heater
Study: Phase II - Inorganic & Organic Speciation Analyses. EPA 600/7-

84-072
U.S. Environmental Protection Agency. 1981. Emissions Assessment of
Conventional Stationary Combustion Systems V. 4

Commercial/Institutional Combustion Sources. EPA 600/7-81-003b

U.S. Environmental Protection Agency. 1980.

Conventional Combustion Processes. EPA 600/7-80-155a

u.s. Environmental Protection Agency. 1978.
EPA 600/7-78-

164b & 600/7-78-164c
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TABLE II QILS (pomw)
Residual  Distillate Fuel Waste
NON-ORGANIC SUBSTANCES

Elements

Arsenic 0.14-0.66 0.2-0.7 0.0006-2 11-14
Beryllium <0.05

Bromine 0.29 50-4000
Cadmium 0.003-1 < 3.5 1-2, <100

.

Chlorine 1.47 12.0 500-14,000
Chromium 0.64 0.045-6.2 <0.01-1.15 0.002-2.2 10-25
Copper 0.93 2.8 1.4

Lead 1-4, 3.5 2.6 220-13,000
Manganese 1.2 0.16, 1.33 <0.01 0.001-6

Mercury 23.1 0.002-0.4 0.02-30

Nickel 98.4 18-50, 42.2 “a few" 14-68

Phosphorus 1:1

Radionuclides 1
Selenium 0.364 0. 1

Sulfur 9.9, 1-2% <« -0.5 % 0.5%
Zinc 9.76 0 470-900

——————— ] ——— -

Hydrogen Sulfide
Hydrogen Chloride #
Hydrogen Fluoride

Mercuric Chloride #
Phosgene #
Zinc Oxide

ORGANIC SUBSTANCES

Acetaldehyde +

Acrolein

Benzene 46-100
Benzyl Chloride #

-

1,3-Butadiene +
Carbon Tetrachloride # +
Chloroform # +
Chlorobenzene #
Chlorophenols #
Cresols
Di(2-ethylhexyl)-
phthalate (DEHP)
1-4 Dioxane

Dioxins (PCDDs) # «+
Epichlorohydrin # +
Ethyl Chloride # +

Ethylene Dibromide +
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Crude Residual = Distillate Fuel Waste

Ethylene Dichloride # +

Ethylene Oxide +

Fluorocarbons, (chlor-
inated & brominated # +

T LT T T T P p——

Formaldehyde +
Furans (PCDFs) #
Glycol Ethers +
Methyl Bromide +

Methyl Mercury
Methylene Chloride #
Nitrosomorpholine
N-nitrosodiphenylamine

Perchloroethylene # +
PCBs # «+

Phenol

Propylene +

Propylene Oxide +
Styrene

Styrene Oxide
Toluene

Trichloroethane # +
Trichloroethylene # +
Trichlorophenol # +

20-200 (CFC-1:
<1-33 (CFC-11:

120-750
8-100

- — - -

- ——— - -

270-2500
50-500
60-490

T —— - — -

Vinyl Chloride # +
Xylene

PAHs
Benz(a)anthracene
Benz(a)pyrene
Benzo(b)fluoranthene

*Benzo(j)fluoranthene
Benzo(k)fluoranthene
*Dibenzo(a,h)acridine .
*Dibenzo(a, j)acridine

Dibenzo(a,h)anthracene
*7H-Dibenzo(c,g)cabazole
*Dibenzo(a,e)pyrene
*Dibenzo(a,h)pyrene

*Dibenzo(a,i)pyrene

*Dibenzo(a,1)pyrene
Indeno(1,2,3-cd)pyrene
Naphthalene

* Appendix A-II
# Contains Chlorine

+ Presence likely only in waste oil

T

290-500
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ATTACHMENT III

TABLE III
DEFAULT POHC & TOXIC PIC EMISSION PERCENTAGES
FOR INDUSTRIAL BOILERS AND FLARES

BOILERS

Operating Conditions issi i Wt. Pct. C1 ==
¢ Toxic PIC * ¢ Toxic POHC Emitted as HC1

FAIR (with combustion 1% 0.1 ¢ ~ 99 ¢

transients in load,

fuel, air, operation,

or with poor maintenance)
or low comb'n temps or
high H/C1 fuel ratio)

GOOD (steady-state 0.1% 0.01 % ~-99.9¢%
operation)

FLARES

1.2 Stability Ratio @ 2% 0.2 % - 98 %

1.0 Stability Ratio 10 % 1% - 90 %

Note: Breakthrough percentages tend to be higher for volatiles. (EPA 1984 Waste Qils
* Toxic PICs are compounds which would be considered POHCs if present in the

fuel prior to combustion.
** In the even that the POHC is a chlorinated organic

@ See Section II.D.2 of this EET
Not applicable to flares in ambient wind conditions above 5-10 mph.
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INCINERATION
EMISSION ESTIMATION TECHNIQUE (EET)

I. INTRODUCTION

This document is an Emission Estimation Technique (EET), developed by
the Air Resources Board staff in accordance with the Air Toxic “"Hot Spots®
Information and Assessment Act of 1987 (the Act). Specifically this report
describes the process of using combustion as a method to reduce waste
products. This process results in the air emission of toxic substances
listed pursuant to the Act. This report specifies the method(s) a facility
operator would use to calculate resulting emissions of these listed
substances.

Dibenzofurans, dibenzo-p-dioxins, metals, and other products of
incomplete production (PIC, including formaldehyde and polycyclic aromatic
hydrocarbons) are the principal listed substances of concern during the
incineration of solid waste, hazardous waste, wire reclamation, hospital
waste, and biomass. The polychlorinated dibenzofurans (PCDFs) and
polychlorinated dibenzo-p-dioxins (PCDDs) are particularly significant
because these are potentially highly toxic substances and may be associated
with many combustion processes.

PCDFs and PCDDs are potentially produced under one, or more, of the
following conditions:

a) Trace PCDF and PCOD contamination in the product or process;

b) High temperature chemical reactions of chlorinated aromatic
compounds such as polychlorinated biphenyls (PCBs) and
chlorophenols which have chemical structures closely related to
PCDD, and

c¢) High temperature free radical reactions combining organic matter
and chlorine to form PCDFs and PCDDs.

Though there have been no known cases of death in humans caused by
'PCDF/PCDD, these groups of substances are considered a very dangerous threat
to human health. The significance placed on these substances is demanded by
their extreme biological potency and potential chronic effects. The
toxicity of these compounds is related to the specific placement of the
chlorines, with 2,3,7,8-TetraCDD (TCDD) probably being the most toxic. TCDD
has been found to be carcinogenic to animals and should be considered a
potential human carcinogen. The California Department of Health Services
has also concluded that isomers of PCDFs and PCDDs containing four, five,
six, and seven chlorines should be considered potential human carcinogens.

Although source testing should be used to determine emissions of the
‘most toxic and variable substances, such as PCDDs and PCDFs (see Section V),
this EET will provide methods to estimate emissions of other listed
substances including a number of organic compounds. Emissions of PCDDs,
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PCDFs, and other products of incomplete combustion appear to be related to
the type of combustor used and its operating efficiency. Generally, PCDDs
and PCDFs are inversely related to combustion temperature. That is, the
higher the combustion temperature, the lower the emissions of PCDDs and
PCDFs. 1In general, the waste used needs to have a net heat content of 8,000
Btu per pound; blending with supplemental fuels can be done to achieve that
value. In addition to maintaining high temperatures, the chlorine content
of the waste needs to be controlled by blending. Although chlorine content
can be as high as 70 percent, most operators limit chlorine content to 10

percent or less.

In 1986, numerous types of facilities in California used incineration
to dispose of waste or generate energy. These facilities include municipal
waste incinerators (in 1986, there was one facility in the state and 35
proposed facilities); hazardous waste incinerators (in 1986, there were 17
facilities in the state and 3 proposed facilities); wire reclamation
incinerators (in 1986, there were 76 facilities in the state); hospital
incinerators (in 1986, there were 311 facilities in the state); and cement
kilns co-firing wastes (in 1986, there was one such facility). Because of
the potentially toxic emissions and the number of facilities which may be
emitting them, the potential health risks must be assessed.

The types of incinerators used to thermally destroy waste include:
liquid injection, rotary kilns, fluidized bed, modular units (or fixed
hearth), acid regeneration, and multiple hearth furnaces. Two types of

boilers that are generally used are the watertube and firetube. These two
types of boilers can each have a variety of firing modes.

II. PROCESS DESCRIPTIONS OF INCINERATORS

The processes involved in using combustion to reduce waste depend on
the fuel preparation and feeding along with the type of combustion chamber.

A. Fuel Preparation and Feeding

Liquids

Liquids are generally blended, then pumped into the combustion
chamber(s) through nozzles or via specially designed atomizing

burners.

Sludges

Sludges are generally fed using progressive gravity pumps or water
cooled lances.

Bulk Solids

Bulk solids may require some alteration to control particle size;
they can be fed using rams, gravity feed, air lock feeders, screw
or vibratory feeders, or belt feeders.

.
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Containerized Waste
Containerized waste is usually fed using gravity or rams.
B. Combustion Chamber(s)

Most incineration systems derive their name from the type of combustion
chamber used.(Most of the following information on incinerator types was
taken from the U.S. EPA 1986 Permit Writers Guide to Test Burn Data:

i i and the IJAPCWM 1988 "Hospital Waste Disposal
by Incineration: Waste Streams, Technologies, and State Requirements").

Liquid Injection Incinerators

Liquid injection incinerators are used almost exclusively for
pumpable 1iquid wastes. They are usually simple, refractory-lined
cylinders equipped with one or more burners.

Rotary Kilns

Rotary kilns can be used to incinerate solids, slurries, and
containerized waste as well as liquids. This combustion chamber
type is incorporated most frequently into a commercial off-site
incineration facility because it is versatile. It is a
cylindrical, refractory-lined shell mounted at a slight angle.
Rotation of this shell allows movement of the fuel through the
kKiln and also enhances the mixing of the waste. Most rotary kilns
have afterburners associated with them to reduce potential
emissions.

Fixed-Hearth Incinerators

Fixed-hearth incinerators employ a two-stage combustion process.
These incinerators are smaller, so they have lower relative
capital costs, and are the most attractive choice for a small on-
site facility. '

Fluidized Bed Incinerators

Fluidized bed incinerators can be either circulating or bubbling
bed designs. Both types are single refractory-type combustion
vessels partially filled with sand, alumina, sodium carbonate, or
other materials. Fluidized bed incinerators are used primarily
for sludges or shredded solid materials.

Multiple-Hearth (Herreshoff Furnace)
Generally, multiple-hearth incinerators are used to burn chemical

sludges, oil refinery sludges, and still bottoms. A multiple
hearth is made up of several hearths assembled vertically in a

refractory-lined cylindrical shell.

= .
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Boilers
* There are two principle types of boilers: watertube and firetube.
Watertube

In the watertube boiler, hot gas passes over water- or steam-
filled tubes that line the combustion chamber walls. Most
boilers with heating capacities greater than 30 x

106 Btu/hour are watertube boilers, utilizing a high pressure
steam.

Firetube

In a firetube boiler, hot gas flows directly through tubes
submerged in water. Firetube units are usually packaged with

capacities less than 30 x 106 Btu/hour, utilizing a low

pressure steam. Watertube and firetube boilers can be fueled with
coal, oil, gas, or process waste (such as sawdust, black liqueur
from paper pulping, or hazardous waste). The main distinction
among these boilers is the type of fuel-firing mode, including:

Single- or opposed-wall
Tangential

Cyclone

Stoker

Each of the major firing modes, except stoker firing, can be used in
boilers burning gas, oil, or pulverized coal. Stoker firing units can only
burn solid fuels (that is, coal) that will remain on the stoker grate until
burned. Stoker firing boilers need to be retrofitted with burners to fire
other fuels (such as hazardous waste).

III. POTENTIAL SOURCES OF EMISSIONS

A number of operations using combustion to feduca waste may result in
toxic emissions of listed substances. The actual substances emitted depend
on the feed, equipment, and processes used.

Exhaust Stack

Historically, the exhaust stack has been the central focus of sampling
and emission estimation calculations. While quantifying emissions
from the exhaust stack is an important focus, calculating fugitive
emissions is also.
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Fugitive Emissions

There are several potential sources of fugative emissions including
from dump stacks, fuel storage, and during the handling of residues
and ash.

Dump Stacks

Dump stacks are used only in emergencies, and should be properly
sealed to ensure that inadvertent emissions do not occur.

Fuel Storage

Fuel storage is of particular concern in facilities that use solid
waste, hazardous waste, or biomass as fuel, or that use liquid
supplemental fuels.

Residue/Ash Handling

When the residue or ash that results from the incineration process
is classified as a hazardous waste (as defined by Article 9. of
Division 4. of Title 22. of the California Administrative Code),
emissions of listed substances may occur during its transfer and
disposal.

IV. CONTROL DEVICES

An emission control device may greatly reduce air pollutants leaving a
device, relative to those entering a device. Any one of the following
possibilities, or combinations of, exist when an air poliutant enters a
control device. The pollutant may be transferred from the air stream to
another medium, may be modified to a less toxic state, and/or dissociation,
or it may pass through untreated. When a pollutant is transferred into
another medium, any emissions while located anywhere on the facility site
must be accounted for. There is a broad spectrum of emission control
devices that can be used in conjunction with an incinerator, including (Most
of the following information on control devices was taken from the IJAPCWM
1987 "Incineration of Hazardous Waste, A Critical Review"):

Ory Cycionic Separator

Dry cyclonic separators are inertial separators.

Dry Scrubber

Dry scrubbers are generally used to remové acid gas components,

operating as an absorbent system rather than the washing system
inherent in wet scrubbers.

T



CARB INCINERATION - Page 6
August, 1989

Wet Scrubber

Wet scrubbers are used primarily to control gaseous emissions (such as
oxides of sulfur) and other acid gases, and to some extent particulate
matter. Examples of wet scrubbers include: venturi, spray tower,
packed-bed, and tray scrubber.

Wet Ionizing Scrubber

A wet ionizing scrubber consists of a packed-bed scrubber preceded by
an ionizer that imparts a charge on the entering particulate matter.

Electrostatic Precipitators (ESPs)
There are two primary types of ESPs: dry ESPs and wet ESPs.

Dry ESP

In a dry ESP, the gas stream passes through a series of
negatively charged electrodes which collect particulate
matter.

Wet ESP

In a wet ESP, the gas stream is flushed with a continuous sheet of
water, over each collection surface, to flush away any collected
particulate matter.

When water is integral to the scrubber or an ESP control device, water
collects at the bottom of the device, is pumped to a tank where particulate
matter settles out, and the water may be reused.

Fabric Filters (Baghouses)

Fabric filters generally consist of a series of permeable bags which
allow the passage of gas, but catch particulate matter. The gases are
pushed or pulled through the fabric. Particles already captured help
to catch still smaller particles. '

Emission estimates must take into account the effect of the control
device(s) used. Usually the efficiency of the control device must be known.
Efficiency is expressed as a percentage. The data used should reflect the
efficiency achieved during typical day-to-day operations, not the
theoretical optimum efficiency. The control device efficiency used in
estimating emissions of each listed substance must be justified by the
facility operator, and the justification must be cited.
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V. EMISSION ESTIMATION

Source testing is the preferred method of accurately determining toxic
emissions of listed substances when testing is feasible and when approved,
reliable methods exist. Some types of incinerators will be required to
perform source testing for specific substances pursuant to the Air Toxics
"Hot Spots" Emission Inventory Criteria and Guidelines Regulation. However,
when source testing is not required, several emission factors have been
developed to estimate air emissions of specific listed substances from
specific incinerator types.

The regulation associated with this document identifies the
incinerators for which source tests are required, and explains why those
particular types of source tests are required (refer to the Air Toxics "Hot
Spots" Emission Inventory Criteria and Guideline Regulation for the specific
requirements). This document addresses the devices, processes and the
listed substances for which emission est1mation techniques, rather than
measurement techniques, are appropriate.

A. Emission Factors

Several specific emission factors are useful in quantifying toxic
emissions of listed substances for which emissions must be quantified, but
for which no source testing is required. Emission factors usually express
air emissions as a ratio of the amount released of a pollutant to a process-
related parameter or measurement (“usage unit*), frequently expressed as the
amount of pollutant per throughput of a process or piece of equipment, or
the amount of pollutant per quantity produced or processed. The throughput
must be quantified to use this type of emission factor. Emission factors
for air emissions are commonly based on averages measured at several
facilities within the same type of industry. The applicability and accuracy
of emission factors are dependent on whether the chemical substances,
processes, and equipment are substantially equivalent between those tested
and those to which the emission factor is to be applied.

An operator would use the following equation to estimate emissions:

(feed rate of fuel) x (fraction of listed substance in fuel) x
emission factor = emissions of that listed substance

The emission factors to use in this equation are as follows (The units are:
unit mass of listed substance per unit mass of listed substance in the
waste)(the following emission factors were developed from CARB source test

data and data found in the U.S. EPA 1986 Permit Writers Guide to Test Burn
Data: Hazardous Waste Incineration):
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(using a venturi scrubber)

Two-chamber Incinerator
(fixed hearth incinerator)

-Carbon tetrachloride- 2.37 x 10'5 no information
~Chlorobenzene- 7.18 x 1074 1.39 x 1073
-Methyl chloroform- 2.52 x 1074 no information
(1,1,1-trichloroethane)

-Toluene- 1.15 x 1074 1.21 x 107%
-Trichloroethylene- 3.86 x 1074 4.34 x 1074
Rotary-kiln

-Carbon tetrachloride- 8.15 x 10'5 no information

The emission factors listed are derived from information found in: U.S.
EPA, 1986, "Permit Writers Guide to Test Burn Data, Hazardous Waste
Incineration". The “controlled” emission factors are for specific
substances emitted from specific incinerator types with venturi scrubbers,
which are one of the most commonly used control devices. If a facility does
not utilize a venturi scrubber, the operator should use the uncontrolled
emission factors and apply the control efficiency for the specific listed
substance of the control device utilized. The control efficiency used
should reflect the efficiency achieved during typical day-to-day operations,
not the theoretical optimum efficiency. The control device efficiency used
in estimating emissions of each listed substance must be justified by the
facility operator and the justification must be cited.

"No information” indicates that all the incineration systems reviewed
provided only data gathered under controlled conditions.

Example Using Emission Factors

Facility "A" utilizes a two-chamber, fixed hearth incinerator to
destroy waste material produced on-site, with a Venturi scrubber for control
equipment. The waste material is fed into the incinerator at a rate of
3,000 1bs per hour. The facility operator knows that the maximum feed rate
per hour is 3,900 1bs. per hour. The waste contains 6.5% carbon
tetrachloride. Facility "A" operates 4,000 hours per year. Facility "A"
wants to calculate the maximum hourly and average annual emissions of carbon
tetrachloride. Utilizing the emission factor for carbon tetrachloride and
the equation provided, facility "A" can estimate the emissions of carbon
tetrachloride:
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A. Annual Average Emissions

EMS = PR x F x Emfac

Where:

EMS = Emissions of Carbon tetrachloride, 1bs./year

PR = Process rate, 1bs./hour

F = Fraction of Carbon tetrachloride in waste stream, dimensionless
Emfac = Emission factor, dimensionless

Calculate PR:

PR = FR x DOH

Where:

FR = Waste stream feed rate, 1bs./hour

DOH = Hours of operation, hours/year

PR = 3,000 1bs./hour x 4,000 hrs/year

PR = 12,000,000 1bs. of waste incinerated per year

EMS = (1.2 x 107) 1bs./year x .065 x (2.37 x 107°)

EMS = 18.49 1bs. of carbon tetrachloride emitted per year

B. Maximum Hourly Emissions

HEMsmax = HFRmax x F x Emfac

Where:

HEMSmax = Maximum hourly carbon tetrachloride emissions, 1bs/hour
HFRmax = Maximum Hourly Feed Rate, 1bs/hour

F = Fraction of Carbon tetrachloride in waste, dimensionless
Emfac = Emission factor, dimensionless

HEMS__ = 3,900 Ibs/hour x .065 x (2.37 x 107°)

HEMSmax = 0.006 1bs of carbon tetrachloride emitted per hour
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B. Control Device Efficiencies

INCINERATION - Page 10

Control Efficiencies (particulate matter and inorganics)

Particulate Matter

ize (micrometers)
ipment 0.01 0,10 0.5 1.0 5.0 10.0
1) High efficiency cyclone 5% 50%
2) Venturi scrubbers ;
p= 10 to 20 in. H20 20% 99¢
p= 100 in. H20 99% 99.9%
3) ESP (cold) 80% 99.9%
4) ESP (hot) 99% 95¢% 99.9%
5) Fabric filter 99.8% 99¢ 99.9%

A facility operator must know the particle size that
substance is associated with prior to utilizing the above
association of particle size and listed substance must be

justification must be cited.
S02/HC1 Controls

Wet Scrubbers-

Dry Scrubbers-

Ionizing Wet Scrubber-

95+% for S02
99+% for HC1

80% for S02
80% for HCI

99% for HC1

-84-
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OIL AND GAS PRODUCTION
EMISSION ESTIMATION TECHNIQUE (EET)

I. TINTRODUCTION

This document is an Emission Estimation Technique (EET) for oil and
gas production and transmission. It does not cover flares, fuel combustion,
drilling fluids, and marketing operations. Specifically, estimation methods
are given for valves, fittings, pumps, compressors, sumps and tanks. This
document was written for the facility operator who is already familiar with
the oil and gas production industry and who needs assistance with estimating
emissions of listed substances from onshore and offshore crude oil
production and natural gas processing operations. Descriptive information
on oil and gas production is not included.

The examples in this EET focus on calculating the emissions of benzene
because benzene is photochemically active and remains stable in ambient air,
producing widespread emissions. In addition, benzene is a known human
carcinogen, and prolonged exposure to even trace levels can have mutagenic
effects. However, the information provided can be modified, using the
appropriate weight fraction, and used to estimate emissions of other listed
substances associated with natural gas and crude oil production such as
toluene, xylene, hydrogen sulfide, and mercaptans. Other listed substances
possibly emitted during oil and gas production operations include:
formaldehyde, ammonia, and others.

II. SOURCES OF POTENTIAL EMISSIONS

To estimate emissions from oil and gas production, the field operator
must account for all sources of toxic emissions both on-shore and off-shore.
Table 1.1 shows the potential sources of emissions from crude oil production
operations by activity and major subsystems. Table 1.2 shows the source of
potential emissions from on-shore and off-shore production operations.

Operators should take into account differences in general operations
when applying the methods in this EET. For example, the hydrocarbons
fraction is generally released from crude oil more rapidly during thermal
enhanced recovery than conventional production and transfer of crude oil
because the oil from thermal recovery is at a higher temperature. In most
cases, the estimation of total hydrocarbons will suffice because the
specific hydrocarbon composition can easily be deduced from the distillation
curve of the crude oil and applied to the calculation of emission estimates

of specific components.

Although oil production involves a closed system, hydrocarbons can be
released from values or flanges in the drill pipe or casing, and from steam
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drive wells. An open valve on a casing vent can also result in emissions.
When crude oil is pumped up the tubing, hydrocarbon gases may escape into

the atmosphere.
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TABLE 1.1
POTENTIAL EMISSION SOURCES
Exploratory/Development Drilling
Subsystems: Power Generation
Mud Conditioning
- Mud tanks/pits
- Degasser
- Shaker
Fuel Storage
Deck Sumps (offshore)

Well Completion Test

Subsystems: Power Generation
Wellhead
Production
Subsystems: Production

Energy Source-Lifting
Natural or Primary
Electric Submersible Pumps
Gas Lift Systems
Power 0il/Water Systems

Pressure Maintenance or Secondary Recovery
- Gas Injection
- Water Injection

Power Generation
- Turbines
- Gas Engines
- Diesels

Processing-Separation
- Free Water Knockout
- Two Phase/Three Phase Separator
- Pressure Stage separators
- Test Separator
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TABLE 1.1 (Cont.)
POTENTIAL EMISSION SOURCES
Production (Cont.)
Subsystems: Gas Preparation

- Glycol Dehydrator
- Amine Systems (HZS)

Gas Compression

Combustion Turbine
Gas-Fired Reciprocating
Electric Motor

Diesel

0i1 Preparation
- Treater
011 Shipment
- Storage
Pumping
- Electric/Diesel
- Charge Pumps/Valves

= Turbine
- Gas

Water Cleanup (for Disposal/Injection)

Skim Tank

Flotation Cell

Skim Pile

Floor Drain System (offshore)
Injection Pump ;

Electric Pump
Gas Turbine
Diesel
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TABLE 1.2
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POLLUTANTS EMITTED BY SOURCES

SQURCE
Power Generation - Drilling
Mud Degassing
Mud Tanks/Pits
Fuel Storage
Power Generation - Production
Gas Drying
Gas Processing Vents
0il Treaters

0il1 Storage/Surge Tanks

POLLUTANTS
NO,. SO,, HC, CO, Particulates
HC (BTX etc.)
HC (BTX etc.)
HC (Benzene, Toluene, Xylenes)

NO SOZ’ HC, CO, HZS' Part.

!!
NOx, 502. co, RZS, Particulates
HC, HZS

Nﬂx, SOZ’ co, HZS, Particu]gtes

HC, H,S

Water Treating HC
Valves, Pump Seals, Compressor Seals HC, HZS
BTX = Benzene, Toluene, Xylene

Part. = Particulates
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III. EMISSION CONTROL MEASURES

Emission estimates must take into account control device(s) used to
reduce potentially toxic pollutants. Usually the efficiency of the control
device must be known. The data used should reflect the efficiency achieved
during typical day-to-day operations, not the theoretical optimum
efficiency. The control efficiency used in estimating emissions of each
listed substance must be justified by the facility operator and the
justification must be cited in the emission inventory plan.

Efficiency is expressed as a percentage:

Efficiency = "1 - Mo (1)

M;

"1 = Mass of potential 'Toxic Pollutant' flowing into the control
device per period of time.

M = Mass of potential 'Toxic Pollutant' flowing out of the
control device per period of time.

A valid efficiency estimate can be based on source tests or
measurement, a mass balance calculation, or a combination of the two.
Actual measurement is the best way to determine efficiency.

A number of control measures can be used in oil production operations.
For example, vapor recovery and internal floating roofs can be used for
storage tanks. Various treatment processes (Claus and Beavon gas treatment
processes) can be used to reduce hydrogen sulfide in natural gas.

IV. EMISSION ESTIMATES

Emissions of benzene and other toxic substances from oil and gas
production processes can be estimated by multiplying total organic gas (TOG)
or volatile organic gas (VOC) in the facility's emission inventory data
system by the product of applicable emission factor and estimates of the
weight fraction that is benzene (or specific listed toxic substance).

Fugitive emissions are defined as emissions that escape from a
component (valve, flange, pump seal, compressor seal, etc.) without control
of flowrate, direction or composition. This description includes all
emissions that are not intentional or not vented through a stack or duct.

Emissions from drilling operations, for example, are associated with
gas, LP6 and liquid fuel lines. In addition, emissions emanate from the
drilling fluid during degassing. During the vast majority of drilling time,
no entrained gases are present in the water base drilling fluid. However,
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the use of oil base drilling fluids may emit small amount of toxic
substances.

Besides the fugitive and combustion emissions associated with oil
producing operations, there are often emissions which are intentionally
vented and not necessarily associated with stack. Relief valves and valves
actuated by the build-up and release of field gas pressure would fall into
this category. Valves used to bleed down a system pressure to atmosphere
rather than to low pressure collection lines are other sources of vented
emissions. The vented emitters noted here are of intermittent nature.

Virtually all storage tanks associated with oil production operations
are of fixed roof type. These tanks have many fittings in common with the
0oil producing flow lines and, in addition, have specialized pressure-relief
vents.

Significant emissions can be observed from storage and there is a
significant number of such tanks used in production operations in
California. The contribution of these emissions to the total toxic
emissions observed, however, will depend on the number of tanks not under
vapor recovery.

A.  Fugitive | From Val And Fitti

The emissions from valves and fittings are largely the result of
leakage due to frictional wear and tear of valves, fittings and pumps,
corrosion or improper connection.

For emission estimation purposes, fittings are classified as threaded
and flanged connections. The emission factors for these categories are
based upon general oil production emission factors calculated by Rockwell
International and the California specific emission factors generated by KVB
Inc. The emission factors generated by Rockwell are based on empirical
valve and fitting fugitive data. KVB based its emission factors on a 1980
field study to develop composite emission factors specifically for the valve
and fitting components of oil production operations in California. KVB
study was based on detailed counts of the numbers of valves and fittings in
actual operation at a lease.

The following correlations will calculate the toxic emission rates of
specific Volatile Organic Compounds, for example benzene, based on Total
Organic Gas (TOG) and Reactive Organic Gas (ROG) emissions from valves and
fittings. In order to estimate benzene emissions from total reactive
organic hydrocarbon emissions, a conversion factor based on the benzene
content of the liquid, the vapor pressure of the liquid, and Raoult's Law
needed to be calculated. The benzene emissions, for example, can be
estimated by multiplying the ROG emissions by the weight fraction of

benzene, [(Ht)il.

The detailed per well emission factors for valves, fittings, pumps,
compressors, well heads, and sumps are presented in the tables in Appendix

D.

w3
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It has been determined that both valve and fitting emissions can be
calculated based upon the following equation:

Emissions = (Active Wells on a lease) x (Per well E.F) x (Wt), (2)
W), = Yi(Mw), (3)
T (M) (Y ),
Where Yi = Vapor-phase mole fraction of specific toxic

substance (1b/1b-mole)
NOTE:
A common approach to calculating the concentration of a substance in
the vapor phase over a liquid is to determine its partial pressure. The

partial pressure of the substance divided by the total pressure of the gas
stream is equal to the mole fraction, Yi’ of the substance in the stream.

Calculation of mole fractions in a liquid

The mole fractions of components in a liquid must be calculated in
order to estimate the vapor pressure of the liquid using Raoult's Law:

The partial pressure of each component is the liquid mole fraction
(Xi) times the vapor pressure of the component (Pi)

P.X; = P (4)

The liquid phase mole fractions sum to 1.00 .
Calculation of mole fraction in a Yapor

The mole fractions of a vapor phase are based on the the partial
pressure that each component exerts:

Y " Ppartial (5)

Piotal
The vapor phase mole fractions sum to 1.00.

Calculation of molecular weight of vapor

The molecular weight of the vapor is dependent upon the mole fractions
of the components in the vapor: .

M, = T (Mw),(Y ) (6)

Calculation of the weight fraction of the vapor

The weight fraction of each component in a mixture is the pounds of
that component divided by the total pounds of the mixture.
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The weight fraction, Wt., of the vapor are needed to calculate

the amount (in pounds) df each component emitted from a storage tank,
valve, sump, process unit etc. The weight fractions are related to
mole fractions in the vapor phase. Weight fractions calculated are
valid no matter how many moles actually are present.

Calculation of the amount of each component emitted from a Tank

The amount of each component emitted is the weight fraction of that
component in the vapor multiplied by the total amount of VOC emitted
from the storage tank, sump or valves.

Assumptions:

1) For wells in a similar lease, the physical and mechanical
properties of the wells along with the improvement and maintenance
programs are identical. This will allow one composite set of
emission factors to be developed and used for each lease.

2) The process rate unit, "number of active wells," is used for these
emission categories in place of the more commonly used throughput
units. This choice is based on the assumption that emissions
depend not on the amount of oil or gas produced, but on the number
of leak points (values/fittings), which is proportional to the
number of wells in operation.

(Total ROG Emissions Rates (Valves)) = (Valve E")gas* (Valve Em), ., (7)
(Valve Enissions)gas = (# of Active Wells) x (Applicable E.F) x (Wt), (8)
(Valve Emissions) ;= (# of Active Wells) x (Applicable E.F) .y x (Wt), (9)

Total ROG Fitting Emissions = (Fitting Elissions)g‘s+ (Fitting Emission) ;,(10)
(Fitting Enissions)gas- (# of Active Wells) x (Applicable E‘F)gus' (Ht)i (11)
(Fitting Emissions) ;= (# of Active Wells) x (Applicable E.F) , x (Wt);  (12)

B. Fugitive Losses From Sumps and Pifs

Before a detailed presentation of the emission factor equation for
sumps is made, an explanation of some of the oil industry developed terms
relating to o1 production sumps is essential. In general terms, a sump is
defined as a lined or unlined excavated depression in the ground that is in
more or less continuous use for separating oil, water, and sand in oil and
gas production operations. There are three basic classification of sumps
which must be differentiated when applying the emission factor equation:
primary, secondary and tertiary production sumps.
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1. Primary Production Sump

. A primary production sump is a sump that receives a generally
continuous stream of oil and produced water directly from oil production
wells and/or field gathering systems.

2. Secondary Production Sump

A secondary production sump receives a generally continuous waste
water stream from one or more first stage separators (including a first
stage sump and/or tank).

3. Tertiary Production Sump

A tertiary production sump receives a generally continuous waste water
stream from second stage separation processes (sumps and tanks) upstream of
the sump and in general has only a small amount of oil present. Sumps are
classified as serving light oil or heavy oil. Light oil service sumps are
those which contain crude oil having API gravity of 30 or greater, and heavy
oil srvice sumps are those which contain crude oil having API gravity less
than 30.

4, Pit

A pit is classified as a lined or unlined excavated depression in the
ground used for emergencies or to receive intermittent flows of waste
products from drilling and oil production processes which may contain toxic
hydrocarbon materials.

Estimating Emissions From Sumps

It has been empirically determined that toxic emissions from sumps can
be estimated using the following equation:

Emissions = (Sump Surface Area) x (Emission Factor) x (Wt), (13)

The ROGE emission factors listed in Appendix D-1 for heavy crude were
obtained from ARB testings between 1983 and 1987. The listed emission
factors for light crudes (Appendix D-1) were extrapolated from API/Rockwell
and ARB test results.

The emission rate of a specific toxic substance can be estimated by
multiplying equation 13 by the weight fraction of the specific toxic
substance (for example benzene).

C. Methods of Estimating Toxic Emissions From Crude 011 Storage Tanks

The following emission estimation techniques for crude oil storage
tanks were derived from equations in section 4.3 of Compilation of Air

AP-42 (4th Edition, Septembér. 1985). These equations estimate total VOC
emissions from storage tanks, and can be modified to estimate chemical-
specific emissions directly. The correlations in this emission estimation

techniques reflect these modifications.
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1. Estimati f Toxic Emissi F Floating Roof Tani

The total loss from external floating roof tanks can be estimated from
the following equations:

—
w
n

L“ =

LS + LH (14)

Total loss
Storage loss

Withdrawal loss

Storage loss; LS’ can be determined by the following equations:

S

N ®x
Kg V' P D My K E. (Wt), (15)

P/Pa (18)
[1+ (1-p/pa)?-® 2

Standing storage loss (1bs/yr)

Seal Factor (lb-molel(ft(mile/hr)"yr))
(See Table 4.3-4, Appendix C).

Average wind speed at tank site (mile/hr) (See Table
A-6, Appendix F).

Weight fraction of listed substance i, in the crude
(Wt. % in vapor/Wt. % in liquid)

Seal related wind speed exponent (dimensionless) (See
Table 4.3-4, Appendix C).

Vapor pressure function (dimensionless) (See Figure
4.3-9, Appendix F).
Tank diameter (feet)

True vapor pressure at average actual organic liquid
storage temperature (psia)
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(a)

(b)

()

(d)

(e)
(1)
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Pa = Average atmospheric pressure at tank location (psia)

Mv = Average molecular weight of vapor (1b/1b-mole) (See
Table 4.3-2, Appendix F).

KC = Product factor (dimensionless)

EF = Secondary seal factor

If average actual organic liquid storage temperature, T., is
unknown, the average storage temperasure can be estimatgd from
the average ambient temperature, T,("F) (See Table A-4,

Appendix F). This information, T,, is available from the local
weather service data, and needs to be adjusted to the tank paint
color factor.

A typical value of 60 1b/1b-mole can be assumed for the molecular
weight of all hydrocarbon vapors (reflecting typical California
data) and a value of 50 1b/1b-mole can be assumed for United
States midcontinental crude 0315. The diurnal temperature change
can be assigned a value of 25°F, while the atmospheric pressure
term, P,, can be set at 14.7 psia.

For all Volatile Organic Liquids: K. = 1.0
For crude oil: Kc = 0.4
For petroleum liquid storage with any seal system: EF = 1.0

For volatile organic liquid storage with a primary only seal
system: EF = 1.0

With a primary/secondary seal system: EF = 0.07 to 0.45

(A value of 0.25 is recommended for tanks and seals in good
condition.) Standing storage loss emissions from internal
floating roof tanks was estimated using equation 15.

K 0.7 for all seal systems

s =
N = 0.4 for all seal systems

-98-
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The working loss from external floating roof and internal floating roof
tanks can be estimated using Equation 17.

Ly - ooy [1e (NE) D (), (17)
Where:
LH = Working loss (1b/yr)

Q

Throughput (bb1/year) (tank capacity [bb1] times
annual turnover rate)

C = Shell clingage factor (bb1/1,000 ftz) (See Table 4.3-5,
Appendix F).

W = Average organic liquid density‘(lblgal) (See Table
4.3-2, Appendix F).

D = Tank diameter (ft)
N =  Number of columns (dimensionless)

F = Effective column diameter (ft) [ column perimeter
(ft)/pi 1 (pi = 3.142)

(a) If HL is unknown, an average value of 5.6 1b/gallon can be

assumed for gasoline. An average value cannot be assumed for
crude oil, since densities are highly variable.

(b) The constant, 0.943, has dimensions of (1,000 ft3 x gal/bb1%).
(¢) For self-supporting fixed roof or an external floating roof tank:

N = 0.
For column supported fixed roof:
N = Use tank specific information

(d) Use tank effective column diameter, or F = 1.1 for 9 inch by 7
inch built-up columns, 0.7 for 8 inch diameter pipe columns, and
1.0 if column construction details are not known.

(e) For round tanks, the diameter is measured and recorded in feet.

For rectangular tanks, the equivalent diameter (in feet) is found
by applying the following equation:

“Mm
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Equivalent Diameter = (1.13) x (Length x Width)?+> (18)

2. Estimati f Toxic Emissi - Fixed Roof Tan!

The two major sources of emissions from fixed roof tanks are
classified as occurring from either breathing losses or working losses. The
term breathing loss refers to those emissions that result without any
significant change in the liquid level within the tank. These types of
emission are the expected results from hydrocarbon vapors that are released
from the tanks by expansion or contraction caused by changes in either
temperature or pressure. Working loss, on the other hand, represents those
emissions that occur due to changes in liquid level caused by either filling
or emptying the tank itself.

The total hydrocarbon loss from a fixed roof tank is the sum of:
LB + L” multiplied by operational percentage vapor recovery factor

‘for the system used.

Where:
Ly = Total loss (1b/yr)
LB = Breathing loss (1b/yr)
L

If the tank is vented to a vapor recovery system, multiply equation
(19) by 0.05. If vented to thermal oxidizer, multiply equation (19) by 0.01.

a. Calcylating Breathing loss from a Fixed Roof Tank:

W " Working or withdrawal loss

Lg
v = Ha( Paxa) + “b ( Pbxb ) R . * "ﬂ ( ann ) (21)

= 0.0226 x M, (P;E-P-)°'53x p2-73x W0-51y At0-50¢ Fock. (Wt), (20)

T™n
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Py by Raoult's law is:

P X *  BK g .+ PX (22)

Molecular weight of vapor in storage tank, 1b/1b-mole, (See Table
4.3-2, Appendix F OR use Equation 21).

Average atmosphgric pressure at tank location, psia
True vapor pressure at bulk liquid conditions, psia

True vapor pressure, psia (See Table 4.3-2 or Figure 4.3-5,
Appendix F).

Tank diameter, ft
Average vapor space height, including roof volume correction, ft
Average ambient diurnal temperature change, °F.

Paint factor, dimensionless (See Table C-1, Appendix C)

Adjustment factor for small diameter tanks, dimensionless
(See figure 4.3-4, Appendix F)

Product factor, dimensionless

Molecular weight of pure component, a

Molecular weight of pure component, b

Vapor pressure of pure component, a (See Cox Chart in Appendix B)
Vapor pressure of pure component, b (See Cox Chart in Appendix B)
Mole fraction of component, a

Mole fraction of component, b

=10]=
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1. Average Vapor Space Height (H)

The average vapor space height refers to the typical height of
hydrocarbon vapor that is in the tank, and can be calculated by the
application of the following equation:

H = 0.5 (Height of tank) (23)

2. Paint Factor (Fp)

Hydrocarbon emissions from tanks depend on the tank color, the
condition of the paint itself, and whether or not there is an insulation
present. The paint factor is the term that takes into account the effects
that these three variables have on overall breathing loss emissions. Values
of the paint factor for different conditions are tabulated Appendix C.

3. Adjustment Factor for Small Diameter Tanks (C)

Tank emissions also depend on the tank diameter, with small diameter
tanks emitting proportionally less pollutants than larger diameter tanks.
The breakpoint between small and large diameter tanks was set at 30 feet.

At values greater than or equal to 30 feet, the emissions were considered to
be independent of tank diameter and the adjustment factor was set equal to
1.0. If the tank diameter was less than 30 feet, the following equation can
be applied to calculate the adjustment factor:

€ = (0.0771) x (Diameter) - (0.0013) x (Diameter)z - 0.1334 (24)
4. Control Factor (CONTROL)

Certain types of control measures have been devised which considerably
reduce theoretical tank emissions. To quantify the corresponding emissions
reductions that result from the implementation of these measures, control
factor terms have been developed. These terms are applied directly to the
emission calculation equations in other to obtain controlled emission
estimates. Table C-4 in Appendix C lists several storage tank types along
with their corresponding acceptable control factors. A control factor of
1.00 means that no emissions reductions are achieved by the use of this type
of tank.

5. True Vapor Pressure (TVP)
True vapor pressure, the equilibrium partial pressure exerted by a
volatile liquid, is perhaps the most difficult term in the breathing loss

equation to calculate. A nomograph (included in Appendix E) relates TVP to
both the Reid Vapor Pressure (RVP) and the storage temperature (Ts)' RVP is

-102-
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the absolute vapor pressure of volatile crude oil and nonviscuous petroleum
liquids. Numerically, the relationship between TVP, RVP and temperature can
be expressed by the following equation:

VP = (RvP) elCo(IRTEMP - ITEMP)]

(25)
Where:
CU = Constant dependent upon the value of RVP
ITEMP = (1/559.69 °R)
IRTEMP = (1/(Tg + 459.69°R))
TS = Temperature of the stored fluid

The value of the constant term CO depends upon the given value of RVP.
Yalues of C0 for different RVYP numbers are tabulated in Appendix C. It
should be noted, however, that an error was discovered in the API nomograph
calculated values of TVP so that the RVYP was not equal to TVP at 100°F as
was expected given the general definition of RYP. Using linear regression
techniques, correction factors (CF) were developed and should be added to

the calculated values of TVP in order to obtain reasonable TVP numbers. The
relationship between the three values is given as follows:

Corrected TVP = Calculated TVP + Ce (26)

The correction factor was found to be dependent upon RYP according to the
following equations:

If RVP < 3,
C; = (0.04) x (RVP) + 0.1 _ (27)

If RYP > 3

e o[(2.3452061 Tog (RVP)) - 4.132622] (28)
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Notes:

(A11 tables and figures referenced/listed below can be found in
EPA AP-42, Section 4.3, Fourth Edition, September 1985.)

(1) The molecular weight of the vapor, M, can be determined from

Table 4.3-2 (See Appendix E) for selected petroleum liquids and
volatile organic liquids or by analysis of vapor samples. Where
mixtures of organic liquids are stored in a tank, My can be

estimated from the liquid composition using equation (6) or (21).
(2) For crude oil: K¢ = 0.65.
For all other organic liquids: KC = L.

(3) The vapor space in a cone roof is equal in volume to a cylinder,
which has the same base diameter as the cone and is one third the
height of the cone. If information is not available, assume H
equals one half tank height.

(4) True vapor pressures for organic liquids can be determined from
Figures 4.3-6 or 4.3-6 (See Appendix F), or Table 4.3-2 (See
Appendix E). In order to use Figures 4.3-5 or 4.3-6, the stored
Tiquid temperature, Ts. must be determined in degrees Fahrenheit.

Ts is determined from Table C-2 in Appendix C, given the average
annual ambient temperature, TA' in degrees Fahrenheit. True vapor

pressure is the equilibrium partial pressure exerted by a volatile
organic liquid, as defined by ASTM-D-2879 or as obtained from
standard reference texts. Reid Vapor Pressure is the absolute
vapor pressure of volatile crude oil and volatile nonviscuous
petroleum liquids, except liquified petroleum gases, as determined
by ASTM-D-323.

B. Calculating Working Losses from a Fixed Roof Tank

Working losses from fixed roof tanks can be estimated using the
following equation:

Ly, = 2.40 x 107°M, P V N Ky Ko (Wt), (29)
Where:

L” - Fixed roof working loss (1b/year)

-104~
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MV = Molecular weight of vapor in storage tank (1b/1b-mole)
(See Table 4.3-2, Appendix F).
P = True vapor pressure at bulk liquid temperature (psia)
v = Tank capacity (gal)
N = Number of turnovers per year (dimensionless)

(30)
Tank capacity, V (gal)

Equation (29) can be modified to reflect the actual conditions as they
exist in California fields. Control measures are common place in California
and should be reflected in the working loss equation. Thus, the resulting
working loss equation can be expressed as follows:

Ly = (0.00144) x P V N KcKy (CONTROL) (Wt), (31)

3. Estimating Toxic Emissi f Bulk Loadi 0 t

Toxic emissions from loading petroleum liquid can be estimated using
the following equation:

L, = 523.32 SPM (1.00 - eff.) (Wt 32
L - T ( 100)( ) (32)

Where:
LL = Loading loss (1b HC/1000 bb1. loaded)

= Saturation factor (EPA _AP-42, Table 4.4-1,
Weight fraction of the listed substance

N ~Wn
=
(o
e
-

n n

Vapor pressure, psia (See Cox Chart, Appendix B)
| = Molecular weight of condensed vapors (1b/1b-mole)
(See Table 4.3-2) g o

Loading temperature, 'R ("F + 460)

Typical efficiency (%)

99 - vapor recovery to fuel gas system

92 - vapor recovery to recovery unit

0 - uncontrolled

® —
=
i
"nou
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APPENDIX A
SAMPLE CALCULATIONS
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SAMPLE CALCULATIONS - TOXIC EMISSIONS FROM VALVES

The following example illustrates the calculation of TOG and ROG valve and

fitting emissions for Union O0il's Polvadero Lease located in Fresno County.
It has been determined that four active wells are in operation at the lease
and that the GOR is 877. This data places the lease in Lease Model #4 for

toxic emission estimation purposes.

Total ROG = (Valve Emission)gas + (Vaive Emission)oi]

(Valve Emission) (# of Active Wells) x (Emission Factor)gas

gas
(Valve Emissions)gas= (4 wells) x (4.617 1bs/day-well)

= (18.47 1bs/day) (365 days/year) (1 ton/2000 1bs)
= 3.37 tons/year

(Valve Emissions) = (# of Active Wells) x (Emission Factor)oi‘

(4 wells) (1.253 x 10™% + 3.129 x 10 %1bs/day-well)
(0.126 1bs/day) (365 days/year) (1 ton/2000 1bs)
0.02 tons/year

0il

.37 tons/year + 0.02 tons/year

Total Valve Emissions = 3
= 3.39 tons/year

Note: The weight fraction of each component is the pounds of that component
divided by the pounds of the mixture.

ASSUMPTIQON: Weight fractionbenzene in the oil/gas that passed through the
valves, Ht.1 = 0.25 (HYPOTHETICAL)

Therefore, (Toxic Emission) (0.25) (3.39 tons/year)

benzene valves

= 0.85 ton/year Benzene

L. Y.
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APPENDIX B
ANTOINE'S EQUATION CONSTANTS
AND ,
COX CHART FOR ESTIMATING VAPOR PRESSURE
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APPENDIX B-ANTOINE'S EQUATION CONSTANTS

Antoine equation correlates vapor pressure-temperature data extremely well.
Clausius-Clapeyron equation OR Cox Charts can also estimate vapor pressure.

log p* = A B - p* inmmHg ; T in %
s T3 ' ’

Substance Formula Range, C A B c
Acetaldehyde CZH40 -45 to +70 6.81089 992.0 230
Acetic Acid CZH4U2 0 to +36 7.80307 1651.2 225

+36 to +170 7.18807 1416.7 211
Acetone C3H60 — 7.02447 1161.0 224
Ammonia NH3 -83 to +60 7.55466 1002.711 247.885
Benzene CGHG " 6.90565 1211.033 220.7%0
Carbon tetrachloride CCI4 o 6.93390 1242.43 230.0
Chlorobenzene CBHBC] 0 to +42 7.10690 1500.0 224.0

+42 to +230 6.94504 1413.12 216.0
Chloroform cnc13 -30 to +150 6.90328 1163.03 227.4
Cyclohexane {.‘.6H12 -50 to +200 6.84498 1203.526 222.863
Ethyl Acetate C4H802 -20 to +150 7.09808 1238.71 2170
Ethyl alcohol CZH50H - 8.04494 1554.3 222.65
Ethylbenzene CBHIO _— 6.95719 1424.255 213.206
n-Heptane C7H16 e 6.90240 1268.115 216.900
n-Hexane C5H14 = 6.87776 1171.530 224.366
Methyl alcohol CH30H -20 to +140 7.87863 1473.11 230.0
Methyl ethyl ketone C4H80 = 6.97421 1209.6 216
n-Pentane CSH12 iy 6.85221 1064.63 232.000
Isopentane CSHIZ R, 6.78967 1020.012 233.097
Styrene CBHB — 6.92409 1420.0 206.
Toluene C7I-I8 o 6.95334 1343.943 219.377
Water HZO 0 to 60 8.10765 1750.286 235.0

60 to 150 7.96681 1668.21 228.0
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MULTIPHASE SYSTEMS

(Source:
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FIGURE 7.1-4. Cox chart vapor pressure plots. From A. S. Foust et al., Principles of Unit Operations,, Wiley, New York,

1960, p. 550.
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APPENDIX C
FACTORS FOR CRUDE OIL STORAGE TANK CALCULATIONS
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EACTORS FOR FIXED ROOF TANK CALCULATIONS

TABLE C-1 PAINT FACTOR FOR FIXED ROOF TANKS

Paint factors (Fp)

Tank color Paint condition

Roof Shell Good Poor

White White 1.00 1.15
Aluminum (specular) White 1.04 1.18
White Aluminum (specular) 1.16 1.24
Aluminum (specular) Aluminum (specular) 1.20 1.29
White Aluminum (diffuse) 1.30 1.38
Aluminum (diffuse) Aluminum (diffuse) 1.39 1.46
White Gray 1.30 1.38
Light gray Light gray 1.33 1.44
Medium gray Medium gray 1.40 1.582

% stimated from the ratios of the seven preceding paint factors.
TABLE C-2. AVERAGE STORAGE TEMPERATURE (Ts) AS

A FUNCTION OF TANK PAINT COLOR

Average

Tank Color Storage Temperature, T (°F)
White TA*’ 0

Aluminum To + 2.5

Gray TA + 3.5

Black Ty + 5.0

*TA is average ambieqt temperature in degrees farenheit.

(Compiled from: U.S. EPA, 1985,

AP-42, 4th Edition,
September).

b E- T
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TABLE C-3  VALUES OF Co FOR DIFFERENT RVYP NUMBERS

RYP Co
O<RYP<2 -6622.5
2<RVYP<3 -6439.2
RVP = 3 -6255.9
3<RVP<4 -6212.1
RVP = 4 -6169.2
4<RVP<5 -6177.9
RVP = & -6186.5
B<RVP<6 -6220.4
RYP = & -6254.3
6<RVP<7 -6182.1
RVP = 7 ~-6109.8
7<RVP<8 -6238.9
RVP = 8 -6367.9
8<RVP<9 -6477.5
RVP = 9 -6587.9
9<RVP<10 -6910.5
RVP = 10 -7234.0
10<RVP<15 -8178.0
RVP > 15 -9123.2

-114-
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JABLE C-4  CONTROL FACTORS
JANK TYPE —CONTROL FACTOR
Open top tank 1.00

(no fixed or floating roof)

Fixed roof tank with roof openings 1.00
(open vents, holes), but no vapor controls

Fixed roof tank with functional p.v. 0.90
valve on the roof, but no open vents
and no vapor controls

Fixed roof tank with internal 0.05
floating roof and p.v. valve on roof

Fixed roof tank with vapor balance 0.10
type emission control system

Fixed roof tank with compression, 0.02
refrigeration or combustion type
vapor control or recovery system

External floating roof tank 0.05
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TABLE 4.3-4. SEAL RELATED FACTORS FOR FLOATING ROOF TANKS®

Welded Tank Riveted Tank

Tank and seal type KS n KS n

External floating roof tanksb

Metallic shoe seal

Primary seal only 1.2 .5 1.:3 1:5
With shoe mounted secondary seal 0.8 142 1.4 L:2
With rim mounted secondary seal 0.2 1.0 0.2 1.6
Liquid mounted resilient seal
Primary seal only 1.1 1.0 NAS NA
With weather shield 0.8 0.9 NA NA
With rim mounted secondary seal 0.7 0.4 NA NA
Vapor mounted resilient seal
Primary seal only 1.2 2:3 NA NA
With weather shield 0.9 2.2 NA NA
With rim mounted secondary seal 0.2 2.6 NA NA
Internal floating roof tanksd
Liquid mounted resilient seal
Primary seal only " 3.0 0 NA NA
With rim mounted secondary seal 1.6 0 NA NA
Vapor mounted resilient seal
Primary seal only e 6.7 0 NA NA
With rim mounted secondary seal 2.5 0 NA NA

#Based on emissions from tank seal systems in reasonably good working
condition, no visible holes, tears, or unusually large gaps between
the seals and the tank wall. The applicability of K_ decreases in
cases where the actual gaps exceed the gaps assumed auring develop-
ment of the correlation.

Reference 5.
NA = Not Applicable.

:Reference 6.

If tank specific information is not available about the secondary
seal on an internal floating roof tank, then assume only a primary
seal is present.

9/85 Evaporation Loss Sources 4.3-17

- o e
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APPENDIX D
APPLICABLE EMISSION FACTORS FOR VARIOUS OIL AND GAS PRODUCTION OPERATIONS
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2700 “M™ Slreel, Sulle 275
Bakerstield, Calitornia 93301
Telephone: (B00) 861-3682

KERN COUNTY AIR POLLUTION CONTROL DISTRICT

WILLIAM J. RODD!
Alr Pollution Control Of

April 25, 1990

AB 2588 AIR TOXIC "HOT SPOTS"

Subject: Corrections to CARB’s AB 2588 Air Toxlcs "Hot Spots" Technical Guidance
Document Table D-1, Page 118:

The District received several questions regarding possible emission factor errors
in Table D-1 of CARB’s Technical Guidance Document for the Emission Inventory
Criteria and Guidelines Regulation for AB 2388 (Air Toxics "Hot Spots" Information
and Assessment Act of 1987). . The District consulted with CARB regarding the
possible errors, and the following corrections were noted in Table D-1, page 113
of CARB’s Technical Guidance Document:

TABLE D-1
CATEGORY EMISSION FACTORS
‘Well Cellars Same as Sump

Oil/Water Separators .s.c.cessssessssssecasses 325 lbs VOC (TOG)/MM Gallon

(Source: BAAQMD TEST RESULTS) Wastewater (uncontrolled)
(853% control efficiency
with cover)

SUMPS
Light Crude®
Primary Sumps ..vesveeescsessnsesss 0.143 lbs TOG/sq ft-day
Secondar}- LR I A N R R R N B I R B 0102 lbs TOG/Sq ft-da,\'
Tertiary vveeeeeeevsseossensssnseass 0.01 1lbs TOG/sq ft-day
Heavy Crude®
Primary Sumps ..cscencesessencansss 010459 lbs TOG/sq ft-day
Secondar}- D R I R R I R I SR B R 0.051“9 lbs TOG/Sq ft-da_\'
¥ Tertiar}. T R R R A A R CRC R R I 0.00541 lbs TOG/SQ ft-d:l.}'
pumps 4 8 8 8 8 5 8 % F RS SRS AR E SRR R 0‘004 lb TOG/well—da}'*
Compressors L I I R R BN T B BB B R O R B I 0.0? lb ToG/“‘ell-da}-*

Well Heads scisssvcescctrsscsnsssscnsonnesnes .01 1b TOG/well-day ¥


cegielsm
Highlight
Kern County Letter 


Corrections to CARB's Technical Guidelines Docurment
April 25, 1990
Page 2

Steam Drive Wells (controlled) .....evevvvvee 2.75 lbs TOG/well-day (controlled)
Steam Drive Wells (uncontrolled) ........... 275 lbs TOG/well-day (uncontrolled)
Cyclic Steam Wells (uncontrolled) ........... 3.6 lbs TOG/well-day or:

Cyclic Wells (controlled) .vevvvvveesessesses 3.315°1b TOG/vwell-day
"Pseudocyclic" wells (tertiary) ....evevvee.. 110 lb/day-well

a Extrapolated from API/Rockwell and ARB test results
b Results obtained from ARB testing between 1983 - 1986

NOTE:

1. The emission factors marked with asterisks (pumps, compressors, and well heads)

should be used for primary oil production only.

2. The District estimates that "ROG" comprises of approximately 80 X of "TOG".
Emission factors expiessed in ROG units, must be converted to TOG units prior
to using for AB 2588 purposes. The conversion is accomplished by dividing “the
ROG emission factor by 0.8, and the result will be in "TOG" units.

3. According to CARB, generally speaking, VOC can be interpreted to mean the same
as TOG.

Should you have any questions or concerns please contact Steve Arita at (805) 861-

3682,
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TABLE D-2
VALVE EMISSION FACTORS

TOG EMISSION FACTQQ ROG EMISSION FACTOR
= (1bs/day-well) x 10

MODEL #1 GAS 36250.000 14610.000
LIQUID 2.511 1.012
MIXTURE 1914.000 771.500
CONDENSATE 0.000 0.000
MODEL #2 GAS 17410.000 7018.000
LIQUID 2.484 1.001
MIXTURE 488.600 196.900
CONDENSATE 0.000 0.000
MODEL #3 GAS : 159.100 64.100
LIQUID 0.666 0.268
MIXTURE 394.800 159.100
CONDENSATE 0.000 0.000
MODEL #4 GAS 114600.000 46170.000
LIQUID 3.109 1.253
MIXTURE 776.400 312.900
CONDENSATE 0.000 0.000
MODEL #5 GAS 21220.000 8550.000
LIQUID 1.302 0.525
MIXTURE 855.300 344.700
CONDENSATE 0.000 0.000
MODEL #6 GAS 43080.000 17360.000
LIQUID 0.216 0.087
MIXTURE 613.900 247.400
CONDENSATE 0.000 0.000

MODEL #1: Number of wells on the lease is less than 10 and the GOR is less
than 500.

MODEL #2: Number of wells on the lease is between 10 and 50 and the GOR is
less than 500.

MODEL #3: Number of wells on the lease is greater than 50 and the GOR is
less than 500. _

MODEL #4: Number of wells on the lease is less than 10 and GOR is greater
than 500.

MODEL #5: Number of wells on the lease is between 10 and 50 and the GOR is
greater than 500.

MODEL #6: Number of wells on the lease is greater than 50 and the GOR is
greater than 500.

NOTE: GOR is Gas/0il ratio.
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TABLE D-1
CATEGORY EMISSION FACTORS
Well Cellars Same as sump
0i1/Water Separators 925 1bs VOC/MM Gallon
: Wastewater (uncontroiled)
(85% control efficiency
with cover)
SUMPS i
Light Crude
Primary Sumps 0.142 1bs ROG/sq ft -day
Secondary 0.019 1bs ROG/sq ft -day
Tertiary 0.009 *“ &
Heavy Crudeb
Primary Sumps 0.097 " "
Secondary 0.013 " ”
Tertiary 0.006 " "
Pumps 0.004 1b ROG/well-day
Compressors 0.07 1b ROG/well-day
Well Heads 0.01 1b ROG/well-day
Steam Drive Wells 3610 1b ROG/well-year (Controlled
Steam Drive wells (VOC) 220 1bs/well/day (Uncontrolled)
Cyclic Steam Wells (VOC) 3.6 1bs/well/day (Uncontrolled)
Cyclic Wells 1210 1b ROG/well-year (Controlled)
“Pseudocyclic” wells (Tertiary) 110 1b/day/well
a Extrapolated from API/Rockwell and ARB test results.

b Results obtained from ARB testing between 1983 - 1986.
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TABLE D-3
FITTING EMISSION FACTORS

TOG EMISSION FACTOE ROG EMISSION FACTog
. o ( Tris :

MODEL #1 GAS 21700.000 8746.000
LIQUID 827.500 333.500
MIXTURE 2916.000 1175.000
CONDENSATE 0.000 0.000
MODEL #2 GAS 14810.000 5968.000
LIQUID 0.001 0.000
MIXTURE 312.200 1258.000
CONDENSATE 0.000 0.000
MODEL #3 GAS 426.600 171.900
LIQUID 24.860 10.020
MIXTURE 1271.000 512.200
CONDENSATE 0.102 0.410
MODEL #4 GAS 52180.000 21030.000
LIQUID 0.002 0.001
MIXTURE 2354.000 948.600
CONDENSATE 0.000 0.000
MODEL #5 GAS 44830.000 18090.000
LIQUID 74.320 29.950
MIXTURE 4727.000 1905.000
CONDENSATE 0.000 0.000
MODEL #6 GAS 63670.000 25660.000
LIQUID 0.000 0.000
MIXTURE 294.500 118.700
CONDENSATE 0.621 0.250

MODEL #1: Number of wells on the lease is less than 10 and the GOR is less
than 500.

MODEL #2: Number of wells on the lease is between 10 and 50 and the GOR is
less than 500.

MODEL #3: Number of wells on the lease is greater than 50 and GOR is less
than 500.

MODEL #4: Number of wells on the lease is less than 10 and the GOR is
greater than 500.

MODEL #5: Number of wells on the lease is between 10 and 50 and the GOR is
greater than 500.

MODEL #6: Number of wells on the lease is greater than 50 and the GOR is
greater than 500. )
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TABLE 4.3-1. PAINT FACTORS FOR FIXED ROOF TANKS®

Paint factors (FP]

Tank color Paint condition

Roof Shell Good Poor
White White 1.00 1..15
Aluminum (specular) White 1.04 1.18
White Aluminum (specular) 1.16 1.24
Aluminum (specular) Aluminum (specular) 1.20 1.29
White Aluminum (diffuse) 1.30 1.38
Aluminum (diffuse) Aluminum (diffuse) 1.39 1.46
White Gray ' 1.30 1.38

Light gray Light gray 1.33 164"

Medium gray Medium gray 1.40 1.58b

2Reference 2.
Estimated from the ratios of the seven preceding paint factors.

1.0 /[,z*‘ﬁ"ﬂ

0.6 7

0.4

ADJUSTMENT FACTOR, C
N

TANK DIAMETER, ft

Figure 4.3-4. Adjustment factor (C) for small diameter tanks.?
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TABLE 4.3-5. AVERAGE CLINGAGE FACTORS (C) (bbl/1,000 ££2)?

Shell condition

Liquid Light rustb Dense rust Gunite lined
Gasoline 0.0015 0.0075 0.15
Single component 0.0015 0.0075 0.15

stocks
Crude oil 0.0060 0.030 0.60

:Reference 5. -
If no specific information is available, these values can be assumed
to represent the most common condition of tanks currently in use.

TABLE 4.3-6. TYPICAL NUMBER OF COLUMNS AS A
FUNCTION OF TANK DIAMETER FOR INTERNAL FLOATING
ROOF TANKS WITH COLUMN SUPPORTED FIXED ROOFS?

Tank diameter range Typical number

D (ft) of columns, NC
0<Ds 8 1
85 <D s 100 &
100 < D § 120 7
120 < D £ 135 8
135 < D 5. 150 9
150 < D s 170 16
170 < D = 190 19
190 < D § 220 22
220 < D § 235 31
235 < D s 270 37
270 < D § 275 43
275 < D § 290 49
290 < D s 330 61
330 < D s 360 71
360 < D § 400 81

3Reference 1. This table was derived from a survey
of users and manufacturers. The actual number of
columns in a particular tank may vary greatly with
age, fixed roof style, loading specificatioms,
and manufacturing perogatives. Data in this table
should not supersede information on actual tanks.

4.3-20 EMISSION FACTORS 9/85
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TABLE 4.3-2. PHYSICAL PROPERTIES OF TYPICAL URGANIC LIQUIDS”

Condensed
Vapor Product vapor
molecular density (d), density (w), True . ! ¥
b veight lb/gal 1b/gal — PTiC Vapor pressure I pala av:
Organic liquid @ 60°F @ 60°F @ 60°F 4O°F 50°F 60°F 10°F 80°F 90°F 100°F
Petroleum Liquids®
Gasoline RVP 13 62 5.6 4.9 4.1 51 6.9 8.1 9.9 17 13 8
Gasoline RVP 10 66 5.6 5.1 1.4 4.2 5.2 6.2 1.4 8.8 10.5
Gascline RVP 7 68 5.6 5.2 2.3 2.9 3.5 4.3 5.2 6.2 14
Crude oil RVP 5 50 1.1 4.5 1.8 2.3 2.8 3.4 4.0 4.8 o |
Jet naphtha (JP-4) 80 6.4 5.4 0.8 1.0 1.3 1.6 1.9 2.4 2.1
Jet kerosene 130 1.0 6.1 0.0041 0.0060 0.00BS 0.011 0.015 0.021 0.029
Distillate fuel no. 2 130 1.1 6.1 0.0031 0.0045 0.0074 0.0090 0.012 0.016 0.022
Resldual oil no. 6 190 1.9 6.4 0.00002 0.00003 0.00004 0.00006 0.00009 0.00013 0.00019
Volatile Organic Liquide

Acetone 58 6.6 6.6 1.7 2.2 2.9 il 4.1 5.9 1.}
Acxylonitrile 53 6.8 6.8 0.8 1.0 1.4 1.8 2.4 3:1 4.0
Benzene 18 1.4 1.4 0.6 0.9 1.2 1.5 2.0 2.6 3.3
Carbon disulfide 16 10.6 10.6 3.0 1.9 4.8 6.0 1.4 9.2 2
Carbon tetrachloride 154 13.4 13.4 0.8 1.1 1.4 1.8 2.3 1.0 1.8
Chloroform 119 12.5 12.5 1.5 1.9 2.5 3.2 4.1 52 6.3
Cyclohexane 84 6.5 6.5 0.7 0.9 1.2 1.6 2.1 2.6 3.2
1,2-Dichloroethane 99 10.5 10.5 0.6 0.8 1.0 1.4 1.7 2.2 2.8
Ethylacetate a8 1.6 1.6 0.6 0.8 1.1 1.5 1.9 2.5 3.2
Ethy! alcohol 46 6.6 6.6 0.2 0.4 0.6 0.9 1.2 11 2.3
Isopropyl alcohol 60 6.6 6.6 0.2 0.3 0.6 0.7 0.9 1.3 1.8
Hethyl alcohol 32 6.6 6.6 0.7 1.0 1.4 2.0 2.6 3.5 4.5
Hethylene chloride 85 11.1 1.1 3.1 4.3 5.4 6.8 B.7 10.3 13.3
Hethylethyl ketone 12 6.7 6.7 0.7 0.9 1.2 1.5 2.1 2.7 3.3
Methylmethacrylate 100 1.9 7.9 0.1 0.2 0.3 0.6 0.8 1.1 1.4
1,1,1-Trichloroethane 133 11.2 11.2 0.9 1.2 1.6 2.0 2.6 3.3 4.2
Trichloroethylene 131 12.3 12.3 0.5 0.7 0.9 1.5 2.0 2.0
Toluene 92 1.3 1.3 0.2 0.2 0.3 0.4 0.6 0.8 1.0
Vinylacetate 86 7.8 1.8 0.7 1.0 1.8 1.7 2:2 3.1 4.0

SReferences 3-4.
rfor 8 more comprehensive listing of volatile organic liquids, see Reference 3.
RVP = Reld vapor pressure in psia.
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Figure &4.3-5.
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of crude oils
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IN THE ABSENCE OF DISTILLATION DATA
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Figure 4.3-0.
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The saturation factor, S, represents the expelled vapor's fractional approach
to saturation, and it accounts for the variations observed in emission rates
from the different unloading and loading methods. Table 4.4-1 lists suggested
gaturation factors.

TABLE 4.4-1. SATURATION (S) FACTORS FOR CALCULATING
PETROLEUM LIQUID LOADING LOSSES

Cargo carrier Mode of operation S factor

Tank trucks and
rail tank cars Submerged loading of a clean
cargo tank 0.50

Submerged loading: dedicated
normal service 0.60

Submerged loading: dedicated
vapotr balance service 1.00

Splash loading of a clean
cargo tank 1.45

Splash loading: dedicated
normal service 1.45

Splash loading: dedicated

vaper balance service 1.00
Marine vessels3d Submerged loading: ships 0.2
Submerged loading: barges 0.5

aFor products other than gasoline and crude oil. Use factors
from Table 4.4-2 for marine loading of gasoline. Use Equations
2 and 3 and Table 4.4-~3 for marine loading of crude oil.

Emissions from controlled loading operations can be calculated by multi-
plying the uncontrolled emission rate calculated in Equation 1 by the control

efficiency term:

(1 - eff
100 / -

Measures to reduce loading emissions include selection of altermate
loading methods and application of vapor recovery equipment. The latter
captures organic vapors displaced during loading operations and recovers

4.4=6 EMISSION FACTORS 9/85
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TABLE 4.4-2. VOLATILE ORGANIC COMPOUND EMISSION FACTORS FOR
GASOLINE LOADING OPERATIONS AT MARINE TERMINALS?®

Total organic l!&.iidn factors

Vessel Ships/ocean barges® llrgclb

cank Previous ag/liter 1b/10? gal mg/liter 15/107 gal
condition cargo transferred transferred transferred ctransferred
Uncleaned Volacile® 3ils 2.6 465 3.9
Ballasced Volatile 205 | 6% d d
Cleaned Volatile 180 1% e e
Gas~freed Volatile 85 0.7 e e
Any con=

dicion Nonvolatile 85 0.7 e e
Gas~freed Any cargo e e 245 2:0
Typlical

overall

situationf Any cargo 215 1.8 410 1.4

8peferences 2, 8. Factors represent nonmechane-nonethane VOC emissions because
methane and echane have been found Lo constitute a negligible weight fraction of
the evaporative emissions from gasoline.
bocean barges (rtank compartment depth about 40 feet) exhibit emission levels similar
to tank ships. Shallow draft barges (comparctment depth 10 to 12 feet) exhibic
higher emission levels.
CVolatile cargoes are those with a true vapor pressure greater than 1.5 psia.
Barges are not usually ballasced.

€Unavailable.
fpased on observation that 41% of tescted ship compartments were uncleaned, 11Z
ballasted, 24 cleaned, and 241 gas-freed. For barges, 76Z were uncleaned.

TABLE 4.4-3. AVERAGE ARRIVAL EMISSION FACTORS, Ca, FOR CRUDE
OIL LOADING EMISSION EQUATION®

Ship/ocean barge Previous Arrival emission
tank condition cargo factor, 1b/103 gal
Uncl eaned Volatileb 0.86
Ballasted Volatile 0.46
Cleaned or
gas-freed Volatile 0.33
Any condition Nonvolatile 0.33

8Arrival emission factors (CA) to be added to generated emission

factors calculated in Equation 3 to produce total crude oil
loading loss. These factors represent total organic compounds;
nonmethane-nonethane VOC emission factors average about 15% lower.

byolatile cargoes are those with a true vapor pressure greater

9/85

than 1.5 psia.

Evaporation Loss Sources

4.4-9



TABLE A-4.

AVERAGE ANNUAL AMBIENT TEMPERATURE

U.S. LOCATIONS

PAGE 44

(Tas °F) FOR SELECTED

Birmingnam, Ala. 62.0 Stockton, Calit, 61.6
Huntsville, Ala, 60.6 Alascsa, Colo, 41,2
Mobile, Ala. 67.5 Colorado Springs, Cola. 43.9
Montgomery, Ala. 64.9 Denver, Coio. 50.3
Anchorage, Alaska 35.3 Grand Junction, Cole. 2.7
Annette, Alaska 45.4 Pueblo, Cale. 52.8
Barrow, Alaska 9.1 Bridgeport, Conn, 51.8
Barter Island, Alaska 9.6 Hartford, Conn. 49.8
Bethel, Alaska 28.4 Wilmington, Del. 54.0
Bettles, Alaska 21.2 Wash., D.C.-Oulles Airport $3.9
Big Deita, Alaska 27.4 Wash. D.C.-Nationail Airport 57.5
Cold Bay, Alaska 37.9 Apalachicola, Fla. 68.2
Fairbanks, Alaska 23.9 Daytona Beach, Fla 70.3
Gulkana, Ailaska 26.5 Fort Myers, Fla. 3.0 .
Homer, Alaska 36.6 Gainsville, Fla. 68.6..
Juneau, Alaska 40.0 Jacksonville, Fla, £8.0
King Saimon, Alaska 32.8 Key West, Fla. 77.7
Kodiak, Alaska 40.7 Miami, Fla, 75.7
Kotzebue, Alasks 20.9 Oriancdo, Fla, 72.4
McGrath, Alaska 25.0 Pensacola, Fla. 68.0
Nome, Alaska 25.5 Tallahassee, Fla. 67.2
St. Paul Island, Alaska 34.3 Tempa, Fla. 72.0
Talkeetna, Alaska 32.6 Verv Beach, Fla. 72.4
Unalakleet, Alaska 26.4 West Palm Beach, Fla. 74.6
Valdez, Alaska 38.3 Athens, Ga. 61.4
Yakutat, Alaska 38.8 Aflsnta, Ga. 61.2
Flagstaff, Ariz. 45.4 Augusta, Ga. 63.2
Phoenix, Ariz. 71.2 Columbus, Ga. 64.3
Tucson, Ariz. 68.0 Macon, Ga. 64.7
Winsiow, Ariz, 54.9 Savannah, Ga. 65.9
Yuma, Ariz. 73.8 Hilo, Hawaii 73.68
Fort Saith, Ariz. 60.8 Honolulu, Hawaii 77.0
Little Roek, Ark. 61.9 Kahului, Hawaii 75.5
North Little Rock, Ark. 61.7 Lihua, Hawaii 7%.2
Bakersfield, Calif, 65.5 Boise, |daho 51.1
Bishop, Callif. $6.0 Lewiston, |daho 2.1
Blue Canyon, Calif. 50.4 Pocatello, |daho 46.6
Eureka, Calif. 52.0 Cairo, I11, $9.1
Fresno, Calif, 62.6 Q'Hare Airport, Chicago, 111, 49.2
Long Beach, Calif. 63.9 Molline, 111, 49.5
Los Angeles, Callif.— 62.6 Peoria, 11, 50.4
International Airport Rockford, 111, 47 .8
Los Angeles, Calif. 65.3 Springfield, 11, 52.
Mount Shasta, Calif. 49.5 Evanville, Ind, 55.7
Red Bluff, Calif, 62.9 Fort Wayne, Ind. 49.7
Sacramento, Calif. 60.6
indianapolis, Ind, s2.1
Ssn Diego, Calif. 63.8 South Bend, ind. 49.4
San Francisco, Calif,-— 56.6 Des Moines, lowa 49.7
International Airport Dubuque, lowa 46.3
San Francisco, Calif.~—City 56.8 Sioux City, icwa 48.4
Santa Barbsra, Calif. 58.9 '
Santa Maria, Calif. 56.8 Waterioco, lowa 46,1
Concordia, Kans. 53.2
Dodge City, Kans, 55.1
Goodland, Kans. 50.7
Topeka, Kans, 54.1
{conTinuad)

TAO0D -

P oubidomabdo e Rday PRecl o e



PAGE 45

TABLE A-6. AVERAGE ANNUAL WIND SPEED (v, mi/h) FOR SELECTED U.S.

LOCATIONS

Birmingham, Ala.
Huntsville, Ala.
Mobile, Ala.

, Ala,
Anchorage, Alaska

Annette, Alaska
Barrow, Alaska
Barter Alaska

Bethel, Alaska
Betties, Alaska

Big Deita, Alaska
Gold Bay, Alaska
Fairbanks, Alaska
Guikana, Alaska
Homer, Alaska

Juneau, Alaska
King Saimon, Alaska
Kodiak, Alaska
Kotzebue, Alaska
MeGrath, Alaska

Nome, Alaska

St. Paul Island, Alaska
Talkeatna, Alaska
Valdex, Alaska

Yaskutat, Alaska

Flagstaftf, Ariz.
Phoenix, Ariz.
Tueson, Arilz.
Winglow, Ariz.
Yuma, Ariz.

Fort Saith, Ark.
Littie Rock, Ark.
Bakersfield, Calif.
Blue Canyon, Calif,
Eureka, Calit.

Freano, Callif,

Long Beach, Calif.

Los Angeles, Calif.—
International Airport

Los Angeles, Calif.

Mount Shasta, Callf.

Oskland, Callit.

Red Bluff, Calif,

Sacramsento, Callif.

San Diego, Callif.

San Francisco, Calif.—
internationail Airport

Sen Francisco, Callf.—City
Santa Marias, Calif.
Stockton, Callf,

Colorado Springs, Cole.
Danver, Colo.
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Grana JuneTtion, Calo.

Puebio, Colo.

BrldgeporT, Conn, 1
Harttord, Conn.

Wiilmington, Del.

. & 9
MNWMD -~ —

Wash., D.C.-Oulles Airport
Wash. D.C.-National Airport
Apalachicola, Fla,

Daytona Beach, Fla.

Fort+ Myers, Fla,

N OWWn

Jacksonville, Fla.
Key West, Fla,
Miami, Fla.
Oriando, Fla.
Pensacola, Fla.

® om0 — o
-

~auolL 20NN

Tallahasses, Fla,
Tampa, Fla.

Wast Palm Beach, Fla.
Athens, Ga.

AtlanTa, Ga.

e+ + @

Augueta, Ga.
Columbus, Ga.
Macon, Ga.

Savannan, Ga.
Hila, Hawaii
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Honolulu, Hawaii
Kahului, Hawaii
Lihua, Hawaii
Bolse, |daho
Pocatello, |daho

Cairo, 111,
Chicago, I11.
Molina, 111,
Peoria, i1,
Rocktford, (11,
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Seringfield, 111,
Evansvilie, ind.
Fort '“n.' Ind.
Indianapolis, Ind.
South Bend, Ind. 10.4

Des Moines, lowa 10.9
Sloux City, lowa 11.0
Waterioco, lowa 10.7
Concordlia, Kans. 12.3
Dodge Clty, Kans. 13.9

Goodland, Kans, 12.6
Topeka, Kans. 10.2
Wiehita, Kans. 12.4
Cincinnati, Ky.=—Airport 9.1
Jackson, Ky.

7.0

Lexingron, Ky, 9.5
Louisville, Ky, 8.3
7.7

8.7

8.2

—
Vo
« s e
[

Baton Rouge, La.
Lake Charies, La,
New Orleans, La.
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OIL REFINERY
EMISSION ESTIMATION TECHNIQUE (EET)

I. INTRODUCTION

This document is an Emission Estimation Technique developed by the Air
Resources Board staff in accordance with the Air Toxic "Hot Spots"
Information and Assessment Act of 1987 (the Act). Specifically this report
describes the processes used at an oil refinery that result in the emission
of air toxic substances listed pursuant to the Act. This report specifies
the methods a facility operator would use to calculate resulting emissions
of the Tisted substances.

This EET focuses on the listed substance benzene, but the information
provided in this report can be used to estimate emissions of other listed
substances at an oil refinery such as toluene and xylene. Other listed
substances possibly emitted during refinery operations include:
formaldehyde, chromium, ethylene dichloride, ammonia, nickel, hydrogen
sulfide and others.

Benzene is a volatile, aromatic, unsaturated hydrocarbon occurring
naturally in crude oil. Benzene is formed during gasoline production, and
is emitted as a by-product when petroleum is refined. Benzene is the focus
of this EET because it is a known human carcinogen. It remains stable in
ambient air, and its emissions are widespread.

II. PROCESS DESCRIPTION OF OIL REFINERIES

An oil refinery is an integrated system of pumps, valves, cooling
towers, process heaters, storage tanks, and other equipment and operations.
Four major operations characterize refinery processes: separation, blending,
treating, and conversion. Emissions of listed substances are possible from
most of the equipment and at most of the stages in the operations.

This document focuses primarily on oil refineries that handle LPG,
gasoline, or other highly volatile products with high process pressures and
temperatures. These refineries will have a higher hydrocarbon emission rate
than refineries that handle less volatile products. Other important factors
affecting refinery emissions include crude oil capacity, fuel type, air .
pollution control measures in effect, general level of maintenance and good
housekeeping in the refinery, and the processing scheme(s) employed. In
addition, the vapor pressure of the crude oil itself may affect emissions of
listed substances.

-132-
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During the treating operation, catalyst regeneration and air agitation
in mixing tanks are potential sources of listed substances. Trace
quantities of malodorous substances may escape from numerous sources
throughout the treatment area including settling tank vents, surge tanks,
water treatment units, waste water drains, valves and pump seals. These
substances may include hydrogen sulfide and mercaptans.

III. SOURCES OF POTENTIAL EMISSIONS

Assessing potential sources of toxic emissions in a modern oil refinery
is difficult for a number of reasons: the unique nature of any refinery, the
complexity of the refining process, the variety of emissions, the large
number and the wide distribution of possible sources, the inaccessibility of
some sources, and the difficulties in identifying some emissions. 1In
addition, measuring emissions, in particular fugitive emissions, requires
specialized technology.

The possible sources of emissions in a refinery range from stacks on
combustion units (confined or ducted sources) to pipeline flanges and valves
(fugitive emission sources). The following provides an assessment of
possible sources.

Emissions From Cracking Operations

Cracking operations are significant sources of emissions because
the by-product, coke, must be removed. Deposits on the catalyst
or in the reactor tubes occurring during operations may contain
sulfur and other impurities. Deposits are usually removed by a
controlled combustion process with a resulting discharge of
combustion gases including catalyst fines, unburned hydrocarbons,
sulfur oxides, carbon monoxide, ammonia, and nitrogen oxides.

Emissions From Process Heaters and Boilers

Many processes in refineries necessitate high pressure steam or
elevated temperatures. Various boilers and process heaters may
be used, although conventional boilers are generally used.
Heaters are usually the box-type cylinder although they may be
unique. The fuel used varies, including refined or natural gas,
heavy fuel oil, or combinations.

Emissions From Storage Tanks

Tanks used to store crude oil and other petroleum distillates are
a possible source of emissions. Several factors may affect
emissions such as changes in diurnal temperatures, filling
operations, and volatilization.
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Hydrocarbon (Fugitive) Emissions From Valves and Flanges

An oil refinery has numerous valves and flanges, which are
potential sources of fugitive emissions. Under the influence of
heat, pressure, vibration, friction, and corrosion, valves and
flanges may develop leaks. Leaks may be liquid, vapor, or both.
Although individual leaks may be small, the cumulative amount can
be high.

Hydrocarbon (Fugitive) Emissions From Pumps and Compressors

Pumps and compressors can leak product at the contact between the
moving shaft and stationary casing. (Packing and mechanical
seals are almost universally used to retard leakage.) Pumps and
compressors can contribute significantly to fugitive emissions.

Emissions From Cooling Towers

Refineries use large quantities of water for cooling purposes.
Before the water can be reused, the heat absorbed must be
removed. The heat is usually removed by passing the water
through a series of decks and slat-type grids in a cooling tower.
Some of the water evaporates, removing sensible heat. However,
the water may contain particles or aerosols of listed substances
that can escape to the atmosphere.

Emissions From Wastewater Separators and Process Drains

Some equipment and a number of refinery operations may allow
hydrocarbons to reach drains and wastewater. For example,
sampling operations, leaks in process equipment, and actual
spills may occur. In addition, the water reaching the drains may
already be contaminated from various operations and processes.

As the hydrocarbon-water mixture reaches the drains, hydrocarbons
may evaporate and escape into the atmosphere.

NOTE:

Flares: Flares are probably the largest unknown sources of emissions
of listed toxic substances. Flares have high potential for toxic emissions
because of their vast usage throughout the refinery, their large flowrates
and obvious efficiency swings. Although little information is available at
this time, research is underway to find appropriate methods to estimate
flare emissions.

FE. 1
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IV. CONTROL DEVICES

An emission control device may greatly reduce air pollutants leaving
the device relative to those entering the device. Any one of the following
possibilities, or combinations of them, exist when an air pollutant enters a
control device. The pollutant may be transferred from the air stream to
another medium, be modified to a less toxic state, destroyed through
combustion and/or dissociation, or it may pass through untreated. When a
pollutant is transferred into another medium, the medium is a potential
source of emissions. If the medium has any air emissions while located
anywhere on the facility site, the emissions must be accounted for.

Emission estimates must take into account the effect of the control
device(s) used. Usually the efficiency of the control device must be known.
The data used should reflect the efficiency achieved during typical day-to-
day operations, not the the theoretical optimum efficiency. The control
efficiency used in estimating emissions of each listed substance must be
justified by the facility operator and the justification must be cited.

Controlling emissions of toxic listed substances can be accomplished by
changing processes, installing control equipment, improving housekeeping as
well as maintaining equipment. Some combination of these is often the most
effective solution. A brief description of some applicable control
equipment follows.

Air pollution control equipment for oil refinery operation includes
combustion devices such as thermal or catalytic incinerators, or flares.
These devices reduce emissions of combustible organic substances by
destroying organic matter through oxidation; other substances in the mixture
are then emitted as oxides or acid gases.

A. Combustion Devices

1. Thermal incinerators rely on high temperature, sufficient pollutant
residence time, and adequate turbulence to ensure high destructive
efficiencies.

2. Catalytic incinerators operate at somewhat lower temperature as a
catalyst promotes the oxidation. Most volatile organic compounds are

rapidly destroyed at temperatures over 1400 OF; some volatile organic
compounds, however (for example halogenated hydrocarbons), require higher
temperatures.

Several other devices can be used to control emissions of listed
substances including the following.
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B. Wet Scrubbers

Wet scrubbers are used to collect organic and inorganic matter and
reactive gases. These scrubbers often use water as their medium, and have
the potential to create toxic emissions in the liquid medium.

C. Eloating Roof Tank

This type of tank consists of a cylindrical steel shell, equipped with
a roof which floats on the surface of the stored liquid, rising and falling
with the liquid level. The floating roof and the seal system help reduce
evaporation loss of the stored liquid.

D. VYapor Recovery Systems

The vapor recovery system collects emissions from storage vessels and
converts them to liquid product. Several vapor recovery procedures may be
used, including vapor/liquid absorption, vapor compression, vapor cooling,
vapor/solid adsorption, or a combination of these. The overall control
efficiencies of vapor recovery systems are as high as 90 to 98 percent,
depending on the method used, the design of the unit, the composition of
vapors recovered, and the mechanical condition of the system.

V. EMISSION ESTIMATES

Source testing is the preferred method of accurately determining toxic
emissions of listed substances when testing is feasible and when approved,
reliable methods exist. Source testing is required by the Emission
Inventory Criteria and Guideline Regulations for some refinery operations.
However, when source testing is not required, several methods are available
for quantify1ng toxic air emissions: mass balance, emission factors,
engineering calculations, ‘and hybrids of mass balance and emission factors.
An emission estimate for a listed toxic substance may invoive the use of
more than one of these methods. Additionally, the estimate must account for
the control device(s) used.

Applicable emission factors, valid estimates of control effectiveness
and percentage (allowable) adjustments for inspection and maintenance
programs are subject to district approval.

A. Bn;knLgund_InI9nmn1i9n_9n_Raintminn_nnd_écnmniisg

As noted in Section III, this document focuses on the toxic emissions
in an oil refinery, typified by the aromatic hydrocarbon, benzene. Benzene
can be derived from hydrodealkylation of toluene, transalkylation of toluene
by disproportionate reaction, and catalytic reforming of petroleum:
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n-Paraffin <======> Alkylcyclohexanes <======> Aromatics.

Most of these reactions are reversible, indicating the importance of
reaction equilibrium.

The octane rating of the various classes of reformer feeds is in the
order of:

Aromatics > Cycloparaffins > Isoparaffins > n-Paraffins.

Thus gasoline refiners and BTX producers need to increase the proportion of
aromatics to produce high octane gasoline.

Currently there is little specific information on benzene so that it
becomes necessary to rely on information gathered from literature searches
and emission factors published by credible study groups to estimate
emissions from various refinery sources.

B. Equations
1. Fugitive Emissions of Toxic Substances from Refinery Operations

Fugitive emissions are those emissions not released through a stack,
chimney, vent, or other confined vent stream. These emissions include
process leaks and evaporation from open processes and spills. Whenever
possible, fugitive emissions should be calculated by the use of data
available from direct measurement. Fugitive emissions, however, often have
to be estimated by the use of emission factors or engineering calculations
because they are too diffuse or dilute to be measured directly, or they are
too small relative to the amounts of material processed to permit the use of
a mass balance. This is particularly true of toxic air pollutants at an oil
refinery.

Various emission factors (See Appendix D, Tables D-1, D-2, D-3 and D-4)
are available to estimate emissions from leaks in process streams carrying
hydrocarbon vapors, light liquids (lighter than diesel or more volatile than

kerosene, that is, a vapor pressure greater than 0.1 psia at 100°F), or
heavy liquids (equal to or less volatile than kerosene). These factors can
also be used to estimate fugitive emissions in other industries that process
hydrocarbon streams.

Fugitive Emission Estimation Method For a Specific Stream Containing a
|i§tﬁd Sllhitiﬂiﬂ ne'
The concentration of "A" material in the liquid phase (in

"the pipe") is equal to the toxic concentration in the vapor emitted to
the air.
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Toxic Emission Rate = (Equipment count) x (AP-42 emission factor for
the device handling the toxic substance) x
(Stream “A" material concentration)

NOTE:

(Stream "A" material concentration or the weight fraction of a specific
substance in a vapor can be obtained from laboratory analysis of all in-
coming crude or feed. The weight fraction (Nti) of each specific substance

is the pounds of that substance divided by the total pounds of the mixture.
The weight fractions of a vapor are needed to calculate the amount (in
pounds) of each component emitted from a tank.)

A common approach to calculating the concentration of a substance in
the vapor phase over a liquid is to determine its partial pressure. The
partial pressure of a compound divided by the total pressure of the gas
stream is equal to the mole fraction of the compound in the stream. The
weight fractions are related to the mole fractions.

Ligquids

The following emission estimation techniques for organic liquid storage
tanks were derived from equations in section 4.3 of "Compilation of Air
Pollutant Emission Factors: Volume 1 Stationary Point and Area Sources",
AP-42 (4th Edition, September, 1985). The equations in AP-42 estimate total
VOC emissions from storage tanks. These.equations can be modified to
estimate chemical-specific emissions directly. The correlations in this
emission estimation techniques reflect these modifications.
NOTE:

(The following equations demonstrate calculation of annual emissions.
The final document will also demonstrate calculation of hourly emissions.)

2. Estimation of Toxic Emissions from Floating Roof Tanks

The total loss from external floating roof tanks can be estimated from
the following equations:

N ®
Ls = Kg V' P DM, K Ep (W) (2)
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p = P/Pa (3)
[1+ (1-p/Pa)®5 12
Where:
Ly = Total loss (1bs/yr)
Ls = Standing storage loss (1bs/yr)
Ly = Withdrawal loss (Tbs/yr)

S = Seal factor (lb-mole/(ft(mile/hr)Nyr)).
= Average wind speed at tank site (mile/hr).
= Liquid-phase mole fraction of listed substance i, in

K
v
X
the stock being stored, (1b-mole i/1b-mole stock).
N = Seal related wind speed exponent (dimensionless).
P
D
P

* = Vapor pressure function (dimensionless).
= Tank diameter (feet)

= True vapor pressure at average actual organic liquid
storage temperature (psia)

a = Average atmospheric pressure at tank location (pﬁia)
MV = Average molecular weight (1b/1b-mole)
C = Product factof (dimensionless).

EF = Secondary seal factor.
Tg = Organic liquid storage temperature (°F)

NOTES:

(a) If average actual organic liquid storage temperature,
TS’ is unknown, the average storage temperature can

be sstimated from the average ambient temperature
TA( F). This information, TA' is available from the
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local weather service data, and needs to be adjusted
by the tank paint color factor.

(b) A typical value of 64 1b/1b-mole can be assumed for
the molecular weight of gasoline vapor, and a value
of 50 1b/1b-mole can be assumed for United States
midcontinental crude oils.

(c) For all other organic liquids : Ke = 1.0
For crude oil: Kc = 0.4
(d) For petroleum liquid storage with any seal system: EF = 1.0

For volatile organic liquid storage with a primary only seal
system:

EF = 1.0
With a primary/secondary seal system : EF = .07 to 0.45
( A value of 0.25 is recommended for tanks and seals in good

condition.) Standing storage loss emissions from internal floating roof
tanks was estimated using Equation 2.

Where:
KS = 0.7 for all seal systems
N = 0.4 for all seal systems
KC = 0.4 for crude oil
Kc = 1.0 for all other organic liquids
EF = 1.0 for primary only seal systems
EF = 0.07 - 0.45 for primary/secondary seal systems (A value of

0.25 is recommended for tanks and seals in good condition.)

The withdrawal loss from external floating roof and internal floating
roof tanks can be estimated using Equation 4. -

0.943) QC.W
(0:-943) REeMy &

L =
W D

(LE) T Gt @)
D)
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Where:
Ly = withdrawal loss (1b/yr)

Q = throughput (bbl/year) (tank capacity [bb1] times annual
turnover rate)

c = shell clingage factor (bb1/1,000 ftZ) see table
HL = average organic liquid density (1b/gal)
D = tank diameter (ft)

=
]

number of columns (dimensionless)
F = effective column diameter (ft) [ column perimeter (ft)/pi ]
Notes: (1) If W 1is unknown, an average value of 5.6 1b/gallon can be

assumed for gasoline. An average value cannot be assumed for
crude oil, since densities are highly variable.

(2) The constant, 0.943, has dimensions of (1,000 ft3 x gal/bb1?).

(3) For self-supporting fixed roof or an external floating roof
tank :

N = 0.
For column supported fixed roof :

N = use tank specific information
(4) Use tank effective column diameter; or
F = 1.1 for 9 inch by 7 inch built-up columns, 0.7

for 8 inch diameter pipe columns, and 1.0 if
column construction details are not known

3. Estimation of Toxic Emissions from Fixed Roof Tanks
A. Calculating Breathing Loss from a Fixed Roof Tank

The total hydrocarbon loss from a fixed roof tank is the sum of

L H multiplied by operational percentage vapor recovery factor for the
s stem used.

L . [
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If the tank is vented to a vapor recovery system, multiply equation (5)
by 0.05. If vented to thermal oxidizer, multiply equation (5) by 0.01 .

.68, 11.73, ,0.51_ ,-0.5 |
lg = 0.0226 x M, (Fgg-p_)D S pheldy W0eBhe ar®00y FocictnE) (B)

The tank diameter factor (C) is calculated using the equation below:

C = 0.0771 x D - 0.0013 x D? - 0.1334 (7)

If this tank were located underground, then the breathing losses could
be assumed to be negligible because the diurnal temperature change, AT,
would be close to zero .

e “B L By ¥ Mg LBl ) e M P (e
t Ft Py
And Pt’ by Raoult's law is:
Pt = Paxa - Pbxb ..... - ann (9)
Where:
Ly = Total Toss (1b/yr)

Lg = Breathing loss (lblyr)

MV = Molecular weight of vapor in storage tank, 1b/1b-mole
PA = Average atmospheric pressure at tank location, psia

P = True vapor pressure at bulk liquid conditions, psia
Pt = True vapor pressure (psia)

X; = Liquid-phase mole fraction of the listed substance

D = Tank diameter, ft

H = Average vapor space height, including roof volume correction,
ft

AT = Average ambient diurnal temperature change, F°
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FP = Paint factor, dimensionless (See Appendix C, Table C-1)

C = Adjustment factor for small diameter tanks, dimensionless
(See Appendix F, figure 4.3-4)

Kc = Product factor, dimensionless
= Molecular weight of pure component, a

b ® Molecular weight of pure component, b

M
M
P. = Vapor pressure of pure component, a
P, = Vapor pressure of pure component, b
X. = Mole fraction of component, a

X

b = Mole fraction of component, b

NOTES

(A11 tables and figures referenced/l1isted below can be found in
EPA AP-42, Section 4.3, Fourth Edition, September 1985.)

(1) The molecular weight of the vapor, MV’ can be determined from
table 4.3-2 (See Appendix E) for selected petroleum liquids and volatile
organic liquids or by analysis of vapor samples. Where mixtures of organic
liquids are stored in a tank, Mv can be estimated from the liquid

composition using equation (8).
(2) For crude oil, KC = 0.65. For all other organic liquids, Kc = 1.0 .

(3) The vapor space in a cone roof is equal in volume to a cylinder,
which has the same base diameter as the cone and is one third the height of

the cone. If information is not available, assume H equals one half tank
height. :

(4) True vapor pressures for organic liquids can be determined from
figures 4.3-5 or 4.3-6 (See Appendix F), or table 4.3-2 (See Appendix E).
In order to use figures 4.3-5 or 4.3-6, the stored liquid temperature, TS'
must be determined in degrees Fahrenheit. TS is determined from Table C-2 in

Appendix C, given the average annual ambient temperature, TA' in degrees

- TAD
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Fahrenheit. True vapor pressure is the equilibrium partial pressure exerted
by a volatile organic liquid, as defined by ASTM-D-2879 or as obtained from
standard reference texts. Reid Vapor Pressure is the absolute vapor
pressure of volatile crude oil and volatile nonviscous petroleum liquids,
except liquified petroleum gases, as determined by ASTM-D-323.

B. Estimating Working Losses from Fixed Roof Tanks

Working losses from fixed roof tanks can be estimated using the
following equation:

L, = 2.40 x 107°M, P V N Ky K (Wt,) (10)
Where:
Ly = Fixed roof working loss (1b/year)
My = Molecular weight of vapor in storage tank (1b/1b-mole)
P = True vapor pressure at bulk liquid temperature (psia)

v = Tank capacity (gal)
N = Number of turnovers per year (dimensionless)
= TJotal throughput per vear (gal) (11)
Tank capacity, V (gal)

IIT. Estimating Toxic Emissions from Bulk Loading Operations

Toxic emissions from loading petroleum liquid can be estimated using
the following equation:

L = 523.32 SPM (1.00 - eff.) (Wt 12
SPH ( eff.) (Ht,) (12)

L = Loading loss (1b HC/1000 bbl. Toaded)

) = saturation factor (AP-42, Table 4.4-1, see Appendix E)
P = vapor pressure, psia

M = molecular weight of condensed-vapors (1b/1b-mole)

T

= loading temperature, °R (°F + 460)
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eff. = Typical efficiency (%)
99 - vapor recovery to fuel gas system
92 - vapor recovery to recovery unit
0 - uncontrolled

Emission estimates must take into account control device(s) used to
reduce toxic pollutants. Usually the efficiency of the control device must
be known. The data used should reflect the efficiency achieved during
typical day-to-day operations, not the theoretical optimum efficiency. The
control efficiency used in estimating emissions of each listed substance
must be justified by the facility operator and the justification must be
cited.

Efficiency is expressed as a percentage:

Efficiency = M; - M,

M;

x 100 (13)

Where:

M% is the mass of ‘Toxic Pollutant' flowing into the control device

per period of time.

Mu is the mass of 'Toxic Pollutant' flowing out of the control device

per period of time.

A valid efficiency estimate can be based on source tests or
measurement, a mass balance calculation, or a combination of the two. It is
important to use data that reflect efficiency achieved during typical
operations, not the theoretical optimum efficiency. Actual measurement is
the best way to determine efficiency.
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NOMENCLATURE

BTX Benzene , Toluene , Xylene

> = Greater than

¢===> = Reversible reaction
1b = Pounds

# =  Number

yr = Year

pi = 3.14

gal = gallons
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APPENDIX A
SAMPLE CALCULATIONS
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APPENDIX A: BENZENE EMISSION FACTOR WITH SAMPLE CALCULATIONS
Bilas f Refi .
A. From Crude Storage and Handling
1. Emissions From Refineries

EPA Emission Factor 4.7 x 10'3 1bs/1000 gals crude

Crude Capacity
(15 Refineries)

805.9 x 10° bbis/yr or

6

21,247 x 10~ gals/yr

Assume all refineries operated at 75% of their design capacities in
1989, the revised crude capacity becomes: 6
= 21,247 x 107x 0.75
= 15,935.3 x 10" gals/yr

Emissions = 4.7 x 1073x 15,935.3 x 10° = 37.5 tons/yr
1,000 =25000" "

2. From Refinery Operations

EPA Emission Factor = 0.01 1bs/1000 gals crude

Emissions = 0.01 x 15,935.3 x 10° = 79.7 tons/yr.
1,000 CUU20007
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APPENDIX B
ANTOINE'S EQUATION CONSTANTS
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APPENDIX B-ANTOINE'S EQUATION CONSTANTS

Antoine equation correlates vapor pressure-temperature data extremely well.
Clausius-Clapeyron equation OR Cox Charts can also estimate vapor pressure.

10g,np A- B ; p dinmmHg ; T in°C
10 pr=p= ' g

Substance Formula Range, C A B C
Acetaldehyde 02H40 -45 to +70 6.81089 992.0 230
Acetic Acid CZH402 0 to +36 7.80307 1651.2 225

+36 to +170 7.18807 1416.7 211
Acetone C3H6° . 7.02447 1161.0 224
Ammonia NH4 -83 to +60 7.55466 1002.711 247.885
Benzene CSHS —_ 6.90565 1211.033 220.790
Carbon tetrachloride 0014 — 6.93390 1242.43 230.0
Chlorobenzene C5H501 0 to +42 7.10690 1500.0 224.0

+42 to +230 6.94504 1413.12 216.0
Chloroform CHCIa -30 to +150 6.90328 1163.03 227.4
'Cyclohexane CSHIZ -60 to +200 6.84498 1203.526 222.863
Ethyl Acetate C4H802 -20 to +150 7.09808 1238.71 217.0
Ethyl alcohol cZHEDH — 8.04494 1554.3 222.65
Ethylbenzene CBHID — 6.95719 1424.255 213.206
n-Heptane C,H16 — 6.90240 1268.115 216.900
n-Hexane CGH14 — 6.87776 1171.530 224.366
Methyl alcohol _ CH30H -20 to +140 7.87863 1473.11 230.0
Methyl ethyl ketone C4H80 — 6.97421 1209.6 216
n-Pentane CSHIZ = 6.85221 1064.63 232.000
Isopentane °5“1z . 6.78967 1020.012 233.097
Styrene CBHB i 6.92409 1420.0 206.
Toluene C7H3 — 6.95334 1343.943 219.377
Water HZD 0 to 60 8.10765 1750.286 235.0

60 to 150 7.96681 1668.21 228.0
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APPENDIX C
FACTORS FOR FIXED ROOF TANK CALCULATIONS
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EACTORS FOR FIXED ROOF TANK CALCULATIONS

TABLE C-1 PAINT FACTOR FOR FIXED ROOF TANKS

Paint factors (Fp)

Tank cotor Paint condition

Roof Shell Good Poor
White White 1.00 .15
Aluminum (specular) White 1.04 1.18
White Aluminum (specular) 1.16 1.24
Aluminum (specular) Aluminum (specular) 1.20 1.29
White Aluminum (diffuse) 1.30 1.38
Aluminum (diffuse) Aluminum (diffuse) 1.39 1.46
White Gray 1.30 1.38
Light gray Light gray 1.33 1.44
Medium gray Medium gray 1.40 1.582

3 stimated from the ratios of the seven preceding paint factors.

TABLE C-2. AVERAGE STORAGE TEMPERATURE (Tg) AS
A FUNCTION OF TANK PAINT COLOR

Average o
Tank Color Storage Temperature, Ts ("F)
. ®
White T, + 0
Aluminum Tﬁ + 2.5
Gray Ty + 3.5
Black Th + 5.0

*TA is average ambient temperature in degrees farenheit.

(Compiled from: U.S. EPA, 1985, Compilation of Air Pollutant
Emission Factors: VYolume 1 Stationary Point and Area Sources.
4th Edition, September).
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TABLE 4.3-4. SEAL RELATED FACTORS FOR FLOATING ROOF TANKS®

Welded Tank Riveted Tank
Tank and seal type KS n Ks n
External floating roof tanksb
Metallic shoe seal
Primary seal only 1.2 1:5 1.3 1.5
With shoe mounted secondary seal 0.8 1.2 1.4 1.2
With rim mounted secondary seal 0.2 1.0 0.2 1.6
Liquid mounted resilient seal .
Primary seal only 1.1 1.0 NA NA
With weather shield 0.8 0.9 NA NA
With rim mounted secondary seal 0.7 0.4 NA NA
Vapor mounted resilient seal
Primary seal only 1.2 243 NA NA
With weather shield 0.9 2.2 NA NA
With rim mounted secondary seal 0.2 2.6 NA NA

Internal floating roof tanks?

Liquid mounted resilient seal

Primary seal only & 3.0 0 NA NA

With rim mounted secondary seal 1.6 0 NA NA
Vapor mounted resilient seal

Primary seal only : 6.7 0 NA NA

With rim mounted secondary seal 2:5 0 NA NA

3Based on emissions from tank seal systems in reasonably good working
condition, no visible holes, tears, or unusually large gaps between
the seals and the tank wall. The applicability of K_ decreases in
cases where the actual gaps exceed the gaps assumed Euring develop~
ment of the correlation.
Reference 5.
NA = Not Applicable.
dReference 6.
®1f tank specific information is not available about the secondary
seal on an internmal floating roof tank, then assume only a primary
seal is present.

9/85 ' Evaporation Loss Sources 4.3-17

- -



CARB REFINERY-PAGE 25
August, 1988

APPENDIX D
APPLICABLE EMISSION FACTORS FOR VARIOUS REFINERY PROCESSES
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TABLE D-1, AVERAGE FUGITIVE EMISSION FACTORS FOR THE
SYNTHETIC ORGANIC CHEMICALS MANUFACTURING INDUSTRY (SOCMI)

Fugitive-emission source Emission factor (1b/hr)
Pump seals

Light liquids 0.11

Heavy liquids 0.047
Valves (in-line)

Gas 0.012

Light liquid 0.016

Heavy Liquid 0.00051
Gas safety-re]ief'valves 0.23
Open-ended lines 0.0037
Flanges 0.0018
Sampling connections 0.033
Compressor seals 0.55

3Emission Factors for Equipment Leaks of VOC and HAP, EPA-450/3-86-002,
January 1986, Table 3.4. These (uncontrolled) factors take into account a
leak frequency determined from field studies in the synthetic organic
chemicals manufacturing industry. Light liquids have a vapor pressure

greater than 0.1 psia at 100°F .

Compiled from: U.S. EPA, 1987,
EPA-560/4-88-
002, December).
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TABLE D-2. LEAKING AND NONLEAKING AVERAGE FUGITIVE EMISSION FACTORS EOR
THE SYNTHETIC ORGANIC CHEMICALS MANUFACTURING INDUSTRY (SOCMI)

Fugitive- Leaking (>10,000 ppm) Nonleaking (10,000 ppm)
emission source emission factor (1b/hr) emission factor (1b/hr)
Pump seals
Light liquids 0.96 0.026
Heavy liquids 0.85 0.030

Valves (in-line)

Gas 0.099 0.0011
Light liquid 0.19 0.0038
Heavy liquid 0.00051 0.00051
Gas safety-relief . 3.72 0.098
valves
Open-ended lines 0.0263 0.0033
Flanges 0.083 0.00013
Compressor seals 3.54 0.20

dEmission Factors for Equipment Leaks of VOC and HAP, EPA-450/3-86-002,

January 1986, Table 3-3. These (uncontrolled) factors take into account a
leak frequency determined from field studies in the synthetic organic
chemicals manufacturing induatry. Light liquids have a vapor pressure
greater than 0.1 psia at 100°F. .

(Compiled from: U.S. EPA, 1987,
Form., EPA-560/4-88-
002, December.)
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TABLE D-3. STRATIFIED EMISSION FACTORS FOR EQUIPMENT LEAKS
(kg/hr/source)

Emission Fac@ors (kg/hr/source) for

—Screening Value Ranges, ppmv
Source Service 0-1,000 1,001 - 10,000 Over 10,000
Compressor seals Gas/vapor 0.01132 0.264 1.608
Pump seals Light liquid 0.00198 0.0335 0.437
Heavy liquid 0.00380 0.0926 0.3885
Valves Gas/vapor 0.00014 0.00165 0.0451
Light liquid 0.00028 0.00963 0.0852
Heavy liquid 0.00023 0.00023 0.00023
Flanges, connections All 0.00002 0.00875 0.0375
Pressure relief devices Gas/vapor 0.0114 0.27% 1.691
Open-ended lines All 0.00013 0.00876 0.01195

Source: Chemical Manufacturers Association, 1989, Improving Air Quality:
Guidance for Estimating Fugitive Emissions from Equipment

Note:
The stratified emission factor approach is based on several
population and emission factors spanning several discrete screening
value ranges. Screening values in the EPA SOCMI data base are
distributed widely from 0 ppmv to over 100,000 ppmv. The mass
emissions are correspondingly distributed. The stratified emission
factor approach for estimating emissions segments this distribution
into discrete intervals to account for different ranges of screening
values.
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TABLE D-4 EMISSION FACTORS FOR TOXIC AIR POLLUTANTS
“Pollutant Process Emisslion Factor Notos

Ammonla Petroleum reflnery

Reclprocating compraessor 3.2 kg/10080 -3 ges burned

engines

3

fluldized catalytic crackling ©.155 kg/m fresh feed Uncontrolled

unlt

fluidized cotalytic crackling Negligible Controllod by ESP

unit and CO boller
Benzene Potroloum reflnery
Benzene Without eracking/reforming .72 Ib/ton total HC Assumes benzene lg

(fuglitives)

Fixed roof, working lose

Fixed roof, breothing lose

Petroleum reflnery
catalytic/reform

with
Ing

Aromatice Rhenlformer.

-160-

0.2 mg/year tank of gasoline
8.85 mg/year tank of gasolline

7.2 Ib/ton total HC
(fugitivees)

0.0025 Ib/day flange

0.036% of total HC
Based on terminal
with 950,000
Iitere/day and four
storage tanks for
gasoline.

Based on terminal
with 930,000
liters/day and four
storage tanke for
gasoline

Assumes fuglitives
are 8.36X benzene

Radlan factor for



¢

A.,uet, 1989

(TABLE D-4 CONTD.)

Chromium

Gasoline Fractionating
Unit.

Crude storage/handiing

Reflnery operations

Gosolline marketing
Flocculation Sumps/Tanks

API Separation Effluent
Channels and Ponds
(Uncovered)

Covered APl Separators

Dissolved=Alr Flotatlion
(D=-A-F) Unit

Fresh water utiiity coolling
tower.

Drift lose range of 8.1 to
(fractlion of reclrculating

©.8023 ib/day flange

4.7 x 10 3 Ib/1080@ gal crude
0.01 1b/1000 gal crude

8.184 Ib/1000 gal gasolline
9.0004 Ib VOC/10800 gal
wastewater

8.4 Ib voc/te°gd|1ons
wastewater

4.5 1b VDC/10°gallon|
was tewater
0.004 Ib/1020 gallons
wostewater

0.2% 2.5 pg/J
water

emitted by design as draft)

=161=
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Flanges assuming
75% emliseion
reduction due to
Rule 486.1

Assume 85X cover
efflclency

Foctors expressed
as welght of
pollutant per
thermal energy
Input to the plant
agssoclated with
the cooling tower.
Emisslone
expressed as total
chromium.
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(TABLE D-4 CONTD.) Drift lose range of ©.002 to ©.86 pg/J
8.0003%
Formaldehyde Potroleum refining
FCC generator 2.2 kg/1000 bbl fresh feed Controlled
(Derived from emisslon test with CO
data for total aldehydes) boller/ESP
Moving bed (TCC) generator : 1.0 kg/1000 bbl fresh feed Controlled
with CO
boller /ESP
Fluld Coker burner 9.54 kg/1000 bbl fresh feed Controlled
with CO

boller /ESP

(SOURCES: 1. U.S. EPA, 1988, C [ n_Inventorle EgA-450/4—36-010. July
r erle

2. JR Witherspoon, May 12, 1988,
BAAQMD Waste Water Treatment study-Al
3. U.S. EPA, 1088,
Alr Toxlec Compounds And Sources
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APPENDIX E
TABLES OF PHYSICAL CONSTANTS FOR VARIOUS POLLUTANTS
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TABLE 4.3-2. PHYSICAL PROPERTIES OF TYPICAL ORGANIC LIQUIDS”

Condensed
Vapor Product vapor
wolecular density (d), density (w), ¥ ) ) )
b veight 1b/gal 1b/gal e s oae (VAPOL PIESSUTE MM PIIALT . wm osw wse
Organic liquid @ 60°F @ 60°F € 60°F 40°F 50°F 60°F 10°F 80°F 90°F 100°F

Petroleum l.lquldlc

Gasoline RVP 13 62 5.6 4.9 4.1 5:7 6.9 8.3 9.9 1.7 13.8
Gasoline RVP 10 66 5.6 5.1 3.4 4.2 5.2 6.2 1.4 88 10.5
Gasoline RVP 7 68 5.6. 5.2 2.3 2.9 3.5 4.3 5.2 6.2 1.4
Crude oil RVP 5 50 7.1 4.5 1.8 2.3 2.8 3.4 4.0 4.8 5.1
Jet naphtha (JP-4) 80 6.4 5.4 0.8 1.0 1.3 1.6 1.9 2.4 2:7
Jet kerosene 130 1.0 6. 0.0041 0.0060 0.0085 a.o1t 0.015 0.021 0.029
Distillate fuel no. 2 130 1.1 6.1 0.0031 0.0045 0.0074 0.0090 0.012 0.016 0.022
Residual oil no. 6 190 1.9 6. 0.00002 0.00003 0.00004 0.00006 0.00009 0.0001) 0.00019
Volatile Organic Liquids

Acetone 58 6.6 6.6 1.7 2.2 2.9 3.7 4.1 5.9 7.3
Acrylonitrile 53 6.8 6.8 0.8 1.0 1.4 1.8 2.4 3.1 4.0
Benzene 78 1.4 7.4 0.6 0.9 1.2 1.5 2.0 2.6 3.3
Carbon disulfide 16 10.6 10.6 j.o 3.9 4.8 6.0 1.4 9.2 1.2
Carbon tetrachloride 154 13.4 13.4 0.8 1.1 1.4 1.8 2.3 3.0 1.8
Chloroform 119 12.5 12.5 1.5 1.9 2.5 3:2 4.1 9.2 6.3
Cyclohexane B84 6.5 6.5 0.7 0.9 1.2 1.6 2.1 2.6 3.2
1,2-Dichloroethane 99 10.5 10.5 0.6 0.8 1.0 1.4 1.7 2.2 2.8
Ethylacetate 88 1.6 1.6 0.6 0.8 1.1 1.5 1.9 2.5 3.2
Ethyl alcohel &6 6.6 6.6 0.2 0.4 0.6 0.9 1.2 1.1 2:3
Isopropyl alcohol 60 6.6 6.6 0.2 0.3 0.6 0.7 0.9 3 1.8
Hethyl alcohol 32 6.6 6.6 0.7 1.0 1.4 2.0 2.6 3.5 4.5
Hethylene chloride 85 1.1 11.1 3.1 4.3 5.4 6.8 8.7 10.3 13.3
Hethylethyl ketone 12 6.7 6.7 0.7 0.9 1.2 1.5 2.1 2.7 3.3
Methylmethacrylate 100 1.9 1.9 0.1 0.2 0.3 0.6 0.8 1.1 1.4
1,1,1-Trichloroethane 133 11.2 11.2 0.9 1.2 1.6 2.0 2.6 3.3 4.2
Trichloroethylene 131 12.3 12.3 0.5 0.7 0.9 1.2 145 2.0 2.0
Toluene 92 1.3 1.3 0.2 0.2 0.3 0.4 0.6 0.8 1.0
Vinylacetate 86 1.8 7.8 0.7 1.0 1.3 1.7 2.3 1.1 4.0

|
1

®References 3-4.
t!or a more comprehensive listing of volatile organic liquids, see Reference 3.
RVP = Reld vapor pressure ln paia.

snan;
gadd

-
e

&n

351

€€ I9¥d-A43NI4TY



CARB TNEFINERY-PACE 34
fucust, 1029

TABLE 4.3-5. AVERAGE CLINGAGE FACTORS (C) (bbl/1,000 ft2)?

Shell condition

Liquid Light rustb Dense rust Gunite lined
Gasoline 0.0015 0.0075 : 0.15
Single component 0.0015 0.0075 0.15

stocks
Crude oil 0.0060 0.030 0.60

®Reference 5.
If no specific information is available, these values can be assumed
to represent the most common condition of tamks currently in use.

TABLE 4.3-6. TYPICAL NUMBER OF COLUMNS AS A
FUNCTION OF TANK DIAMETER FOR INTERNAL FLOATIgG
ROOF TANKS WITH COLUMN SUPPORTED FIXED ROOFS

Tank diameter range Typical number

D (ft) of columns, NC
0<Ds 85 1
85 < D s 100 6
100 < D s 120 7
120 < D § 135 8
135 < D s 150 9
150 < D 5 170 16
170 < D S 190 19
190 < D s 220 22
220 < D § 235 31
235 < D s 270 37
270 < D 8 275 43
275 < D s 290 : 49
290 < D s 330 61
330 < D § 360 71
360 < D 5 400 81

%peference 1. This table was derived from a survey
of users and manufacturers. The actual number of
columns in a particular tank may vary greatly with
age, fixed roof style, loading specifications,
and manufacturing perogatives. Data in this table
should not supersede information on actual tanks.

4.3-20 EMISSION FACTORS 9/85
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The saturation factor, S, represents the expelled vapor's fractional approach
to saturation, and it accounts for the variations observed in emission rates
from the different unloading and loading methods. Table 4.4-1 lists suggested
saturation factors. '

TABLE 4.4-1. SATURATION (S) FACTORS FOR CALCULATING
PETROLEUM LIQUID LOADING LOSSES

Cargo carrier Mode of operation S factor

Taok trucks and
rail tank cars Submerged loading of a clean
cargo tank 0.50

Submerged loading: dedicated
normal service 0.60

Submerged loading: dedicated
vapor balance service 1.00

Splash loading of a clean
cargo tank 1.45

Splash loading: dedicated
normal service 1.45

Splash loading: dedicated

vapor balance service 1.00
Marine vesselsd Submerged loading: ships 0.2
Submerged loading: barges 0.5

a8For products other than gasoline and crude oil. Use factors
from Table 4.4-2 for marine loading of gasoline. Use Equations
2 and 3 and Table 4.4-3 for marine loading of crude ofl.

Emissions from controlled loading operations can be calculated by multi-
plying the uncontrolled emission rate calculated in Equation 1 by the coatrol

efficiency term:
] - eff
100 / -

Measures to reduce loading emissions include selection of alternate
loading methods and application of vapor recovery equipment. The latter
captures organic vapors displaced during loading operations and recovers

b.b4-6 EMISSION FACTORS 9/85
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VOLATILE ORGANIC COMPOUND EMISSION FACTORS FOR

GASOLINE LOADING OPERATIONS AT MARINE TERMINALS?

Total organic emission factors

Vessal Shipe/ocean hrnsb ur'uh

tank Previous ng/liter 1b/107 gal ag/liter 1b/10? gal
condition cargo trsnsferred . cransferred transferred ctransferred
Unclesned Volatile® 3l1s 2.6 465 3.9
Ballasted Volatile 205 1.7 d d
Cleaned Volatile 180 1.5 e e
Gas-freed Volatile 85 0.7 e @
Any coo=

dition Noovolatile as 0.7 e e
Gas-freed Any cargo e e 2645 2.0
Typical

ovarall

situationf Any cargo 215 1.8 410 3.4

8geferences 2, 8. Facto
methane and ethane have
the evaporative emiseio

8 represent nonmethane-nonethane VOC emissions becsuse
been found to conscitute a negligible weight fraction of
os from gasoline.

Bocean barges (tank compartment depth about 40 feet) exhibit emission levels similar

to tank ships. Shallow
higher emiseion levels.

draft barges (compartmant depth 10 to 12 feer) exhibit

SYolatile cargoes are those with a tzrue vapor pressure greater than l.5 psia.
"llrgu are not usually ballasced.

®navailable.

faased on observaction chat 412 of tesced ship compartments were uncleaned, 112

ballasted, 241 cleaned,

TABLE 4.4-3,

and 24I gas-freed. For barges, 76 were uncleaned.

AVERAGE ARRIVAL EMISSION FACTORS, C,, FOR CRUDE

OIL LOADING EMISSION EQUATIONS

Ship/ocean barge Previous Arrival emission
tank condition cargo factor, 1b/10? gal
Uncl eaned Volatileb 0.86
Ballasted Volatile 0.46
Cleaned or
gas—freed Volatile 0.33
Any condition Nonvolatile 0.33

2Arrival emission factors (C,) to be added to generated emission

factors calculated in
loading loss.

Equation 3 to produce total crude oil

These factors represent total organic compounds;

nonmethane-nonethane VOC emission factors average about 15% lower.

byolatile cargoes are
than 1.5 psia.

9/85

those with a true vapor pressure greater

Evaporation Loss Sources 4.4-9
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TABLE 4.3-1. PAINT FACTORS FOR FIXED ROOF TANKS®

Paint factors (FP)

Tank color Paint condition

Roof Shell Good Poor

White White 1.00 115
Aluminum (specular) White 1.04 1.18
White Aluminum (specular) 1.16 1.264
Aluminum (specular) Aluminum (specular) 1.20 1.29
White Aluminum (diffuse) 1.30 1.38
Aluminum (diffuse) Aluminum (diffuse) 1.39 1.46
White Gray 1.30 1.38
Light gray Light gray 1.33 156"
Medium gray Medium gray 1.40 1.58b

®Reference 2.
Estimated from the ratios of the seven preceding paint factors.

1.0

0.6 /i
0.4 ,-P/‘

0.2 /f

ADJUSTMENT FACTOR, C

TANK DIAMETER, ft

Figure 4.3-4. Adjustment factor (C) for small diameter tanks.?

4.3-6 EMISSION FACTORS 9/85
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STORED LICUID TEMPERATURE, T, (F)

Figure 4.3-5. True vapor pressure (P) of crude oils (2-15 psi RVP).®
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Evaporation Loss Sources

-170-

4.3-9



~on Dashed hine illusieates sample problem for RVP = 10 puuads per wuare inch, gasoline
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REID VAPOR PRESSURE (psi

\
\

§ = SLOPE OF THE ASTM DISTILLATION
CURVE AT 10 PERCENT EVAPORATED

« DEG F AT 15 PERCENT MINUS DEG F AT 5 PERCENT
— 10

IN THE ABSENCE OF DISTILLATION DATA
THE FOLLOWING AVERAGE VALUE OF S MAY BE USED:

MOTOR GASOUINE 3
AVIATION GASOLINE 2
LIGHT NAPHTHA 9-14 LB AVPA 3
NAPHTHA 2-8 LB RVP ra ]

SOURCE: Nomuograph drawn (rom the data of the Natwnal Bureau of Standands.

Figure 4.3-0.

4.3-10

like gasoline and napththas (1-20 psi RVP).®

EMISSION FACTORS
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True vapor presure (P) of refined petroleum liquids
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TABLE A-4. AVERAGE ANNUAL AMBIENT TEMPERATURE (T,, °F) FOR SELECTED

U.S. LOCATIONS

Sirmingnam, Ala. 62.0 Stockron, Calit, 61.6
Hemtsville, Ala. 60.6 Algscsa, Cole. 8.2
Mobile, Ala. 7.5 Caloreeo Serings, Cole. 4.9
Moafgomery, Ala. 64.9 Denver, Cole. 30.3
Aachorage, Alaska 3%5.3 Grand Jusction, Cole. $2.7
Ansette, Alaska 45.4 Pusdle, Colo. $2.8
Barrou, Alaska 9.1 @r i dgepor?, Conn, 1.8
Barter Island, Alaska 9.6 Herttord, Conn. 49.8
Bathel, Alaska 8.4 ¥Wilmiagton, Oel. $4.0
Betties, Alaska 1.2 wash., 0.C.-Oviles Alrport $3.9
Big Deita, Alasks 27.4 Wash., D.C.-National Alrport $7.5
Cold Bay, Alaska 37.9 Apalachicola, Fla. 68.2
Falrdbanks, Alaska 23.9 Deytona Beacn, Fla. 70.3
Guikana, Alaska 2.3 Fort Wyers, Fla. 24
Homer, Alaska 3.6 Gainsville, Fla. &8 .6
Junesu, Alaska 4.0 Jecksomville, Fla. 68.0
King Saison, Alasska 2.8 Kay West, Fla. 77.7
Kodisk, Alaska 40.7 Miemi, Fla. 78.7
Kotzebue, Alaska 20.9 Orlando, Fla. 72.4
McGrath, Alaska 3.0 Pensacola, Fla. 68.0
Nome, Alaska 5.5 Tallahassee, Fia. 67.2
$t. Paul island, Alaska .3 Tampa, Fla. 72.0
Talksetna, Alaska 2.6 Verc Baach, Fla. 72.8
Unalskioer, Alaska 26.4 ¥est Pala Besch, Fla. 74.6
Valdez, Alaska 38.3 Atheas, Ga. 81.4
Yakwtat, Alaska 58.6 Atisats, Ga. 61.2
Flagstatf, Ariz. 5.4 » 8a. 63.2
Phosaix, Ariz. mM.2 Columdus, Ga. 64.3
Tecson, Ariz. 68.0 © Macon, 6. 64,7
Wiasiow, Ariz. 4.9 Savenash, Ga. 65.9
Yums, Ariz. 73.8 Hilo, Hawaii 73.6
Fort Saith, Ariz. 0.8 Homolelu, Mowaii 77.0
Little Roek, Are, 6.9 Kahulei, Mawaii 5.9
Morth Little Rock, Ark. 61.7 Lihea, Havaii 7.2
Bakersfield, Calif. 5.5 Boisa, idaho S1.1
Bishop, Callf, 6.0 Lewiston, |daho $2.1
Blue Canyon, Calif. 50.4 Pocsatello, lasho 8.6
Ewreka, Calilf, 52.0 Cailro, 111, . 9.1
Fresao, Callf, 62.6 Q'Here Alrport, Chicago, 111, 9.2
Long Beach, Calif. 3.9 Molime, 111, 9.9
Los Angeles, Calif ,— 62.6 Peoria, 111, . %0.4
Iateraational Airport Rockford, 111, 47.8
Los Angeles, Calif. 65.3 Spriagtield, 111, 2.6
Mouat Shasta, Calit. 49.5 Evaaville, lnd, 33.7
M .'u". Calie, ‘3.’ Fart m' Ind, ".,
Sacramento, Calif. 60.6
indlaaacolis, Ind, s2.1
Sen Diego, Calif, 63.8 South Bend, ind. 9.4
Ssa Francisco, Calif,— 6.6 Des Moines, iowa 49.7
international Airport Dubuaue, iowa 4.3
San Francisco, Catit,~—City 9.8 Sioun City, lowa 8.4
Senta Barbera, Calift., 38.9
Santa Maria, Calif. 56.8 Materico, lows 481
Concordia, Kans. $3.2
Oodge City, Kans, $5.1
Goocdland, Kans. 0.7
Tope=a, Kans. sa.1
(confinuea)

(Source:

an

U. S.. CPA, 1988, Estirating Air Toxics Trissions
from Crgacic Liquid =%

- dd -

=0c=004 lctote



REFINERY-PAGE 43

TABLE A-6. AVERAGE ANNUAL WIND SPEED (v, mi/h) FOR SELECTED U.S.

LOCATIONS

Birmingham, Ala.
Huntsville, Ala.
Mobille, Ala.

Montgomery, Ala.
Anchorasge, Alaska

Annette, Alaska
Barrow, Alaska
Barter Alaska
Bethel, Alaska
Bettles, Alaska

Big Delta, Alaska
Goid Bay, Alaska
Fairbanks, Alaska
Gulkana, Alaska
Homer, Alasks

Junesu, Alaska
King Salmon, Alaska
Kodiak, Alaska
Kotzebue, Alaska
MeGrarn, Alaska

Nome, Alaska

St. Paul Island, Alaska
Talkeatna, Alasxka
Valdez, Alaska

Yakutat, Alaska

Flagstatt, Ariz,
Phoenix, Ariz,
Tucson, Ariz.
Mingiow, Ariz,
Yuma, Ariz.

Fort Salth, Ark.
Littie Rock, Ark,
Bakersfieid, Calif.
Blue Canyon, Calitf.
Eureka, Calit.

Fresnmo, Calif.,

Long Beesch, Calif.

Los Angeles, Calif.—
international Airport

Los W|”| Calit,

Mount Shasta, Callif.

Oskiand, Callf.

Red Bluff, Callf.,

Secramento, Calif,

San Diego, Callf,

Sen Francisco, Calif.—
International Alirport

San Francisco, Calif.—~City

Santa Maria, Callif.
Stockton, Callf,
Colorade Springs, Colo.
Denver, Colo.
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Grand JuncTion, Cole,
Pueblo, Colo,
Bridgeport, Conn.
Hartford, Conn.
WilmingTon, Del.

Wash., D.C.-Oulles Airpert
Wash. D.C.-National Airport

Apalachicola, Fla.
Daytona Beach, Fla.
Fort Myers, Fla.

Jacksonville, Fla,
Key WesTt, Fla.
Mlami, Fia,
Oriando, Fla,
Pensacoia, Fla.

Tallahassse, Fla,
Tampa, Fla.

West Paim Beach, Fla.
Athens, Ga.

Atlanta, Ga.

Auqueta, Ga.
Columbus, Ga.
Macon, Ga.

Savannah, Ga.
Hilo, Hawaii

Honoluiu, Hawaii
Kahului, Hawaii
Lihva, Hawaii
Boisa, |daho
Pocateilo, idsho

Cairo, (11

Chicago, 111,
Moline, 111,
Ii.
i

Peoria, |
Rocktord,

Springtleid, 111,
Evenaviile, Ind.
Fort Wayne, Ind.
indlanapoiis, Ind.
South Bend, Ind.

Des Moines, lowa
Sioux City, lowa
Wateriocn, lows

Concordia, Kans.
Dodge Clty, Kans.

Goodland, Kans,

Topeka, Kans.

Wichita, Kans.
Clacinnati, Ky.—Airport
Jackson, Ky.

Lexington, Ky.
Louisville, Ky.
Baton Rouge, La.
Lake Charies, La.
New Orieans, La.
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EMISSION ESTIMATION TECHNIQUE: PERCHLOROETHYLENE PRODUCTION






PERCHLOROETHYLENE PRODUCTION
EMISSION ESTIMATION TECHNIQUE (EET)

I. INTRODUCTION

This document is an Emission Estimation Technique (EET) developed by
the Air Resources Board staff in accordance with the Emission Inventory
Criteria and Guidelines Regulation for the Administration of AB 2588, the
Air Toxics "Hot Spots" Informatioh and Assessment Act of 1987 (the "Act").
Specifically, this report describes the processes used in the production of
perchloroethylene. These processes result in the air emission of toxic
substances listed pursuant to the Act and the Regulation. The purpose of
this report is to describe and recommend a method that a facility operator
should use to calculate emissions of these listed substances.

Perchloroethylene (PERC) is an organic solvent which is also called
tetrachloroethylene, tetrachloroethene, or PCE. PERC is widely and
primarily used in the dry cleaning and textile-processing industries. Other
uses include use as a solvent in vapor degreasing and industrial metal
cleaning operations, and as a chemical intermediate in chlorofluorocarbon
production.

PERC was once manufactured by the chlorination of acetylene. Today,
PERC is produced separately or as a coproduct with trichloroethylene (TCE)
by the chlorination and oxychlorination of ethylene dichloride (EDC). The
raw material ratios determine the proportions of PERC and TCE produced by
these processes.

PERC is also produced as a coproduct with carbon tetrachloride by the
chlorinolysis of hydrocarbons (e.g., methane, ethane, propane, or
propylene). There is only one facility in California that produces PERC.
This facility uses the hydrocarbon chlorinolysis process.

Various grades of PERC are produced, including those listed below:

PERC Grade Use
Purified Dry Cleaning
Technical : Technical

usp Industrial
Spectrometric Vapor Degreasing

There are four producers of PERC at six locations in the United States,
including the one facility in California. Some PERC is also imported. It
is believed that in the long term, U.S. PERC production demand will remain
about the same or will experience a minor decline.
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II. PROCESS DESCRIPTIONS FOR PERCHLOROETHYLENE PRODUCTION

As mentioned above, perchloroethylene is produced in the U.S. by three
processes: 1) ethylene dichloride chlorination, 2) ethylene dichloride
oxychlorination, and 3) hydrocarbon chlorinolysis.

A. Ethylene Dichloride Chlorination Process

In the direct chlorination process, EDC reacts with chlorine to produce
a crude product which is then distilled and purified to marketable-grade
PERC and TCE. The proportions of EDC and chlorine determine how much PERC
and TCE are produced. Hydrogen chloride is also produced in this process.

B. Ethylene Dichloride Oxychlorination Process

In the oxychlorination process, EDC reacts with chlorine and/or
hydrogen chloride, and oxygen to form PERC, TCE, and water. The proportions
of PERC and TCE produced depend on the EDC to hydrogen chloride/chlorine
ratio,

C. Hydrocarbon Chlorinolysis Process

As stated earlier, in California, PERC is produced by the hydrocarbon
chlorinolysis process. Most of the PERC produced in the United States is
also produced by this process.

In hydrocarbon chlorinolysis, chlorine is reacted with chlorinated
hydrocarbon derivatives or with a hydrocarbon (such as methane, ethane,
propane, or propylene) to produce PERC, carbon tetrachloride, and hydrogen
chloride. This process produces a crude product which is distilled and
purified to marketable-grade PERC and carbon tetrachloride.

The following briefly summarizes the hydrocarbon chlorinolysis process
(as described in the EPA revised draft report, “Locating and Estimating Air
Emissions from Sources of Perchloroethylene and Trichloroethyliene®,
April 4, 1989):

Preheated hydrocarbon feed material and chlorine are fed to a fluid-bed
chlorinolysis reactor. The reaction products pass through a cyclone for
removal of entrained catalyst and then are sent to a condenser. Uncondensed
materials, consisting of hydrogen chloride, unreacted chlorine, and some
carbon tetrachloride, are removed to the hydrogen chloride purification
system. The condensed material is fed to a hydrogen chloride and chlorine
removal column, with the overheads from this column going to hydrogen
chloride purification. The bottoms from the column are transferred to a
crude storage tank and the crude material is fed to a distillation column,
which recovers carbon tetrachloride as overheads. The bottoms from the
carbon tetrachloride distillation column are fed to a PERC distillation
column. The overheads from the PERC distillation column are taken to PERC

storage and loading, and the bottoms are incinerated.
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IIT. POTENTIAL SOURCES OF EMISSIONS

Possible substances which may be emitted from the production of PERC by
the hydrocarbon chlorinolysis process, and which require quantification in
accordance with the Emission Inventory Criteria and Guidelines Regulation,
include PERC, carbon tetrachloride, and hydrogen chloride. In addition,
ethylene dichloride, vinylidene chloride, chloroform, and chlorine must also
be quantified if emitted.

A. Perchloroethylene and Carbon Tetrachloride Emissions

Most of the PERC and carbon tetrachloride process emissions originate
from fugitive sources. Some fugitive sources are the process pumps, valves,
and compressors. Chlorine and hydrogen chloride may cause corrosion and
contribute to these fugitive emissions. The PERC and carbon tetrachloride
distillation condensers and caustic scrubber are other process emission
sources. Other sources of PERC and carbon tetrachloride emissions are the
crude and final product storage tanks. Still other emissions originate from
handling and loading of the products into drums, tank trucks, tank cars,
barges, or ships. Secondary PERC and carbon tetrachloride emissions result
from the handling and disposal of process waste liquids, the bottoms of the
PERC distillation column (hex wastes), and the waste caustic from the
caustic scrubber.

B. Ethylene Dichloride, Yinylidene Chloride Emissions

Ethylene dichloride and vinylidene chloride are produced in the
chlorinolysis reaction. Emissions of these substances may result from the
handling and disposal of hex wastes from the PERC distillation column.

C. Chloroform Emissions
Chloroform emissions may originate from wastewater stripping.
D. Chlorine, Hydrogen Chloride Emissions

Chiorine emissions may originate from fugitive sources such as pumps
and valves. Other possible sources of chlorine emissions are condensers,
the hydrogen chloride/chlorine removal column, chlorine absorption column,
and caustic scrubber. Hydrochloric acid is formed when uncondensed
overheads from the chlorine absorption column mix with water to produce a
hydrochloric acid solution. Hydrogen chloride emissions may originate from
hydrochloric acid storage tanks.

IV. CONTROL DEVICES

The emission points and control devices used in PERC production vary
among facilities in the United States. As described in the EPA's revised
draft report, "Locating and Estimating Air Emissions from Sources of
Perchloroethylene and Trichloroethylene®, April 4, 1989, emissions from
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process vents may be controlled by scrubbers; fixed roof tanks by
installation of internal floating roofs with primary and/or secondary seals
and addition of refrigerated condenser system; handling by use of submerged
fill pipe technology; equipment openings by purging/washing/cleaning prior
to openings; fugitive sources by employing an inspection and maintenance
program; and secondary sources by steam stripping and incineration.

Emission sources, substances, possible controls, control efficiencies
(where available), and emission factors (where available) are presented
in Appendices A, B, and C of this EET, as well as in Attachment E of the
Technical Guidance Document. A1l control efficiencies and emission factors
proposed to be used in emissions calculations by a facility operator must be
Jjustified in the emission inventory plan to the appropriate Air Pollution
Control District or Air Quality Management District.

V. EMISSION ESTIMATES

When source testing is feasible, and when reliable, ARB-approved
methods exist, then source testing is the preferred method of accurately
determining toxic emissions of listed substances. Although source testing
is available for emissions from the perchloroethylene production processes,
the Air Toxics "Hot Spots" Emission Inventory Criteria and Guidelines
Regulation does not require any source testing at this time to determine
toxic emissions from PERC production.

A source test and/or mass balance is considered to be the best means to
determine air emissions directly from perchloroethylene production. Test
Method 422 for gaseous halogenated organics is described in the Air

Resources Board's Stationary Source Test Methods. Yolume III: Methods for

Stationary Source Division, March 1988. When using a mass balance, the
facility operator must account for all routes of inflow and outflow of a
substance, including any accumulation or depletion of the substance in the
equipment, control devices, or through chemical reaction. Published
emission factors are available for some toxic emissions from PERC production
(see Appendices A, B, and C of this EET and Attachment E of the Technical
Guidance Document). However, the accuracy and reliability of currently
published emission factors are not established. Order-of-magnitude
differences could result between actual and calculated emissions in a worst-
case scenario, due to differences in a facility's emission points, control
devices, and specific operating procedures.
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A. Sample Calculation Using An Emission Factor

Calculate annual PERC emissions from storage tanks if annual PERC
production is 25,000 tons:

2.5 x 104 tons x .907 Mg/ton x .4 kg!Hg* = 9.07 x 103 kg PERC

9.07 x 103 kg x 2.205 1b/kg = 19,999 or 2 x 104 1b PERC
* Assume emission factor used (0.4 kilogram of PERC emitted per

megagram of PERC produced) has been determined to be reliable
and applicable for the specific conditions in the facility.

B. Sample Calculation Using An Emission Factor

Calculate annual carbon tetrachloride emissions from hex waste handling
and disposal if annual carbon tetrachloride production is 30,000 Mg/yr:

Uncontrolled Emissions

3x10° Mg x 4.6 x 1073 kg/Mg" = 138 kg
138 kg x 2.205 1b/kg = 304
or 300 1b CC1, (uncontrolled)

Controlled Emissions
30016 x (1-.99)" = 31bCCl, (controlled)

**  Assume emission factor used (4.6 x 1073 kilogram of carbon
tetrachloride emitted per megagram of carbon tetrachloride
produced) has been determined to be reliable and applicable
for the specific conditions in the facility.

*x% The control efficiency of the vapor balance system and

refrigerated condenser for hex waste handling and disposal
is 99 percent.
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APPENDICES

Controlled and Uncontrolled Emission Factor Ranges for the
Release of Perchloroethylene From Perchloroethylene
Production by Hydrocarbon Chlorinolysis

Emission Factors for the Release of Carbon Tetrachloride
From Perchloroethylene and Carbon Tetrachloride Production
by Hydrocarbon Chlorinolysis ;

Emission Factors for the Release of Ethylene Dichloride,
Vinylidene Chloride, Chloroform, Hydrogen Chloride, and
Chlorine From Perchloroethylene Production by Hydrocarbon
Chlorinolysis
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APPENDIX A

Controlled and Uncontrolled Emission Factor Ranges for the Release of Perchloroethylens
From Perchloroethylene Production by Hydrocarbon Chlorinolysie

Emission Souyrce Substance Posslble Control X Reductlon Emission Factor chgg‘
Process Fuglitives PERC I &8 M Program = ———-- @.41 - 60 Mg/yr
Storage Tanke PERC Internal Floatlng  —-=—=- 9.013 - 2.69 kg/Mg

Roofs; Refrigerated
Condenser System

Process Vents PERC Scrubbers =@==00 @ —--e- <4x 102 - 0.20 kg/Mg

Handl ing PERC Submerged FI1I]l Plpe  ===== 9.03 - 0.89 kg/Mg
Technology

Equipment Openinge PERC Purging/Washing/ =  ===-= 6 x 10-5 - 0.054 kg/Mg
Cleaning Prlor to
Openinge

Secondary? PERC Steam Stripping/ = ==m=- 2.5 x 10 °- 0.013 kg/Mg

Incineration

1 Emission factore In terms of kg/Mg refer to kllograms of PERC emitted per megagram of PERC production
capacity. The emlsslon factor rangee were taken from Table 7 of the EPA revieed draft report "Locatling
ond Estimating Alr Emieslons from Sources of Perchloroethylene and Trichloroethylene™, April| 4, 1989,
The ronges were based on emission foctors calculated for five focillitles in 1983, and reflect emiesions
from both uncontrollied and controlled sources. Emisslion factor ranges gliven are for guldance only. The
f?o:lit{ operator must default to the high end of a range unlese he/she can justify otherwlese to the
Distriet.

2 Secondary emissions result from handling and dieposal of process waste llquids, from hex wastes from the
PERC dlistillation column, aond from the waste cauetic from the caustic scrubber.

ayvd

6861 “3snbny

L 8bed - 2d¥3d



-28l-

APPENDIX B

Emission Factors for the Release of Carbon Tetrachloride (CT)
From Perchloroethylene and Carbon Tetrachloride Production by Hydrocarbon Chlorinolysis

gdvd

x Emisslion Factor1
Emission Source Substance Posslble Control Reduction Uncontrol led Controlled
Process Fugitives cT Quarterly I/M of 48 1.5 kg/hr ©.78 kg/hr
Pumpe and Valves
Monthiy I/M of 84 1.5 kg/hr 0.54 kg/hr
Pumps and Valves
Monthly I/M of 73 1.5 kg/hr 0.41 kg/hr

Valves; double mechanical
seale on pumps; rupture dlisks
on rellef valves

Storage
Crude Tank cT R.lrigorotodz 87 0.098 kg/Mg 8.013 kg/Mg
Condenser
CT Tank cT Refrigerated> 8s .58 kg/Mg 0.087 kg/Mg
Condenser
Distillation Column CT | === mee—- 2.008 kg/Mg = =0=—=—=
Handl ing cT Rcfrtoorotidz as 0.24 kg/Mg 0.036 kg/Mg
Condenser
Secondary cT
Hex Waste Hondlling Vapor Balance & 99 4.8 x 10 Skg/Mg 4.6 x 10 Okg/Mg
and Dlsposal and Waeste Refrigeraoted
Hydrocarbon Storage Condenser
Woote Caustlc Steam Stripper 96 2.9 x 10 kg/Mg 1.2 x 10 *kg/Mg

6861 ‘3snbny

1 Emisslon factors In terms of kg/Mg refer to kilograme of carbon tetrachloride emitted per megagram of
carbon tetrachloride produced. The emisslion factore were taken from Table 2 of the EPA report "Locating
and Eetimating Alr Emisslons From Sources of Carbon Tetrachloride®, March 1984. The emisslon factors are
for a hypothetical facllity with o total production capacity of 80,000 Mg and a product mix of
37.5 percent carbon tetrachloride and 62.5 percent perchloroethylene. Any glven facillity may vary In
configuration and level of control from this hypothetical focility.

2 For refrigerated condensere, removal efflclency Is based on o condenser operating temperature of

-15°C and uncontrolled emission temperatures of 20°¢ for product storage and handling, and of 38°C for
crude storage. Greater removal efficliency can be achleved by using lower operating temperatures.
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APPENDIX C

Emisslon Factors for the Release of Ethylene Dichloride, Vinylldene Chloride, Chloroform,
Hydrogen Chloride, and Chiorine from Perchloroethylene Productlon by Hydrocarbon Chlorinolysis

Emisslion Source

Hex Waste Handling

Hex Waste Handling

Wastewater
Stripper

Entire Procese,
By-Product HCL
Manufacturing

Entire Process

Substance

Posslible Control

Reduction

Emission Foctorl'
Uncontrolled Controlled

6861 €3snbny

Ethylene
Dichloride

Vinylidene
Chioride

Chloroform

Hydrogen
Chiorlide

Chlorine

Vapoer Balaonce
System/Carbon
Adeorption

Vapor Balance
System/Carbon
Adsorptlion

Condensers

Uncertalin

©.926 kg/Mg PERC & 2.6 x 19“4kg/ug PERC &
carbon tet. produced carbon tet. produced

8.013 kg/Mg PERC & 1.3 x 10 *kg/Mg PERC &
carbon tet. produced carbon tet. produced

- ———

@ - B.5 Ibs/ton
by-product aclid produced

Based on teste and mase balance

1 Emlselon factore are from EPA’s "Toxle Alr Pollutant Emleslon Factore--A Compllation for Selected Alr

Toxic Compounds and Sources”, October 1988.

Emisslon factors for ethylene dichloride and vinyllidene

chloride are based on a hypothetical facllity producing 50,000 Mg/yr PERC and 30,000 Mg/yr carbon

tetrachlioride.

24Yvd
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SECONDARY SMELTER AND FOUNDRY
EMISSION ESTIMATION TECHNIQUE (EET)

I. INTRODUCTION

This document is an Emission Estimation Technique (EET),
developed by the Air Resources Board staff in accordance with the Air Toxic
"Hot Spots" Information and Assessment Act of 1987 (The Act). Specifically
this report describes the processes used in metallurgical industrial
operations involving furnaces that result in the emission of toxic
substances listed pursuant to the Act, and specifies the method(s) a
facility operator would use to calculate resulting emissions of these listed
substances.

The two basic types of metallurgical industrial operations in
California involving furnaces are secondary smelters and foundries. (As
California has no primary smelters, this report focuses on secondary
smelters and foundries.) Secondary smelters and foundries are similar
except that foundries generally use cleaner scrap (or ingots) than do
secondary smelters; in addition metallurgical operations at foundries
generally do not result in a chemical change in the material charged.
Foundries are involved in the production and use of cores and molds.

In secondary smelting, scrap metal mixtures are heated,
accompanied by a chemical change that results in the formation of slag, and
eventually results in usable metals and metal alloys. In foundry
operations, the material charged is generally heated without an accompanying
chemical change.

In California, secondary smelters and foundries operations may
produce emissions of numerous listed toxic substances. The nature and
amount produced depend on the feed, processes, and equipment used. In
addition, metal scrap subjected to sorting and treating processes prior to
undergoing smelting or melting may also create toxic emissions of listed
substances.

Pollutants emitted may consist of organic or inorganic
substances. Organic substances include acrolein, acetaldehyde, |
formaldehyde, phenol, toluene, and xylene vapors. Other substances are
polycyclic organic matter (POM) which include polycyclic aromatic
hydrocarbons (PAH). Inorganic substances include arsenic, fluoride, and
zinc vapors. Inorganic particulate matter (PM) may include arsenic, barium,
beryllium, cadmium, chromium, copper, iron, lead, manganese, mercury,
nickel, selenium, vanadium, zinc, and other trace metals (U.S. EPA, 1986).

II. PROCESS DESCRIPTION OF SECONDARY SMELTERS AND FOUNDRIES

The processes in metallurgical industrial operations depend on
the types of feed and furnaces used; hence not every step of every process
described below will be used in a particular facility. These steps can be
combined or reordered, depending on furnace design, scrap quality, process
inputs, and product specifications.
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Inspecting, Sorting, and Treating
In the inspection process, scrap metal is received; scrap
requiring no sorting or treatment may be stored or charged directly to
the furnace. Other scrap may require manual sorting to remove

undesirable and oversized materials. Once sorted, the scrap will
usually require treatment.

In the treating process, scrap metal is processed to remove
contaminants and prepare it for the furnace. Grease, oil, or any
combustible material is removed to prevent explosion. Scrap metal is
also concentrated before entering the furnace to avoid backcharging.
Treatment may include mechanical, pyrometallurgical, and
hydrometallurgical methods, or a combination of these techniques (U.S.
EPA, 1977).

Mechanical

Mechanical methods include stripping, shredding, crushing, and
separating contaminants through magnetic attraction.

Pyrometallurgical

Pyrometallurgical methods include sweating, burning, and drying.
Hydrometallurgical

Hyrdrometallurgical methods include leaching and flotation.

" Once treated, the scrap is usually first charged by mechanical
means. Often the furnace is designed so that chips and light scrap are
fed below the surface of a previous charge. The smelting/melting
process may involve a number of processes including the following.

Smel1ting/Melting
Charging

The scrap metal is fed into the furnace. The load added
constitutes a charge. .

Batch Processing

Scrap is fed into the furnace continuously.
Smelting/Melting

The charge is heated to a molten metal.
Backcharging

More metal and possibly alloys or fluxes are added to the
furnace.
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Fluxing

A mineral is added to a charge to promote the fusion of metals or
prevent the formation of oxides. Cover fluxes prevent the air from
reaching and oxidizing the melt. Solvent fluxes react with non-metals
and form insolubles which float to the surface as part of the slag.

A;r or oxygen may be blown through to adjust the composition of the
charge.

Skimming

Contaminated semi-sold fluxes (dross, slag, or skimmings) are
ladled from the surface of the melt and removed.

Alloying

Metals are added to a charge to form a compound (two or more
metals) to attain the composition of the final product.

Refining

The content of molten metal is adjusted to attain a specified
composition. Alloys and other chemicals may be used to treat the
metal.

Tapping
The melt is allowed to enter a ladle or mold.
Casting

Casting is the act of forming a particular shape by pouring
molten metal into a mold or over a core.

Mold and Core Production

Cores are forms ‘used to make the internal voids in castings, and
molds are forms used to shape the casting exterior. Cores may be made
of sand with organic binders, molded into an internal void in the
casting and baked in an oven. Molds are commonly made of wet sand with
clay and organic additives, dried with hot air. Increasingly cold
setting binders are being used in core and mold production. Used sand
from castings shakeout operations is recycled to the sand preparation
area to be cleaned, screened, and reused (U.S. EPA, 1985).

Finishing Operations

Finishing operations include the removal of burrs and other
unwanted appendages as well as abrasive blast cleaning to remove any
remaining sand or scale.

In addition to the processes, several different types of furnaces
used in secondary smelters and foundries can affect emission of toxics.
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(Most of the following information on furnaces was taken from the U.S. EPA,

1977 Emissions Factors and Emission Source Information for Primary and
Secondary Copper Smelters).

Furnaces
Reverberatory Furnace

In a reverberatory furnace, the charge is heated by radiating
heat from the furnace's burner flame, roof, and walls, with fuel
combustion occurring directly above the molten bath. Commonly used to
smelt and refine aluminum scrap metals, the largest reverberatory

furnaces are
open-hearth furnaces, with a capacity of 40 to 500 metric tons.

Cupola Furnace

A cupola furnace, often considered a smaller variety of a blast
furnace, is essentially a vertical, refractory-lined cylinder. (The
terms blast and cupola are sometimes used interchangeably.) The
furnace is open at the top and is equipped with airports at the bottom,
which supply air by a down draft blower. Alternate charges of scrap
metal, coke and flux, are added through the top of the furnace onto a
bed of coke. The moliten metal is drawn off through a tap-hole and
spout at the bottom of the furnace. Cupolas are commonly used in
foundries to remelt iron before casting. Typical capacity is 55 to 65
metric tons.

Rotary Furnace

A rotary furnace is a more elaborate type of a cylindrical
reverberatory furnace; the rotary furnace not only tilts for charging
and pouring, but can be rotated about on its horizontal cylindrical
axis. Rotation during the melting period improves heat transfer.

-Converter Furnace

A converter furnace is basically a cylindrical reverberatory
furnace, which is mounted to tilt on it longitudinal axis and is
modified to permit blowing air through the melt.

Crucible

A crucible is a refractory vessel or pot made of graphite or

porcelain. An indirect-fired furnace, a crusibla is used to melt
materials with melting points not above 1400°°C (2500 F). With a
capacity of 10 to 1000 kg, the crucible is used to melt small batches

of aluminum scrap.

Pot Furnaces

Pot furnaces are an indirect- firedofurnace which are used for
metals with melting points not above 800°C (1400 F). These furnaces
may be cylindrical or rectangular, and consist of an outer shell lined
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with refractory material, combustion chamber, and a pot. The pots are
made of pressed steel, cast steel, or cast iron with flanged tops. The
flange rests on the furnace wall, holds the pot above the furnace
floor, and seals the contents of the pot from the products of
combustion of the fuel used. The shape of the pot depends upon the
operation.

Some furnaces are electrical; a major advantage with these is

atmosphere control and higher temperatures.

111

Direct-arc Furnace

A direct-arc furnace can heat scrap in a number of ways. The
principal heating method is radiation which uses electrodes spaced
below the surface of slag cover. The current is passed from the
cathode through the slag, to the metal charge, to the slag, and then
back to the anode. Sometimes the current is carried from the metal
charge to the earth.

Indirect-arc Furnace

In an indirect-arc furnace, the metal charge is placed below the
electrodes, forming an arc between the electrodes and charge. The
furnace is commonly used in the steel industry.

Electric Induction Furnace

An electric induction furnace consists of a crucible within a
water-cooled, copper coil. An alternating current, in the coil and
around the crucible, induces currents in the charge. Heating is rapid
and uniform, with accurate control possible. This furnace is commonly
uied_to blend pure aluminum and hardening agents to produce hardened
aluminum.

POTENTIAL SOURCES OF EMISSIONS

A number of metallurgical operations result in emissions which

may include particulate matter, carbon monoxide, organic compounds, sulfur
dioxide, nitrogen oxides as well as chloride and fluoride compounds. The
actual compounds emitted depend upon the feed, equipment, and processes

used.

Typical emissions from secondary aluminum smelters include

inorganic fluoride and nickel particles and fluoride vapor. Emissions from
secondary copper smelters and brass and bronze foundries include particles
of cadmium, copper, lead, nickel, selenium, and zinc. Secondary lead
smelting can potentially produce emissions of arsenic, lead, manganese, and
selenium particulate matter (U.S. EPA, 1986).

Gray iron foundries may produce emissions of inorganic arsenic,

barium, beryllium, cadmium, chromium, copper, lead, mercury, manganese,
nickel, and zinc particulate matter. Steel foundries may produce emissions
of arsenic, chromium, beryllium, manganese, and nickel particles (U.S. EPA,
1986).
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In secondary smelters and foundries, significant emissions may be .
released from the furnace during the smelting/melting process. These fumes
are generally captured through a hood and routed to the furnace stack. The
stack is then connected to a control device.

Fugitive emissions may result from a number of processes
including the sorting and treating processes, (crushing and screening,
shredding and classifying, burning and drying) as well as the
smelting/melting processes. Emissions of particulate matter and gases may
occur when raw materials are handled, especially during receiving,
unloading, storing, and conveying processes. Chlorides and fluorides can be
generated from the incomplete combustion of coke, carbon and flux additives,
dirt, and some gases may be released from burning contaminants such as
insulation.

Significant emissions occur when furnace lids and doors are
opened during charging, backcharging, alloying, skimming slag, tapping, and
pouring processes. For example, during backcharging, fugitive emissions may
occur when the amount of scrap being processed is not sufficiently compact
to allow a full charge to fit into the furnace prior to heating.
Subsequently introducing additional material onto the liquid metal surface
produces significant amounts of volatile and combustible materials and smoke
that may escape through the charging doors (U.S. EPA, 1977).

Other processes where emissions of listed substances are
potentially released include reclaiming, preparing, and mixing sand for the
production of cores and molds. Listed substances may be emitted from core
baking and organic emissions from mold drying.

During pouring processes, toxic emissions of listed substances
result from mold and core materials contacting the molten metal. Emissions
continue as the molds cool. A significant quantity of particulate matter is
also generated during the casting shakeout operations. During finishing and
blast cleaning operations, large, coarse particles are emitted when burrs
and other unwanted appendages are removed.

IV. CONTROL DEVICES

In general, escaping furnace gases and fumes are collected and
vented through roof openings to air pollution control devices. Controls for
fugitive furnace emissions include canopy hoods or special hoods near the
furnace doors, and tapping hoods to capture emissions and route them to
emission control systems. (The following information on control devices is
taken from the U.S. EPA 1987 )

Air pollution control equipment includes combustion devices such
as thermal or catalytic incinerators, boiler or process heaters, or flares.
These devices reduce emissions of combustible organic compounds by
destroying organic particulate matter through oxidation; other components in
the mixture are then emitted as an oxide or acid gas.
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Thermal Incinerators

Thermal incinerators achieve efficiency through the use of high
temperature, sufficient pollutant residence time, and adequate
turbulence.

Catalytic Incinerators

Catalytic incinerators operate at lower temperatures relying on
catalyst to promote oxidation. While one pollutant may be destroyed,
another pollutant may be created requiring other steps to remove it
from flue gases.

Control devices commonly used to remove particular matter
include, fabric filters or baghouses, cyclones, electrostatic precipitators,
wet scrubbers, and afterburners. Gaseous pollutants must be absorbed onto a
solid particle or react with water in a scrubber to be removed.

Fabric Filters (Also known as baghouse)

Fabric filters are efficient control devices even for small
particles. Variations in processes that affect gas streams as well as
temperature and gas dew point affect efficiency of these devices.
Chemical properties of particulate matter do not usually affect control
efficiency. Cooling systems are needed to prevent the hot e:haust
gases from damaging or destroying the fabric filters.

Cyclones

Cyclones are used in the finishing operations of foundries. The
chemical properties of the particulate matter do not usually affect the
control efficiency of cyclones.

Electrostatic Precipitators (ESP)

Electrostatic precipitators remove electrically charged gas
stream particles, but are not used to collect organic solids as these
are potentially combustible. Efficiency depends on the physical
characteristics of the particulate matter, gas stream, and electrical
resistivity of pollutant. Temperature can affect pollutant
resistivity. Because of a low collection efficiency, electrostatic
precipitators are not as well suited to the collection of dense
particulate matter such as lead and zinc oxides.

Wet Scrubbers

Wet scrubbers are used to collect organic and inorganic
particulate matter and reactive gases. Water is often used as the
medium, with efficiency based on physical parameters and scrubber
pressure drop. Wet scrubbers are useful only when particulate matter
is larger than one micron. Wet scrubbers are used to reduce sulfur
dioxide emissions.
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Afterburners

Afterburners are generally used to convert unburned Volatile
Organic Carbons (VOC) to carbon dioxide and water from burning/drying
insulation and other contaminants of scrap metal.

V. EMISSION ESTIMATES

Source testing is the preferred method of accurately determining
toxic emissions of listed substances when testing is feasible and approved,
reliable methods exist. Some secondary smeltering and foundry operations
may be required to perform source testing. However, when source testing is
not feasible, there are several methods available for quantifying air
emissions: mass balance, emission factors, engineering calculations, and
hybrids of mass balance and emission factors. An emission estimate may
involve the use of more than one of these methods; in addition, the estimate
must account for the control device(s) used. (Refer to the Air Toxics "Hots
Spots" Emission Inventory Criteria and Guideline Regulation for definitions
of these terms and criteria for their use and for when source testing will
be required.) '

Air emissions may be either from a process source or a fugitive
source. Process source emissions are typically those from a confined vent
stream. Fugitive source emissions include process leaks, evaporation from
open processes and spills, and loading and unloading losses of raw materials
and product. It is preferable to calculate fugitive emission using direct
measurement data.

MASS BALANCE

In general terms, a mass balance procedure accounts for all input
and output streams of a chemical in a whole process or subprocess. This
procedure is useful for estimating emissions when release data has not been
measured but input and output streams have been either measured or
estimated.

The emissions released can be calculated as the difference
between the input and output streams. Any accumulation or depletion of the
chemical in the equipment, eg. by reaction, must also be accounted for.
Individual operations within the mass balance usually must be evaluated.

A company processes 1000 tons of secondary iron scrap per year
containing 1% by weight of the listed toxic substance manganese. The
company annually produces 600 tons of a cast iron product containing .5% by
weight of manganese from the scrap. 375 tons of sold waste is produced
annually, containing 1.5%, by weight, of manganese. Quantify the emissions

of manganese.

Consider the quantities of manganese in all streams that enter or
leave the process. The amount of manganese released can be
calculated as follows:
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Input = Manganese in scrap metal (1000 tons X 1%) = 10 tons
Output = Manganese in final product (600 tons X .5%) «+

Waste (375 tons X 1.5%) + Emissions (unknown)
Input = Output

10 tons of Manganese = 3 + 5.63 + Emissions

Emissions = 10 - 3 - 5.63 = 1.37 tons of manganese
is released per year.

To use the mass balance method, the composition of the iron
scrap, any metal or flux added, and final product must be known. In
addition, the composition and amount of any slag, skimmings,
or dross removed must be considered and included in the output side of the
mass balance. The particulate matter removed using a control device must
also be taken into account on the output side of the mass balance. Some of
the numbers may be calculated or estimated, but the most accurate method
would include a measurement technique on the composition analysis of each
input and output.

EMISSION FACTORS

It may not always be feasible to estimate fugitive emissions by
the mass balance technique because the amounts emitted are sometimes too
small, relative to the amount of material processed, especially for
hazardous and toxic air pollutants present at low concentrations. Fugitive
emissions are also generally to diffuse and dilute to be measured directly;
therefore, emission factor calculations are often most appropriate to
estimate fugitives.

Emission factors usually express air emissions as a ratio of the
amount released of a pollutant to a process-related parameter or
measurement, frequently expressed as the amount of pollutant per throughput
of a process or piece of equipment, or the amount of pollutant per quantity
produced or processed. The throughput must be quantified to use this type
of emission factor. Emission factors for air emissions are commonly based
on averages measured at several facilities within the same type of industry.
The applicability and accuracy of emission factors are dependent on whether
the chemical substances, processes, and equipment are substantially
equivalent.

Example Using Emission Factors

A secondary lead smelter uses a blast furnace to process 100,000
tons of scrap metal per year. Calculate the controlled emissions of lead
for this process on an annual basis.

The emission factor for this process is 0.29 1b of lead (Appendix A, Table
7) emitted per ton of scrap processed so that:

100,000 tons metal processed 0.29 1b of lead 29,000 1b lead

- cim, X s . = s %

year ton of metal year
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Air emission factors may also be expressed in terms of total
volatile organic compounds (VOC) per throughput or total particulate matter
per throughput instead of a single chemical substance per throughput.

Once the total VOC or particulate matter for the process is
calculated, the totals may be used to estimate emissions of a specific
substance. Reports are available that provide information on the
composition of numerous air emission sources, which allows emission
estimates of specific substances to be made based on total amount of VOC
(U.S. EPA, 1988a) or particulate matter (U.S. EPA, 1988b) from a particular
source.

Examole Using Emission Facters With -Specias Profi)

Calculate the toxic air releases from a steel foundry using an
electric arc furnace for the melting process. A baghouse is used to control
emissions. The foundry processes 5,000 tons of metal annually.

The emission factor for the melting operation is given as 13 1b
of particulate matter (PM) per ton of metal processed (Appendix A, Table 3).
For total particulate matter the control efficiency of a baghouse used on an
electric arc furnace in a steel foundry is given as 98.5% (Appendix A, Table
4) such that: '

'Uncontroliad emissions

13 1b PM
5,000 tons metal processed X — - = 65,000 1b PM
ton metal processed

Controlled Emissions (Baghouse)
65,000 1b PM X (1-.985) = 975.00 1b PM

Listed substances to be included for the Air Toxics "Hot Spots® Information
and Assessment Act of 1987 include the following:

Annual Emissions

Lompound % of PM

Chlorine 1.850 18.04
Manganese 8.700 84.83
Nickel 0.700 6.83
Copper .280 2.13
Zinc 1.2 11.70
Lead .760 7.41

Fugitive emissions may be estimated by using appropriate emission factors,
especially for estimating releases from leaks in pipes and vessels.

ENGINEERING CALCULATIONS

_ Eﬁgineering calculations based on engineering judgement is
another technique of estimating air emissions. When emission-related
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parameters cannot be directly measured, emissions may be estimated or
deduced through engineering calculations and/or the measurement of other
secondary parameters.

The secondary parameters may be the physical and chemical
properties of the materials involved, design information on the equipment
for which the estimate is being made, or information from similar processes.
Engineering calculations are generally used to obtain information required
for one of the other emission estimation techniques.

Information acquired from the equipment design such as
capacities, operating temperatures and pressures can be used to estimate
gaseous flow rates. Engineering principles including physical and chemical
properties can be used to estimate gaseous concentrations of a particular
substance.

EMISSION CONTROL DEVICE EFFICIENCIES

An emission control device may greatly reduce air pollutants
entering the device. Any one of the following possibilities, or :
combinations of, exist when an air pollutant enters a control device. The
pollutant may be transferred from the air stream to another medium, be
modified to a less toxic state, destroyed through combustion and/or
dissociation, or it may pass through untreated. When a pollutant is
transferred into another medium, the medium is a potential source of
emissions. If the medium has any emissions while located anywhere on the
facility site, the emissions must be accounted for.

Emission estimates must take into account the effect of the
control device(s) used. Usually the efficiency of the control device must
be known.

Efficiency is expressed as a percentage:

Efficiency = -=l--- 2. X 100

Where:
X1 is the mass of 'Pollutant X' flowing into the control device
per period of time. :

X_ is the mass of 'Pollutant X' flowing out of the control device
R per period of time.

A measurement or test, a mass balance calculation, or a
combination of the two is the preferred basis for estimating efficiency. If
these data are not available, engineering calculations, data on the
operating parameters of the control device, or vendor data that reflects
actual operating conditions may be used to estimate the device's efficiency.
The data used should reflect the efficiency achieved during typical day-to-
day operations, not the theoretical optimum efficiency. The control
efficiency used in estimating emissions of each listed substance must be
justified and the justification must be cited.
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Appendix A is a list of emission factors that may be used to
estimate emissions and control efficiencies of equipment (U.S. EPA, 1985).
These emission factors are to be used only in the absence of specific
information or data regarding a process or control device for which an
emission estimate is being made. There are certain limitations in using
emission factors that should be taken into account; these factors depend on
many variables including, feed material, furnace type, melting/smelting
process and control equipment. Hence the estimate might not accurately
represent emissions at any particular facility. In this case a source test
may be more appropriate. Appendix B contains species profiles of
particulate matter (U.S. EPA, 1988b).

APPENDIX A
Table 1 Secondary Aluminum Smelters
Table 2 Gray Iron Foundry
Table 3  Steel Foundries .
Table 4 Steel Foundries (Control Efficiencies)
Table 5 Secondary Copper Smelting and Alloying (Brass & Bronze
Foundry)
Table 6 Copper Smelting and Alloying
Table 7 Secondary Lead Smelting
Table 8 Secondary Lead Smelting (Control Efficiencies)
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The listed emission factors & control efficiencies are for total particulate
matter. To report individual listed substances an appropriate species
profile must be applied. (Source of information: U.S. EPA, 1985)

TABLE 1

SECONDARY ALUMINUM SMELTERS

Total Particulate Matter Emissions

Operation Uncontrolled ~ __ Baghouse ESP
kg/mg 1b/ton kg/mg 1b/ton kg/mg 1b/ton

Sweating Furnace 7.25 14.5 1.65 3.3 -— ———
Smelting Furnace

~-Crucible .95 1.9 ——- —— e =

-Reverberatory 2.15 4.3 .65 1.3 .65 1.3

Chlorine Demagging 500 1000 25 50 —— —
TABLE 2

GRAY IRON FOUNDRY
Total Particulate Matter (PM) Emissions

_Qo_nn:.o_LD.encs_kannJth.Qn
Cupola Furnace: Uncontrolled 6.91
Scrubber 6
Venturi Scrubber 5
Baghouse 3
Single Wet Cap 4.0
Impingement Scrubber - 2.5
High Energy Scrubber 0.4

QD!:"--.IOI-

13
3.
3.
8
5.
0.

TABLE 3

STEEL FOUNDRIES

Nit Oxid
/mg 1b/ton kg/mg 1b/ton

Melting -~ kg/m
-Electric Arc 6.5 13 0.1 0.2
-Open Hearth 5.5 11 0.005 0.01
-Open Hearth &
oxygen lanced 5 10 —-—= i
-Electric induction 0.05 0.1 -——— w——
JABLE 4

STEEL FOUNDRIES
Total Particulate Matter Control Efficiencies
Open-Hearth

Control Device ~ Electric Arc  QOpen Hearth
ESP 95.0 96.7 96.5
Baghouse 98.5 99.9 99.0
Venturi Scrubber 96.0 97.5 96.5

NOTE: Electric induction furnaces are not usually pollution
controlled.
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The listed emission factors & control efficiencies are for total particulate
matter. To report individual listed substances an appropriate species
profile must be applied. (Source of information: U.S. EPA, 1985)

TABLE ©

SECONDARY COPPER SMELTING AND ALLOYING (BRASS & BRONZE FOUNDRY)

Control Total PM
Eurnace and charge type Equipment kg/mg lb/ton
Cupola
-Scrap iron none 0.002 0.003
-Insulated copper wire none 120 230
esp 5 10
~-Scrap copper and brass none 35 70
ESP 1.2 2.4
Reverberatory
-Copper none 2.6 5.1
Baghouse 0.2 0.4
-Brass and bronze none 18 36
Baghouse 1.3 2.6
Rotary
-Brass and bronze none 150 300
ESP 7 13
Crucible and pot
-Brass and bronze none 11 21
ESP 0.5 1
Electric Arc
-Copper none 2.5 5
Baghouse 0.5 1
-Brass and bronze None 5.5 11
Baghouse 3 6
Electric induction ;
-Copper none 3.5 7
Baghouse 0.25 0.5
-Brass and bronze None 10 20

Baghouse 0.35 0.7

JTABLE 6
COPPER SMELTING AND ALLOYING Lead”
ea

kg/mg 1b/ton
Reverberatory Furnace
-High lead alloy (58% lead) 25 50
-Red/yellow brass (15% lead) 6.6 13.2
-Other alloys (7% lead) 2.5 5.0

*NOTE: Factors are based on unit weight produced.

-198-



CARB SMELTER/FOUNDRY-PAGE 15
August, 1989

The listed emission factors & control efficiencies are for total particulate
matter. To report individual listed substances an appropriate species
profile must be applied. (Source of information: U.S. EPA, 1985)

TABLE 7
SECONDARY LEAD SMELTING
Total PM Lead
kg/mg 1b/ton kg/mg 1b/ton
Reverberatory
-Smelting uncontrolled 162 323 32 . 65
-Smelting controlled _ 0.50 1.01 ——— -——
Blast
-Smelting uncontrolled 153 307 52 104
-Smelting controlled 312 2.24 0.15 0.29
Kettle |
-Refining uncontrolled .02 .03 0.006 .01
-Refining controlled Neg Neg Neg Neg
Casting
-Uncontrolled .02 .04 .007 .01
-controlled Neg Neg Neg Neg

TABLE 8

SECONDARY LEAD SMELTING

Total Particulate Matter Control Efficiencies

Control
Control Equipment Eurnace Type Efficiency %

Fabric Filter Blast 98.4

Reverberatory 99.2

Dry cyclone plus Fabric Filter Blast 99.0

Wet cyclone plus Fabric Filter Reverberatory 99.7
Settling chamber plus dry cyclone

plus fabric filter Reverberatory 99.8

Venturi scrubber plus demister Blast 99.3
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Table 1
Table 2

U.S. EPA, 1988b)

Cast Iron-Cupola Furnace
Steel-Electric Arc Furnace

SMELTER/FOUNDRY-PAGE 16

—Substance

13 Al
14 Si
16 S
17 €1
19 K
20 Ca
22 Ti
23 ¥
24 Cr
25 Mn
26 Fe
27 Co
28 Ni
29 Cu
30 Zn
33 As
34 Se
35 Br
37 Rb
51 Sb
82 Pb

Aluminum
Silicon
Sulphur
Chlorine
Potassium
Calcium
Titanium
Vanadium
Chromium
Manganese
Iron
Cobalt
Nickel
Copper
Zinc
Arsenic
Selenium
Bromine
Rubidium
Ant imony
Lead

— Substance

11 Na
12 Mg
13 Al
14 Si
16 S

17 1
19 K

20 Ca
22 Ti
23 ¥V

24 Cr
25 Mn
26 Fe
28 Ni
29 Cu
30 Zn
82 Pb

®
NOTE:

Sodium
Magnesium
Aluminum
Silicon.
Sulphur
Chlorine
Potassium
Calcium
Titanium
Vanadium
Chromium
Manganese
Iron
Nickel
Copper
Zinc

Lead

x

= S

1.100

24,000

2.300
.890
.000
.000

1.260
6.500
0.650
5.000
1.960
1.850
0.920
6.200
0.200
0.060
2.100
8.700
32.000
0.700
0.280
1.200
0.760

TABLE 1 CAST IRON Foundry-CUPOLA Furnace

Expressed as a percentage of total PM by weight.
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STORAGE TANK
EMISSION ESTIMATION TECHNIQUE (EET)

I. INTRODUCTION

This document is an Emission Estimation Technique (EET) developed by
the ARB staff in accordance with the Emission Inventory Criteria and
Guidelines Regulation (the "Regulation") for the administration of AB 2588,
the Air Toxics "Hot Spots” Information and Assessment Act of 1987 (the
"Act"). Specifically, facility operators can use this EET to estimate
emissions of listed substances from floating roof, fixed roofs, variable
vapor space, and bulk loading storage tanks. The "0Oil and Gas EET," also
included in the Technical Guidance Document, provides more specific
equations for estimating storage tank emissions in the petroleum industry.
Facility operators in the petroleum industry should use the "0il and Gas
EET" to estimate their emissions.

The equations for calculating storage tank emissions are complex and
lengthy. The ARB staff has provided both the complete equations for
estimating tank emissions and alternate equations which are based on
assumptions about the variables in the equations. The alternate equations
provide much of the data that facility operators need to make the
calculations. However, operators should be aware that these alternative
values represent the upper range of possible values and may result in an
overestimation of their emissions. Operators will need to work with their
;esp?gtive districts to determine the most appropriate approach for their

acility.

II. HOW TO LOCATE INFORMATION IN THIS DOCUMENT

Section II of this document presents a series of tables to assist
facility operators in locating information in this EET. Table 1 lists the
detailed and the alternate equation(s) by tank type along with the page in
this document where the equation is found. Table 2 lists the steps a
facility operator needs to take to estimate storage tank emissions if the
detailed equations are used. If the alternate equations are used, the
operators may not need to use all of these steps. Table 3 presents
additional variables and parameters facility operators may need to use to
calculate the equations. (Faci]ity operators will find these variables and
parameters in alphabetical order in Section IV of this EET.)
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TABLE 1: GUIDE TO LOCATING TANK TYPE AND EQUATION(S)
IN SECTION III OF THIS EET

Tank Type* Equation(s) Equation Number
Type

A. FEloating Roof Tank

Total Emissions (1)
Standing Loss Detailed (2)
Alternate (3)
Working Loss Detailed (4)
Alternate (5)

B. Eixed Roof Tank

Total Emissions (6)
Breathing Loss Detailed (7)
Alternate (8)
Working Loss Detailed (9)
Alternate (10)
Horizontal Tanks Adapt Fixed Roof Equations see page

C. VYariable Vapor Space Tank

Total Emissions

Vapor Loss : g Detailed (11)
Alternate (12)

D. Bulk Loading " Detailed (13)
Alternate (14)

®pressure tanks are not discussed in this EET.
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TABLE 2: STEPS TO ESTIMATING EMISSIONS FROM STORAGE TANKS

1. Determine tank type

2. Determine estimating methodology

3. Select equations to be used

4. 1Identify parameters to be calculated or determined from tables

5. Calculate mole fractions in the liquid

Calculate partial pressures and total vapor pressure of the liquid
Calculate mole fractions in the vapor

Calculate molecular weight of the vapor

(¥e] oo ~ o
- - L] -

Calculate weight fractions of the Qapor
10. Calculate total VOC emitted from the tank

11. Calculate amount of each toxic substance emitted from the tank
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TABLE 3: ADDITIONAL PARAMETERS

TANKS--PAGE 4

Variable or Parameter

Equation in EET

-~ o o e w AN ]
. . . . . .

oo
-

10.
il.
12.
13.

Control factor (CONTROL)

Diameter adjustment for small tanks (C)

Mole fraction in liquid (Xi)
Mole fraction in vapor (Yi)
Molecular weight in vapor'(Hv)
Paint factor (Fp)

Temperature (T)

True vapor pressure (P)
Turnover Factor (KN)

Vapor pressure function (P*)
Vapor space height (H)

Weight fraction in vapor (Wt),
Wind Speed (V)

(15)

(16)

(17)

(18)

(19)

(See page 24)
(Table A-4, App. F)
(20) through (25)
(26)

(27)

(28)

(29) & (30)
(TabIe A-6, App. F)
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III. METHODS FOR ESTIMATING EMISSIONS FROM STORAGE TANKS

The emission estimation methods used in this EET for storage tanks were
derived from the EPA's Compilation of Air Pollutant Emission Factors:
Volume 1, (EPA _AP-42)., These equations estimate total VOC emissions from
storage tanks, but can be modified to estimate chemical-specific emissions
directly. To estimate emissions of AB 2588 listed substances from storage
tanks using these equations, the facility operator needs to multiply the
total amount (in pounds) of VOC emitted by the weight fraction of that
substance in the vapor. The weight fractions are related to mole fractions
in the vapor phase. Weight fractions calculated are valid no matter how
many moles actually are present.

A. Estimation of Emissions from Floating Roof Tanks
The major source of emissions for floating roof tanks come from
standing storage losses and working losses. The total loss from external

and internal floating roof tanks can be estimated from the following
equations:

S - Total Loss (1bs/yr)
Ly = Standing storage loss (1bs/yr)

Ly = Working loss (1bs/yr)

1. Standing Storage Loss Fron Floating Roof Tanks

To determine the standing storage loss, Ls. facility operators may use
equation (2) or the alternate equation (3). '

N
Where:
Ls « Total loss (1bs/yr)
Ks = Seal factor (1b-mole) + [ft (mile/hr) yr] N

v = Average wind speed at tank site (mile/hr)
(See Table A-6, Appendix F).
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N = Seal related wind speed exponent (dimensionless). (See'
Table 4.3-4, Appendix C).

P = Vapor pressure function, dimensionless
(See Equation 26 or figure 4.3-9, Appendix F).

Tank diameter (feet)
Average molecular weight (1b/1b-mole). (Use Table

=
-
non

4.3-2. Appendix F or Equation (19)).

KC = Product factor, dimensionless

= Secondary seal factor

Weight fraction of listed substance i
(See Equation (29)).

Lo
x
-

-

-
n

Alternate Equation for Standing Storage Loss

2 ;
Lg = 0.008 X; P,% (Mw;) D (3)

Equation (3) is based on Equation (2) and the following assumptions:

KS = 0.7 for all seal systems
V = 10.5 mi/hr (or use Table 6).

N = Exponent 0.4 for all seal systems
My = 60 1b/1b-mole

Ke = 1.0

EF = 1.0

®

P = Pilptotal (See Equation (27)).

Peota] = 14-71 (psia)
Wt = 0.001 X; P, (Mw), (See Equation (30)).

2. Working Loss from Floating Roof Tanks

The working loss from external floating roof and internal floating roof
tanks can be estimated using Equation (4) OR the alternate equation (5).
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LH = (0.943) QCHl x [1 + N:F ] (Nt)i (4)
D D
Where:

Ly = Working loss (1b/yr)
0.943 is a constant which has the dimensions of (1000 ft° x gal/bb1%)

Q = Throughput (bbl/year) (tank capacity [bbl] times annual
turnover rate)

C = Shell clingage factor (bb1/1,000 ftz),
(See Table 4.3-5, Appendix F).

NL = Average organic liquid density (1b/gal) (See Table 4.3-2,
Appendix F).

N. = Number of columns, dimensionless (See Table 4.3-6,
Appendix F).

D = Tank diameter (ft)

F = Effective column diameter (ft) [ column perimeter (ft)/m ]

(Wt)i = Weight fraction of listed substance (See Equation (29))
Alternate Equation for Working Loss
Ly = 0.0100343 Q X, P.(Mw), (1 + N_) (5)
D

Equation (5) is derived from Equation (4) based on the following
assumptions:

Where:
C = 1.0
W, = 8.3 lbs/gal

F = Tank diameter, D in feet, can be used for the alternate
equation

(Wt); = 0.001 X,P.(Mw); (See Equation (30))
B. Estimation of Emissions from Fixed Roof Tanks
The two major sources of emissions from fixed roof tanks are breathing

losses and working losses. The term breathing loss refers to those
emissions that result without any significant change in the liquid level
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within the tank. Breathing losses are caused by changes in the ambient
temperature or pressure, which cause the vapor to expand or contract,
resulting in the release of emissions. Working losses, on the other hand,
occur when the tank is filled or emptied.

The total loss from a fixed roof tank is the sum of breathing losses
plus working losses multiplied by the operational percentage vapor recovery
factor for the system used.

LT = LB + LH (6)
Where:
L.r = Total loss
LB = Breathing loss

Working loss

—
=
n

If the tank is vented to a vapor recovery system, the operator
multiplies Equation (7) by 0.05 (which assumes 95 percent control). If
vented to a thermal oxidizer, the operator multiplies Equation (7) by 0.01
(assumes 99% control).

1. Calculating Breathing Loss from a Fixed Roof Tank

lg = 0.0226 x M, (PRE'P')O'GS‘ pteT3p 40 Bhy arPe80y ok, (W), ()

Where:
LB = Breathing loss (1bs/yr)

HV = Molecular weight of vapor in storage tank, 1b/1b-mole
(See Equation (19))

PA = Average atmospheric pressure at tank location, psia

P = True vapor pressure at bulk liquid conditions, psia '(See
Equations (21) through (26))

D = Tank diameter, ft

H = Average vapor space height, including roof volume
correction, ft (See Equation (28))

AT = Average ambient diurnal temperature change in degrees F .
Fp = Paint factor, dimensionless (See Table C-1, Appendix C)

C = Adjustment factor for small diameter tanks, dimensionless
(See Equation (16))
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Kc = Product factor, dimensionless

(Wt)i= Weight fraction of substance i (See Equation (29))

Alternate Equation for Breathing Loss
lg = 0.27(122$:$)°-58 b7 ) o) Py ), (8)

Equation (8) can be derived from Equation (7) with the following
assumptions:

Where:
Mv = 60 1b/1b-mole
PA = 14.7 psia
H = 0.5 (h) (h = height of the tank).
AT = 25 °F
Fp' = 1.6
G = 1
Kc = l

(Wt),= 0.001 XiPi(Mw)i (See Equation (29)).

2. Calculating Working Losses from a Fixed Roof Tank

Working lossés from a fixed roof tank can be estimated using the
following equation:

Ly = 2.40 x 107° M, P Q Ky K¢ (WE); (9)
Where:
Lw = Fixed }oof working loss (1bs/year)
Mv = Molecular weight of vapor in storage tank (1b/1b-mole)
P = True vapor pressure at bulk liquid temperature (psia)
(See Equation (20)). _
Q = Discharge in (gals/yr) or bbls/yr (42 U.S. gals = bbl)

Tank capacity, V (gal)
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Ky = Turnover factor, dimensionless (See Figure 4.3-7,
Appendix F or Equation (26)). '

KC = product factor, dimensionless
(Ht)i= Weight fraction of substance i. (See Equation (29)).

Equation (9) can be modified to reflect actual conditions as they exist
at facilities in California. For example, control measures are commonplace
in California and should be refliected in the working loss equation. Thus,
the resulting working loss equation can be expressed as follows:

L, = 2.40 x 107° M, P Q KK, (CONTROL) (Wt), (9a)
Alternative Equation for Working Loss
L, = 1.44 x 107% (Mw).QX,(Control) P (10)

Equation (10) can be obtained from Equation (9) based on the following
assumptions:

= 60 1b/1b-mole
¢ = 1
(Ht)i- 0.001 X.P,(Mw), (See Equation (29)).
KN = 1
3. Calculating Emissions for Horizontal Tanks
Horizontal tanks are typically small, with their volume rarely
exceeding 30,000 gallons. To calculate emissions from horizontal tanks, the
facility operator adapts the equations and parameters for fixed roof tanks,
which were developed for vertical fixed roof tanks.
Assumptions:
(a) The tank is one-half filled, and the surface area of the liquid
in the tank is approximately equal to the length of the tank
times the diameter of the tank.

(b) This area represents a circle (i.e., that the liquid is in an
upright cylinder). The effective diameter of the tank is

(1.13) x (length x width)®-® .
C. Estimation of Emissions from Variable Vapor Space Tanks

Variable vapor space filling losses occur during filling operations.
Since the variable vapor space tank has an expandable vapor storage
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capacity, this loss is not as large as the filling loss associated with
fixed roof tanks. Loss of vapor occurs only when the tank's vapor storage
capacity is exceeded. Variable vapor space system filling losses can be
estimated from:

Ly = (2.40 x 107°) MP [(Q) - (0.25 V,N,)] (11)

v
Where:

L, = Variable vapor space filling loss (1b/103 gal throughput)
M, = Molecular weight of vapor in storage tank (1b/1b-mole)

P = True vapor pressure at bulk liquid conditions (psia) (See
Equations (20 through 25)). :

= VYolume of liquid pumped into system, throughput (bbl)

Q
Vl = Volume expansion capacity of system (bbl)
V = Tank volume

N

2 = Number of transfers into system (dimensionless)

Alternate Equation for Variable Space Tanks

L, = 0.0014 P (Q - 0.125 NZ) (12)

v

Equation (12) can be derived from Equation (11) with the following
assumptions:

W = 60 1b/1b-mole

v
VIIV = 0.5

Note: Although not developed for use with heavier petroleum liquids such as
kerosenes and fuel oils, equation (12) is recommended for use with
heavier petroleum liquids in the absence of better data.

D. Estimation of Emissions from Bulk Loading Operations

Emissions from liquid bulk loading operations can be estimated using
the following equation: '
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LL = 523,32 SPM (1.00 - gff.) (Ht)1 (13)
T 100
Where:
L, = Loading loss (1b HC/1000 bb1. loaded)
S = Saturation factor (EPA AP-42, Table 4.4-1 in Appendix F)
P = Vapor pressure, psia

M = Molecular weight of condensed vapors (1b/1b-mole)
T = Loading temperature, °R (°F + 460)
eff. = Typical control efficiency (%)

99% - vapor recovery to fuel gas system

92% - vapor recovery to recovery unit

0 - uncontrolled

(wt)i- Weight fraction of the listed substance (See Equation (29))

Alternate Equation for Bulk Storage Tanks
‘Lo« o086 P X, P,(Mw)(1.00 - eff.) (14)
100

Equation (14) can be derived from Equation (13) with the following
assumptions:

s =1.0
M = 60 1b/1b-mole

T, = 530

(Wt) = 0.001 X.P,(Mw); (See Equation (30).)

IV. EQUATIONS AND VALUES FOR CALCULATING ADDITIONAL PARAMETERS FOR EMISSION
ESTIMATION

Section IV provides facility operators with the parameters and
equations to calculate the chemical and physical properties of listed
substances which are needed to complete the emission estimate from storage

tanks.

Control Efficiency

Emission estimates must take into account control device(s) used to
reduce toxic pollutants. Usually, the efficiency of the control device must
be known. The data used should reflect the efficiency achieved during
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typical day-to-day operations, and not the theoretical optimum efficiency.
The control efficiency used in estimating emissions of each listed substance
must be justified by the facility operator and the justification must be
cited in the emission inventory plan. For additional information on control
efficiencies, facility operators should consult Chapter IV, "Control
Efficiencies," of the Technical Guidance Document for AB 2588.

Efficiency is expressed as a percentage:

Efficiency = M, - M 15
' % x 100 .
"y
Where:
M. = Mass of 'Toxic Pollutant' flowing into the control device

per period of time

M. = Mass of 'Toxic Pollutant' flowing out of the control
device per period of time.

A valid efficiency estimate can be based on source tests or other
measurement, a mass balance calculation, or a combination of the two. The
data should reflect efficiency achieved during typical operations, and not
the theoretical optimum efficiency. Actual measurement is the best way to
determine efficiency.

Diameter Adjustment for Small Tanks

Tank emissions also depend upon the tank diameter. Small diameter
tanks emit proportionally less pollutants than larger diameter tanks. The
breakpoint between small and large diameter tanks is set at 30 feet. At
values greater than or equal to 30 feet, the emissions are independent of
tank diameter and the adjustment factor is 1.0. If the tank diameter is
less than 30 feet, the following equation is used to calculate the
adjustment factor:

C = (0.0771) x (Diameter) - (0.0013) x (Diameter)? - 0.1334 (16)

Mole fraction in Liquid

The mole fractions of toxic substances in a liquid must be calculated
in order to estimate the vapor pressure of the liquid using Raoult's Law.
The partial pressure, Xi, of each substance equals the liquid mole fraction,
Xi. times the vapor pressure of the pure substance. Pi'

Xi = Pl (17)
Py
The liquid phase mole fractions sum is 1.00.
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Mole Fraction in Vapor

The mole fraction of a substance in a vapor phase (Y ) is based on the
partial pressure the substance exerts:

Where:

Y = Ppartial’ Ptotal (18)
Paotai = Py Xy + Py Xy +. P X0
Ppartial = Pure vapor pressure x mole fraction of liquid

(Rauolt's Law)

P = VYapor pressure of pure component, i

Xi = Mole fraction of component, i

n = Total components in vapor

Molecular Weight in Vapor

The molecular weight of the vapor (H ) is dependent upon the mole
fractions of the substance in the vapor:

M, = (M) (Y), (19)

The molecular weight of the vapor can be calculated using Equation (3) or by
looking up the molecular weight on Table 4.3-2, Appendix F.

Paint Factor

Emissions from tanks also depend upon the tank color, the condition of
the paint itself, and whether or not insulation is present. The paint
factor takes into account the effects these three variables have on overall
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breathing loss emissions. Values for the paint factor for different
conditions are tabulated in Table 4.3-1.

True Vapor Pressure

True vapor pressure (P) is the equilibrium partial pressure exerted by
a volatile liquid, and is perhaps the most difficult term in the breathing
loss equation to calculate. A monograph (included in Appendix F Figure 4.3-
6) relates P to both the Reid Vapor Pressure (RVP) and the storage
temperature (Ts)‘ RVP is the absolute vapor pressure of volatile crude oil

and nonviscuous petroleum liquids. Numerically, the relationship between P,
RVP, and temperature is expressed in the following equations:

P = (RvP) elCo(IRTEMP - ITEWP)]

(20)
Where:
CO = constant dependent upon the value of RVP
ITEMP = (1/560 °R) (21)
IRTEMP =  [1/(Tg + 460° R)] ' (22)
T5 = temperature of the stored fluid in Fahrenheit

The value of the constant term CD depends upon the given value of RVP.
Values of Co for different RVP numbers are tabulated in Table C-3,

Appendix C) . However an error was discovered in the API monograph
calculated values of P. The RVP is not equal to P at 100°F, given the
general definition of RVP. Using linear regression techniques, corre;tion
factors (CF) were developed and should be added to the calculated values of
TVP in order to obtain reasonable P numbers. The relationship between the
three values is given as follows:

Corrected P = Calculated P + CF (23)
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The correction factor was found to be dependent upon RVP according to the
following equations:

If RVP < 3,
Cp = (0.04) x (RVP) + 0.1 (24)
If RVP > 3,
cF < e[(2.3452061 Ioglo(RVP)) - 4.132622] (25)
Turnover Pressure Function
KN = 180 + N if N is greater than 36 (26)
6N
Ky = 1 if N is equal to or less that 36
N = number of turnovers
Vapor Pressure Function
p* " P/P (27)

[1+ (1-p/P,)0:% 1 2
Where:

P = True vapor pressure at average actual organic liquid
storage temperature (psia)

a = Average atmospheric pressure at tank location (psia)
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Vapor Space Height (H) (Average)

The average vapor space height refers to the typical height of the
vapor in the tank, and can be calculated using the following equation:

H = 0.5 (height of tank) (28)

Weight Fraction of the Vapor

The weight fraction (Wt,) of each component in a fluid mixture is
/
the unit weight of that component divided by the total unit weight of the

mixture.
(W) = Yi(Mw); (29)
T (M), (Y ),
Where Yi = VYapor-phase mole fraction of specific

substance (1b/1b-mole)

For alternate equations, use the following:

Y, o= X Py
P

then (Wt); = X Ei (Hw)j
Pr (MW)gota1 |

assume:
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(H"")Tota]' 60 1b/1b-mole

then (Wt);= 0.001 X; P, (Mw), (30)
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APPENDIX B
ANTOINE'S EQUATION CONSTANTS
AND
COX CHART FOR ESTIMATING VAPOR PRESSURE
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-

Antoine equation correlates vapor pressure-temperature data extremely well.
Clausius-Clapeyron equation OR Cox Charts can also estimate vapor pressure.

-222-

log p* A B - p* in mm Hg s T in °C
10 & i ’
Substance Formula Range,"C A B C
Acetaldehyde C2H4D -45 to +70 6.81083 992.0 230
Acetic Acid CZH402 0 to +36 7.80307 1651.2 225
+36 to +170 7.18807 1416.7 211
Acetone 03H50 g 7.02447 1161.0 224
Ammonia HH3 -83 to +60 7.55466 1002.711 247 .885 .
Benzene CSHG — 6.90565 1211.033 220.790
Carbon tetrachloride CC14 - 6.93390 1242.43 230.0
Chlorobenzene C6H5C1 0 to +42 7.10690 1500.0 224.0
+42 to +230 6.94504 1413.12 216.0
Chloroform CHC13 -30 to +150 6.90328 1163.03 227.4
-Cyclohexane °5“1z -50 to +200 6.84498 1203.526 222.863
Ethyl Acetate C4H802 -20 to +150 7.09808 1238.71 217.0
Ethyl alcohol CZHSOH e 8.04494 1554.3 222.65
Ethylbenzene 08"10 = 6.95719 1424.255 213.206
n-Heptane C7H16 s 6.90240 1268.115 216.900
n-Hexane 06H14 =— 6.87776 1171.530 224 .366
Methyl alcohol CH30H -20 to +140 7.87863 1473.11 230.0
Methyl ethyl ketone . C4H30 s 6.97421 1209.6 216
n-Pentane CEH12 . 6.85221 1064.63 232.000
Isopentane CSHIZ . 6.78967 1020.012 233.097
Styrene Cghg - 6.92409 1420.0 206.
Toluene C7H3 i 6.95334 1343.943 219.377
Water HZO 0 to 60 8.10765 1750.286 235.0
60 to 150 7.96681 1668.21 228.0
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_ APPENDIX C
FACTORS FOR CRUDE OIL STORAGE TANK CALCULATIONS
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EACTORS FOR FIXED ROOF TANK CALCULATIONS

TABLE C-1 PAINT FACTOR FOR FIXED ROOF TANKS

Paint factors (Fp)

Tank color Paint condition

Roof Shell Good Poor

White White 1.00 1.15
Aluminum (specular) White 1.04 1.18
White Aluminum (specular) 1.16 1.24
Aluminum (specular) Aluminum (specular) 1.20 1429
White Aluminum (diffuse) 1.30 1.38
Aluminum (diffuse) Aluminum (diffuse) 1.39 1.46
White Gray 1.30 1.38
Light gray Light gray 1.33 1.44
Medium gray Medium gray 1.40 1.58°%

%Estimated from the ratios of the seven preceding paint factors.
TABLE C-2. AVERAGE STORAGE TEMPERATURE (Ts) AS

A FUNCTION OF TANK PAINT COLOR

Average i
Tank Color Storage Temperature, TS (°F)
®
White Ty + 0
Aluminum TA + 2.5
Gray TA + 3.5
Black _ TA + 5.0

*TA is average ambient temperature in degrees farenheit.

(Compiled from: U.S. EPA, 1985,

AP-42, 4th Edition,
September).
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RYP ___QO_____
0<RVP<2 -6622.5
2<RVP<3 -6439.2
RVP = 3 -6255.9
3<RVP<4 -6212.1
RVP = 4 -6169.2
4<RVP<5H -6177.9
RVP = 5 -6186.5
5<RVP<6 -6220.4
RVP = 6 -6254.3
6<RVP<7 -6182.1
RYP = 7 -6109.8
7<RVP<8 -6238.9
RYP = 8 -6367.9
8<RVP<9 -6477.5
RYP = 9 -6587.9
9¢<RVP<10 -6910.5
RVP = 10 -7234.0
10<RVP<15 -8178.0
RVYP > 15 -9123.2
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JABLE C-4 =~ CONTROL FACTORS
JANK TYPE —CONTROL FACTOR

Open top tank 1.00
(no fixed or floating roof)

Fixed roof tank with roof openings 1.00
(open vents, holes), but no vapor controls

Fixed roof tank with functional p.v. 0.90
valve on the roof, but no open vents
and no vapor controls

Fixed roof tank with internal . 0.05
floating roof and p.v. valve on roof

Fixed roof tank with vapor balance 0.10
type emission control system

Fixed roof tank with compression, 0.02
refrigeration or combustion type
vapor control or recovery system

External floating roof tank 0.05
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APPENDIX F
FIGURES AND TABLES
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TABLE 4.3-2. PHYSICAL PROPERTIES OF TYPICAL ORGANIC LIQUIDSa

Condensed
Vapor Product vapor
l::::::lr di:;::{ (4, de?;;:rltu), True vapor pressure in psia at: o
Organic Ilquldh @ 60°F @ 60°F @ 60°F LO°F 50°F 60°F 10°F 80°F 90°F 100°F
Petroleum Liquidlc
Gasoline RVP 13 62 5.6 4.9 4.1 5.7 6.9 8.3 9.9 1.7 13.8
Gasoline RVP 10 66 5.6 5.1 3.4 6.2 5.2 6.2 1.4 8.8 10.5
Gasoline RVP 7 68 5.6 5.2 2.3 2.9 3.5 4.3 5.2 6.2 7.4
Crude oil RVP 5 50 7.1 4.5 1.8 2.3 2.8 3.4 4.0 4.8 5.7
Jet naphtha (JP-4) 80 6.4 5.4 0.8 1.0 1.3 1.6 1.9 2.4 2.1
Jet kerosene 130 1.0 6.1 0.004} 0.0060 0.0085 0.011 0.015 0.021 0.029
Distillate fuel no. 2 130 1.1 6.1 0.0031 0.0045 0.0074 0.0090 0.012 0.016 0.022
Residual oil no. 6 190 1.9 6.4 0.00002 0.00003 0.00004 0.00006 0©.00009 0.00013 0.00019
Volatile Ocrganic Liquids
Acetone 58 6.6 6.6 1.7 2.2 2.9 3.7 4.7 5.9 1.3
Acrylonitrile 53 6.8 6.8 0.8 1.0 1.4 1.8 2.4 3.1 4.0
Benzene 78 1.4 1.4 0.6 0.9 1.2 1.5 2.0 2.6 3.3
Carbon disulfide 16 10.6 10.6 3.0 3.9 4.8 6.0 1.4 9.2 11.2
Carbon tetrachloride 154 13.4 13.4 0.8 1.1 1.4 1.8 2.3 3.0 3.8
Chloroform 119 12.5 12.5 1.5 1.9 2.5 3.2 4.1 5.2 6.3
Cyclohexane 84 6.5 6.5 0.7 0.9 1.2 1.6 2.1 2.6 3.2
1,2-Dichloroethsne 99 10.5 10.5 0.6 0.8 1.0 1.4 1.7 2.2 2.8
Ethylacetate 88 1.6 1.6 0.6 0.8 1.1 1.5 1.9 2.5 3.2
Ethyl slcohol 46 6.6 6.6 0.2 0.4 0.6 0.9 1.2 1.7 2:3
Isopropyl alcohol 60 6.6 6.6 0.2 0.3 0.6 0.7 0.9 1.3 1.8
Hethyl alcohol 32 6.6 6.6 0.7 1.0 1.4 2.0 2.6 3.5 4.5
Hethylene chloride 85 11.1 11.1 3.1 4.3 5.4 6.8 B.7 10.3 13.3
Hethylethyl ketone 12 6.7 6.7 0.7 0.9 1.2 1.5 2:1 2.1 3.3
Hethylmethacrylate 100 1.9 1.9 0.1 0.2 0.3 0.6 0.8 1.1 1.4
1,1,1-Trichloroethane 133 11.2 11.2. 0.9 1.2 1.6 2.0 2.6 3.3 4.2
Trichloroethylene 131 12.3 12.3 0.5 0.7 0.9 1.2 1.5 2.0 2.0
Toluene 92 1.3 1.3 0.2 0.2 0.3 0.4 0.6 0.8 1.0
Vinylacetate 86 1.8 1.8 0.7 1.0 1.3 1.7 2.3 3.1 4.0

"References 3-4.
:For s more comprehensive listing of volatile organic liquids, see Reference 3.
RVP = Reid vapor pressure in psia.
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TABLE 4.3-5. AVERAGE CLINGAGE FACTORS (C) (bbl/1,000 ftz)g

Shell condition

b

Liquid Light rust Dense rust Gunite lined
Gasoline 0.0015 0.0075 0.15
Single component 0.0015 0.0075 0.15

stocks
Crude oil 0.0060 0.030 0.60

:Reference 5.
If no specific information is available, these values can be assumed
to represent the most common condition of tanks currently in use.

4.3-20

TABLE 4.3~-6. TYPICAL NUMBER OF COLUMNS AS A
FUNCTION OF TANK DIAMETER FOR INTERNAL FLOATIEG
ROOF TANKS WITH COLUMN SUPPORTED FIXED ROOFS

Tank diameter range Typical number

D (ft) of columns, NC
0<Ds 85 1
85 <D £ 100 6
100 < D = 120 7
120 < D £ 135 8
135 < D = 150 9
150 < D £ 170 16
170 < D £ 190 19
190 < D s 220 22
220 < D § 235 3
235 < D s 270 37
270 < D § 275 43
275 < D s 290 49
290 < D s 330 61
330 < D s 360 71
360 < D s 400 81

%Reference 1. This table was derived from a survey
of users and manufacturers. The actual number of
columns in a particular tank may vary greatly with
age, fixed roof style, loading specificatioms,
and manufacturing perogatives. Data in this table
should not supersede information on actual tamks.

EMISSION FACTORS 9/85
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The saturation factor, S, represents the expelled vapor's fractional approach
to saturation, and it accounts for the variations observed in emission rates
from the different unloading and loading methods. Table 4.4-1 lists suggested
saturation factors.

TABLE 4.4-1. SATURATION (S) FACTORS FOR CALCULATING
PETROLEUM LIQUID LOADING LOSSES

Cargo carrier Mode of operation S factor

Tank trucks and
rail tank cars Submerged loading of a clean
cargo tank 0.50

Submerged loading: dedicated
normal service 0.60

Submerged loading: dedicated
vapor balance service 1.00

Splash loading of a clean
cargo tank 1.45

Splash loading: dedicated
normal service 1.45

Splash loading: dedicated

vapor balance service 1.00
Marine vessels@ Submerged loading: ships 0.2
Submerged loading: barges 0.5

aFor products other than gasoline and crude oil. Use factoré
from Table 4.4-2 for marine loading of gasoline. Use Equations
2 and 3 and Table 4.4-3 for marine loading of crude oil.

Emissions from controlled loading operations can be calculated by multi-
plying the uncontrolled emission rate calculated in Equation 1 by the comntrol

efficiency term:
] - eff
100 / -

Measures to reduce loading emissions include selection of altermate
loading methods and application of vapor recovery equipment. The latter
captures organic vapors displaced during loading operations and recovers

4.4-6 EMISSION FACTORS 9/85
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TABLE 4.4-2. VOLATILE ORGANIC COMPOUND EMISSION FACTORS FOR
GASOLINE LOADING OPERATIONS AT MARINE TERMINALS2

Total organic emission factors

Vessel Ships/ocean barges® Barges®

tank Previous mg/liter 15/10? gal wg/liter 1b5/10% gal
condition cargo transferred transferred transferred transferred
Uncleaned Volacile® 315 2.6 465 3.9
Bal lasced Volatile 205 1.7 d d
Cleaned Volatile 180 1.5 e e
Gas-freed Volatile 85 0.7 e e
Any con-

dition Nonvolatile 85 0.7 e e
Gas-freed Any cargo e e 245 2.0
Typical

overall

situationf Any cargo 215 1.8 410 3.4

Factors represent nonmethane-nonethane VOC emissions because
methane and ethane have been found to constitute a negligible weight fraction of
the evaporative emissions frow gasoline.

bOocean barges (tank compartment depth about 40 feer) exhibit emission levels similar
to tank ships. Shallow draft barges (compartment depth 10 to 12 feet) exhibic
higher emission levels.

Cyolactile cargoes are those with a true vapor pressure greater than 1.5 psia.
Barges are not usually ballasted.

®Unavailable.

Based on observation that 41I of cested ship compartments were uncleaned, 112
ballasted, 241 cleaned, and 24X gas-freed. For barges, 761 were unclesned.

TABLE 4.4-3. AVERAGE ARRIVAL EMISSION FACTORS, C,, FOR CRUDE

OIL LOADING EMISSION EQUATIONE

Ship/ocean barge Previous Arrival emission
tank condition cargo factor, 1b/103 gal
Uncl eaned Volatileb 0.86
Ballasted Volatile 0.46
Cleaned or
gas-freed Volatile 0.33
Any condition Nonvolatile 0.33

8Arrival emission factors (C,) to be added to generated emission
factors calculated in Equation 3 to produce total crude oil

These factors represent total organic cowpounds;
nonmethane-nonethane VOC emission factors average about 152 lower.
byolatile cargoes are those with a true vapor pressure greater

9/85

loading loss.

than 1.5 psia.

Evaporation Loss Sources

P17
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TABLE 4.3-1. PAINT FACTORS FOR FIXED ROOF TANKS®

Paint factors (FP)

Tank color Paint condition
Roof Shell Good Poor

White White 1.00 1.15
Aluminum (specular) White 1.04 1.8
White Aluminum (specular) 1.16 1.24
Aluminum (specular) Aluminum (specular) 1.20 1.29
White Aluminum (diffuse) 1.30 1.38
Aluminum (diffuse) Aluminum (diffuse) 1.39 1.46
White Gray 1.30 1.38
Light gray Light gray 1.33 l.héb
Medium gray Medium gray 1.40 1.58b

3Reference 2.
Estimated from the ratios of the seven preceding paint factors.
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Figure 4.3-4. Adjustment factor (C) for small diameter tanks.?2

4.3-6 EMISSION FACTORS 9/85

"y -



TAUE VAPOR PRESSURE, P (pein)

0
"
12
13

L ]

—‘

REID VAPOR PRESSURE ipel
]

TANKS-PAGE 33

d

- ] 8 g 2
LuduuLuduuLnduuhuduuhuduuhuﬂunhuﬂuuhuduuhududuuhuduuhuduuhuduuhuduuhuJ

-
o

STOAED LIQUID TEMPERATURE, T, IF

Figure 4.3-5. True vapor pressure (P) of crude oils (2-15 psi RVP).®

9/85

Evaporation Loss Sources

=234~

4.3-9



3
t

0.20

0.30

040

0.50
0.60
0.70
0.80
0.90
1.00

2.00

250

TRUE VAPOR PRESSURE, £ (psial

TITTIT'I‘IH]I‘III’I‘HH]IH'I|'lT[I"l"l 1o IIIITI‘I’I"]"I ['I ]‘I ] |

\

T T

TANKS-PAGE 34

120 —

110

luul"uuluuI|Ua|n.i.||nuluuhmlnulnnl.mhu.l.l..l..1.I..'m... e

g8

\

\
\
&\

REID VAPOR PRESSURE (psi
8 3 8
STORED LIQUID TEMPERATURE, T IF)

]

S = SLOPE OF THE ASTM DISTILLATION
CURVE AT 10 PERCENT EVAPORATED

= DEG F AT 15 PERCENT MINUS DEG F AT 5 PERCENT
10
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THE FOLLOWING AVERAGE VALUE OF S MAY BE USED:
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NAPHTHA (2-8 LB RVP) 2%

Ny Dashed line diustrates sample problem for RVP = 10 puunds per square mch. gasline
SOURCE: Nomograph drawn (rom the data of the Natwwnal Burcau of Standards.

Figure 4.3-0.
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True vapor presure (P) of refined petroleum liquids

like gasoline and napththas (1-20 psi RVP).®
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TABLE A-6. AVERAGE ANNUAL WIND SPEED (v, mi/h) FOR SELECTED U.S.
LOCATIONS
Birmingham, Ala. 7.3 Grand JuncTion, Colo. 8.1
Huntsviile, Ala, 8.1 Pueblo, Colo. 8.7
Mobile, Ala. 9.0 Bridgeport, Conn. 12.0
Montgomery, Ala, 6.7 Harttord, Conn. 8.5
Anchorasge, Alaska 6.8 Wilmington, Del. 9.2
Annette, Alaska 10.6 Wash., D.C.-Dulles Airport 7.5
Barrow, Alaska 1.8 Wash. D.C.-National Airport 9.3
Barter Alaska 13.2 Apalachicoia, Fla. 7.9
Bethe!, Alaska 12.8 Daytona Beach, Fla. 8.8
Betties, Alaska 6.7 Fort Myers, Fla, 8.2
8ig Delita, Alaska 8.2 Jacksonville, Fla. 8.2
Gold Bay, Alaska 16.9 Key WesT, Fla. 1.2
Fairbanks, Alaska 5.4 Miami, Fia, 9.2
Gulkana, Alaska 6.8 Oriando, Fla. 8.8
Homer, Alaska 7.2 Pensacoia, Fla. 8.4
Juneau, Alaska 8.4 Tallahassee, Fia. 6.5
King Salmon, Alaska 10.7 Tampa, Fla. 8.6
Kodiak, Alaska 10.6 West Palm Beach, Fla. 9.5%
Kotzebue, Alaska 13.0 Athens, Ga. 7.4
MeGrath, Alaska 5l Atlanta, Ga. 9.1
Noma, Alaska 10.7 Auqueta, Ga. 6.5
St. Paul Island, Alaska 18.3 Columbus, Ga. 6.7
Talkeatna, Alaska 4.5 Macon, Ga. 7.7
Valdez, Alaska 6.0 Savannan, Ga. 7.9
Yakutat, Alaska 7.4 Hilo, Hawaii 7.1
Flagstatt, Ariz. 7.3 Honolulu, Hawaii 11.6
Phosnix, Arlz. 6.3 Kahuluyi, Hawaii 12.8
Tucson, Ariz, 8.2 Lihua, Hawaili 11.9
Winsiow, Ariz. 8.9 Bolse, |daho 8.9
Yuma, Ariz. 7.8 Pocatel lo, |daho 10.2
Fort Salth, Ark. 7.6 Cairo, 111, 8.5
Litrie Rock, Ark. 8.0 Chicaga, 111, 10.3
Bakersfield, Calif, 6.4 Moline, 111, 10.0
Blue Canyon, Calif. 7.7 Peoria, 111, 10.1
Eureka, Calif. 6.8 Rockford, 111, 9.9
Fresno, Callif, 6.4 Soringfleid, (11, 11.3
Long Beach, Callif. 6.4 Evansville, Ind. 8.2
Los Angeles, Callf.— 7.5 Fort Wayne, Ind. 10.2
internationat Airport indlanapolis, Ind. 9.6
Los Angeles, Callif, 6.2 South Bend, Ind. 10.4
Mount Shasta, Callf. 5.1
Des Moines, lowa 10.9
Oskiand, Callf, . 8.2 Sioux Clity, lowa 11.0
Red Blutf, Calif, 8.6 Waterioco, lowa 10.7
Secramsnto, Callif, 8.1 Concordia, Kans. 12.3
San Diego, Calif, 6.8 Dodge City, Kans. 13.9
Sen Francisco, Callf.— 10.5
international Alrport Goodiand, Kans. 12.6
Topeka, Kans. 10.2
Sen Francisco, Callf.—City 8.7 Wichita, Kans. 12.4
Santa Maria, Calif. 7.0 Cincinnati, Ky.~Airport 9.1
Stockton, Callf. 7.5 Jackson, Ky. 7.0
Coloradgo Springs, Cole. 10,1
Denver, Colo. 8.8 Lexington, Ky. 9.5
Lovisville, Ky. 8.3
Baton Rouge, La. Vol
Lake Charles, La. 8.7
New Orleans, La. 8.2
(conTinued)

.
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TABLE A-4. AVERAGE ANNUAL AMBIENT TEMPERATURE (T,, °F) FOR SELECTED
U.S. LOCATIONS

|

Birmingham, Ala. 62.0 Stockton, Calit, 61.6
Huntsville, Ala. 60.6 Alasosa, Colo. 41,2
Mobile, Ala, 67.5 Colorado Springs, Colo. 48.9
Montgomary, Ala. 64.9 Denver, Colo. $0.3%
Anchorage, Alaska 35.3 Grand Junction, Colo. 2.7
Annette, Alaska 45 .4 Pueblo, Calo. 52.8
Barrow, Alaska 9.1 Bridgeport, Cann. 51.8
Barter Island, Alaska 9.6 Harttord, Coan. 49.8
Bethel, Alaska 28.4 Wiimington, Del. 54.0
Batties, Alaska 21,2 Wash., D.C.-Oulles Alrport 53.9
8ig Delta, Alaska 27.4 Wash. D.C.-National Airport 57.5
Cold Bay, Alaska 37.9 Apalachicola, Fla. 68.2
Falrbanks, Alaska 23.9 Daytona Beacnh, Fla 70.3
Guikana, Alaska 26.5 Fort Myers, Fla. T -
Homer, Alaska 36.6 Galnsville, Fla. 88,6
Junesu, Alaska 40.0 Jacksonville, Fla. 68.0
King Salmon, Alaska 32.8 Key West, Fla. 77.7
Kodlak, Alaska 40.7 Miami, Fla. 75.7
Kotzebue, Alasks 20.9 Ortando, Fla. 72.4
McGrath, Alaska 25.0 Pensacolia, Fla. 68.0
Ncme, Alaska 25.5 Tallahassee, Fla. 67.2
St. Paul Island, Alaska 34,3 Tampa, Fila. 72.0
Talkeotna, Alaska 32.6 Vero Beach, Fla. 72.4
Unalekieet, Alaska 26.4 West Pailm Beach, Fla. 74.6
Valdez, Alaska 38.3 Athens, Ga. 61.4
Yakutat, Alaska 38.6 Atlanta, Ga. 61.2
Flagstatt, Ariz. 45.4 Augusta, Ga. 63.2
Phoenix, Ariz. 1.2 Columbus, Ga. 64.3
Tucson, Ariz. 8.0 . Macon, Ga. T 64,7
Wiasiow, Ariz, 54.9 Savannah, Ga. 65.9
Yuma, Ariz. 73.8 Hilo, Hawaii 73.6
Fort Saith, Ariz. 60.8 Honolulu, Hawaii 77.0
Little Rock, Ark, 61.9 Kahului, Hawaii 75.5
North Little Rock, Ark. 61.7 Lihua, Hawaii 75.2
Bakersfield, Calitf. 65.5 Boise, ldaho 51.1
Bishop, Calif. $6.0 Lewiston, |daho 52.1
B8lue Canyon, Calif. 50.4 Pocatello, ldaho - 46.6
Eureka, Calif. 52.0 Cairo, 111, $9.1
Fresno, Callif. 62.6 O'Hare Airport, Chicago, II1, 49.2
Long Beach, Calif, Moline, 111, 49.5
Los Angeles, Calif.— Peoria, 111, 50.4
International Airport Rockford, 111, 47.8
Los Angeles, Calif, Springfield, 111, 52.6
Mount Shasta, Calif. Evanville, Ind, $5.7
Red Bluff, Calif. Fort Wayne, Ind. 49.7
Sacramento, Calif,
Indianapol is, Ind, 52.1
San Diego, Calif, South Bend, Ind, 49.4
San Francisco, Calif.— Des Moines, lowa 49.7
International Airport Dubuque, iows 46.3
San Francisco, Calit,—~City Sioux City, lowa 48,
Santa Barbara, Calit,
Santa Marila, Calif. Waterioco, lows 468.1
Concordia, Kans, 53.2
Oodge City, Kans. 55.1
Goodland, Kans, $0.7
Topeka, Kans. 54,1

(continuad)






EMISSION ESTIMATION TECHNIQUE: SURFACE COATING






SURFACE COATING
EMISSION ESTIMATION TECHNIQUE (EET)

I. INTRODUCTION

This document is an Emission Estimation Technique (EET), developed by
the Air Resources Board staff in accordance with the Air Toxics "Hot Spots"
Information and Assessment Act of 1987 (the "Act"). Specifically this
report describes the processes used in industrial operations involving
surface coating that result in air emissions of toxic substances listed
pursuant to the Act, and specifies the method(s) a facility operator would
use to calculate resulting air emissions of these listed substances.

Surface coating is the application of decorative or protective
materials in liquid or powder form to a substrate. (A substrate is a
surface upon which coating is applied). As a coating dries solvents are
emitted. (A solvent is one of several coating components; its main purpose
is to dissolve solid resins and aid drying). Solvents, which are also used
for surface preparation and facility clean-up, are the source of much of the
emissions from the surface coating industry. Because many solvents are
toxic, a facility which does surface coating presents a potential health
risk to the surrounding community. The "Act" will provide regulatory
agencies with data for evaluating the health risk imposed by toxic
emissions.

Although solvents are the focus of this EET, constituting the majority
of emissions from most coating operations, monomers and other molecules with
low molecular weights may volatilize as well, producing toxic air emissions
of listed substances. Unfortunately, current data on monomer and low
molecular weight coating molecule emissions is limited. However, emissions
of these substances may be estimated by using the excess or unreacted
quantities of the toxic substances to be inventoried. In addition, listed
metals are often contained in coating mixtures, in the pigment for example.
While emissions of metals from the coating will probably be less than
solvent emissions, a facility operator should consider processes which
entrain these in the air, such as coating atomization, as possible sources
of toxic metal emissions.

Fac1llty operators subject to the “Act® -are responsible for reporting
emissions of all listed substances from their facility. If the Jechnical
Guidance Document (TGD) provides no emission quantification information for
a facility's emitting process, a facility operator should consult the local
air pollution control agency for guidance on reporting emissions of
substances listed in Appendix A-I of the Regulation.

The large number of coating facilities in California makes the surface
coating industry a major source of toxic emissions of listed substances.
Surface coating facility operators are not required to use source testing in
estimating air emissions of listed substances from coatings; however, the
estimation method used must be approved by the air pollution control
district or air quality management district in which the facility resides.
This document introduces basic concepts regarding the nature of surface
coating operations and a method for estimating emissions. Although not all

-240-
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types of surface coating processes occurring in facilities covered under the
Air Toxics "Hot Spots" Act will be specifically mentioned in this EET, this
document can be used to guide facility operators in estimating surface
coating emissions.

Some of the more common surface coating solvents for which emissions
must be accounted for pursuant to the "Act" are:

Benzene Mineral spirits
Carbon tetrachloride Nitrobenzenes
Chlorobenzene 2-Nitropropane
Chloroform Perchloroethylene
1,4-Dioxane Phenol

Ethylene dichloride Toluene

Glycol Ethers 1,1,1-Trichloroethane
Methanol Trichloroethylene
Methylene chloride Xylenes

Michler's ketone
THIS. LIST OF TOXIC SOLVENTS IS NOT COMPREHENSIVE. FACILITY OPERATORS ARE
RESPONSIBLE FOR DETERMINING IF THEY USE ANY COATING SUBSTANCE IDENTIFIED IN

APPENDIX A-I AND A-II OF THE EMISSION INVENTORY CRITERIA AND GUIDELINES
REGULATION .

II. BACKGROUND

This Section provides some basic information on the components in
coatings, the nature of solvents, the types of coating, and the surface
coating industry.

The properties of a particular coating are determined by the relative
amounts of the coating components. By varying their concentrations, the
coating consistency can be optimized for the conditions of a particular
day's operations.

Coating Components

Resins

Resins provide properties such as hardness and chemical resistance.

Pigments

Pigments provide color and opacity (they cover or hide the layers of
coatings beneath the surface.)

Extenders

Extenders provide coating body or thickness without providing color.

=741
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Additives

Additives are a broad category of substances added to coatings to help

in drying, improve flow characteristics, and provide stiffness to
reduce runs and sags.

Solvents

Solvents are used to dissolve solid resins, lower the viscosity or thin
the coating, and act as a carrier suspending insoluble additives.

Diluents

Like solvents, diluents lower coating viscosity, though less

dramatically than solvents, and may be used to "fine tune" coating
consistency.

Although surface coating operations vary with the coating conditions,
most operations are either job shop (toll) or captive. Job shops are
independent operations that contract out to various manufacturers to perform
only the coating portion of the manufacturing process. On the other hand,
captive companies oversee the entire manufacturing process, including the
coating portion. Thus, job shops generate a greater variety of coating
formulations (and types of emissions) than captive operations generate. The

range of operating conditions at a job shop makes the addition of emission
control devices difficult.

Coating operations can also be defined according to whether they are
continuous or batch. Continuous operations usually involve an assembly-line
process. Objects to be coated are brought to the coating area while objects
just coated are simultaneously being moved from the coating area to the
drying area. In batch operations, objects to be coated are taken in groups
(batches) through each step in the coating process.

Types of Coatings
Acrylics

Acrylics are thermoplastic resins known for their excellent durability
and color retention.

Acrylic Enamels

Acrylic enamels have excellent durability, and because of their high
natural gloss do not require polishing.

Alkyds

Alkyds are synthetic resins which are thermoset, meaning once melted
they cannot be remelted.
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Synthetic Alkyd Enamels

Synthetic alkyd enamels are less expensive and less durable than
acrylic enamels.

Epoxies

Epoxies are thermoset polymer resins which have an exceptional
combination of properties such as toughness, adhesion, and chemical
resistance. Some epoxies do not require solvents for application.
Lacquers

Lacquers dry quickly and can be easily removed from a substrate by
redissolving them in solvent.

Polyurethane Coatings

Polyurethanes are polymers which give superior gloss retention and
durability.

Powder Coatings

Powders are supplied to coating facilities in powder form (hence the
name powders). The powder and the substrate are oppositely charged so
that the coating will adhere when electrostatically sprayed to the
substrate. Powders are fused by baking for a continuous coating.
Primers

Primer is a generic term for the first layer of coating applied to a
substrate.

Primer-sealers

Primer-sealers are used to improve adhesion of subsequent coats, and to
seal old coats of paint remaining below the sealer.

Primer-surfacers

Primer-surfacers are usually applied in a thick layer over a thin layer
of coating. The purpose of the primer-surfacer layer is to smooth out
surface irregularities as well as allow the surface to be sanded
without cutting through to the bare metal.

Sealers

Sealers may be used to do all or any one of the following: protect the

substrate from subsequent coatings, protect subsequent coatings from
the substrate, and protect the substrate from the environment as well.

=743-
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Coating Application Methods
Sprays
Conventional/Air Spray

Conventional or air spray involves a stream of air at high pressure
that atomizes the coating as the coating and air mixture leaves the
nozzle. The applicators are usually hand held and operated. The
advantages of conventional spray include ease of coating color change,
adaptability to painting different sizes and shapes (under various
conditions), and ability to apply different coating formulations (that
is, conventional solvent thinned, catalyzed, or water borne coatings).
Two important drawbacks include: overspray caused by the high pressure
at which the coating leaves the nozzle, and increased energy required
to power an air compressor.

Airless Spray

For airless spray, paint is forced through a small orifice under very
high pressure. The coating atomizes because the pressure on the .
coating is greatly reduced when the coating hits the ambient air.

Air Assisted Airless Spray

Air assisted airless spray combines the best of air and airless spray
giving a higher transfer efficiency (TE) than air spray and a better
finish than airless spray. Pressurized paint is atomized with air at
the spray gun nozzie.

Electrostatic Spray

Electrostatic spray imparts charged coating particles onto an
oppositely charged metal substrate. Nonmetal substrates can be coated
electrostatically by placing oppositely charged metal behind or inside
the surface to be coated. This method is most efficient for low
viscosity paints, and can be used with spray guns, spinning discs, or
bell shaped atomizers. Because of the attraction between cnating
particles and substrate, overspray is reduced.

High Volume Low Pressure (HVLP) Systems

The HVLP system uses a turbine to supply air to the spray gun, thereby
eliminating the need for compressed air. Much of the turbulence
generated by the explosive reaction of the high pressure coating
hitting the ambient air is eliminated; the coating leaves the HVLP
spray gun at near ambient pressure. Therefore, the low pressure HVLP
coating stream is more laminar, more focused, and has little "bounce-
back" (rebound off the substrate) compared with other air spray coating
methods. The larger hole on the HVLP gun also allows the operator to
use coatings with a high solids content. In addition, the heat created
by turbine friction may aid in coating atomisation and curing rate.

L F. V. e
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Rollers
Roller Coating

Roller coating adapts well to the application of inks and coatings to
flat surfaces. The rollers can be spun in two directions, either the
same as or opposite to the substrate; the roller direction chosen
should best suit the coating application process. For direct roll
coating, the rollers move in the same direction as the surface to be
coated; this method is used for printing and decorative graining
applications such as wood panel coating. Reverse roll coating rollers
move in the direction opposite the substrate. The porous and imperfect
surfaces of paper and fabrics can be smoothed by applying fillers using
reverse roll coating. .

Rotogravure Printing

Rotogravure printing is similar to roller coating in that it involves
the use of a roller, but with rotogravure, the roller is a copper
plated cylinder engraved with the image to be printed. The coating is
applied to the cylinder surface, and the excess is scraped from the
unengraved areas. The coating is left within the engraved recesses of
the cylinder only, and thus the engraved pattern is applied. This
method is used for coating vinyl imitation leathers and wallpaper.

Miscellaneous

Dip Coating

Dip coating entails immersing or dipping the workpiece into a liquid
coating bath. Dip coating is best for large or irregularly shaped
objects; however, dipping causes uneven coating thickness and possibly
edge blistering, and is therefore typically used to coat surfaces which
need not be visually appealing.

Flow Coating

Flow coating utilizes a stream of coating which flows down onto a
conveyor belt. The substrate is conveyored beneath the coating stream
so that the coating is complete when the entire workpiece has passed
beneath the coating stream. Excess coating is drained off, often into
a trough to be recycled. Curtain coating is a type of flow coating
used for flat surfaces; a coating "film" is applied by passing the
substrate through a constantly flowing "curtain® of coating. Coating
thickness is varied by adjusting the coating flow rate.

Knife Coating

In knife coating, objects can be coated to an approximate thickness by
placing a straight edged knife at the desired distance above the
substrate. The excess coating is removed as the substrate passes below
the blade. This method is inexpensive, but cannot be used on all types
of surfaces, such as for pliable surfaces, or when accuracy in coating
thickness is required such as in the printing industry.

=245~
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IIT. POTENTIAL SOURCES OF EMISSIONS BY INDUSTRY

Emissions from coating industry operations may depend on several
factors: the coating composition (solvents used), the area being coated,
the thickness of the coating, the amount of coating being done, the TE of
the application method, and the efficiency of the emission control device.
Emissions are possible during application, flashoff, drying, and clean-up.
Emissions are also possible from storage, mixture, and transfer of coatings.
Facilities that do not capture evaporated solvents are likely to release all
solvents used in coating by the time the coatings have cured. For the
purposes of this report, a facility with no emissions controls emits 100% of
unrecovered coating solvents to the atmosphere. However, every operation is
unique and possible exceptions to this assumption should be accounted for.

Emission control devices may reduce solvent emissions depending upon
various operational parameters such as, the efficiency of the control
device, the amount of solvent subject to controls; whether or not emission
controls are in operation on the curing oven, and the amount of time the
coated object spends between coating and curing. The emissions occurring
after coating and before curing an object are in turn affected by the
surrounding conditions. Any solvent remaining in the coating is likely to
evaporate during curing, and the amount of solvent released to the
atmosphere depends on the efficiency of the control device, if any exists,
on the oven.

Can Coating

Most exterior can coating is done by roller with a TE of nearly 100%.
Thus, a comparatively small amount of the coating used remains in the
application area. Therefore, most of the solvent emissions come from
the coating on the substrate itself. Side seams and interiors are
often spray coated. Because of the low TE inherent in spray coating,
the solvent emissions relative to coating area are greater than those
from roller coating. However, the oven area of the sheet base and
lithographic coating lines is usually the major source of emissions in
the can coating industry.

Magnet Wire Coating

Magnet wire is coated by dipping, a method with a high TE. Because of
‘the types of coatings used, the high TE, and the speed with which the
wire moves from application to cure, the majority of the solvent is
usually emitted in the oven during curing.

Other Metal Coating

Emissions vary with the physical construction of the coating line, the
coating method, and the composition of the coating applied.

Flat Wood Interior Panel Coating
Flat wood interior panel coating entails the coating of flat wood

construction products such as interior panels, particle board, and
hardboard. The majority of objects are coated by someone other than
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the manufacturer such as a job shop coater. Coatings are usually
applied to the flat wood with a roller (direct roll for surface cover
and reverse roll for forcing filler into panel surface indentations).
Offset gravure grain printers are used for precision coating. Printing
and topcoats can be applied by curtain coating. The majority of
solvent emissions usually occur during drying after the application of
one or more types of coatings. When various application techniques
with low TEs such as spray coating are used, the application area
emissions usually rise dramatically.

Paper Coating

Within the paper coating industry, most coating solvent emissions occur
during application or drying. The combined emissions from these two
processes will probably account for the majority of solvent emissions,
while much of the remaining solvent is emitted from the storage and
handling of coating.

Fabric Coating

Solvent emissions within the fabric coating industry occur at the
coating mixer, the coating applicator, and the oven.

Auto & Light Truck Surface Coating

In an auto or light truck assembly plant, most of the solvent emissions
occur while applying and curing the prime coat, guide coat, and top
coat. The rest of the solvent is emitted from sources such as final
topcoat repair, clean-up, coating small component parts, and the
application of sealants. Because of the low TE of spray coating, the
majority of the solvents emitted during application and cure come from
the spray booth and flashoff area with the rest emitted in the oven.

Pressure Seﬁsitive Tapes & Labels Coating

The main sources of solvent emissions from tape and label coating
operations are the adhesive release coater (roller), the oven, and the
post oven areas. Almost all uncontrolled solvents are emitted with the
drying oven exhaust. Most of the remaining solvent emissions occur
during storage and handling, spills, coating formulation, and mixing.

Metal Coil Coating

Coil coatings are applied by roller which has one of the highest TEs of
all the application methods. Application area emissions may be small
when compared with coating solvent emissions occurring in the oven. A
small percentage of the solvent may also be emitted during quenching
(cooling of the metal sheet prior to recoiling it).

IV. SURFACE COATING EMISSION ESTIMATION TECHNIQUE

Source testing is the preferred method of accurately determining toxic
emissions of listed substances when testing is feasible and when approved,

=24 7~-
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reliable methods exist. However, the current Emission Inventory Criteria
and Guidelines Regulation does not require any source testing for
determining toxic emissions of solvents from surface coating processes
because of the dispersed nature of the emissions from the operation.

Facility operators should assume that 100% of the solvent contained
within a coating application which is not recycled or recovered is emitted.
Therefore, the fate of all quantities of listed toxic solvent(s) in a
coating must be accounted for. This type of estimation is known as mass
balance.

The first step in estimating solvent emissions is to establish which
solvents are contained within the coating(s) used. The Material Safety Data
Sheet (MSDS) supplied by the coating manufacturer includes a listing of
coating components. However, the MSDS may be too general or incompliete, and
may not break down the coating mixture into all ingredients that are on the
ARB's Tist of substances. The percentages of the different coating
components may be rounded off causing inaccurate emission estimates.
Therefore, the facility operator may need to call the coating manufacturer
for a more detailed account of the substances in the coating. Two other
sources of coating component information are the Specifications Sheet and
the Technical Data Sheet. In addition, the local air pollution control
district may have more information.

The facility operator needs to compare all solvents contained in the
various coatings with those substances listed in Appendix A-I and A-II of
the Emission Inventory Criteria and Guidelines Regulation. A1l listed
substances must be accounted for, and for those substances listed in
Appendix A-I, emissions must be quantified.

To comply with the reporting requirements in the Regulation, facility
operators must report emissions of listed substances as an annual average
and a maximum one-hour emission during the reporting year and must also meet
the degree of accuracy requirements set forth in the Regulation. These
terms are also defined in Chapter III of the TGD. Surface coating solvent
emissions are estimated using the following equations or emission estimation
techniques.

Emission Estimates From A Facility Without Emission Controls
One-Solvent Coatings

From the perspective of emissions calculation, the simplest case occurs
when a coating contains only one type of solvent and no emission control
devices are used. Hence all of the unrecovered solvent is assumed to be
released to the atmosphere. In this case, the weight of solvent emitted,
per unit of time, can be calculated from the amount of coating used, per
unit of time, and the amount of the solvent contained within the coating.

To determine the annual emissions of coating solvents from a facility
operating at average conditions (annual average emissions), a facility
operator needs to quantify, by coating process, each listed coating solvent
used during -the inventory year. For example, if a coating process is
performed only from January through June, the facility operator should total
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the amounts of each listed coating solvent used in that coating process,
during those months of the year, and report the totals as the annual average
emissions from that particular process. A facility operator calculates
annual average emissions of listed solvents by taking the product of the
average daily process rate (gallons of coating used per day), and the number
of days that that coating process is in operation during the reporting year,
and then multiplying that product by the listed solvent content (gallons of
solvent per gallon of coating).

A facility operator quantifies the maximum hourly emissions of listed
solvents by multiplying the maximum hourly process rate (maximum number of
gallons of coating used per hour) by the coating's solvent content (gallons
of solvent per gallon of coating). If the hourly process rate is unknown,
the facility operator approximates the maximum hourly process rate by
dividing the maximum daily process rate (maximum number of gallons of
coating used per day), for the reporting year, by the number of hours the
coating process was performed on that particular day. (The only time the
maximum hourly emissions should be used in calculating annual average
emissions is when coating processes at the facility never vary
substantially.)

1. Sample Calculation For Uncontrolled Emissijons From A One-Solvent Coating

A surface coating facility uses 11,700 gallons of enamel coating per
year, and a maximum of 25 gallons of the enamel coating per hour. According
to the coating manufacturer, the coating contains 3.8 pounds of solvent "A"
per gallon. The solvent is a substance to be quantified. The facility does
not have a solvent control device.

Assumption:
a. Because the facility does not control solvent emissions, all
solvent used is emitted.

A. Annual Average Emissions

The facility operator calculates the annual average emissions of solvent "A"
from the enamel coating process as follows:

EMS = EF x APR | (1)
Where:

EMS = Annual emission rate of the listed solvent, 1bs “"A"/yr

EF = Emission factor, 1bs "A"/gal enamel

APR = Annual process rate, gals enamel used/yr

EMS = 3.8.1bs "A"/gal enamel x 11,700 gals enamel used/yr

44,460 1bs solvent "A" emitted per year

- A0
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B. Maximum Hourly Emissions

The maximum amount of solvent "A" emitted per hour by this facility from the
enamel coating is calculated as follows:

HEMS . = HPR ., X D (2)
Where:

HEHSmax = Maximum hourly emission rate, 1bs of solvent/hr

HPRmax = Maximum hourly process rate, 1bs of coating used/hr

EF = Emission factor, 1bs of solvent/gal of enamel

HEMSmax = 25 gals enamel used/hr x 3.8 1bs solvent/gal enamel

95 1bs solvent "A" emitted per hour

Multi-Solvent Coatings

The coating mixture solvent percent weights (solvent weight fraction of
total coating weight), and the coating weight or density (ratio of coating
weight to coating volume) are used to estimate solvent emissions from multi-
solvent coatings; these values may be given on the MSDS or the
Specifications Sheet supplied by the coating manufacturer. When the
information given is insufficient to estimate emissions the facility
operator must call the coating manufacturer for clarification.

2. Sample Calculation For Uncontrolled Emissions From A Multi-Solvent
Coating

Facility “C" uses a coating which, according to the MSDS, contains two
solvents: mineral spirits and naphthalene. The MSDS lists the coating as
containing 7% mineral spirits and 15.7% naphthalene. The solvent contents
are given by percent weight on the MSDS, pounds of solvent per 100 pounds of
coating mixture. The coating density value provided by the MSDS is 10.2
pounds per gallon. The total annual usage of this coating by facility *C"
is 5,100 gallons. The maximum hourly usage of the coating is 31 gallons.
The facility does not control solvent emissions.
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A. Annual Average Emissions

The annual average emissions of mineral spirits and naphthalene from

this coating process may be determined as follows:

EMS = F x D x APR (3)
Where:
EMS = Annual emission rate, 1bs/yr

F

: Fraction of coating that is the 1isted substance, 1b/1b
D = Coating density, 1bs/gal
APR = Annual process rate, 1bs/yr

For Mineral Spirits:

EMS = 0.07 1b Mineral Spirits/1b coating x 10.2 1bs coating/gal coating
x 5,100 gals coating used/yr '
= 3,641 pounds Mineral Spirits emitted per year
. For Naphthalene:
EMS = 0.157 1b Naphthalene/1b coating x 10.2 1bs coating/gal coating
x 5,100 gals coating used/yr
= 8,167 pounds Naphthalene emitted per year

B. Maximum Hourly Emissions

The maximum emissions (in a one hour period during the reporting year) of
the solvents being inventoried can be calculated as follows:

HEMSmax =FxDx HPRmax (4)
Where:
HEMSmax = Maximum hourly listed substance emission rate, 1bs/hr
F = Fraction of coating that is the listed substance, 1b/1b
D = Coating density, 1bs/gal
HPRmax = Maximum hourly process rate, gals/hr

Mineral spirit emissions:
HEHSma = 0.07 1b Mineral Spiritsllh coating

x 10.2 1bs coating/gal coating x 31 gals coating used/hr
= 22.1 1bs Mineral Spirits emitted per hour

X

Naphthalene emissions:

HEMS_,, = 0.157 1b Naphthalene/1b coating

X x10.2 lbs coating/gal coating x 31 gals coating used/hr
= 49.6 1bs Naphthalene emitted per hour

The facility therefore reports maximum hourly emissions of 22.1 pounds of
mineral spirits and 49.6 pounds of naphthalene from this coating process.
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3. Estimsting Emissd WE Added Solvante-Mulfi-Salyant. Untnnteslisd

If solvent is added to a coating mixture at the coating facility, the

facility operator must estimate the emissions of each added solvent which is
a listed substance.

The operator at facility "C" described in example 2, adds a thinning
agent to the enamel coating mixture. The thinner is a listed solvent and
must be quantified. The mixing ratio of added thinner to the original
enamel coating is 1 to 2. The density of the thinning solvent according to
the MSDS is 7.32 pounds per gallon. (In the previous example, facility "C"
used 5,100 gallons of the enamel coating and a maximum hourly volume of 31
gallons.)

A. Annual Average Emissions

The facility operator estimates the annual average emissions of added
thinning solvent as follows:

EMS = EF x PR x D (8)
Where:

EMS = Annual emission rate of added solvent, 1bs/yr

EF = Emission factor, gals of added solvent/gal of enamel

PR = Annual process rate, gals enamel used/yr

D = Thinning solvent density, 1bs thinner/gal thinner
EMS = 1 gal/2 gals x 5,100 gals enamel/yr x 7.32 1bs thin/gal thin

18,666 pounds thinning solvent emitted per year

B, Maximum Houriy Emissions

Estimate the maximum amount of added thinning solvent used (emitted) per
hour as follows:

HEMSmax = EF x HPRmax x D (6)
Where:
HEMSmax = Maximum hourly thinner emission rate, 1bs/hr
EF = Emission factor--added thinner to coating ratio, gals/gal
HPRmax = Maximum hourly process rate, gals coating/hr
D = Thinning agent density, 1bs/gal
HEMS_ ., = 1 gal thinner/2 gals ctg x 31 gals/hr x 7.36 1bs/gal

14.1 pounds of thinner emitted per hour
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Typical overall coating densities given in EPA's AP-422:

. f Coati *+ pensity (1bs/gal)

Enamel, air dry
Enamel, baking
Acrylic enamel

Alkyd enamel
Primer surfacer
Primer, epoxy
Varnish, baking
Lacquer, spraying
Vinyl, roller coat
Polyurethane

Stain

Sealer

Magnet wire enamel
Paper coating
Fabric coating

* % % % % % % % % % % * N % %

4 The average density values given by

Compilation of Air Pollutant Emission
Eactors Volume I, EPA AP-42 should only be used if an actual coating density

value is unavailable.
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surf Shsting Eatesions Wonketund

The following worksheet may help facility operators estimate emissions
of listed substances. Though it is designed for calculating uncontrolled
solvent emissions, in some cases controlled solvent emission values might be
obtained by multiplying the worksheet values by the applicable control
efficiencies. i i

Make as many copies of the form as necessary for your facility.

There are two points to remember when estimating emissions of listed
substances within a facility lacking control devices.

(1) In facilities without control devices, it may be assumed that 100%
of the solvent in a coating application will be emitted.

(2) Any coating may contain more than one listed substance (solvent),
and emissions must be estimated for all listed substances. The
MSDS may provide percent weight of solvent(s) and density.
However, the information may not be complete or accurate, and a
facility operator may need to call the manufacturer for more
detailed information to estimate emissions.

(A) List the names and weight percentsb of all solvents contained in the

coating. (Remember--you may have several solvents and corresponding weight
percents to be identified here.)

Solvent Name Wt Solvent Name IWt

(B) How many gallons of this coating are used annually under average
operating conditions? (gallons/year)
(You should have one number here.)

(C) What is the maximum number of gallons of this coating used per hour?
- (gallons/hour)
(You should have 1 number here.)

(D) What is the density of this coating? ____ (pounds/gallon)
(You should have 1 number.)

b If percent volume is known percent weight can be calculated as follows:

ZWt = %Vol x Solvent density x (1/Coating density)

~T e
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(E) To calculate the emissions of each solvent listed in (A), multiply the
solvent weight fraction of total coating weight (percent weight of
solvent divided by 100) by the product of the volume of coating used
(gals) and coating density (1bs/gal).

(The number of equations you will have for E will depend on the number
of listed solvents in the coating.)

Solvent Emitted Per Year At Average Operating Conditions
(E-1) = (A/100) x B x D
Maximum Solvent Emitted Per Hour

(E-2) = (A/100) x C x D

Lo B ol =



CARB COATINGS--PAGE 17
AUGUST 1989

EMISSION ESTIMATES FOR FACILITIES WITH EMISSION CONTROLS

A facility operator must first estimate all solvent emissions without
accounting for the impact of a control device on those emissions. Once
total possible solvent emitted or total solvent used is known, other factors
must be incorporated into the emission estimate such as control device
efficiency, TE, and quantity of solvent emitted outside of any control
device. This section provides an introduction to add-on controls, and some
of the other factors involved in calculating solvent emissions from a
controlled facility.

Emission estimates must take into account the effect of the control
device used. Usually the efficiency of the control device must be known.
The data should reflect the efficiency achieved during typical day-to-day
operations, not the theoretical optimum efficiency. The control efficiency
used in estimating emissions of each listed substance must be justified by
the facility operator, and the justification must be cited.

An emission control device may greatly reduce air pollutants leaving
the device relative to those entering the device. Any one of the following
possibilities, or combinations of them, exist when an air pollutant enters a
control device: the pollutant may be transferred from the air stream to
another medium, modified to a less toxic state, destroyed through combustion
or dissociation, or pass through the device untreated. When a pollutant is
transferred into another medium, the medium is a potential source of
emissions. If the medium has any emissions, on the facility site, the air
emissions must be accounted for.

Add-On Control Technologies

Because add-on controls may be expensive to implement and operate, they
are seldom used at smaller facilities. Add-on controls are usually
economically feasible at larger coating facilities.

Carbon Adsorption

Carbon Adsorption is a solvent control system designed to remove
emissions originating from drying, coating, curing, or baking
operations. The system usually consists of an activated carbon
adsorption unit and a liquid distillation unit. Essentially,
adsorption removes the vapors from a gas stream; the carbon molecules
form a physical bond with the solvent collected from the vapor. The
carbon can be recycled because the bond between the carbon and solvent
molecules is weak enough to allow the collected material to be removed
from the surface of the carbon. The efficiency of an adsorption
operation is influenced by many factors such as solvent temperature,
air stream velocity, substances to be adsorbed, and humidity of the
solvent stream.

Incineration
Incineration is a control device applicable to many processes,

including some surface coating activities. Given the proper
temperature and time interval, most organic compounds can be controlled

- | - -
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by incineration. The heat generated by the incineration can be
recovered and used to increase the incinerator temperature. When
incineration is used in conjunction with carbon adsorption, the heat
can be used to fuel the removal of the solvent from the carbon.
Incinerators have been used to control emissions from devices such as
ovens, coating lines, and quench baths.

The efficiency of solvent capture by a particular control device is
dependent upon several variables such as coating formulation, condition of
the control device, temperature across the control device, and amount of
solvent across the control device. Because not all solvents are volatile
organic compounds (VOCs), a control device's individual solvent control
efficiencies may be significantly lower than that device's overall VOC
control efficiency. The Regulation requires that a facility operator
Jjustify all control efficiency estimates used to estimate emissions.

The preferred method for estimating control efficiency is to have the
control device tested under the conditions for which the emission estimate
is being made. An alternative method is to consult the manufacturer of the
device regarding control efficiency. Adjustments must be made to reflect
the typical conditions under which the control device performs.

Transfer Efficiency

Transfer efficiency (TE) is the ratio of the amount of coating solids
deposited onto the substrate compared to the total amount of coating used.
The higher the TE the greater the percentage of coating landing on the
substrate rather than the surrounding area. (The corollary is also true.)
The TE value is dependent upon a number of factors: the coating properties
(such as density and viscosity), the size and shape of the object being
coated (typically the smaller, more irregular surfaces have lower TEs than
the larger flatter ones), the method of application (electrostatic coating
has a higher TE than conventional air spray coating), the skill of the
coating applicator, and the surrounding conditions such as temperature and
pressure.

The TE value is not used in calculating solvent emissions unless a
facility uses control devices. A control device can only capture emissions
that are either contained by the device (such as by a tank cover) or pass
through the device (such as through an afterburner). (Fugitive emissions
occur when emitting processes or devices are uncontrolled; these emissions
must be accounted for when estimating total emissions.) In the case of an
afterburner attached to a curing oven, the TE may play a big part in the
amount of solvent emitted. In the absence of some sort of control device in
the coating application area, the coating solvents that do not land on the
substrate and are not sent to the oven (where they are subject to the
control device) are released to the atmosphere.

(Solvent) Capture Efficiency

Capture efficiency is the ratio of the amount of a substance leaving
the application area (such as a spray booth) compared to the amount of that
same substance which reaches the oven. In this case, the substance of
concern is a solvent. Capture efficiency, as with control and TE, depends
upon a variety of factors including solvent evaporation rate, time between
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the application and cure of coating, and the existence and type of controls
in the flashoff area (the area between application and oven). It is not
practical to assume one capture efficiency estimate for all types of surface
coating facilities. Therefore, each facility is responsible for estimating
the capture efficiency according to the facility's particular operating
parameters. The facility operator must justify the estimate to the air
pollution control district in which the facility resides.

Areas of solvent emissions from surface coating facilities include the
application area, flashoff area, and oven area.

F el » |
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Abbreviations Used In The Calculations

Abbreviation Meaning

appl
ctg
effy
emit
gal
hr
1b
solv
wt
wt

Applied
Coating
Efficiency
Emitted
Gallon

Hour

Pound

Solvent

Weight

Percent Weight

-P50.
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A. Maximum Hourly Emissions

The following worksheet can be used to calculate maximum hourly solvent
emissions from a controlled surface coating facility.

kopiication A Solivent Emisss

(A) Estimated TEC'd = _____ 1bs solids applied/1b coating used
(B) Maximum pounds coating used per hour = 1bs/hr
(C) Solvent density® = 1bs solvent/gal solvent
(D) Percent weight of solvent® = (%), 1bs solvent/1b coating
(E) Percent weight of solids = 100 = Percent weight of solvent
=100 - D
= (%), 1bs solids/1b coating
(F) Max pounds solids = [(1-TE) - (24t of solvent)] x Max pounds ctg used
not appl substrate 100 _ hour
per hour
F=1[(1-A)-D/100] x B
F = max 1bs solids used, but pot applied

per hour

(6) Max pounds solv not = Pounds solid not x (%Wt solvent / %Wt solids)
appl to substrate appl to substrate

per hour
€6=Fx (D/E)
6=_______ max 1bs solv used, not applied per hour
(H) Appl area solv® = (%), 1bs solv controlled/1b solv thru device
control effy
(I) Max pounds solv = Pounds solv pot x (1 - Appl area solv control effy)
emit from appl appl to substrate 100

area per hour
I =6x (1 - H/100)
I =_____ max 1bs solv emit from appl area per hour
= provide justification

d TE may only be a factor in this calculation when the coating that is used,
but not applied to the substrate is not subject to controls.

© from MSDS or Specifications Sheet

B, T~ o I
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Flashoff Al Solvent Emissi ¥

(J) Capture effyc = (%), 1b solv in oven/1b solv leaving appl area
(K) Max pounds = [(Max 1bs ctg x ZWEt solv) - 1bs solv] x (1- ijiyzg_gfig)

solv emit used per hr 100 not appl
from flashoff substrate
area per hour

K = [(B x D/100) - 6] x (1 - J/100)
K= - max 1bs solv emit from flashoff area per hour
¢ provide justification

f The amount of solvent emitted, if any, between the application area and
the oven must be accounted for.
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0 : solvant ERied
(L) Maximum pounds solv used per hour = ____ max 1bs solv/hr
(M) Oven solv control effy®= (%), 1b solv destroyed/1b solv into oven
(N) Max pounds solv = Max total 1bs - 1bs solv not appl - 1bs solv emit
into oven/hour solv used/hr to substrate/hr flashoff area/hr
: : R max 1bs solv entering oven/hr

(0) Pounds solv emit = 1bs solv into x (1 - ngn_;gningl_giix)

from oven per hr oven per hour
N x (1 - M/100)
max 1bs solv emitted from oven/hr

0

(P) Total solv emit

Pounds solv emit from (application + flashoff + oven)

P
P

I +K+20

max 1bs solv emit per hour

¢ provide justification
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B. Annual Average Emissions

The facility operator determines the annual average emissions for this
coating process, by substituting the average hourly solvent usage value for
the maximum hourly solvent usage value (used above in the maximum hourly
emissions worksheet). The result is the average hourly emission estimate.
The annual average estimate is the product of the average hourly emissions
and the number of hours of operation per year. - However, if the facility
operator keeps annual process records, he/she can substitute the yearly
solvent usage for the maximum hourly solvent usage in the worksheet
equations.

~Sre
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Cleaning/Degreasing Solvents

Any emissions of listed solvents used for surface preparation or
coating area cleanup must be reported.

As with coating solvents, 100% of degreasing solvents are usually
evaporated at the facility, and the calculation of solvent emitted is
similar to the coating solvent emissions calculation. If the cleaning
solvent emissions are uncontrolled, then solvent emissions will equal the
quantity of solvent used. Capture or control of cleaning solvent emissions
should be estimated for the conditions at the facility; all control
efficiency estimates must be accompanied by proper justification as required
by the Regulation.
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WOOD FIRED BOILER
EMISSION ESTIMATION TECHNIQUE (EET)

I. INTRODUCTION

This document is an Emission Estimation Technique (EET) developed by
the North Coast Unified Air Quality Management District for the Air
Resources Board in accordance with the Air Toxic "Hot Spots" Information and
Assessment Act of 1987 (the Act). This report describes the operation of
wood fired boilers which are used in the timber industry to produce heat or
electricity for use in the owner's sawmill or for outside sale to utility
companies. Estimating methods are presented for sizing the boiler system
based on various capacity factors and for calculating the emission of air
toxics from the boiler.

The Air Resources Board in its Emission Inventory Criteria and
Guideline Regulation has specified a need to develop emission estimates for
a wide variety of metals and incomplete combustion products from wood fired
boilers, including dibenzo-p-dioxins (PCDDs), dibenzofurans, (PCDFs),
polycyclic aromatic hydrocarbons (PAHs) and aldehydes.

PCDDs and PCDFs are of particular concern when evaluating potential air
toxic emissions from any combustion process. Their formation is accelerated
by low temperature combustion processes where the fuel might be contaminated
with salts, chlorine or a wide array of chlorinated organic materials. If
special precautions are followed to assure that the wood fuel does not
contain any of these possible contaminants, the high temperatures
experienced in a properly operated wood fired boiler should preclude the
formation of measureable concentrations of PCDDs and PCDFs.

II. PROCESS DESCRIPTION

Wood fired boilers are used extensively throughout the lumber and
pulping industry to generate steam and power for a variety of in-milil
. systems and for outside power sales to electrical utility companies. Waste
wood generated by the timber industry consists of forest logging debris,
bark, sawdust, planer shavings and miscellaneous sawmill trim pieces. To
prepare the assorted sizes and shapes of wood waste materials for use in a
boiler they are usually ground into finer particles (1"- 6") for ease of
storage, handling and feeding. This ground or hogged wood waste is commonly
referred to in the lumber industry as "hog fuel”. It is this sub-category
of biomass fuels that will be described in this EET, however the same '
combustion and inventory principles may be adapted to other types of biomass
fuel combustion processes if the proper adjustments are made in the '
individual fuel species properties.
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Types of Wood Fired Boilers

Small Boilers and Kiln Heaters
(10,000-50,000 pounds of steam per hour)

The smaller types of wood fired boilers are used to produce low
pressure steam (15-150psig) for use in drying lumber in steam heated
sheds, called drying kilns or for supplying steam to directly power
sawmill equipment. These small boilers are usually classified as
fuel cells or are of the old fashioned Dutch oven design, in which
the wood combustion occurs in a refractory lined chamber and the
combustion gases flow over steam heating tubes on their way out of
the furnace.

Large Boilers and Electrical Generating Systems
(50,000-300,000 pounds of steam per hour)

The larger type of wood fired boilers produce steam for use in
electrical power generating turbines, a portion of which may be used
in the owner's sawmill and the excess electrical power is sold to a
utility company. This large type boiler is usually stoker fed and
fuel combustion occurs in a fire chamber, which has walls that are
lined with steam heating tubes, in order to absorb radiant heat and
increase the boiler's combustion efficiency. These boilers may
operate at steam pressures as high as 1,000 psig and 900 degrees
Fahrenheit.

Auxillary Boiler Operating Systems
Fuel Preparation

Wood fuel for the boiler may be generated at the owner's sawmill
site or purchased and hauled to the boiler from several surrounding
sawmill locations. The larger power generating boilers will often
operate a truck dumping facility and separate on-site hogging system
in order to produce a more uniform fuel quality. The hog fuel is
usually stored in large outside piles without any protection from
wind or rain, however the fuel is continually being mixed to create
a consistent quality fuel supply for the boiler. Many of the small
boiler operators will fuel their boilers exclusively with a high
quality dry sawdust or planer shavings, which will greatly improve
boiler operation and reduce boiler stack particulate emissions.

Fuel Feeding Systems

The wood fuel will be fed to the boiler by a series of belt or screw
conveying and metering systems with excess fuel continually being
handled and returned to the outside fuel pile to keep the furnace
feeders full and to help mix the fuel pile. For those boiler
systems using an exhaust gas fuel drying system the fuel will be
heated prior to entry to the boiler and its contained moisture
reduced by 5-10 percent depending on the temperature of the boiler

exhaust gases.
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Ash Removal Systems

The boiler residue and ash will consist of large boiler ash and
clinkers that are produced in the hot furnace firebox system and fly
ash type residue which is collected in the boilers particulate
collection system. Some boilers may employ a fly ash reinjection
system, in which the boiler ash removed from the cyclonic dust
collectors is screened to separate fine particulate matter from
larger unburned carbon particles. The recovered carbon particles
are then conveyed by an air blower back into the boiler to be
reburned. Ash removed from the cyclonic or other dry type
collectors is very finely divided and must be handled in closed
conveying systems to prevent it from becoming resuspended and
causing neighborhood ash fallout problems. Most boiler operators
will inject a small quantity of water into the hot fine ash in order
to agglomerate it and make it easier to handle. Those boiler
systems using wet scrubbers for particulate control do not need to
worry about fugitive emissions being created by the flyash, but
instead must separate the ash from the scrubbing water and reclaim
it in a manner that it may be concentrated and hauled to an approved
ash disposal site.

C. Process Flow Diagrams
Figure 1: Small Wood Fired Kiln Heater

Figure 2: Large Utility Generator with Fuel Drier and Cooling Tower
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FIGURE 1

PROCESS FLOW DIAGRAM
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III. POTENTIAL SOURCES OF TOXIC AIR EMISSIONS

A.

IV. AIR

Boiler Exhaust Stack

The boiler's main exhaust stack will be the point of most major air
poliutant and air toxic emissions. Particulates will be released
from this stack, which may contain metals, TCDDs, TCDFs, and
condensed PAHs. Lower boiling PAHs, aldehydes and other low boiling
products of combustion may exit the main boiler stack in a gaseous
form.

. Fugitive Emissions

Fuel Handling

Fuel handling emissions are composed of finely divided bark and wood
particles that are suspended by the wind and are usually large
enough that they are redeposited on the premises of the sawmill
site. Those few wood particles that do escape the plant premises
are non-toxic and rarely cause major neighborhood nuisance probliems.

Ash Handling and Disposal

Ash particles from the particulate collectors are very fine and dry
and may carry for great distances. They will create a nuisance to
nearby residences or businesses. In addition, these fine ash
particles will contain the same air toxic compounds that are emitted
with the ash that escapes from the main stack.

. Cooling Towers

Small wood fired boilers usually will not use cooling towers. The
steam condensate which returns from the drying kilns is returned
directly to the boiler for reheating. Large wood fired boilers use
cooling towers to reduce the exhaust condensing temperature of their
turbine generator for improved steam cycle efficiency. The cooling
water from the condensing turbine is circulated through a series of
decks in cooling towers, where a portion of the water evaporates to
remove heat and cool the remainder of the water passing through the
tower. The water escaping from the cooling tower may contain a
variety of treatment chemicals used in the circulating water stream
to prevent scale or algae formation. An assessment method for
evaluating air toxic emissions from cooling towers is the subject of
a separate EET.

EMISSION CONTROL EQUIPMENT

. Cyclonic Separators

Almost all wood fired boilers use some type of cyclonic inertial
particulate collection device either in the form of one large
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cyclone separator or multiple banks of small cyclonic tubes,
commonly referred to as multiclones. The only exception to this
situation would be for very old Dutch oven type boilers which have
large fireboxes and slow exhaust gas flow through a tall natural
draft stack. This type of boiler is becoming obsolete in the
industry because of its excessive particulate emissions and poor
efficiency.

B. Wet Scrubbers

Wet scrubbers are used as particulate collection devices on many
wood fired boilers and operate on the principle of contacting a
circulating water spray system with the hot particles in the exhaust
stack gases. These systems produce a water saturated vapor plume
and have the added advantage of possibly absorbing some combustion
gases that may be water soluble. Wet scrubbers were used
extensively in the Tumber industry for particluate collectors during
the late 1960's and early 1970's, but presently are used very little
on new boiler systems because of their high pressure drop, low
collection efficiency and waste water disposal problems.

C. Electronic Precipitators

Within the last five years, electrostatic precipitators (ESPs) have
become the most favorable type of particulate collector for wood
fired boilers because of their high collection efficiency, low
pressure drop and relatively low maintanence costs. In an ESP the
particulate is charged with an electrical current and collected on
plates which possess an opposite electrical charge. Intermittently
the collection plates are struck or rapped to dislodge the
agglomerated particulate from the plates into a collection hopper
located below the ESP. ESPs are always preceeded by a cyclonic
collector which is used to collect the large particles from the gas
stream. A modification of the standard ESP, called an electrofied
filter bed passes the ash particle laden exhaust gas stream over an
electrified grid contained in a decending column of small gravel.
The ash particles are collected on the circulating gravel by
impaction and electrostatic attraction and later removed from the
gravel by screening. This type of collection device achieves
efficiencies comparable to the conventional electrostatic
precipitator.

D. Fabric Filters (Baghouses)

Baghouses are considered the most efficient collection device for a
wide variety of particulate emissions and have recently found some
limited use in the lumber industry. They operate on the principle
of a very positive filtration process in which the exhaust gas
stream is forced through a fabric material and the gases are

272~



CARB WOOD BOILERS - PAGE 8.
August, 1989

filtered by the fabric's pores, in addition to the already captured
matrix of previously collected particles. This type collector may
be precoated with various absorbant materials to aid in the
collection of gaseous pollutants contained in the exhaust gas
stream. Baghouses require a higher pressure drop and have increased
maintenance costs in comparison to ESPs.

E. Ammonia Injection Systems

With the increased emphasis that is being placed on the reduction of
nitrogen oxide emissions from large stationary sources, several
large wood fired boilers have installed ammonia injection systems.
If ammonia is introduced into the furnace combustion zone at the
proper furnace temperature location NOx emissions are reduced. This
process requires close control of the furnace firing rate and
ammonia injection rate to prevent the release of large amounts of
unreacted ammonia which would need to be accounted for in the air
toxics inventory.

V. EMISSION CALCULATION METHODS

Stack source testing is the preferred and most accurate method of
accurately determining the emission of air toxics and other pollutants that
may be released from the stack of any stationary source. Certain types of
processes or combustion systems are similar enough that their emissions can
be estimated based upon established sizing factors. This is the case with
wood fired boilers, which all burn wood waste of a fairly consistent
composition at elevated temperatures and the stack emissions may be related
to the wood burning capacity of the boiler and the collection efficiency of
the control equipment.

A. Quantify Boiler Sizing Parameters

Boilers are aimost always sized in terms of steam generating capacity,
fuel burning rate or total heat input to the combustion system and these
terms may be readily interchanged depending on the individual boiler's
configuration.

Steam flow

Steam flow rate is the most commonly accepted terminology for boiler
sizing and will be used as the reference in this EET for development
of all other boiler correlation factors. The main variations in
steam flow will be influenced by the boiler feed water temperature
and steam pressure and temperature. Small boilers will usually
produce low pressure steam from a hot return condensate, while large
utility generating boilers will produce a high pressure, high
temperature steam from a preheated feed water system. These and
other boiler design configuation factors will affect the total heat
input and overall boiler efficiency.

-273-
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Fuel Usage

Sizing a wood fired boiler on the basis of fuel usage is one of the
least desireable boiler sizing methods. The dry wood fuel will have
a gross heat of combustion ranging from 8,000-9,000 BTU per pound
(Reference 4), but large variations may occur in the moisture
content of the fuel depending upon its origin from the sawmilling
process and the fuels' exposure to rain or heat. Some wet fuels may
contain as much as 70 weight percent water and have difficulty in
supporting combustion, while dry planer shavings may have a water
content as low as 20-30 percent by weight. The difficulty of
measuring the fuel feeding rate to a wood fired boiler presents an
additional complication in using fuel rate as the basis for boiler
sizing.

Heat Input

Heat input, 1ike fuel usage is difficult to accurately measure, but
has become a convenient measurement unit for relating boiler
emission factors. It is most frequently back calculated from the
boiler steam flow conditions rather than actually measured.

Horsepower Output

Some small older wood fired boilers may be rated in terms of
horsepower output instead of heat input. Sizing a boiler in this
manner disregards any consideration of boiler efficiency. One
boiler horsepower is equivalent to the heat required to change 34.5
pounds per hour of water into steam at 212 degrees Fahrenheit,
representing a heat output of 33,475 BTU per hour.

Megawatt Output

Large electrical power generating boilers will have a megawatt-hour
capacity rating. If all steam produced is used exclusively for
power generation, one megawatt-hour will be equivalent to 10,000
pounds of steam per hour.

Heat Balance and Thermal Efficiency

Wood fired boilers will always have a lower thermal efficiency than
their fossil fuel fired counterparts because of the moisture
contained in the wood fuel. Any process used to remove this
contained moisture will greatly improve boiler efficiency. Wood
fired boilers have a thermal efficiency ranging from 65-70 percent,
with some newer systems employing fuel driers having efficiencies up
to 75 percent.
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C. Emission Factor Correlations

Emission factor calculation procedures presented in this EET will be
related to boiler operating capacities, stack exhaust gas flow rates
and particulate collection estimates. These emission factors will
be used to describe emission quantities from various sub-categories
of wood fired boilers, typically of the types shown on Figures 1

and 2.

D. Source Testing Requirement

Source testing will be needed to identify the range of expected
emissions of gaseous air toxics which are the products of incomplete
combustion or to analyze the composition of condensed air toxics
which are contained on the stack particulate emissions. Wherever
possible a representative number of similar wood fired boilers must
be source tested in order to develop a set of pooled or generic
emission factors.

L by | -



CARB WOOD BOILERS - PAGE 11.
August, 1989

REFERENCES

de Lorenzi, Otto, Combustion Engineering Reference Book, Combustion
Engineering Superheater Inc. New York, NY. 1951

National Council of the Paper Industry for Air and Stream Improvement, "A
Polycyclic Organic Materials Emissions Study for Industrial Wood-fired
Boilers", NCASI Technical Bulletin No. 400, New York, NY. May 1983

U.S. EPA, 1988, i i
5ﬁ1gs1sd_A1L_Igx1£_ngmnnund§_jnd_§9u:£g§ EPA-450/2-88-006a

U.S. EPA, 1984, '
, EPA-450/4-84-007p



CARB WOOD BOILERS - PAGE 12.
August, 1989

\. Boiler Sizing Di

The following boiler sizing correlations are based upon a boiler steam
production increment of 1,000 pounds per hour for either a small kiln heater
or large electrical utility generator and the following wood properties:

Wood Fuel @ 50 percent moisture, based on total weight
Heat Content of Fuel - 8,500 BTU per pound, dry basis
Thermal Efficiency: Small Boilers - 65 percent

Large Boilers - 70 percent

STEAM -
1000 LB/HR
| BOILER _—
DRY WOOD u 464 DSCFM
U= ] —_ =

0.1 TON/HR 1-7"103 3;“’”“ COLLECTORS | 0.10 GR/DSCF

3 @12%COz =
lASH lASH 0.4 LB/HR (PM)

B. Sample Calculation Procedures

Estimate fuel feed rate for a boiler producing 85,000 pounds of steam per
hour used for driving an electrical generator.

(85,000 b steam)/(1,000 1b steam) x (1,000 1b steam per 0.1 ton fuel)= 8.5
tons/hr ' :

What is the total particulate emission rate from this boiler if the exhaust
gases contain 0.07 grains per standard dry cubic foot of exhaust gas at 12

percent coz?

(85,000 1b)/(1,000 1b) x (0.07 gr/dscf)/(0.10 gr/dscf) x (0.4 1b/hr) = 23.8

What is the stack flow rate in dry standard cubic meters per hour for this
boiler.

(85,000 1b/1,000 1b) x (464dscf/min) x (0.0283dscm/dscf) x
(60min/hr) = 67.000 dry standard cubic meters per hour

=-2717-
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Perform source tests as required to obtain representative values for
concentrations of air toxic emissions in stack gases or use accepted

emission factors.

PM CONTENT*

STACK PM RATE

PARTICULATE METALS

METAL EMISSION

METAL (ug/qg) (1b/hr) RATE (1b/hr)
Arsenic X = x 1076
Beryl1lium X = X 1&)‘6
Cadmium X = x 107°
Chromium X = x 107°
Copper X = x 1078
Lead _ X = x 107
Manganese X = x 1078
Mercury X = x 1078
Nickel X = x 10-6
Selenium X = x 10-6
Zinc X - x 10-6

* NOTE: PM CONTENT refers to the metal concentration in

matter sample collected from the boiler stack.

the particulate

MISCELLANEQUS ORGANICS
CONCENTRATION STACK FLOW EMISSION RATE
COMPOUND ug/dscm dscm/hr., ug/hr
Formaldehyde = PR
Benzene =

Total Chlor Org.

AT
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POLYCYCLIC AROMATIC HYDROCARBONS
EMISSION RATE WOOD BURN PAHs
Naphthalene X — =
Benzo(a)pyrene X R = mmea s
Other PAHs X =
Total PAHs —— X e — - —
DIBENZO-DIOXINS AND DIBENZO-FURANS

NOTE: These emission factors may only be used for wood fired
boilers of similar design, operating methods and fuel
charactersitics, subject to APCD and ARB approval.

DIOXIN EMISSION FACTORS FOR WOOD FIRED BOILERS
LB 2,3,7,8 DIOXIN EQ

FUEL CELLS & DUTCH OVEN W/MULTICLONES ----==em--n- 0.0010
FUEL CELLS W/ESP'S OR WET SCRUBBERS=----==mmmmm--m-x 0.0003
STOKER FIRED BOILERS W/ESP's--- 0.0043 (d)
STOKER FIRED W/WET SCRUBBERS ; 0.0043 (d)
STOKER FIRED W/ESP's AND FUEL DRIERS-- 0.0043 (d)
FLUIDIZED BEDS W/ESP's 0.0012

NOTE: (d) Default value to be used for all unclassified
boilers of similar design and feed types. Owner may
substitute actual source test data, if available.

2.3.7.8 DIOXIN EQUIVALENT CALCULATION METHOD

BOILER STEAM RATE LB 2,3,7,8 DIOXIN EQ. z’féii: EQ
—BILLION LB/YR  PER BILLION LB STEAM

(LB/HR STM)X 8760 HR X _ DIOXIN FACTOR = LB/YR DIOXIN
X 8760 HR X -

oy { o
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Appendix A-1
Subst For Which Emissi Must Be Ouantified

‘Chemical See

Abstract Service Note
(CAS) Number Substance Name
75070 G Acetaldehyde
603556 c Acetamide
107028 Acrolein
78061 c Acrylamide
107131 c Acrylonitrile
107051 Allyl chloride
117793 c 2-Aminoanthraquinone
61825 c Amitrole
7664417 Ammonia
7440382 c Arsenic
® c Arsenic compounds (inorganic)
7784421 Arsine
1332214 c Asbestos =
71432 c Benzene
92875 c Benzidine (and its salts)
- c Benzidine-based dyes
56553 c Benz[a]anthracene
205992 c Benzo[b]fluoranthene
207089 c Benzo[k]fluoranthene
50328 c Benzo[a]pyrene
100447 Benzyl chloride
7440417 c Beryllium
542881 c Bis(chloromethyl)ether
7726956 Bromine
& Bromine compounds (inorganic)
106990 c 1,3-Butadiene
7440439 c Cadmium
* c Cadmium compounds
- c Carbon black extracts
56235 c Carbon tetrachloride
- c Carrageenan (degraded)
76131 Chlorinated fluorocarbon (CFC-113)
7782505 Chlorine
56757 c Chloramphenicol
1083807 Chlorobenzene
13909096 c 1-(2-chloroethy1)-3-(4-methylcycliohexyl)-

1-nitrosourea (Methyl CCNU)
Note: The letter “c" preceding the substance name indicates that for

purposes of this section the substance shall be treated as a human
carcinogen or potential human carcinogen.
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Subst Eor ihich Emissions Mist Be Ouantiriad (cont.)

See
Note

CAS Number Substance Name
67663 c Chloroform

* : c Chlorophenols
76062 . Chloropicrin
126998 Chioroprene
95830 c 4-Chloro-o-phenyienediamine
95692 c p-Chloro-o-toluidine
18540299 c Chromium (hexavalent)
8007452 ¢ Coke oven emissions
7440508 Copper

- c Creosotes
120718 c p-Cresidine
1319773 Cresols
135206 c Cupferron
66819 Cycloheximide

» Dialkylnitrosamines
615054 (- 2,4-Diaminoanisole
95807 (- 2,4-Diaminotoluene
53703. c Dibenz[a,h]anthracene

” c Dibenzofurans (chlorinated)
96128 c 1,2-Dibromo-3-chloropropane (DBCP)
106467 c p-Dichlorobenzene (1,4-Dichlorobenzene)
91941 c 3,3'-Dichlorobenzidine
117817 c Di(2-ethylhexyl) phthalate (DEHP)

124403 Dimethylamine

60117 s p-Dimethylaminoazobenzene
57147 c 1,1-Dimethylhydrazine
77781 c Dimethyl sulfate
123911 c 1,4-Dioxane
- c Dioxins (chlorinated dibenzodioxins)
& Environmental tobacco smoke
106898 c Epichlorohydrin
140885 c Ethyl acrylate
75003 Ethyl chloride
1063934 G Ethylene dibromide
(1,2-Dibromoethane)
107062 c Ethylene dichloride
(1,2-Dichloroethane)
75218 c Ethylene oxide
96457 c Ethylene thiourea
= Fluorocarbons (chlorinated & brominated)
50000 C Formaldehyde
- Gasoline vapors
111308 Glutaraldehyde
®

Glycol ethers
Note: The letter "c" preceding the substance name indicates that for

purposes of this section the substance shall be treated as a human
carcinogen or potential human carcinogen.
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Substances For Which Emissions Must Be Quantified (cont.)

See
Note

CAS Number Substance Name
126078 c Griseofulvin
118741 c Hexachlorobenzene

* c Hexachlorocyclohexanes
77474 Hexachlorocyclopentadiene
302012 c Hydrazine
7647010 Hydrochloric acid
74908 Hydrocyanic acid
7664393 Hydrogen fluoride
7783064 Hydrogen sulfide
193395 c Indeno [1,2,3,-cd]pyrene

- Isocyanates
7439921 c Lead

> = Lead compounds (inorganic)
108316 Maleic anhydride
7439965 Manganese
7487947 Mercuric chloride
7438976 Mercury
67561 Methanol
74839 Methyl bromide (Bromomethane)
71556 Methyl chloroform (1,1,1-Trichloroethane)
624839 Methyl isocyanate
80626 Methyl methacrylate
101144 c 4,4'-Methylene bis(2-chloroaniline) (MOCA)
75092 c Methylene chloride
(Dichloromethane)

101779 c 4,4'-Methylene dianiline (and its dichloride)
593748 Methyl mercury (Dimethylmercury)
443481 c Metronidazole
90948 c Michler's ketone

- Mineral fibers
91203 Naphthalene
7440020 c Nickel
13463393 c Nickel carbonyl
12035722 c Nickel subsulfide
61574 c Niridazole
98953 Nitrobenzene
302705 c Nitrogen mustard N-oxide
79469 g ~2-Nitropropane
55185 c N-Nitrosodiethylamine
62759 c N-Nitrosodimethylamine

Note: The letter "c" preceding the substance name indicates that for
purposes of this section the substance shall be treated as a human
carcinogen or potential human carcinogen.
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Substances For Which Emissions Must Be Quantified (cont.)

See
Note

CAS Number Substance Name
156105 c p-Nitrosodiphenylamine
924163 c N-Nitrosodi-n-butylamine
621647 c N-Nitrosodi-n-propylamine
10595956 c N-Nitrosomethylethylamine
59892 c N-Nitrosomorpholine
100754 c N-Nitrosopiperidine
930552 c N-Nitrosopyrrolidine
434071 c Oxymetholone

® PAHs (Polycyclic aromatic hydrocarbons)
1336363 c PCBs (Polychlorinated biphenyls)
127184 Perchloroethylene

(Tetrachloroethene)

50066 ¢ Phenobarbitol
108952 Phenol
75445 Phosgene
7803512 Phosphine
7723140 Phosphorus
85449 Phthalic anhydride
7758012 c Potassium bromate
57830 (- Progesterone
1120714 c 1,3-Propane sultone
115071 Propylene
75569 c Propylene oxide

- Radionuclides
7782492 Selenium

» c Selenium compounds

- c Silica, crystalline
1310732 Sodium hydroxide
100425 c Styrene
1746016 c 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD)
62555 G Thioacetamide
62556 c Thiourea
108883 Toluene
584849 c Toluene-2,4-diisocyanate
91087 c Toluene-2,6-diisocyanate
79016 Trichloroethylene
88062 c 2,4,6-Trichlorophenol
51796 c Urethane
75014 c Vinyl chloride
75354 Vinylidene chloride

® Xylenes
7440666 Zinc
1314132 Zinc oxide

* = denotes a chemical category

Note: The letter “c" preceding the substance name indicates that for
purposes of this section the substance shall be treated as a human
carcinogen or potential human carcinogen.
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ATTACHMENT A-II

SUBSTANCES FOR WHICH PRODUCTION,
USE, OR OTHER PRESENCE MUST BE REPORTED






Chemical
Abstract Service Note

53963

23214928

3688537
*

60093
97563
712685
92671
82280
54626

*

90040
134292
140578
492808
115026
446866
205823
98077
1694093

494031
154938

*

55981
25013165
3068880
305033
82939
143500
13010474

107302
x

Appendix A-I1

Subs! For Which Producti U ot}

See
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Presence Must Be Reported

2-Acetylaminof luorene

Adriamycin

AF-2

Aflatoxins

p-Aminoazobenzene (4-Aminoazobenzene)

o-Aminoazotoluene

2-Amino-6-(5-nitro-2-furyl)-1,3,4-thiadiazole

4-Aminobiphenyl

1-Amino-2-methylanthraquinone

Aminopterin

Analgesic mixtures containing phenacetin

Androgenic (anabolic) steroids

o-Anisidine

o-Anisidine hydrochloride

Aramite

Auramine

Azaserine

Azathioprine

Benzo[ j1fluoranthene

Benzoic trichloride (benzotrichloride)

Benzyl violet 4B

Betel quid with tobacco

N-N-Bis(2-chloroethyl)-2-naphthylamine
(Chlornapazine)

Bischioroethyl nitrosourea

Bitumens, extracts of steam-refined and
air-refined bitumens

Bleomycins

1,4-Butanediol dimethanesulfonate (Myleran)

Butylated hydroxyanisole (BHA)

beta-Butyrolactone

Chlorambucil

Chlorcyclizine hydrochloride

Chlordecone (Kepone)

1-(2-chloroethyl)-3-cyclohexyl-1-nitrosourea
(CCNU)

Chloromethyl methyl ether (technical grade)

Chlorophenoxy herbicides

Note: The letter "“c" preceding the substance name indicates that for
purposes of this section the substance shall be treated as a human
carcinogen or potential human carcinogen.
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Presence Must Be Reported (cont.)

See
Note
CAS Number Substance Name
15663271 c Cisplatin
6358538 '~ Citrus Red No. 2
14901087 c Cycasin
50180 c Cyclophosphamide
4342034 c Dacarbazine
20830813 c Daunomycin
50293 c ooT (1,1,1-Trichloro-2,2-bis(p-
chlorophenyl)ethane)
613354 c N,N'-Diacetylbenzidine
39156417 c 2,4-Diaminoanisole sulfate
101804 c 4,4'-Diaminodiphenyl ether
226368 c Dibenz[a,h]acridine
224420 c Dibenz[a, jlacridine
194592 c 7H-Dibenzo[c,g]cabazole
192654 ¢ Dibenzo[a,e]pyrene
189640 c Dibenzo[a,h]pyrene
189559 c Dibenzo[a, i]pyrene
191300 c Dibenzo[a,1]pyrene
542756 c 1,3-Dichloropropene
1464535 c Diepoxybutane
1615801 c 1,2-Diethylhydrazine
56531 c Diethylstilbestrol
64675 c Diethyl sulfate
2238075 c Diglycidyl resorcinol ether
94586 c Dihydrosafrole
119904 c 3,3'-Dimethoxybenzidine
55738540 c trans-2-[ (Dimethylamino)methylimino]
5-[2~(5-nitro-2-furyl)vinyl]-1,3,4-oxadiazole

119937 c 3,3'-Dimethylbenzidine (o-tolidine)
79447 G. Dimethylcarbamyl chloride
540738 c 1,2-Dimethylhydrazine
630933 Diphenylhydantoin
122667 c 1,2-Diphenylhydrazine (Hydrazobenzene)
1937377 c Direct Black 38
2602462 c Direct Blue 6
1318021 c Erionite
50282 c Estradiol 17 B
53167 ~ Estrone
57636 c Ethinylestradiol

® c Estrogens, nonsteroidal

% c Estrogens, steroidal
62500 c Ethyl methanesulfonate
54350480 Etretinate

Note: The letter "c" preceding the substance name indicates that for
purposes of this section the substance shall be treated as a human
carcinogen or potential human carcinogen.
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Presence Must Be Reported (cont.)

See
Note
CAS Number Substance Name
765344 c Glycidaldehyde
3570750 c 2-(2-Formylhydrazino)-4-(5-nitro-2-furyl)
thiazole
67730114 c Glu-P-1 (2-Amino-6-methyldipyrido[1,2-a:3"',2"
-d]imidazole)
67730125 c Glu-P-2 (2-Aminodipyrido[1,2-a:3',2'-d] imidazole)
16568028 c Gyromitrin (Acetaldehyde methylformylhydrazone)
680319 c Hexamethylphosphoramide
10034932 c Hydrazine sulfate
76180966 c IQ (2-Amino-3-methylimidazo[4,5-f]quinoline)
3004664 c Iron dextran complex
4759482 Isotretinoin
301042 c Lead acetate
- 7446277 ¢ Lead phosphate
520854 c Medroxyprogesterone acetate
148823 c Melphalan
4484208 c 5-Methoxypsoralen
75558 c 2-Methylaziridine (propyleneimine)
3697243 c 5-Methylchrysene
72333 c Mestranol
101611 c 4,4'-Methylene bis(N,N-dimethyl) benzamine
74884 c Methyl iodide
66273 c Methyl methanesulfonate
129157 c 2-Methyl-1-nitroanthraquinone (uncertain purity)
60153493 c 3-Methylnitrosoaminopropionitrile
64091914 c 4-(Methylnitrosoamino)-1-(3-pyridyl)-1-
butanone (NNK) ,
70257 c N-Methyl N'-nitro-N-nitrosoguanidine
56042 c Methylthiouracil
- c Mineral oils
2385855 c Mirex
50077 c Mitomycin C
315220 c Monocrotaline
139913 c 5-(Morpholinomethyl)-3-[(5-
nitrofurfurylidene)amino]-2-oxazolidinone
505602 c Mustard gas (sulfur mustard)
3771195 c _Nafenopin
91598 c 2-Naphthylamine
= c Nickel compounds
139139 c Nitrilotriacetic acid
602879 c 5-Nitroacenaphthene
99592 c 5-Nitro-o-anisidine
1836755 c Nitrofen (technical grade)

Note: The letter "c* preceding the substance name indicates that for
purposes of this section the substance shall be treated as a human
carcinogen or potential human carcinogen.
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5565840

531828
51752
1116547
759749
615532

4549400
684935
16543558
13256229
68224
2646175
794934
62442
94780
57410

x®

3761533

3564098

366701
x

57578
51525
50555
81072
94597

132274

10048132
18883664
96093
95067

50351
139651
1314201

x

95534

Note: The letter “c" preceding the substance name indicates that for
purposes of this section the substance shall be treated as a human

Presence Must Be Reported (cont.)

See
Note

Substance Name

€
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1-[(5-Nitrofurfurylidene)amino]-2-imidazo]l

idinone

N-[4-(5-Nitro-2-furyl)-2-thiazolyl]acetamide

Nitrogen mustard

N-Nitrosodiethanolamine

N-Nitroso-N-ethylurea

N-Nitroso-N-methylurethane (N-Methyl-N-
nitrosourethane

N-Nitrosomethylvinylamine

N-Nitroso-N-methylurea

N-Nitrosonornicotine

N-Nitrososarcosine

Norethisterone

0il Orange SS :

Panfuran S (Dihydroxymethylfuratrizine)

Phenacetin

Phenazopyridine hydrochloride

Phenytoin

Polybrominated biphenyls (PBBs)

Ponceau MX

Ponceau 3R

Procarbazine hydrochloride

Progestins

beta-Propiolactone

Propylthiouracil

Reserpine

Saccharin

Safrole

Shale oils

Sodium o-phenylphenate

Soots

Sterigmatocystin

Streptozotocin

Styrene oxide

Sulfallate

Talc containing asbestiform fibers

Tars '

Thalidomide

4,4'-Thiodianiline

Thorium dioxide

Tobacco products, smokeless

alpha-chlorinated toluenes

o-Toluidine

carcinogen or potential human carcinogen.
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Presence Must Be Reported (cont.)

See
Note
r sSubstance Name
636215 c o-Toluidine hydrochloride
8001352 c Toxaphene (polychlorinated camphenes)
299752 c Treosulfan
52244 c Tris(l-aziridinyl) phosphine sulfide
(Thiotepa)
62450060 ¢ Trp-P-1 (3-amino-1,4-dimethyl-5H- pyr1do[4 3-
blindole)
62450071 c Trp-P-2 (3-Am1no-1-methy1 -5H-pyrido[4,3-b]
indole)
72571 c Trypan blue
66751 c Uracil mustard
99661 Valproate
593602 c Vinyl bromide
81812 Warfarin

* = denotes a chemical category

Note: The letter “c" preceding the substance name indicates that for
purposes of this section the substance shall be treated as a human
carcinogen or potential human carcinogen.
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ATTACHMENT A-III
SUMMARY OF REQUIREMENTS FOR MEASUREMENTS AND ALTERNATIVES






APPENDIX D
Summary of Requirements for Measurements and Alternatives

e NOTES FOR FOLLOWING TABLE EENBESS

(1) Each reference to a measurement requirement includes the following

(2)

(3)

requirements for the substances to be tested and type of test to be
performed:

(a) The test shall measure the quantities of all listed substances whose

presence in detectable quantities can be determined using the
ARB-adopted test method or other method specified in Section 93336
for the substance indicated. Therefore the test indicated for
"dioxins" shall include measurement of all the polychlorinated

dibenzodioxins and dibenzofurans to which the ARB-adopted method for

dioxins and furans applies; and

(b) ARB-adopted test methods which are necessary to characterize

"associated source conditions, including stack flow rate and moisture
content, shall also be performed to ensure a proper source test for
the material indicated. These associated tests shall be identified

in the proposed source test protocol in the inventory plan.

Reference to the "full set of metals" or “all metals" herein refers to
the following Tisted substances which are required to be measured and

reported: arsenic (As), beryllium (Be), cadmium (Cd), chromium (Cr) which

includes total chromium and hexavalent chromium (Cr VI), copper (Cu),

lead (Pb), manganese (Mn), mercury (Hg), nickel (Ni), selenium (Se), and

zinc (Zn).

Fuel analysis shall include analysis for the full set of metals referred

to in Note (2), chlorine content, and sulfur content.
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APPENDIX D

Summary of Requirements for Measurements and A]ternatives*

Emitting Process,
Device or
Facility Activity Substance and Type of Test Alternative (if any)

—————— - ——— o - ——

--COMBUSTION-~

1. Incinerators
Full set metals/stack test Small business:Fuel analysis

(a) Incinerators a.
burning hazardous, b. Hydrogen chloride/stack test Small business:Fuel analysis
municipal, or c. PAH/stack test -
biomedical waste, d. Dioxins/stack test B
or burning tires. e. Formaldehyde/stack test Small business:Not required
Does not include f. Benzene/stack test Small business:Not required
refuse incinerators g. Vinyl chloride/stack test Small business:Not required
at schools, prisons,
restaurants,
or hotels.

(b) Incinerators Full set metals/stack test -
at schools, prisons,
and restaurants,
and hotels.

(c) Metal reclamation Same as 1(a) above Same as 1(a) above

when surface is coated
with plastic material

* See notes preceding the table for further explanation of terms used in the table.
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2. Coal and coke
combustion
including
incineration*

oo o

3. Residual and crude
0il combustion and
incineration*

o0 oM
s a| s ®

4. Distillate and a
diesel combustion b
and incineration* c

5. Waste oil combustion a.
and incineration® b.

c.
d
e
f

. Full set metals/stack test

Hydrogen chloride/stack test

. PAH/stack test
. Dioxins/stack test
. Formaldehyde/stack test

. Full set metals/stack test

Metals, chloride/fuel analy.
Benzene/stack test

PAH/stack test
Formaldehyde/stack test

. Metals, chloride/fuel analy.
. PAH/stack test
. Formaldehyde/stack test

Full set metals/stack test
Halogenated

organics/stack test
Benzene/stack test

. PAH/stack test
. Dioxins/stack test
. Formaldehyde/stack test

Small business:Fuel analysis
Small business:Fuel analysis

Requirements a-e shall not app
to universities, schools,
colleges, hospitals, and
correctional institutions wher
coal or coke combustion is use
primarily for space heating.

Small business:Fuel analysis

Requirements a-e shall not app
to universities, schools,
colleges, hospitals, and
correctional institutions wher:
residual or crude oil
combustion is used primarily fi
space heating.

Requirements a-c shall not app
to universities, schools,
colleges, hospitals, and
correctional institutions where
distillate or diesel combustic
is used primarily for space
heating.

Small business:Fuel analysis

Small business:Not required

* If co-fired with hazardous, municipal, or biomedical waste, or burning tires,
then include all testing required under 1(a).
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Full set metals/stack test
PAH/stack test
Dioxins/stack test

. Formaldehyde/stack test

6. Wood, wood waste,
and agricultural
waste combustion
and incineration®
(includes untreated
and treated wood)

a0 oo

Formaldehyde/stack test for
electric utilities only

7. Natural gas a.
combustion

--OTHER PROCESSES--

8. Waste water treatment
facilities - including
Publicly Owned Treatment
Works (POTWs)
- Sludge incinerator Same as Incinerators 1(a)
- Headworks a. Halogenated organics/stack
test if ducted, otherwise
as applicable in method;
sampling on a minimum of

15 days randomly distributed

throughout the year, except
that these days shall
include at least

two weekend days, and

one day each quarter

when NPDES ** liquid
sampling is performed, if
applicable. This sampling
schedule shall be deemed

to meet the sampling

Small business:Fuel analy

Requirements a-d shall not app
to universities, schools,
colleges, hospitals, and
correctional institutions wher
wood, wood waste, or
agricultural waste combustion
used primarily for space
heating.

Same as Incinerators 1(a)

-

frequency requirements specified

in subsection 93334 (b).

Halogenated organics/ducted
or as applicable in method

- Chlerinator a.
discharge

* If co-fired with hazardous, municipal, or biomedical waste, or burning tires,

then include all testing required under 1(a).

** NPDES = National Pollution Discharge Elimination System
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9. Agriculture-related
facilities: dust

10. Pharmaceutical mfg.
- Blender

- Drying oven

a. Metals/Lab analysis of dust
representative
of fugitive dust *

a. Halogenated
organics/ducted or as
applicable in method

b. Benzene/ducted or as
applicable in method

a. Halogenated
organics/ ducted or as
applicable in method

b. Benzene/ducted or as applic-
able in method

11. Smelters and foundries

(a) A1l

(b) Secondary
copper smelters

12. Petroleum refineries
- CO boilers

- Catalytic crackers

- 0i1
combustion

13. Asphaltic concrete
production

a. Full set metals/stack test

b. Hydrogen sulfide/stack test

a. Same as 11(a) plus
dioxins/stack test

a. Benzene/as applicable in
method

b. Formaldehyde/as applic-
able in method

¢. All metals/ducted or as
applicable in method

a. Benzene/as applicable in
method

b. Formaldehyde/as applic-
able in method

c. A1l metals/ducted or as
applicable in method

a. Same as appropriate oil
combustion by fuel type

a. Full set of metals/ducted
or as applicable in method

b. Benzene/ducted or as
applicable in method

¢. PAH/ducted or as applicable
in method

Small business:Not required

Small business:Metals test/
feed material analysis

for As, Be, Cd, Cr(VI),
Ni, Pb

Small business:Not required

Same as oil combustion

Small business:Not required

* preferably dust trapped by the particulate control equipment, if any.
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. Full set of metals/stack test
Formaldehyde/stack test
Benzene/stack test
Dioxins/stack test * -

PAH/stack test * Small business:Not required

. Hydrogen chloride/stack test* Small business:Fuel analysis,
Including total

chloride

14, Cement mfg.

S0 OO0 T

15, Pulp and Paper mfg.
- Combustion a. All combustion, Same as for Combustion
as applicable by fuel type

- Bleaching a. Formaldehyde/ducted or as
applicable in method
b. Halogenated organics/ducted
or as applicable in method

16. Textile mfg.
- Combustion a. All combustion, Same as for Combustion
as applicable by fuel type '

- Other processes a. Benzene/ducted or -
as applicable in method
b. Formaldehyde/ducted or as -
applicable in method
c. Halogenated -
organics/ducted or as
applicable in method

17. Solvent recycling a. Halogenated
(re-refining) organics/ducted or as -
applicable in method
b. Benzene/ducted or as -
applicable in method

18. Fiberboard mfg. a. Formaldehyde/ducted or -
as applicable in method

19. Glass mfg. a. Arsenic/stack test -
b. Cr(VI) and lead/stack test Small business:Not required

20. Bulk plant/terminal a. Gasoline vapors/existing -
compliance tests must be
provided

* except when burning primarily natural gas; then not required
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ATTACHMENT B

SUMMARY OF EMISSION INVENTORY
CRITERIA AND GUIDELINES REGULATION






ATTACHMENT B
SUMMARY OF THE EMISSION INVENTORY
CRITERIA AND GUIDELINES REGULATION
PURSUANT TO THE
AIR TOXICS "HOT SPOTS™ INFORMATION AND ASSESSMENT ACT

I. INTRODUCTION

The goals of the Air Toxics "Hot Spots" Information and
Assessment Act of 1987 (the "Act") are to collect site-specific information
to ascertain the nature and quantities of emissions of over 300 air toxic
substances throughout the state, to develop health risk assessments for
certain facilities that the districts designate as having emissions which
may result in adverse public health impacts, and to make the health risk
assessment information available to the public. This program will also
provide information for use in the Air Resources Board's Toxic Air
Contaminant Identification and Control Program, commonly referred to as the
AB 1807 process.

The Act requires the California Air Resources Board to adopt by
May 1, 1989, a criteria and guidelines regulation for the preparation of
site-specific air toxics emission inventory plans by specified facilities.
The Act sets forth the minimum components of these criteria and guidelines
and identifies the classes of facilities which must prepare inventories.
The staff of the Air Resources Board developed a proposed regulation to meet
these requirements, in consultation with a technical advisory committee
consisting of representatives of the air pollution control districts and air
quality management districts and of the California Department of Health
Services. The Air Resources Board approved the proposed regulation with
modifications at its public hearing on April 13-14, 1989. The modifications
were made available for subsequent public comment and adoption by the
Board's Executive Officer after the public comment period.

In addition to the criteria and guidelines regulation, the ARB
staff is also developing a technical support document which will further
assist facility operators in implementing their approved inventory plans and
completing their inventory reports by estimating emissions from sources for
which actual measurement is not required by the regulation.

II. EMISSION INVENTORY REQUIREMENTS OF THE ACT

The Act requires operators of specified facilities to submit to the
appropriate air pollution control district by specified dates,
comprehensive, site-specific emission inventory plans. Each such plan will
specrfy in detail how the facility operator will inventory the facility's
emissions of all toxic substances on the list of substances subject to the
Act, which was approved by the Board in July 1988. A facility must commit
in 1ts emission inventory plan to a specific method to identify the listed
substances and quantify their emissions. The criteria and guidelines
regulation specifies which emissions must be quantified by source testing or



other measurement methods and which emissions may be quantified by
estimation methods.

Upon receiving an emission inventory plan, a district must approve,
modify, or return it to the facility operator for revision within 120 days.
The inventory plan must explain in detail a facility's approach to
calculating and/or collecting emission data from all points of actual or
potential release. Plans must meet the criteria specified in the Act and
must comply with the criteria and guidelines adopted by the ARB for
preparing emission inventories.

After a district approves a plan, the facility operator must implement
the plan within 180 days and submit an emission inventory report which
presents the required emission data, a facility diagram, and other required
information. Reporting requirements, blank reporting forms, and
instructions are included in the criteria and guidelines regulation. Within
90 days after receipt of the report, the district must review the report,
obtain from the facility any necessary corrections and clarification of the
data, and notify the State Department of Health Services (DHS), the State
Department of Industrial Relations, and the city or county health department
of its findings regarding the report. The district must transmit data
contained in the approved report to the ARB. Based on the data contained in
the emission inventory, those facilities which are designated by the
districts as high priority must subsequently prepare health risk
assessments.

In the first phase of the program, the Act applies to any facility
which: (1) manufactures, formulates, uses, or releases any listed substance,
or any other substance which reacts to.form a listed substance, and which
releases 25 tons per year or more of any of the following criteria
pollutants: total organic gases (TOG), particulate matter (PM), nitrogen
oxides (NOx), or sulfur oxides (SOx), or (2) is listed in any current toxics
use or toxics air emission survey, inventory, or report released or compiled
by a district. Inventory plans are due August 1, 1989, for these
facilities. It is estimated that during the first phase over 3,000
facilities would be affected.

If a facility releases from 10 to less than 25 tons per year of any of
the four pollutants and manufactures, formulates, uses, or releases a listed
substance or precursor, the facility becomes subject to the regulation on
July 1, 1989. Inventory plans are due August 1, 1990, for these facilities.
It is estimated that approximately 1200 additional facilities are in this
size range and would be affected.

Facilities releasing less than 10 tons per year of the four criteria
pollutants may be scheduled for inclusion under the Act later, based on the
findings and recommendations set forth in a report which the ARB is to
submit to the Legislature by July 1, 1990.

A reporting schedule is included in the regulation for facilities added
to a district's toxics survey, inventory, or report after July 1, 1988, and
for new facilities beginning operation after the effective dates of the Act.



The Act specifies that any solid waste disposal facility in compliance
with Health and Safety Code Section 41805.5 is in compliance with the
emission inventory requirements of the Act. However, these facilities are
not exempt from other requirements in the Act.

The Act requires biennial updates of the emission inventories, sets
forth procedures for protecting trade secret information, and requires the
ARB to develop a data management program to compile the emission inventory
data and make them available to the public. To put the emissions from
facilities into perspective, the Act requires the ARB to compile emission
inventory data for mobile, area, and natural sources by March 1, 1990. The
Act also requires the districts to prepare industrywide emission inventories
for certain facilities which emit less than 10 tons per year of the four
criteria pollutants and which meet specified criteria involving small
business status, economic hardship, and release of a single substance.

In order for the ARB staff to maintain a statewide data system of
timely information as required by the Act, the regulation requires that
districts transmit the inventory data to the ARB within 90 days after the
deadline in the Act for district review of the inventory report.

The following table identifies key dates related to the emission

inventory requirements based on the time allotted in the Act for completion
of each action.

Schedule for Submittal of Inventory Plans and Reports

Criteria Pollutant Emissi
Facility or District 2 25 tpy* 210 < 25 tpy
Action
Facilities submit plans 8/1/89 8/1/90
Districts approve plans 12/1/89 12/1/90
Facilities submit reports 6/1/90 6/1/91
Districts review data 9/1/90 9/1/91
Districts transmit data - ~ 90 days later ~ 90 days later
to ARB

* Also includes all facilities listed in district toxics emission
reports or inventories except those which districts include in an
industrywide inventory.

It is the primary responsibility of the facility owner or operator to
determine whether the facility meets the criteria in the Act which make the
facility subject to the Act and to the regulation. However, the districts
may notify facilities required to submit emission inventory plans and
reports by sending a bill for fees pursuant to the already adopted fee
regulation or by some other communication. The facility operator should
consult the district if in doubt as to whether the facility is subject to

the Act and to the regulation.
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III. DISCUSSION OF THE CRITERIA AND GUIDELINES REGULATION

The Act requires the Board in consultation with the air pollution
control districts to develop and adopt the emission inventory criteria and
guidelines regulation. A technical advisory committee consisting of
representatives from the districts and the State Department of Health
Services (DHS) was established to provide input and technical assistance
during the development of the regulation. The committee met in August,
September, November, and December of 1988 and January of 1989.

Public consultation meetings were held to receive public input during
the development of the regulation. Over 3,000 facility operators and an
additional 500 members of the public were notified of the consultation
meetings. The Air Resources Board approved the regulation with
modifications at its public hearing April 13-14, 1989, and the modifications
were made available for subsequent public comment and adoption after the
public comment period.

The Act specifies components and conditions that must be included in
the criteria and guidelines regulation. The guidelines must ensure that, in
collecting data to be used for emission inventories, actual measurement is
utilized whenever necessary to verify emission estimates to the extent
technologically feasible. The Act requires that the criteria and guidelines
regulation include the following: a designation of substances for which
emissions must be quantified and identification of the l1ikely source types
within each class of facilities; requirements for facility diagrams
identifying each actual or discrete emission point and the general location
where fugitive emissions may occur; requirements for source testing and
measurement; appropriate testing methods, equipment, and procedures,
including quality assurance criteria; specifications for emission factors
and procedures for other estimation techniques; specifications of the
reporting period for each substance reported; specifications for the
collection of data to support the Toxic Air Contaminant Identification and
Control Program, commonly referred to as the AB 1807 process; standardized
format for preparation of reports and presentation of data; and a program to
coordinate and eliminate any possible overlap between the requirements of
this Act and the requirements of Section 313 of Title III of the Superfund
Amendments and Reauthorization Act of 1986 administrated by the U.S.
Environmental Protection Agency ("“SARA").

In accordance with these requirements in the Act, the ARB staff has
designed the regulation to ensure the collection of useful data to identify
toxic air contaminants pursuant to the AB 1807 process. The identification
process requires the State Department of Health Services and the ARB to
consider factors related to the risk of harm to public health, amount or
potential amount of emissions, manner of usage of the substance in
California, persistence in the atmosphere, and ambient concentrations in the
community. Specific facility and emission information is necessary to

fulfill these requirements.

The staff also coordinated and evaluated the requirements of the
criteria and guidelines regulation with those of Section 313 of SARA and of
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EPA's implementing regulations for SARA. The reporting period and exempt
uses in the regulation were coordinated with those of SARA. After the staff
evaluated the data needs and the differences among reporting requirements,
very little overlap was found between the requirements of SARA and the Air
Toxics "Hot Spots” Act. The SARA provisions differ from those of the Air
Toxics "Hot Spots” Act with regard to the facilities and substances that are
considered. The reported SARA data are not process-specific, often include
ranges rather than actual values for reported emissions, and reflect only
total annual releases which include accidental releases and which are not
adequate to characterize health effects because no information regarding the
time variability of emissions is included. However, intermediate
calculations of emissions for individual emitting processes made for Section
313 may be useful in calculating results for the regulation, provided the
methods comply with all applicable requirements for measurement and
estimation methods, the results are process-specific and meet the required
degree of accuracy, and the emissions and other quantities represent the
appropriate reporting period and represent routine (not accidental)
releases.

The regulation sets forth the components that a facility operator must
include in the emission inventory plan and the emission inventory report,
and it provides the criteria and guidelines for judging the approvability of
these documents and for preparing acceptable emission inventories. 1In
particular, the emission inventory criteria and guidelines regulation:

o Establishes two groups of toxic substances for which emission
inventory plans and reports are to be submitted. For the first
group, emissions of the substances must be quantified. For the
second group, information indicating the production, use, or
other presence in an operation must be reported.

o Specifies the information a facility operator must include in a
facility's air toxics emission inventory plan and emission
inventory report which are required by the Act. This
information pertains to requirements for source testing and
other emission measurement methods, specifications for
acceptable emission estimation techniques, reporting forms to
be used, and identification of the emitting processes.

o Sets forth other requirements to implement the emission
inventory provisions of the Act including record keeping
requirements, exemptions for specific uses of substances, and
procedures for reporting mixtures of substances.

o Requires facility operators to prepare emission inventory plans
and reports in accordance with specifications in the regulation
and to update those reports biennially. Some facilities would
be required to be source tested to quantify their emissions.
Data collection efforts are expected to diminish in future
years after initial emission data have been submitted and when
updates only are required.



SUBSTANCES TO BE INVENTORIED

The Act requires the ARB to compile and maintain the 1ist of substances
which pose chronic or acute health threats when present in the air. The
list now includes 326 substances compiled from references in the Act. It
was approved by the Air Resources Board on July 14, 1988, and became
effective after approval by the Office of Administrative Law on
December 15, 1988. The Act specifies criteria for adding or deleting
substances from the 1list.

For purposes of inventorying and reporting emissions under the
regulation, the current list of 326 substances is divided into two groups
which differ in their requirements for emission inventory reporting. The
two groups of substances, respectively, inciude (1) substances for which
emissions must be quantified, and (2) substances for which the production,
use, or other presence in an operation must be reported. "Other presence"
includes presence in a formulation operation, formation as a by-product or a
reaction intermediate which appears temporarily during processing at the
facility, or actual or potential release in any way. For substances in the
first group, all emissions must be quantified to the degree of accuracy
specified in the regulation. For substances in the second group, facility
operators need not quantify emissions, but must indicate whether the
substance is produced, used, or otherwise present at their facility.

The separation of the listed substances into the two groups was based
on an assessment of their potential health risks to the public. The group
of substances for which emissions must be quantified includes those
substances whose suspected emissions from emitting processes in the state
are believed to pose the greatest potential risk. The second group of
substances for which only the production, use, or other presence must be
reported include all the remaining listed substances for which inadequate
data are available to substantiate the presence of the substances or their
importance to population exposure associated with operations occurring in
California. Information gathered concerning the second group of substances
will be used in future years to redesignate substances from the second to
the first group. At the time that any new substance is added to the list,
the staff will propose that the substance be assigned to the appropriate
group for emission inventory reporting.

COMPONENTS AND REQUIREMENTS FOR EMISSION INVENTORY PLANS

The site-specific emission inventory plan is a facility's commitment as
to how it will quantify its emissions of listed substances. The emission
inventory plan must include a flow diagram which shows all actual or
potential emission points, must identify all listed substances being
released, and must propose the emission quantification method that will be
used for each substance for which emissions must be quantified in accordance
with requirements in the regulation for source testing and other measurement
or for estimation methods. It must include any required source test

protocols and other information.



COMPONENTS AND REQUIREMENTS FOR EMISSION INVENTORY REPORTS

Within 180 days after the district approves the inventory plan, the
facility operator must implement the plan by submitting the emission
inventory report containing the measured or calculated emission data in the
form of a facility diagram and reporting forms, and must include other
required data such as results of source tests and other measurement methods.

For purposes of characterizing and reporting data, standard emission
inventory terminology is employed in the regulation. A facility consists of
one or more devices which are individual components or pieces of equipment
which are clearly modular parts of the facility (such as a boiler). Each
device may consist of one or more emitting processes (such as a distillate
0il combustion process and a natural gas combustion process at the same
boiler). The appropriate distinction necessary for identifying an emitting
process is based on emission characteristics. Emittents which always occur
together, at the same time and from the same point of release, are
considered to result from a single emitting process.

Facilities must complete a set of core reporting forms which must be
submitted as a part of the emission inventory report, and which include a
facility information form and forms for each applicable device, stack, and
emitting process.

Facilities may also be required to complete a number of supplemental
forms depending on the particular emitting processes at the facility in
order to address some of the important individual emission characteristics
of a particular industry or process and for which additional and
intermediate parameters are needed to verify emission estimates, as provided
for in the Act.

The information required in the reporting forms must be provided in an
alternative format if so required by the district to meet the district's
data handling needs.

To support the emission data submitted in the report, results of each
source test and source test protocol, each fuel or material analysis, and
any other documentation that the regulation requires to be cited must be
included in the report. Where source tests have been performed in
accordance with district regulations implementing an ARB Airborne Toxic
Control Measure adopted under the AB 1807 process, these results are also to
be included with the inventory report.

A district may require a facility to submit a plot plan in addition to
a facility diagram in the report if the district believes more information
is needed about a facility's structure for modeling and risk assessment
purposes. Minimum requirements for the plot plan are included in the

regulation.
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OTHER REQUIREMENTS FOR THE PLAN AND THE REPORT

The regulation includes the following additional requirements for the
inventory plan and inventory report:

o Instructions for record keeping - The Air Toxics "Hot Spots® Act
requires the state board to compile and make available to
government agencies and the public all data collected under the
Act. The regulation specifies that facilities retain their records
and documents supporting their plans and reports for five years
after the date of submission of the emission inventory report to
ensure documentation is available to meet the extended timeframes
in the Act for risk assessment, the two year period between
inventory updates, and the time needed to perform quality assurance
checks before releasing the data to the public.

o Specification of reporting period and averaging intervals - The
reporting period is from January through December, which has been
chosen to correspond with that of Section 313 of SARA. The first
reporting period, for which estimates are to be representative,
will be calendar year 1989, because the plans are due in late 1989
and the inventory reports are due in mid-1990.

For each substance for which emissions must be quantified, the
regulation requires that annual average and maximum one hour
emissions be reported in order to best characterize the health risk
assoiiated with chronic and acute exposures, respectively, for each
substance.

o Specifications for identifying emission points and substances
emitted - The regulation includes a two-part Facility Guideline
Index ("Facility Look-Up Table"). The first part lists devices and
emitting processes common to many industries and indicates specific
substances that should be addressed for each. The second part is a
more extensive table organized by industry type which further
assists facility operators in identifying the 1ikely types of
emissions and points of emissions from devices and emitting
processes within particular classes of industries. Facility
operators may find it necessary to consult other available
technical references to adequately determine whether a listed
substance is released from or present at the facility. The
facility operator must use and cite available technical guidance as
needed to accomplish this.

o Exempted uses - The Act requires releases at all primary locations
to be characterized in order to identify "hot spots®. The
regulation exempts certain types of uses that are not expected to
contribute significantly to hot spot risk or to be primary
locations of release. The exempted uses have been closely
correlated with those of SARA, and include such uses as janitorial,
office, and personal use of products.



o Emission quantification and degree of accuracy - The regulation
specifies the degree of accuracy to which emissions must be
quantified and reported. Emissions of substances of potentially
greatest concern require the highest degree of accuracy in
estimation and reporting. The specific absolute l1imits for the
degrees of accuracy are based on state-of-the-art levels of
detectability and measurement, on relative carcinogenic potency,
and on health risk screening and district modeling experience for
toxic substances which indicate the order of magnitude at which
emissions of these substances appear to pose significant public
health risk.

In order to ensure that maximum information is gained from source
testing, the regulation specifies that each source test meet the
practical quantification limits specified in the applicable ARB-
adopted source test method and that other data supporting the
emission calculation meet particular degrees of accuracy.

o Reporting mixtures and trade name products - The regulation includes
criteria for the reporting of listed substances in mixtures or
trade name products to the specified degrees of accuracy. It is
the responsibility of the operator to evaluate the material, either
by using available information if adequate, consulting the
manufacturer, or performing a laboratory analysis of the product,
to determine whether listed substances are present at levels such
that total amounts are significant within the specified degree of
accuracy and to quantify those levels.

o Requirements for source testing and measurement - The Air Toxics
"Hot Spots™ Act requires the use of source testing whenever
necessary to verify emission estimates to the extent
technologically feasible. The source testing requirements for
specified processes and substances in the regulation reflect
thorough consideration of the availability of testing methods, the
potential public health risks of the sources, and the cost to
facilities to perform the required source testing. The regulation
requires source testing only where conditions are feasible for
testing and especially where substances of high risk are involved.
The staff considered the relative risks to the public and the costs
to small businesses in developing alternatives to required testing.

To ensure uniformity in results and reliable characterization of
emissions, the regulation requires that source testing be performed
using ARB-adopted source test methods with the exception that other
accepted methods are designated for fuel analysis. The regulation
specifies criteria for acceptable alternative source test sampling
and analysis methods which are determined to be equivalent to the
ARB-adopted methods.

Existing source test data from the facility may be proposed to be

used to satisfy the source test requirements in the regulation if
all conditions affecting emissions of listed substances remain



substantially the same and the source test methods are determined
to be equivalent to the ARB-adopted test methods.

o Pooled source testing - The regulation allows operators of a group
of substantially similar facilities to propose to meet the source
testing requirement by pooling resources to test a representative
sample of the sources of interest and to apply the results to the
group. A proposal for pooled source testing must be developed with
the district and the ARB.

o Criteria for alternatives to required source testing - Recognizing
the diversity of sources and unique factors influencing the
feasibility of performing source testing, the regulation
establishes a process and criteria for approval of alternatives to
the required source testing if the testing is not feasible. The
regulation also establishes a process and criteria for approval of
non-testing alternatives to certain required source testing if the
alternative can be demonstrated to result in an equal or better
characterization of emissions. A proposal for any such
alternatives to required source testing must be developed with the
district and the ARB. A more stringent process and criteria are
proposed for substances of highest potency and potential risk.

o Source test protocol - The regulation specifies the detailed
information required to prepare the source test protocol. Non-
proprietary anticipated values for parameters affecting the source
test must be submitted in the inventory plan to facilitate district
review of the appropriateness of the testing proposal. Once
approved by the district, details of the source test protocol used
during the actual source testing must be submitted with the
inventory report.

o Converting source test results to emission rates - The
regulation specifies the method a facility operator shall use to
convert source test results to required emission rates, by
developing a site-specific emission factor in consultation with the
district.

o Specifications for acceptable estimation methods and emission
factors - The regulation includes specifications for acceptable
emission factors and other estimation methods including mass
balance and engineering calculation, which can be used when source
testing is not required. A proposed emission estimation method
must reflect the best available methods and data, and must be
sufficient to produce an accurate representation of the types and
quantities of air releases at a facility.

Mass balance calculations must account for all routes of inflow and
outflow and all accumulations to a sufficient extent to
characterize air release, particularly fugitive emissions, to the
degree required in the regulation.
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Applicable emission factors compiled and published by the ARB are
to be used when available, including emission factors from an
applicable ARB report on toxic air contaminants. Other proposed
emission factors are subject to district approval and must have
been generated under substantially similar conditions for
substantially similar facilities or equipment to the facility to
which the emission factor would be applied, to the extent
technologically feasible.

Estimation methods proposed by the facility operator in the
inventory plan are subject to district approval. The technical
support document being developed by the ARB staff will further
assist operators in implementing their approved plans where
estimation methods are allowed.

IV. TECHNICAL GUIDANCE DOCUMENT

The ARB staff will publish a Technical Guidance Document in the fall of
1989 which will assist facilities in estimating emissions from processes for
which source testing is not required and for which estimation methods are
allowed under the facilities' approved emission inventory plans. The
technical support document, which will be available by August 1, 1989, will
provide emission estimation methods, a compilation of available emission
factors, and a number of emission estimation techniques (EETs) developed by
the ARB staff to assist facilities in implementing their inventory plans,
once the plans have been approved by the district, and in completing their
inventory reports.

The technical support document will not be a regulatory document but
will provide guidance in calculating emissions using estimation methods
identified in the criteria and guidelines regulation, such as acceptable
emission factors, mass balance, and engineering calculations. It will
provide a compilation of available emission factors, and it will include a
number of EETs for quantifying emissions from specific processes which are
common to many industries and for which the estimation methods may be
generalized to apply to related operations. Working examples of various
estimation methods will also be included in the document. Public
consultation meetings to assist in development of the technical support
document were held in February 1989, and drafts of available EETs were
distributed. A second set of meetings to discuss all estimation techniques
is anticipated prior to August 198S.
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SOURCE TEST METHODS AND SUBSTANCE(S) ASSOCIATED
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ATTACHMENT C
SOURCE TEST METHODS AND SUBSTANCES
ASSOCIATED WITH EACH SOURCE TEST METHOD

A) California Air Resources Board. March 1987. 3Stationary Source Test
Matheik. Vai T> Hsthnds For Datermining Conols With District
Non-Vehicular (Statjonary Source) Emission Standards. Sacramento,

California.
Test Method Target
1 Sampling and traverse point layout

Average stack velocity and flow rate by pitot traverse

2

2A Stack flow rate by direct metering

3 Molecular weight and excess air sampling and calculations
4 Moisture content of stack gas

5 Particulate matter from stationary sources

BA Particulate matter from asphalt roofing industry process

saturators, blowing stills, and other sources as specified
in the regulations

5E Particulate emissions from wool fiberglass insulation
manufacturing sources

6 Sulfur dioxide

7 Nitrogen oxides (excluding nitrous oxide)

8 Sulfuric acid mist (including sulfur trioxide, and in the

absence of other particulate matter) and sulfur dioxide
emissions from stationary sources

10 Carbon monoxide emissions from stationary sources
11 Hydrogen sulfide in petroleum refinery gas streams
15 Hydrogen sulfide, carbonyl sulfide, and carbon disulfide

emissions from tail gas control units at sulfur recovery
plants



SOURCE TEST METHODS AND SUBSTANCES ASSOCIATED ...Cont.

Test Method Target

16 Total reduced sulfur

16A Total reduced sulfur (Impinger Technique)

17 Particulate emissions by in-stack filter .

20 ¥:g;og§:t?:;ggs (Noxz, sulfur dioxide, and oxygen emissions
y gas“turbines

21 Volatile organic compounds leaks

100 Continuous Gaseous Stack Sampling: Gas Van

150 Hydrocarbon vapors from fixed roof crude oil process tanks

421 Gas-phase hydrochloric acid emissions from stationary

sources
501 Size distribution of particulate matter (PMyq)
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SOURCE TEST METHODS AND SUBSTANCES ASSOCIATED ...Cont.

B) California Air Resources Board. February 1984. Stationary Source Test
Methods. Volume II: Certification and Test Procedures For Gasoline
Yapor Recovery Systems. Sacramento, California.

Jest Method

2-1

2-3

2-4

2-6

Jarget

Efficiency of vapor recovery systems at service stations
Certification of vapor recovery systems at service stations

Certification and testing of vapor recovery systems at
gasoline bulk plants

Certification and testing of vapor recovery systems at
gasoline terminals

Certification and testing of vapor recovery systems of
gasoline delivery tanks

Gasoline vapor leak detection using combustible gas
detector
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SOURCE TEST METHODS AND SUBSTANCES ASSOCIATED ...Cont.

C) California Air Resources Board March 1988. Slniignnzx_igungg_lﬁsi
EgnInm1n3nI5_Ecgm_iintlnnntx_inurs£§4 Sacramento, California.

Jest Method Iarget

12. Inorganic lead

13A Fluoride (F) using SPADNS Zirconium Lake Method

138 Fluoride using specific ion electrode method

101 Mercury emissions, both particulate and gaseous, in exhaust
streams which are "principally air," from chlor-alkali
plants and "other sources (as specified by the
regulations)"”

101A Mercury emissions, both particulate and gaseous, from
sewage sludge incinerators and “"other sources (as specif1ed
by the regulations)"”

104 Beryllium particulate emissions

106 Vinyl chloride (except vinyl chloride contained in
particulate matter) in stack gases from ethylene
dichloride, vinyl chloride, and polyvinyl chloride
manufacturing processes

401 Weight percent of VOC in waste Gravimetric Purge and Trap)

410A Low concentration (1-1,000 ppb) benzene (except benzene in
particulate matter)

4108 High concentration benzene (0.1-200 ppm)

422 Halogenated organics (gaseous)

423 Particulate and gaseous inorganic arsenic
424 Particulate and gaseous inorganic cadmium
425 Total and hexavalent chromium particulate

426 Cyanides
427 Asbestos
428 Dioxins and furans

429  Polycyclic aromatic hydrocarbons (PAHs)



430 Formaidehyde
431 Ethylene oxide emissions purged from sterilization chambers

432 Dichloromethane and 1,1,1-trichlorcethane content of paints
and coatings

433 Nickel
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ATTACHMENT D

LABORATORIES WITH THE ABILITY TO EVALUATE
AIR SAMPLES OF CHLORINATED DIBENZODIOXINS AND CHLORINATED DIBENZOFURANS






ATTACHMENT D

LABORATORIES WITH THE ABILITY TO EVALUATE AIR SAMPLES
FOR CHLORINATED DIBENZODIOXINS AND CHLORINATED DIBENZOFURANS

The following list are those independent analytical laboratories that
the Air Resources Board staff knows have the ability to analyze air samples
for the presence of chlorinated dibenzodioxins and chlorinated
dibenzofurans. This list is not comprehensive; these are only the
laboratories that the ARB staff is aware of. If other laboratories can also
provide these services and notify the ARB, they will be added to the 1list.
The ARB does not endorse any of these laboratories, nor does the ARB suggest
these are the only laboratories that perform such services. The ARB staff
recognizes that few laboratories in California provide dibenzodioxin and
dibenzofuran analytical services, and provides this list in response to
public inquiries.

1) Carter Analytical Labs
95 Lost Lake Lane
Campbell, California 95008
attn.: Dr. Mel Carter
(408) 866-1600

2) Central Coast Analytical Services
9333 Tech Center Drive, Suite 800
Sacramento, California 95826
attn.: Jeanne Duncan
(916) 368-1333

3) Central Coast Analytical Services
141 Suburban Road
San Luis Obispo, California 93401
attn.: Dr. Lawrence Hilpert
(805) 543-2553

4) ChemWest Laboratories
600W N. Market Blvd.
Sacramento, California 95834
attn.: Margie Namba
(916) 923-0840

5) Enseco, Inc.
2544 Industrial Blvd.
West Sacramento, California 95691
attn.: Bob Mitzell
(916) 372-1393
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INTRODUCTION TO EMISSION FACTORS

Emission factors are a useful method of estimating emissions of toxic
substances, and may be developed by using source test data, mass balance
calculations, engineering calculations as well as facility records. Unless
otherwise noted, the emission factors included in the following Attachments
were developed using source test data and mass balance calculations.
Emission factors developed from source test data and mass balance
calculations reduce the degree of error inherent in the use of emission
factors as a method to estimate emissions of toxic substances.
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Primary friction product manufacturing ................. 6
Primary miscellaneous asbestos product manufacturing ...
Primary packing and gasket product manufacturing .......
Primary paper product manufacturing .......c.cccvvee....
Primary plastic product manufacturing ..........co0ueenn

7
6
6
6
Primary textile product manufacturing ............. veess B
Process gas combustion .......cececevernncncecnanne el
ROTETBNICIE o o000 09 05 0 e 505 A ewwnvans 8
Residual oil combustion .............................. i 3
Secondary coating, adhesive, and sealant

products manuTaACEWING o« ivusvvuninsnoncinuiie vowis &
Secondary friction product manufacturing ............... 7
Secondary miscellaneous asbestos product manufacturing . 7
Secondary packing and gasket product manufacturing ..... 7
Secondary paper product manufacturing .....ccecevveeveae 7
_ Secondary plastic product manufacturing ...........ccc000 7
Secondary textile product manufacturing ..........ccc0.s 7
Secondary zinc smelter .......cceveeveeenne T 5
Solid fuel combustion ........cc0n.s L e
Steel mil] cisenvvivnsisarvinsiasssane el |
Waste oil combustion ..........ccc0s T T, ey 3
Wood combustion .......c00vn.e PR R N e R e A PR 4






PUBLISHED EMISSION FACTORS FOR Aﬂ-f807 SUBSTANCES

PROCESS
SUBSTANCES EMISSION SOURCES CONTROLS

EMISSION FACTORS

COMMENTS

Asbeestos Minling aond Milling
Asbestos

Hard Plating
Hexavalent chromium Process tank no

Decorative Plating
Hexavalent chromium Process taonk no

Electrolytie Anodizing
Hexavalent chromlium Process tank no

Coal! Combustion - =

Benzene No speciflc device

Total chromium Industrial boller ESP
Industrial boller no

Cadmium Industrial boller no

Codmium Utllity boller Scrubber

No specific emission

factor was developed.

5.2 mg/amp=hr

.50 mg/amp-hr

5.2 mg/amp=hr

©.819 Ib/Ib TOG

1.8 exp[-7] Ib/Ib
1.8 exp[-5] Ib/Ib

9.1 exp[-4] Ib/ton
1.3 exp[-4] Ib/ton

PM emlsslon factors and asbestos
content of mining materlal were
used to estimate asbestos
emisslons for this category, 3

Based on source test data, 1

Based on source test data, 1

Based on source test data, 1

This emisslon factor was based on
the speciation profile. Thus,
whatever the control device used
for TOG would be applicable here.
Also thils emisslon factor was
considered to be a default.
Therefore, specific emission
factor may be used, 4

Based on source test data, 1

Based on source test data, 1

Based on source test data, 2

Based on source test data, 2

e - o faclllty operator should refer to the source test requirements (Appendix D of the Guidelines Regulation

or Attachment A of thls document) prlor to using these emission foctors



PUBLISHED EMISSION FACTORS FOR AB 18067 SUBSTANCES

PROCESS
SUBSTANCES EMISSION SOURCE CONTROLS EMISSION FACTOR COMMENTS

Coke Combustion - »

Benzene No specific device 9.019 1b/Ib TOG Thie emission factor was based on
the specliation profile. Thus,
whaotever the control device uesed
for TOG would be applicable here.
Also this emission factor was
consldered to be a default.
Therefore, speclfic emisslon
factor may be used, 4

Diesel Combustion - »

Benzene 1.C. engine 9.2198 Ib/Ib TOG This emission factor was based on
the specliation profile. Thue,
whatever the control device used
for TOG would be applicable here.
Also this emlission factor was
conslidered to be a default.
Therefore, specific emission
factor may be used, 4

Caodmium No speciflc device no 6.7 exp[-7] Ib/gal Based on fuel analyses, 2

mbustion - »
D'.;:;;::: kS Boller/1.C. englne ©.018 Ib/Ib TOG This emission factor was based on
’ the specliatlon profile. Thus,

whatever the control device used
for TOG would be applicable here.
Also this emission factor was
considered to be a default.
Therefore, specific emission
factor may be used, 4

Total Chromium No speciflc device no 1.3 ppmw Based on fuel analyses, 1

Cadmium No specific device no 5 exp[-7] 1b/gal Based on fuel analyses, 2

s - o foclllty operator should refer to the source test requirements (Appendix’'D of the Guidelines Regulation
or Attachment A of thle document) prior to using these emlssion factore



PUBLISHED EMISSION FACTORS FOR AB 18@7 SUBSTANCES

PROCESS

SUBSTANCES EMISSION SOURCE

CONTROLS

EMISSION FACTOR

COMMENTS

Resldual 0ll Combustion - =
Benzene No speclifie

Total Chromlium No speclific
Cadalum No specifle

Waoeste Ol|! Combustion - =
Benzene No speciflc

Total Chromium No speclific
Cadmium No specific

Gasoline Combustion
Benzene I.C. engline

device

device

device

device

device

device

no

ho

8.018 Ib/Ib TOG

2.9 ppmw

0.81 - 9.52 ppmaw

©.018 Ib/Ib TOG

36 ppmw

5.5 ppaw

©.0406 Ib/Ib TOG

/

This emisslon factor was based on
the speciation profile. Thus,
whatever the control device used
for TOG would be applicable here.
Also thls emission factor was
consldered to be a default.
Therefore, speciflc emisslon
factor may be used, 4

Based on fuel analyses, 1

Bdsed on fuel! analyses, 2

This emission factor was based on-
the speclation profile. Thus,
whatever the control device used
for TOG would be applicaoble here.
Also this emlsslion factor was
considered to be a default.
Therefore, specific emission
factor may be used, 4

Based on fuel analyses, 1

Based on fuel analyses, 2

This emisslon factor was a
default from test data of on-road
leaded gasoline powered vehlicles.
Therefore, specific emission
factor may be used, 4

¢ - a faclllty operator should refer to the source test requirements (Appendix D of the Guldelines Regulation

or Attachment A of this document) prior to using these emission factors

§ - staff recommends use of the high end of the range unless the lower end can be justified



PUBLISHED EMISSION FACTORS FOR AB 1887 SUBSTANCES

CONTROLS

EMISSION FACTOR

COMMENTS

PROCESS

SUBSTANCES EMISSION SOURCE
Jet Fuel Combustion

Benzene 1.C. engline

LPG Combustion
Benzene 1.C. engline/turbine

Solld Fuel Combustion
Benzene Any device

Wood Combustion - =
Benzene Any device

Notural Gae Combustion - =
Benzene 1.C. englne/turbline

©.0060 Ib/Ib TOG

©.0611 Ib/Ib TOG

©.019 Ib/Ib TOG

©.0044 Ib/1b -TOG

8.0011 Ib/Ib TOG

This emlission factor wae based on
the speciatlion profile. Thus,
whatever the control device used
for TOG would be applicable here.
Also this emission factor was
conslidered to be a default.
Therefore, specific emission
factor may be used, 4

Thie emisslon factor s a default
for notural gas combustion.
Therefore, specific emisslon
factor may be used, 4

This emission foctor was based on
the speclation profile. Thus,
whatever the control device used
for TOG would be applicabie here.
Also this emisslon factor was
consldered to be a default.
Therefore, specific emisslion
factor may be used, 4

This emission factor is a default
from fireplaces and woodstoves.
Therfore, speciflic emission
factor may be used, 4

This emisslon factor was based on
the speclation proflile of an I.C.
engine burning natural gas, 4

¢ - a faclllty operator should refer to the source test requirements (Appendix D of the Guidelines Regulation

or Attachment A of thls document) prior to using these emlesion factors



PUBLISHED EMISSION FACTORS FOR AB 1807 SUBSTANCES

PROCESS
SUBSTANCES EMISSION SOURCE CONTROLS EMISSION FACTOR COMMENTS
Process Gas Combustion - »

Benzene 1.C. engline/turbine ©.0011 Ib/Ib TOG This emisslon factor was a
default from natural gas
combustion. Therefore, specific
emission factor may be used, 4

Coolling Towers
Hexavalent Chromlum Reflnery Coolling No specific emission Emlsslions were estimated as the
Towere and/or ol foctor was developed product of the reclrculating
other towers that water rate, the drift fraction,
used chromate as a and the chromium concentration
corrosion inhiblitor In cooling tower water, 1
Glase Manufocturers - »

Hexavalent Chromlium no 0.919 Ib/Ib PM Based on source test of a green

container glass manufacturer, 1
Munleclipal Sewage Sludge Inclinerator - =

Total Chromium Scrubber ©.9058 Ib/Ib PM Controlled with high efficlency
scrubber, 4

Cadmium Scrubber ©0.0022 Ib/Ib PM Controlled with high efflciency
scrubber, 2

Secondary Zinc Smelter - »
Cadmium 8.1 Ib/ton Zn- Based on source test data, 2
produced
Steel MII) - =
9.0034 Ib/ton steel Based on source test data, 2

produced

s - a facllity operator should refer to the source test requirements (Appendix D of the Guldelines Regulatlion

or Attachment A of this document) prior to using these emission factors



PUBLISHED EMISSION FACTORS FOR AB 1807 SUBSTANCES

PROCESS
SUBSTANCES EMISSION SOURCE CONTROLS  EMISSION FACTOR COMMENTS

Primary Frictlion Product Manufacturers _
Asbsestos ©.60 Ib/ton asbestos used 3

Primary Packing & Gasket Product Manufecturers
Asbestos ©.60 Ib/ton asbestos used 3

Primary Coatings, Adhesives, and Sealant Product Manufacturers
Asbeatos 9.2@ Ib/ton asbestos used 3

Primary Cement Plipe Manufacturere
Asbestos 9.3@ Ib/ton asbestos

used 3

Primary Papere Product Manufacturers - »

Asbestos 1.1.Ib/ton asbestos
used 3
Primary Plastlics Product Manufacturers
Asbestos .14 1b/ton asbestos
used 3
Primory Textiles Product Maonufacturers - »
Asbestos 9.6 Ib/ton asbestos
used 3
Primory Floor Tlles Product Monufacturers
Asbestos 9.34 Ib/ton asbestos
used 3

» - o facllity operator should refer to the source test requirements (Appendix D of the GuidelIines Regulation
or Attochment A of thls document) prior to using these emission factors



PUBLISHED EMISSION FACTORS FOR AB 18867 SUBSTANCES

PROCESS
SUBSTANCES EMISSION SOURCE CONTROLS EMISSION FACTOR COMMENTS
irlnnry Miscel laneous Asbestos Product Maonufactureres
Asbestos 9.14 Ib/ton asbestos
used 3

Secondary Friction Product Manufacturers

Asbestos 8.31 Ib/ton asbestos
used 3
Secondary Packing & Gasket Product Maonufacturers
Asbestos : .53 Ib/ton asbestos
used 3

Secondary Coatings, Adheslves, and Sealants Product Manufacturers
Asbestos ©.024 Ib/ton asbestos
used 3

Secondary Papers Product Manufacturers - =

Asbestos 1.88 Ib/ton asbestos

used 3

Secondary Plastlice Product Monufacturers

Asbestos 0.14 |Ib/ton asbestos

used 3

Secondary Textlles Product Manufacturere - @

Asbestos ©.24 Ib/ton asbestos

used 3

Secondary Mlescellaneous Asbestoe Product Manufacturers

Asbestos ©.14 Ib/ton asbestos

used 3

e - a facllity operator should refer to the source test requirements (Appendix D of the Guidellnes Regulatlion
or Attachment A of this document) prlor to using these emission factors






References For Published AB 1807 Emission Factors
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2) ARB, 1987. "Public Hearing to Consider the Adoption of a Regulatory
Amendment Identifying Cadmium as a Toxic Air Contaminant". Stationary
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3) ARB, 1986a. "Public Hearing to Consider the Adoption of a Regulatory
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Plan". Stationary Source Division, Sacramento, CA.

E-I1-8






ATTACHMENT E-II
OTHER EMISSION FACTORS






TABLE OF CONTENTS- APPENDIX E-II

Page(s)

Ashestos MINING iermens smnsce samss sy s-swnmeime bxdime i 31
Bery FLium Mining; elc.. asie:sastawms smemms Gos v s lis 17,18
Carbon tetrachloride production ......covivevenunann 13 - 17
Chromic: acid produltion eswieesewesmese semnnmseinemees 9
Coffen bean roasting ..ovconovsmmnssnmsscomynss commee 30,31
DEQPOASING 050 eniniie snmiensawit soese caeee sme s e s seeam 2 -4
DIstallate 011 COmBUSEION: s swves summen snsmmmms svimes o 1
DEVEIERNIRG wonsamsdaisd b Svassn v e v s s S e ssors 6
E1OCLFIETLY generation ... isesssaveasesnmsnes sssesis B8
Ethylene dichloride production ......cecoveeeenvaccess 8 - 12
Farroalloy production i ssssiesesicsminedpaeedvsesawes 23,24
Fresh water utility cooling towers .................. 8
Iron and steel production ......ceovieenunnnennnnnans 24,25
Mercury ore proCesSINY cess s visssresorinro s toas 26
Nitrobenzene and aniline production .......covvvuunn. 1,2
Paper products: deink fine and tissue paper

Secondary fiber mills ...sesensmmcmnesonenessmness 29
Perchloroethylene production ......ccvoevivivninnnnenn 12
Perchloroethylene and trichloroethylene production .. 12,13
Pesticide manufacturing ... veesioies sovowss venswess 18
Petroleum refining ....... OF EeRER s N S R R e 217
Pharmaceutical manufacturing ...... R T T Ty Y I 17
Photo - $in1shing 1aDS cssusss crsbonmbnibisnmnsgnsswes ws BF
Primary smeiting of nickel ore .........cccvvuuennnn . 26
Pulp mill manufacturing/integrated ..........cccuuen . 29,30
Refractory production .............. T L 27,28
RETGrances .....icuvovs sspwosvivases T B 32 - 34
Residual oil combustion .......... SRR e B so 1
Secondary lead smelter .......ccecoevuee e R 26
Solvent reclamation ........... T T RO R 5
Sterilization .....ccevenevenen RIS S S S 8
Various chemical manufactur1ng processes .......... .. 18 - 22
Various: Involving methylene chloride .......cc0vvue. 5,6
Waste o1] combustion ...vscssssvusisneeresmnsenasssns 1
Wood combustion ..icvissnsssvnnssnsovsiniesasve e 1
Wood preservation ....:cvsesssasnsesvasve snsenvensase 28,29

Woven fabric finishing .cccvvessnssivenevovsnnsnses i Bl






PROCESS:

REFE
SUBSTANCE EMISSION SOURCES CONTROLS EMISSION FACTORS in taffcﬁggf::fi
Distiilate OIl Combustion :
Arsenlie No specliflc device Uncontrolled 9.21 - 3.1 ppmw Based on fuel

analysls, 2-4

Nickel No specific device Uncontrolled 166 ppmw Based on fuel
analysie, 5,8

Residual Ol) Combustion
Arsenlec No specliflic device Uncontrolled 0.01 - 9.80 ppmw Based on fuel

analysis, 2-4

Nickel No specific device Uncontrolled 1.4 ppmw Based on fuel
analysls, 5,6

Waste O01) Combustion

Arsenle No specific device Uncontrolled 1.5 - 19.5 ppmw Based on fuel
! analysls, 2-4

Nlickel No apeciflic device Uncontrolled 7.7 ppmw Based on fuel
analysis, 5,6

Wood Combustlion

]

.6 exp[-4] Ib/ton Use for all
wood combustion
sources, 2-4

Arsenic Woodstove Uncontrollcq

Mitrobenzene and Anliline Production

Nitrobenzene General Uncontrol led 8.0 x 18E-6 Ib/ Based on slite
Ib produced visit data, 9

E-1I-1



PROCESS:

REFERENCES/NOTES

SUBSTANCE EMISSION SOURCES CONTROLS EMISSION FACTORS in this up‘ondlx
Nlitrobenzene Fugltive Uncontrolled 3.1 x 10E-4 Ib/ Based on site
Ib produced visit dota, 9
Nitrobenzene Storage Uncontrolled 6.0 x 18E-4 Ib/ Based on site

Ib produced visit data, 9

Degreasing

Methylene Open top vapor degreasers Uncontrolled 0.93 Kg emitted/Kg considers
Chlorlde virgin mc used recycle, 9
Methylene Open top vapor degreasers Refrigerated ©.89 Kg emitted/Kg considers
Chloride freeboard virgln mc used recycle, 9
chiller
Methylene Conveyorlized vapor Uncontrolled 9.96 Kg emitted/Kg considers
Chiorlde degreaser virgin mec used recycle, 9
Methylene Conveyorized vapor Carbon adsorber ©.91 Kg emltted/Kg considers
Chlorlide degreoser or refrigeroted virgin mc used recycle, 9
freeboard
chiller
Methylene Cold cleonere Uncontrol led ©.89 Kg emitted/Kg considers
Chloride virgin mc used recycle, 9
Methylene Cold cleaners 8.7 freeboard ©.87 Kg emitted/Kg <considers
Chlorlide raotlo+dralnage virgin mc used recycle, 9

rock w/15 second

Perchloro-

drain time

Uncontrol led

9.92 Ib/Ib solvent

ethylene usad
Perchioro- Open top vapor degreasers Uncontrolled 0.93 Kg emitted/Kg 9
ethylene of virgin perc used
Perchloro~- Open top vapor degreasers Refrigerated ©.89 Kg emitted/Kg 9
ethylene freeboard of virgin perc used
chiller
Perchloro- Conveyorlzed vapor degreaser Uncontrolled 0.96 Kg emitted/Kg 9

ethylene

E-11-2
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EROCESS:

REFERENCES/NOTES
SUBSTANCE EMISSION SOURCES CONTROLS EMISSION FACTORS In this cp;ondlx
Perchloro~- Conveyorlzed vapor degreaser Carbon adsorber 9.91Kg emitted/Kg 9
ethylene or refrigerated of virgin perc used
freeboard
chlller
Perchloro- Cold Cleaners Uncontrolled 0.78 Kg emitted of 9
ethylene virgin perc used
Perchloro- Cold Cleaners 0.7 freeboard 8.76 Kg emitted/Kg 9
ethylene raotio and of virgin perc used
dralnage rack
w/15 second
drain time
Trichloro- Uncontrolled @.94 I1b/1b solvent
ethylene used
Trichloro- Open top vapor degreasers Uncontrolled 9.93 Kg/Kg of 9
ethylene virgin TCE used
Trichloro- Open top vopor degreasers Refrigerated 8.89 Kg/Kg of 9
ethylene freeboard virgin TCE used
chiller
Trichloro- Conveyorized vapor degreaser Uncontrolled .96 Kg/Kg of 9
ethylene virgin TCE used
Trichloro- Conveyorized vapor degreaser Carbon adsorbor ©.91 Kg/Kg of 9
ethylene or refrigerated virgin TCE used
freeborad chiller
Trichloro- Cold cleaners Uncontrolled 0.84 Kg of TCE 9
ethylene used
Trichloro- Cold cleaners 0.7 freeboard 9.82 Kg/Kg of 9
ethylens & dralnage rock virgin TCE used
w/15 second
drain time
Methyl Open top vapor degreasers Uncontrolled 8.93 Kg/Kg virglin considers
Chloroform solvent used recycle, 9
(1,1,1-Trichloroethane)
Methy! Open top vapor degreasers Refrigerated 0.89 Kg/Kg virgin considers
. freeboard solvent used . recycle, 9

Chloroform
chillers

E-11-3



PROCESS:

REFERENCES/NOTES
SUBSTANCE EMISSION SOURCES CONTROLS EMISSION FACTORS in this appendix
Methyl Conveyorlzed vapor degreaser 0.96 Kg/Kg virglin considers

Chloroform

Methyl
Chloroform

Methyl
Chloroform

Methyl
Chloroform

Methylene
Chlorlide

Methylene
Chlorlde

Methylene
Chloride

Methylene
Chiloride

Methylene
Chlorlde

Methylene
Chiorlide

Methylene
Chiorlide

Methylene
Chloride

Conveyorlzed vapor degregser

Cold cleaner

Cold cleaner

Dip tanke ot durable goods
manufacturers

Dip tonks at durable goods
goods manufacturers

Floor stripping
Palint stripper formulatlion
Spray booth maintenance at

auto aessembly plants

Alrcraft (military ond
commerclial)

E-11-4

Uncontrol led
: solvent used

Carbon 0.91 Kg/Kg virgin
adsorber or solvent used
refrigerated

freeboard chiller

Uncontrolled 0.86 Kg/Kg virgin
solvent used

8.7 freeboard ©.84 Kg/Kg virgin
ratlo and solvent used
dralnage rack

w/15 second

draln time

8.83 Ib/Ib solvent
used

Uncontrolled

Uncontrolled 1.9 Ib/Ib used

8.8 Kg/Kg me In
stripper used

Uncontrol led

Controlled by 8.2 Kg/Kg mc In
water seal and stripper used

15 second dralin

time

1 Kg/Kg mec In
stripper used

Uncontrolled

9.85 mg/mg of mc
consumed

Uncontrolled

0.8 Kg/Kg mec iIn
stripper used

Uncontrol led

0.8 Kg/Kg mc In
stripper used

Uncontrolled

recycle, 9

considers
recycle, 9

conslders
recycle, 9

consliderse
recycle, 9

assume all
methylene
chlorlide used
is emitted



SUBSTANCE EMISSION SOURCES

CONTROLS

REFERENCES/NOTES

EMISSION FACTORS In this appendix

Solvent Reclamatlion

Perchloro~-
ethylene

Methylene
Chlorlde

Varlous; Involving Methylene Chlorlide

Methylene Methyl chloride chlorination:
Chloride inert gas purge vent/product
recovery condenser
Methylene Methyl chioride
Chloride chlorination: Fuglitive
Methylene Methyl chloride chlorination:
Chloride Storage
Methylene Methane chlorination:
Chilorlide inert gas purge vent/product
recovery condenser
Methylene Methane chlorination:
Chlorlide Fugltive
Methylene Methane chlorination
Chioride
Methylene Production of flexible slab-
Chlorlde stock polyurethane fooam:
process vents (foam tunnel,
curlng area)
Methylene Production of flexible sliab-
Chlorlde stock polyurethone foam:
Equipment feak emissions
Methylene Foam manufacturing
Chlorlde

E-I11-5

Uncontrolled

Uncontrolled

Uncontrolled

Uncontrolfed

Uncontrolled

Uncontrolled

Uncontrol led

Uncontrol led

Uncontrolled

Uncontrolled

Uncontrolled

9.0025 - 0.01 1b/
Ib Perc recycled

.02 Ib/Ib Methylene
chloride recycled

2.8 x 186E-5 Ib/Ib derived from
product site visit, 9

2.6 x 18E-4 Ib/Ib derived from
product site visit, 9

2.46 x 19E-3 Ib/Ib derived from
product site visit, 9

1.4 x 10E-4 Ib/Ib derived from

product ) site visit, 9

3.2 x 10E-4 Ib/Ib derived from
alte visit, 9

1.82 x 18E~3 Ib/Ib derived from
product slite visit, 9

derived from
site vielt, 9

0.98 Kg/Kg mc
consumed

based on SOCMI

2.017 Kg/Kg mc
conaumed

1.0 Ib/tb used

VOC emission
factors, 9

MC 18 elther
used as a foam
blowing agent
or as a cleanup
solvent; assume
all Is emitted



PROCESS:

REFERENCES/NOTES
SUBSTANCE EMISSION SOURCES CONTROLS EMISSION FACTORS In this cp;.ndlx
Methylene Manufacturer of printed Uncontrolled 9.90 Kg/Kg virgin 9
Chloride circult boards: photo mc used
stripping
Methylene Manufacturer of printed Carbon Adsorber 8.78 Kg/Kg virgln 9
Chlorlde clrcult boards: photo mc used

Drycleaning

Perchloro~
ethylene

Perchloro-
ethylene

Perchloro-
ethylene

Perchloro-
ethylene

Perchloro-
ethylene

Perchloro-
ethylene

reslst stripping

Process emlisslions; transfer or
dry-to-dry machine

Process emleslone; transfer or
dry-to-dry machine

Process emlselons

Fugitive emissions, tranesfer
machine

Fugltive emissions,
dry-to-dry machlne

Woven Fabrlic Finlishing

Dichloro- ‘

Dichloro-
benzenes

Thermosol dyeling

Curing ovens-resin finlish

Uncontrolled

Uncontrolled
Refrigerated
condenser
Carbon adsorber

Uncontrolled

Uncontrolled

Uncontrolled

Uncontrolled

2.88 Ib/Ib solvent
used

5.26 Kg/100 Kg
clothes cleaned

1.58 Kg/1@@ Kg
clothes cleaned

8.26 Kg/100 Kg
clothes cleaned

4.12 Kg/le® Kg
clothes cleaned

2.86 Kg/100 Kg
clothes cleaned

1.6 mg/Kg fabric

8.064 mg/Kg fabric

for coln-ops,
commer. and
Indus. sectors

for coin-ops,

commer. and
indus. sectors
9

for coln-ops,
commer ., and
Indue. sectors
9

for coln-ops,

commer. and
Indus. sectors
]

for coln-ops,
commer. and

Iindus. sectors
9

24

24



PROCESS:

REFERENCES/NOTES
SUBSTANCE EMISSION SOURCES CONTROLS EMISSION FACTORS In this up:ondlx
Berylllum Tenter frames — resin finishing Uncontrolled 0.0096 mg/Kg fabric 24
Berylllum Thermosol dyelng Uncontrolled 0.00019 mg/Kg 24
fabric
Beryllium Heat setting Uncontrolled 9.0065 mg/Kg fabric 24
Berylllum Curing oven - resin finlsh Uncontrolled 0.0043 mg/Kg fabric 24
Caodmlium Tenter frames Uncontrol led 0.619 mg/Kg fabric 24
Cadmium Thermosol dyeling Uncontrol led 0.8017 mg/Kg fabric 24
Cadmium Heat setting Uncontrolled ©.0046 mg/Kg fabric 24
Cadmium Curling oven ~ resin finlsh Uncontrolled 9.029 mg/Kg fabric 24
Chromium Tenter frames — resin finlshing Uncontrol led 2.53 mg/Kg fabric 24
Chromium Heat setting Uncontrolled 0.017 mg/Kg fabric total chromium
24
Chromium Thermosol dyeing Uncontrolled 8.12 mg/Kg fabric total chromium
24
Chromium Curlng oven, resin finish Uncontrolled .25 mg/Kg fabric 24
Manganese Tenter frames — resin finishing Uncontrolled 9.083 mg/Kg fabric 24
Manganese Thermosol dyeing Uncontrolled 0.029 mg/Kg fabric 24
Manganese Heot setting Uncontrolled 8.011 mg/Kg fabric 24
Manganese curlng oven - resin finish Uncontrolled 0.074 mg/Kg fabric 24
Nickel Tenter fromes — resin finishing Uncontrolled @.41 mg/Kg fabric 24
Nickel Thermosol dyeing Uncontrolled 8.091 mg/Kg fabric 24
Nickel Heat setting Uncontrolled 0.0062 mg/Kg fabric 24
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PROCESS:

REFERENCES/NOTES
SUBSTANCE EMISSION SOURCES CONTROLS EMISSION FACTORS in this oppendix
Electricity Generatlion
Nickel Fresh water cooling towers Uncontrolled 18 pg/J heat Input drift loss range
0.1-0.2%, 13
Nickel Fresh water cooling towers Uncontrolled 0.34 pg/J heat drift loss range
Input 0.002-0.005%, 13
Chioroform Coolling towers - once Uncontrol led @.41 Kg/10E9 liters 22
through systems of coolling water
Chloroform Coolling towers - reclirculating Uncontrolled @.75 Kg/10E6 liters 22
systems : of coolling water

Fresh Water Utillity Coclling Towers

Chromlum Coolling tower Uncontrolled 2.5 pg/Jd drift lose range
8.1-0.2%; as
total chromium
18

Chromlum Cooling tower Uncontrolled ©.08 pg/J drift loss range
9.0002-0.005%;
total chromium

19
Chloroform Industrial and Utliity Uncontrolled 9.0834 b/ 1
Cooling Towers ’ Ib chlorine used
Sterllization
Ethylene- Process vents Uncontrolled 9.25 I1b/Ib ETO used 7
oxlide
Ethylene- Waste water Uncontrolled 2.55 Ib/Ib ETO used water seal
oxlde vacuum pump
used, 7
Ethylene- Fuglitive Uncontrol led 2.20 Ib/Ib ETO used 7
oxlide
Propylene- Retort Uncontrolled 470 Ib/sterllization 9
oxlde event

E-11-8
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PROCESS:

SUBSTANCE

EMISSION SOURCES

CONTROLS

EMISSION FACTORS

REFERENCES /NOTES
in this appendlix

Chromlium

Chromium

Chromium

Chromlium

Chromium

Chromium

Ethylene
dichloride

Ethylene
dichloride

Ethylene
dichloride

Ethylene
dichloride

Ethylene
dichlorlide

Ethylene
dichlorlide

Ethylene
dichioride

Chromle Acld Production

Chromic aclid reactor,
melter

Chromic acld reactor,
flaker

Chromic acld fllter
Chromic aclid fllter

Packaging

Packaging

Ethylens Dichlorlide Production

Dry chlorination air process:
Absorber /etripper

Absorber/etripper
Absorber/atripper
Refrligeroted condenser

Refrigerated condenser

Oxychlorinatlon: oxygen process

Oxygen process

Oxygen process

E-11-9

Uncontrolled

Scrubber

Uncontrol led

Scrubber

Uncontrolled

Scrubber

Uncontrolled

Thermal
oxidizer

Catalytic
oxidizer

Uncontrolled

Thermal
oxlidizer

Uncontrolled

Thermal
oxldizer

0.4 Ib/ton of raw
materfials processed

9.22 Ib/ton of raw
materials processed

2.8 Ib/ton of raw
materiols processed

8.83 Ib/ton of raw
materials processed

1.4 Ib/ton of raw
materials processed

8.87 Ib/ton of raw
materlials processed

3.24 Kg/Mg produced

9.0658 Kg/Mg
produced

8.25 Kg/Mg produced
2.4 Kg/Mg produced

9.048 Kg/Mg
produced

8.462 Kg/Mg
produced

0.8092 Kg/mg
produced

19

19

19

19

19

20
20

20

20

20



PROCESS:

R
SUBSTANCE EMISSION SOURCES CONTROLS EMISSION FACTORS  In tnie opaendis
Direct production
Ethylene Chlorination vent Uncontrolled 1.08 Kg/Mg produced 20
dichloride
Ethylene Chlorination vent Thermal 8.0216 Kg/Mg 20
dichloride oxldlzer produced
Ethylene Chiorination vent Refrigerated 0.162 Kg/Mg 20
dichliorlide condenser produced
Ethylene Column vents Uncontrol led 3.00 Kg/Mg produced 20
dichloride
Ethylene Column vents Thermal 9.06 Kg/Mg produced 20
dichloride oxidlzer
Ethylene Storage vents-in procese Uncontrolled 8.0149 Kg/Mg 28
dichloride produced
Ethylene Storage vents-In process Thermal 9.0003 Kg/Mg 20
dichloride oxlidizer produced
Ethylene Storage vente-in process Refrigerated 8.0022 Kg/Mg 20
dichloride condenser produced
Ethylene Storage vente-product Uncontrolled 9.0783 Kg/Mg 20
dichlorlide produced
Ethylene Storage vents-product Thermal 8.0015 Kg/Mg 29
dichloride oxldizer produced
Ethylens Storage vente-product Refrigerated 9.011 Kg/Mg 20
dichloride condenser ’ produced
Ethylene Process fugitives Uncontrolled 0.265 Kg/Mg 290
dichloride produced
Balanced process
Cabron Column vents Uncontrolled 0.14 Kg/Mg 18
tetrachloride produced
Carbon Column vente Thermal 2.8 x 18E-3 Kg/Mg 18
tetrachloride oxidizer produced
Oxychlorination vent- Uncontrolled 1.2 Kg/Mg produced 18

Carbon
tetrochloride

alr process

E-I11-10



PROCESS ;

REFERENCES/NOTES
SUBSTANCE EMISSION SOURCES CONTROLS EMISSION FACTORS In thle appendix
Carbon Oxychlorination vent- Thermal 2.4 x 10E-2 Kg/Mg 18
tetrachlorlide alr process oxidizer produced

Carbon
tetraochloride

Carbon
tetrachlorlide

Carbon
tetrachloride

Carbon
tetrachloride
Carbon
tetrachloride
Carbon
tetrachloride
Chloroform
Chloroform
Chloroform
Chloroférm
Chloroform
Chloroform

Chloroform

Chloroform

Oxychlorination vent-
oxygen process

Oxychlorinatlion vent-
oxygen process

Liquid waste storage
Liquid waste storage

Oxyhydrochl natlo
Absorption

Separation
Balonce process
Column vents
Column vents

Balanced process
Oxychlorination vent-

alr procese

Oxychlorination vent-
alr process

Oxychlorinatlion vent-
oxygen procese

Oxychlorination vent-
oxygen process
Liquid waste storage

Liquld waste storage

E-11-11

Uncontrolled

Thermal
oxidizer
Uncontrolled

Refrigerated
condenser

Uncontrol led
Uncontrolled
Uncontrolled
Thermal
oxldlzer
Uncontrolled
Thermal
oxlidlzer
Uncontrol led
Thermal
oxldlzer

Uncontrolled

Refrigerated
condenser

0.18 Kg/Mg produced
3.6 x 10E-3 Kg/Mg
produced

0.0051 Kg/Mg
produced

7.7 x 10E-4 Kg/Mg
produced

0.003 g/Kg produced

9.094 g/Kg produced

1.9 Kg/Mg produced
9.82 Kg/Mg produced

0.65 Kg/Mg produced

9.813 Kg/Mg
produced

0.12 Kg/mg produced

0.0024 Kg/Mg
produced

9.003 Kg/Mg
produced

0.00045 Kg/Mg
produced

18

18

18

26

22

22

22

22

22

22

22



PROCESS:

SUBSTANCE

EMISSION SOURCES

CONTROLS

EMISSION FACTORS

REFERENCES/NOTES
In this appendix

Chloroform

Chloroform

Trichloro-
éthylene

Oxyhydrochlorination

Absorption

Separation

Direct Chlorination
Absorption

Perchloroethylene Production

Carbon
tetrachlorlde

Carbon
tetrachioride

Carbon
tetrachlorlde

Carbon
tetraochloride

Carbon
tetrachloride

Carbon
tetrachlorlide

Carbon
tetrachloride

Carbon
tetrachloride

Perchloroethylene and

Vinyildene
chloride

Ethylene Dichloride Chlorination

Drying column

Drylng coluan
Distillation column

Neutrallization

Process fugltives
Storage - llght ends

Storage — light ends

Light ends/heavy ends

mix tonk
Trichloroethylene Production
Ox loringtlo rocess

Reactor vent

E-11-12

Uncontrolled

Uncontrolled

Uncontrol led

Uncontrol led

Condenser

Uncontrol led

Uncontrol led

Uncontrol led

Uncontrol led

Condenser

Uncontrolled

Uncontrol led

0.005 g/Kg produced
0.842 g/Kg produced

9.01 g/Kg produced

©.063 Kg/mg
produced

2.005 Kg/Mg
produced

0.827 Kg/Mg
produced

©.9168 Kg/Mg
produced

2.8 Kg/Mg produced

9.11 Kg/Mg produéod

9.0012 Kg/Mg
produced

0.11 Kg/Mg produced

3.8 Kg/Mg TCE &
perc produced

28
28

28

18

18

18

i8

18

18

18



PROCESS:

REF
SUBSTANCE EMISSION SOURCES CONTROLS EMISSION FACTORS In f:frcizifﬁzfi
Vinylidene Reactor vent Thermal 8.076 Kg/Mg TCE & 186
chloride - oxidatlon perc produged
Vinylidene Drylng column vent Uncontrolled 0.4 Kg/Mg TCE & 16
chloride perc produced
Vinylidene Drying column vent Thermal 0.008 Kg/Mg TCE & 16
chloride oxldation perc produced
Vinylidene Distillation vente Uncontrolled 9.098 Kg/Mg TCE & 16
chloride perc produced
Vinylidene Distillaotion vents Aqueous .02 Kg/Mg TCE & 16
chlorlide scrubber perc produced
Chlorination Process
Vlnylldind Distitiaotion vents Uncontrolled 9.106 Kg/Mg TCE & 16
chloride perc produced
Vinyllidene Distillatlon vents Refrigerated 8.021 Kg/Mg TCE & 16
chloride condenser perc produced
Vinylldene Neutrallization and drying Uncontrolled 2.5 Kg/Mg TCE & 16
chloride vents perc produced
Vinylldene Neutrallization and dryling Refrigerated 0.5 Kg/Mg TCE & 16
chloride vents condenser perc produced
Carbon Tetrachloride Productlion
Methone Chlorinatlion
Carbon Distillation area emergency Uncontrolled 8.052 Kg/Mg 18
tetrachloride inert gas vent produced
Carbon Recycled methone Inert gas Uncontrol led 0.042 Kg/Mg 18
tetrachloride purge vent produced
Carbon Crude tank - storage Uncontrolled 0.057 Kg/Mg 18
tetrachloride produced
Refrigerated 0.0046 Kg/Mg 18

Carbon
tetrachloride

‘Crude tank - storage

E-II-13
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PROCESS:

E-11-14

REFE
. SUBSTANCE EMISSION SOURCES CONTROLS EMISSION FACTORS In t:ff?sgifngi
Carbon Product tank Uncontrolled 0.64 Kg/Mg 18
tetrachioride produced
Carbon Product tank Refrigerated 8.996 Kg/Mg 18
tetrachlorlide condenser produced
Carbon Loading tank coare, Uncontrolled 8.24 Kg/Mg 18
tetrachloride barges produced
Carbon Loading tank care, Refrigerated ©.036 Kg/Mg 18
tetrachioride barges condenser produced
Carbon Process waste |lquids-handling Uncontrolled 9.818 Kg/Mg 18
tetrachloride and disposals : produced
Carbon Process fugitives Uncontrolled 2.56 Kg/hr 18
tetrachloride
Carbon Process fugltives Monthly In- 1.1 Kg/hr 18
tetrachlorlide spectlion/maln-—-
tenance of pumps
and valves
Carbon Process fugltives monthly I/M ©.74 Kg/hr 18
tetrachlorlide valves; double
mechanlical seals
on pumps, rupture dlscs
on relfef valves
Hydr r h o is
Carbon Process fuglitives monthly [/M of ©.54 Kg/hr 18
tetrachloride pumps and -valives
Carbon Process fugltives monthly I/M 8.41 Kg/hr 18
tetrochloride valves; double
mechnlcal seals
on pumps, rupture
discs on rellef valves
Carbon ~ Crude tank (etorage) Uncontrolled 0.098 Kg/Mg 18
tetrachlorlide produced
Carbon Crude tank (storage) Refrigerated 8.813 Kg/Mg 18
tetrachlorlide condenser produced



PROCESS:

REFEREN NO

SUBSTANCE EMISSION SOURCES CONTROLS EMISSION FACTORS In thlocisgonzfi

Carbon Carbon tetrachloride tank Uncontrolled .58 Kg/Mg 18
tetrachloride produced

Carbon Carbon tetrachlioride tank Refrigerated 8.087 Kg/Mg 18
tetrachloride condenser produced

Carbon Loading barges, tonks Uncontrol led 9.87 Kg/Mg 18
tetrachloride ' produced

Carbon Loading borges, tanks Uncontrolled 0.24 Kg/Mg 18
tetrachioride produced

Carbon Loading barges, tanks Refrigerated 0.036 Kg/Mg 18
tetrochloride condenser produced

Carbon Hex waste handling, disposal Uncontrolied 0.0046 Kg/Mg 18
tetrachlorlde produced

Carbon Hex waste handling, disposal Refrigerated 4.6 x 10E-5 18
tetrachloride condenser produced

& vopor balance

Carbon Waste caustic Uncontrolled 0.0029 Kg/Mg 18
tetrachloride produced

Carbon Waete caustic Steam 1.2 x 10E-4 18
tetrachloride stripper Kg/Mg produced

Carbon Distillation column Uncontrolled 9.008 Kg/Mg 18
tetrachloride produced

Carbon Process fugitives Uncontrolled 1.5 Kg/Mg 18
tetrachloride produced

$2 Chlorlination '

Carbon Chlorinator Uncontrolled 116 Kg/Mg 18
tetrachloride produced

Carbon Chlorinator Refrigerated 5.8 Kg/Mg 18
tetraochloride condenser produced

Carbon Storage Uncontrolled 9.76 Kg/Mg 18
tetrachlorlide produced
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PROCESS:

R
SUBSTANCE EMISSION SOURCES CONTROLS EMISSION FACTORS l5F$:$2c52£ESIEE
Carbon Storage Refrigerated 8.11 Kg/Mg 18
tetrachloride condenser produced
Carbon Looading taonk cars, truckes, Uncontrolled 0.24 Kg/mg 18
tetrachlorlide etc. produced
Carbon Loading tank cars, trucke, Refrigerated 9.036 Kg/Mg 18
tetrachloride ete. condenser producer
Carbon Process fuglitives Uncontrol led 8.60 Kg/Mg 18
tetrachlioride produced
Carbon Process fugltives Monthly I/M 9.22 Kg/Mg 18
tetrachloride of pumpes and produced
valves
Carbon Process fuglitives Monthily I/M 8.14 Kg/Mg 18
tetrachlorlde valves; double produced
mechanlical seals
on prumps, rupture
discs on relief
valves
Methanol /Meth Chlorl Process
Carbon Crude tank storage Uncontrolled 0.04 Kg/Mg 18
tetrachlorlide produced
Carbon Crude tank storage Refrigerated 9.0012 Kg/Mg 18
tetrachloride condenser produced
Carbeon Surge tank Uncontrolled 8.0057 Kg/Mg 18
tetrachlorlide produced
Carbon Surge tonk Refrigerated 8.0823 Kg/Mg 18
tetrachloride condenser produced
Carbon Carbon tetrachloride - heavies Uncontrolled 1.39 Kg/Mg 18
tetrachliorlide tank produced
Carbon Carbon tetrachlorlde - heavies Refrigerated .21 Kg/Mg 18
tetrachlorlide tank condenser produced
Carbon Loading tonk cars, barges, Uncontrolled 9.52 Kg/mg 18
tetrochloride trucke, eotc. produced
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PROCESS:

SUBSTANCE

EMISSION SOURCES

CONTROLS

EMISSION FACTORS

REFERENCES/NOTES
in thie appendlix

Carbon
tetrachloride

Carbon
tetrachloride

Carbon
tetrachloride

Carbon
tetrachlorlide

Loading tank cars, barges,

trucks, etc.

Process fuglitives

Process fugltives

Procese fuglitives

Pharmaceutical Manufecturing

Carbon
tetrachloride

Chloroform

1,2 dichloro-
bsnzene

Plant-wide

Plant-wide

Plant-wide

Beryllium Mining, Ete.

Berylllium

Berylllum

Beryllium

Mining - entlire process

Berylllum alloy production -~

molding

Beryllium alloy production -

molding

E-11-17

Refrigerated

. condenser

Uncontrolled

Monthly I/M

of pumps and
valves

Monthly I/M
valves; double
mechanical seals
on pumps, ruptur
discs on rellef
valves

Uncontrolled

Uncontrol led

Uncontrol led

Uncontrolled

Uncontrol led

Baghouse

9.8078 Kg/Mg
produced

©.48 Kg/hr

8.19 Kg/hr

©.091 Kg/hr

110 Kg/Mg
CCI‘ used

160 Kg/Mg
chloroform used

140 Kg/Mg 1,2-
dichlorobenzene
used

8.2 1b/ton
beryllium
mined

.01 Ib/ton
mined

8.0004 Ib/ton
produced

18

18

18

18

18

22

11

29

29



EROCESS:

SUBSTANCE EMISSION SOURCES CONTROLS EMISSION FACTORS ?ﬁrfszciﬁgfzzfi
Beryllium g:;:::: manufacturing - entlre :??IL:‘ ;;3£:::°z.fy|||u. 9
Xylene Xylene solvent Uncontrol led 20.2 Kg/Mg xylene 9
consumed
Arsenlc Entire process Uncontrolled 3 Ib/ton of arsenlic 9

Pestlicide Manufacturing

Carbon

tetrachioride

All sources

Var lous Chemlical Manufacturing Processes

Formaldehyde

Formaldehyde

Formaldehyde

Formaldehyde

Acetaldehyde

Solid Ureg Production

Fluldized bed priiling
(agricultural grade)

Fluldized bed prilling
(Agricultural grade)

Drum granulation

Drum granulation

Acetone/phenol Manufacturing

from Cumene

—_———

Cumene peroxlidatlion vent

E-11-18

Uncontrolled

Uncontrolled
Controlled
Uncontrol led

Controlled

Uncontrol led

processed

8.28 Mg/Mg CCI4
used

9.0095 Kg/Mg
produced

0.0004 Kg/Mg
produced

2.08055 Kg/Mg
produced

0.0027 Kg/Mg
produced

9.0021 g/Kg
phenol used

CCl, not used In

all pesticlde
products, 12

21

21

21

21

25



PROCESS:

REFERENCES/NOT
SUBSTANCE EMISSION SOURCES CONTROLS EMISSION FACTORS In this opgcndf:
Methylthlohydroxy Butanole
Aclid Production
Acrolelin Acrolelin vent collectlion Incinerator 9.02 Kg/Mg 9
header w/scrubber MHBS produced
Ag!glg Acld Production
Phenol General Uncontrolled 1.3 x 18E-3 Ib/ data from slite
Ib used visit, 9
Phenol Storage Uncontrolled 1.0 x 18E-5 Ib/ data from site
Ib used visit, 9
Phenol Fugitive Uncontrolled 1.3 x 10E~-4 |Ib/ data from site
Ib used visit, 9
Eplchlorohydrin Production
Epichloro- Storage facllitles (including Uncontrolled .15 g/Kg 15
hydrin storage tanks, transfer epichlorohydrin
operatlions, etc.) produced
Eplchloro- Separation Uncontrolled 1.5 g/Kg 28
hydrin produced
Eplichloro- Fugltive sources Uncontrolled 0.62 g/Kg 15
hydein produced
Resin, Clastomer, and
Surfoctaont Production
Eplichloro- Storage facilitlies Uncontrolled 0.47 g/Kg 15
hydrin produced
Eplchloro-~ Fuglitive sources Uncontrolled 7.10 g/Kg 15
hydrin produced
Cresylic Acld/Cresol Production
Cresols Process Uncontrol led 9.0019 Ib/Ib 9

E-1I-19
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PROCESS ;

REFERENCES/N
SUBSTANCE EMISSION SOURCES CONTROLS EMISSION FACTORS Iin thie opgog:E:
Cresols Storage Uncontrolled 0.0002 Ib/Ib 9
used
Cresols Fugltive Uncontrol led 9.0004 I1b/Ib 9
used
umene Production
Benzene Benzene azeotrope drying column Flare (95% ©.801 g/Kg cumene B
effliclency) produced
Benzene Catalyst mix tonk scrubber Uncontrolled 8.16 g VOC/Kg VOC 99.4 wt. %
cumene produced benzene, B8
Benzene Catalyst mix- tank scrubber Flare (95% ©.008 g/VOC Kg VOC 99.4 wt. X
efficlency) cumene produdced benzene, B
Benzene Washer-decanter system Uncontrol led 8.01 g VOC/Kg VOC 78.4 wt. %
cumene produced benzene, B
Benzene Washer-decanter system Flare (95% ©.0005 g VOC/Kg VOC 99.4 wt. X
efflclency) cumene produced benzene, 8
Benzene Benzene recovery column Uncontrol led ©.017 g/Kg cumene 8
produced
Benzene Benzene recovery column Flare (95% ©.00085 g/Kg cumene 8
efficlency) produced
Styrene-butadiene Rubber
Production by Emulsion
Polymerization
1,3- Butodlene abesorption Uncontrolled 8.1 g/Kg SBR 28
Butodlienne produced
Neo ¢ Manufactur
1,3- Equipment leaks Uncontrolled 1.1 g/Kg neoprene 28
Butadiene produced
Polybutadlens Productlion
1,3- Process vents Flare 9.026 Kg/Mg of PBd 28-
Butadliene produced
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PROCESS:

REFERENCES/NOTES
SUBSTANCE EMISSION SOURCES CONTROLS EMISSION FACTORS in this appendix
1,3- Equipment leaks Uncontrolled 1.3 Kg/Mg of PBd 28
Butadliene produced
Adiponitrile Production
1,3- Process vents Flare 0.05 Kg/mg of ADN 28
Butadlene produced
1,3- Equipment leaks Uncontrolled @.1 Kg/Mg of ADN 28
Butadliene produced
Trimethyl Propane Prpduetlon
Formaldehyde Process Uncontrolled 9.874 Kg/Mg of 37% 21
formaidehyde used
Formaldehyde Formaldehyde storage Uncontrolled 0.01 Kg/Mg of 37% 21
formaldehydes used
Mono-and Dichlorobenzene
Production
Chlorobenzene Direct chlorlination - absorption Uncontrolled 9.83 g/Kg produced 9
Methyl Chloroform production
from Vinyl Chloride
Ethylene Hydrochlorinator vent Uncontrolled 0.5 Kg/mg of methyl 20
dichloride condenser chloroform produced
Ethylene Steam stripper vent Uncontrolled 0.5 Kg/Mg of methyl 20
dichloride chloroform produced
Chlorine Production — Mercury
Cell Process
Mercury End-box venilatlon Uncontrolled 0.0085 Kg/1@E-3 Kg 29
of Cl2 produced
Mercury Cell room venilation, Uncontrolled 9.002 Kg/10E-3 Kg 29
rldge vent of CI2 produced
Mercury Cell Room Ventllatlon, Fan Uncontrolled | 8.0003 Kg/1PE-3 Kg 29
ventilation (one fan) of CI2 produced
Mercury Hydrogen steam losses Uncontrolled 9.01 Kg/1RE-3 Kg 29
of CI2 produced
Mercury Ventilation Losses Uncontrolled 9.02 Kg/10E-3 Kg 29

of CI2 produced



PROCESS:

SUBSTANCE

EMISSION SOURCES

CONTROLS

EMISSION FACTORS

REFERENCES/NOTES
in this appendix

Mercury

Mercury

Carbon

Tetrachlorlide

Carbon

tetrachlorlide

Carbon

tetrachloride

Carbon

tetrachloride

Chloroform

Chloroform

Chioroform

Formaldehyde

Formaldehyde

Formaldehyde

Formaldehyde

Hydrogen steam

Hydrogen steam

Fluorocgrbon Productlion

Fluorocarbon 11/12 - reactor
vents

Fluorcarbon 11/12 - distlillatlion
column

Florocarbon 11/12 - storage
Flurocarbon 11/12 -~ storage

Fluorocarbon 22 - chloroform

Methylene Chloride Production

Methyl Chloride Chlorinatlion -
etorage

Methane Chlorination -
storage

Urea - Formaldehyde, Melamine
formaldehyde Reson Production
Process

Formaldehyde storage

Phenol - Formaldehyd esln
Production

Process

Formaldehyde Storage

E-11-22

Uncontrolled

Controlled

Uncontrol led

Refrigerated
condenser
and CCl 4
scrubber
Uncontrolled
Refrigerated
condenser
Refrigerated

Uncontrol led

Uncontrolled

Uncontrol led

Uncontrol led

Uncontrol led

Uncontrolled

9.005 Kg/10E-3 Kg
of CI2 produced

9.0005 Kg/10E-3 Kg

of Cl2 produced

29

29

©.042 Kg/Mg FC 11/12 18

produced

©.023 Kg/Mg FC 11/12 18

produced

©.74 Kg/mg FC 11/12 18

produced

8.11 Kg/Mg FC 11/12 18

produced

0.0003 Kg/Kg FC22

9.75 x 19E-4 Ib/
ib product

2.89 x 10E-4 Ib/
product

1.5 Kg/Mg of 37%
formaldehyde used

9.2 Kg/Mg of 37%
formaldehyde used

1.5 Kg/Mg of 37X
formaldehyde used

8.2 Kg/Mg of 37%
formaldehyde used

22

derlived from
site visit, 9

derived from
site visit, 9

21

21

21

21



PROCESS:

REFERENCES/NOTES
SUBSTANCE EMISSION SOURCES CONTROLS EMISSION FACTORS In thie appendlix
Ferroalloy Production
Chromium Electric Arc Furnace; Scrubber 0.06 Kg/Mwhr
high-carbon ferrochrome 9/ Yohal shramius
open furnace
Chromium Electric Arc Furnace; Fabric filter 9.0022 Kg/Mwhr
high-carbon ferrochrome 9/ t;ta' chramium
open furnace
Chromium Electric Arc Furnace; ESP 0.04 Kg/Mwhr total chromium
high-carbon ferrochrome 9
open-furnace
Chromium Electric Arc Furnace; Scrubber ©.0034 Kg/Mwhr total chromlum
ferroslllicon, open furnace 9
Chromium Electrlc Arc Furnace; Fabric Filter @.0081 Kg/Mwhr total chromium
ferroslllicon, open furnace 9
Manganese Ferromaganese produc. by Uncontrolled 19.2 Ib/ton of 9
electric arc furnace process product
seoled submerged - arc electric
furnace
Maonganese Ferromanganese produc. by Scrubbers 9.0008 |Ib Mwhr 9
slectric arc furnace process consumed by furnace
sealed submerged - arc operation
electric furnace
Manganese Open submerged - arc electric Uncontrol led 13.2 Ib/ton of 14
furnace product
Manganese Open submerged -~ arc electric Uncontrolled 6.16 Ib/Mwhr 14
furnace consumed by furnace
operation
Manganese Open submerged - arc electric Scrubbers 0.4 Ib/ton of 14
furnace product
Manganese Open lubiorgod - arc electric Scrubbers ©.189 Ib/Mwhr 14
. furnace consumed by furnace
operation
Manganese Slilcomanganese production Scrubbers 9.002 Ib/Mwhr from source

by electrlic - arc furnace
process sealed - submerged-
arc electric furnace

E-11-23
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PROCESS:

REFEREN

SUBSTANCE EMISSION SOURCES CONTROLS EMISSION FACTORS In thEsCE:;EgIE:

Magnesium Silicomonganese production by Scrubbers .11 Ib/MWh 17
electric arc furnoce process consumed by furnace
open submerged - arc electric operatlion
furnace :

Magnesium Ferromanganese productien by Uncontrolled 5.2 Ib/ton of 17
electric arc furnace product
eeml-sided submerged arc
electrlc furnace _

Mogneslum Ferromanganese production by Uncontrolled 2.33 Ib/MWh 17
electric arc furnoce process consumed
seml~slded submerged arc
electric furnoce

Magnes lum Ferromanganese production by Scrubbers ©.08 Ib/ton of 17
electrlc arc furnace process product
eemi-sided submerged arc
electric furnace

Magnes lum Ferromanganese production by Scrubbers 9.937 1b/MWh 17
electric arc furnace process consumed by furnace
semi-slded submerged arc
electrie furnace

Magnes ium Silicomanganese production by Scrubbers 2.032 Ib/ton of 17
electrlic arc furnace product
semisealed submerged - arc
electric furnace

Magneslum "Sllicomanganese production by Scrubbers ©.0@9 Ib/MWhr 17
electric arc furnace consumed by furnace
semisecled submerged - arc : operation
electric furnace

Iron and Steel Production

Nickel Steel production - open hearth Uncontrolled ©.00005 Ib/ton of 13
fuglitive emiesions steel produced

Nickel Steel production - baslic Uncontrolled 8.0001 Ib/ton of 13
oxygen process fugitives steel produced

Nickel Steel productlion - electric Uncontrolled 0.00054 Ib/ton of 13
arc fuglitive emissions steel produced

(carbon steel)
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REFERENCES/NOTES
SUBSTANCE EMISSION SOURCES CONTROLS EMISSION FACTORS in thie cp:ondlx
Nickel Steel production - electric Controlled; ©.00011 Ib/ton of 13
arc fugltive emisslions w/hoods and steel produced
(carbon stesl) fabric fllter
Nickel Steel production - electric Uncontrolled 0.0016 Ib/ton of 13
arc fugltive emlssions steel produced
(alloy steel)
Nickel Steel productlion - electric Controlled; 9.00832 Ib/ton of 13
arc fugltive emissions w/hoods and steel produced
(alloy steel) fabric filter
Nickel Steel production - open Controlled 8.00018 Ib/ton of 13
hearth furnace by ESP steel produced
Nickel Steel productlion - electric Uncontrolled 9.025 Ib/ton of 13
orc furnace (alloy steel) steel produced
Nickel Steel production - electrlic Controlled 0.00025 1b/ton of 13
arc furnace (alloy stesl) w/fabrle steel produced
filter
Nickel Steel production - electrlic arc Uncontrolled 0.0083 Ib/ton of 13
furnaoce (carbon steel) - steel produced
Nickel Steel production — electric arc Controlled 9.000084 Ib/ton of 13
furnace (carbon steel) w/fabrlec steol produced
fllter
Nickel Steel production - basle Controlled by ©.000018 Ib/ton of 13
oxygen process furnace scrubber steel produced
Nickel Steel production -~ electric Controlled 9.3 Ib/ton of 13
are furnoce (stalnless steel) with fabrlc ‘steel produced
fllter
Nickel Steel production - electric Uncontrolled 8.836 Ib/ton of 13
arc furnace fugitive emissions steel produced
(stalnless steel)
Nickel Stesl production - elsctric Controlled with 8.08072 (b/ton of 13

arc furnace fugitive emissions
(stalnless steel)

E-11-25

hoods and
fobric fililter

steel produced



PROCESS:

SUBSTANCE

EMISSION SOURCES

CONTROLS

EMISSION FACTORS

REFERENCES/NOTES
In thie appendix

Mercury Ore Processing

Mercury
Mercury

Mercury

Primary ore processing:
smelter stack

Primary ore processing:
hoelng operations

Primary ore processing:
retort operation

Primory Smelting of Nickel Ore

Nickel

Nickel

Nickel

Nickel

Nickel

Nickel

Nickel

Rotary dryers

Crusher house

Day blin

Calciners

Skip hoists

Ore melter/roaster combin.
Nickel alloy steel

scrap meiting furnace

lron and steel scrap melting
furnaoce

Secondary Lead Smelter

Arsenlc

Arsenlic

Reverberatory furnaoce

Kettles
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Uncontrol led
Uncontrolled

Uncontrolled

Controlled by
cyclone/
scrubber

Controlled by
fabric fllter

Controlled by
fabric fllter

Controlled
by ESP

Controlled by
fabric flliters

Controlled by
fabric fllteres

Baghouse and
scrubber

Baghouse

8.16 Kg/1@0E3 Kg
ore processed

9.01 Kg/10E3 Kg
ore processed

9.001 Kg/18E3 Kg
ore processed

©.56 Ib/ton of
nickel processed

.02 Ib/ton of
nickel processed

@.0019 Ib/ton of
nickel produced

@.46 Ib/ton of
nickel produced

9.067 Ib/ton of
nickel produced

©.092 Ib/ton of
nickel produced

18 Ib/ton of
nickel charged

0.8015 Ib/ton of
Iron and steel
produced

6.25 exp[-7] Ib/Ib

metal charged

4.6 exp[-8] Ib/Ib
metal charged

29

29

29

13

13

13

13

13

13

based on maoss

balonce, 13

based on mass
balance, 13

2-4

2-4



PROCESS:

SUBSTANCE

EMISSION SOURCES

CONTROLS EMISSION FACTORS

REFERENCES/NOTES
In thls appendix

Petroleum Refining

Ammonlia

Ammonia

BaP

BaP

Xylene

Xylene

Photo Finishing Labs

Methylene
Chloride

Refractory Production

Chromium

Chromlum

Fluldlized cotalytic crackling
unilt

Fluidized catalytle cracking
unit 2

Fluidized bed catalytlic
eracker unit regenerator

Fluldized bed catalytic
craocker unlt regenérator

Entire process

Entire process

Photoresist stripping

Chrome - magnesite brlck;
ore store/grind/size

Chrome - magnesite brick;
dryer

E-11-27

8.155 Kg/HJ fresh

Uncontrolled 14
feed

ESP w/CO Negliable 14

boller

Uncontrolled 9.218 Kg/1000 27
barrels of feed

CO boller 1.41 x 10E-5 Kg/ 27
1900 barrels of
feed

With catalytic 3 Kg/1000 borrels 9

reforming 50X

storage and 56X

fugltive and process

emissions

Without 1.5 Kg/1008@ barrels 9

catalytic

reforming 50%

storage and 50%

fugitives ond

process emissions
©.57 Kg/Kg of fresh 9

solvent

Fabrle 9.03 Kg/Mg raw
fllter material processed
Fabric 9.9019 Kg/Mg raw
filter maoterlal processed

as total chrome,
range ©.061-0.05,
materfial 1is i
chrome ore only;
19

as total chrome,
raw material Is
chrome ore and
magnesite; 19



PROCESS:

SUBSTANCE

EMISSION SOURCES

CONTROLS

EMISSION FACTORS

REFERENCES/NOTES
in thle appendix

Chromium

Chromium

Chromlium

Chromium

Chromium

Chromium

Chromium

Wood Preservation

Phenol

Phenol

Chrome - magnesite brick;
raw materlial storage silo

Chrome - magneslite brick;
press/fix: mixer

Chrome - magnesite brick;
press/fix: brick dryer

Chrome - magnesite brick;
press/fix: brick kiln

Chromic oxlde brick; milling

Chromlc oxide brick; spray

dryer

Chromic oxlde brick; mixer
(pressing process)

Thermal (pan) evaporation
of pentachlorophenol
waste water

Thermal (pon)

Thermal (pan) evaporation
of creosote waste water

E-11-28

Fabrie
filter

Fabric
fllter

Scrubber

Scrubber

Wet
Scrubber

Fabric
Fliter

Wet
Scrubber

0.0027 Kg/Mg raw
material processed

2.0014 Kg/Mg raw
material processed

0.00037 Kg/Mg raw
material processed

0.00044 Kg/Mg raw
material processed

.43 Kg/Mg raw
materlial processed

0.43 Kg/Mg raw
material processed

9.43 Kg/Mg raw
materlal processed

5 ng/ans gas
vented

3
200 mg/sm™ gas
vented

3o -g/-na gas
vented

as total chrome,
raw maoterial Is
chrome ore and
magnesite; 19

as total chrome,
raw moterlol Il2
chrome ore and
magnesite; 19

as total chrome,
raw materlial Is
chrome ore and
magnesite; 19

as total chrome,
raw moterial Is
chrome ore and
mognesite; 19

as total chrome,
raw materlal Ils
chromic oxldse;
19

ae total chrome,
raw material 1s
chromic oxlide;
19

ae total chrome,
raw material is
chromic oxide;
19

23

23

23



PROCESS:

REFERENCES/NOTES

SUBSTANCE EMISSION SOURCES CONTROLS EMISSION FACTORS Iin this appendlix
Phenol Penta treating cylinder 8.55 mg/sm3 gas 23

fugitives vented
Phenol Creosote treating cylinder e.11 ug/sn3 gas 23

fugitives vented

Paper Product; Delnk Fine ond Tlssue Paper, Secondary Fiber Mills

Chloroform Secondary Fiber Milis: fline paper Uncontrolled 8.00036 Ib/Ib during

Chloroform Deink - fine paper

Chloroform Delink - fine paper

Secondary Fiber Mills: tissue Uncontrolied

paper

Chloroform

Chloroform Deink - tlesue paper

Chloroform Deink - tissue paper

Pulp MIl) Manufacturing/Integroted

Chloroform Dissolving Kraft pulp

Chloroform Dissolving Kraft pulp

Chloroform Market bleached Kraft pulp

E-11-29

produced

0.36 Kg/Mg
produced

9.013 Kg/Mg
produced

8.00016 Ib/Ib
produced

.16 Kg/Mg
produced

0.0867 Kg/Mg
produced

8.12 Kg/Mg total
products

9.0613 Kg/Mg total
products

9.22 Kg/Mg total
products

wastewater
treatment, 1

during
wastewater
treatment; 9

after
wastewater
treatment; 9

during
wastewater
treatment, 1

during
wastewater
treatment; 9

after
wastewater
treatment; 9

durling
wastewater
treatment; 22

after wastewater
treatment; 22

during
wastewater
treatment; 22



PROCESS:

SUBSTANCE

EMISSION SOURCES

CONTROLS

EMISSION FACTORS

REFERENCES/NOTES
in thle appendix

Chloroform

Chloroform

Chioroform

Chloroform

Chioroform

Chloroform

Chloroform

Chloroform

Chloroform

Chloroform

Chioroform

Coffee Bean Roasting

Acetaldehyde

Market bleached Kraft pulp

Market bleached Kraft pulp

Bleached Kraft paperboard,
coarse popere

Bleoched Kraft paperboard,
coarse papers
Bleoched Kraft poperboard,

coarse papere

Soda ond Kraft fine bleached
papers

Soda ond Kraft fine bleached

papers
Dissolving sulfite pulp
Dissolving sulfite pulp

Sulfite papergrade pulp
aond paper

Sulflite papergrade pulp
and paper

Continuous bean rooaster
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Uncontrolled

Uncontrolled

Uncontrolled

©.0019 Kg/Mg total
products

9.90022 I1b/1b pulp
produced

0.23 Kg/Mg total
products

©.00090 Kg/Mg
totol products

9.00823 Ib/Ib
produced

9.13 Kg/Mg total
productse

©.0059 Kg/Mg total
producte

©.069 Kg/Mg total
products

©.0035 Kg/Mg total
productes

©.38 Kg/Mg total
products

©.074 Kg/Mg total
products

2.3 x 10E-5 kg/kg
beans roaated

after wastewater
treatment; 22

during
wastewater
treatment, 1

during
wastewater
treatment; 22

after wastewater
treatment; 22

during
wastewater
treatment, 1

durling
wastewater
treatment; 22

after wastewater
treatment; 22

during
wastewater
treatment; 22

after wastewater
treatment; 22

"durlng

wastewater
treatment; 22

after waostewater
treatment; 22

28



PROCESS:

CONTROLS

EMISSION FACTORS

REFERENCES/NOTES
In thie appendix

SUBSTANCE EMISSION SOURCES

Acetaldehyde Contlnuous bean roaster
Acrolein Contlinuous bean roaster
Ae;ololn Contlinuous bean roaster

Asbestos Mining and Milling
Nickel
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Afterburner

Uncontrol led

Afterburner

B.2 x 1BE-6 kg/kg
beans roasted

3.8 x 10E-5 kg/kg
beans roasted

1.6 x 10E-5 kg/kg
beans roasted

9.00165 g/g of
aosbestos emission

28

10

Based on nickel
content of
chrysotile
material, 2-4
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