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THE PURPOSE OF THIS DOCUMENT 

CHAPTER I 
INTRODUCTION 

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 Taxies "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 focuies 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 Taxies •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 e~ission 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. In 
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 
appropri~te 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, materia_l ana lyses, 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" 
"Sub_stances 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. 



TABLE 1 
KEY SECTIONS IN THE EMISSION INVENTORY CRITERIA AND GUIDELINES REGULATION 

SubJect 
Under th• Regulation 

Subatancea for Which E•laalona 
Muat B• Quantified 

Subatancea for Which Production, 
Uae or Other Preaance Muet 
Be Reported 

Requlre•ent• for Sourc• Teetlng 
and Meaaure•ent 

Specification• for Identifying 
E•leelon Point• 
and Subetancea E•ltted 
(•Foclllty Look-Up Table•) 

Specification• for Acceptable 
Eatl•atlon Methode and 
E•laalo~ Factor• 

Specification• for E•laalon 
Quantification and Degree 
of Accuracy 

Sp•clflcatlona for Reporting Period 
and Averaging lnt•rvale 

R•portlng For•• 

lnetructlone for Co•pletlng Reporting Forme 

Ex••pted Uaea 

4 

Reference• 
In the Regulation 

Appendix A-1 

Appendix A-ll 

Sectlona 93338 
through 93348 and 
Append lx D 

Section 93332 and 
Appendix C 

Section 93l4S 

Section 93334 

Sect I on 93331 

Section 93322 

Appendix B 

Section 93333 

Reference• 
In thle Docu•ent 

Attachment A 

Attachment A 

Attach111ent A 



Queetlone 

0 

0 

0 

0 

0 

What eubatancea •uet I 
quantify? · 

A• I required to 
eource teet? 

Do•• the ARB have a 
apeclflc e•laalon 
eatl•atlon technique 
(EET) for •Y facility'• 
••ltllng proceee? 

If no EET exleta, what 
other ••thode can I uee 
to eetl•ate •••••lone 
of lleted eubetancee? 

If no EET exlete and 
the generic ••thode 
In Chopter III ore not 
oppllcable, how do I 
eatl•ate •••••lone? 

TABLE 2 

GUIDE TO CHAPTERS AND ATTACHMENTS 
IN THE TECHNICAL GUIDANCE DOCUMENT 

Anawera 

The E•lealon Inventory Criteria 
and Guideline• Regulation epeclflee 
what aubetancea •uet be quantified. 
A copy of that llet haa been 
reproduced In thla document. 

In apeclflc caeea, aource 
teatlng Ia required by the E•laalon 
Inventory Criteria ond Guideline• 
Regulation. Theee requlre•enta 
are Included In thla docu•ent. 

The ARB hae developed 9 EETa. 
An additional EET waa developed 
Independently. 

Chapter III provldea dlecuaelon 
and exa•pl•• of generic 
••lealon eetl•allon ••thode: 
••leelon factor•, •a•• balance, 
engineering calculatlone, 
and epeclatlon profllea. 
The facility operator ehould review 
the •aterlal In Chapter III before 
going to the Attach•ente. 

So•• EETe •ay be adaptable to your 
facility'• proc•••· 

5 

Reference In Document 

Attach•ent A 

Attach•ent A 

Chapter V 

Chapter Ill 

Chaphr V 



Queatlona . 

0 

0 

0 

0 

Where do I find 
••laalon factore? 

Where do I find a 
apeolatlon profltet 

How do I account for 
oontrol efflol•nol••? 

Where do I find 
oontrol efflolenolea? 

TABlE 2 Continued 

Anewere 

Facility operator• will find 
AB 1887 E•leelon Factor• In 
Attach•ent E-1, and Other 
E•leelon Factor• In 
At tach .. nt E-11. Fac Ill ty 
operator• are required by the 
Regulation to uee AB 1887 e•l•elon 
factor e. 

ARB-publlehed epeclatlon 
profile• are available at the 
dlltrlct office. 

Chapter IV provide• a general 
dlacuaelon of control efflclenclee. 
The engineering calculation• In 
Chapter III provide an exa•ple 
calculation with a control efficiency 

See Chapter IV or coneult your dletrlct. 

6 

Reference In Docu•ent 

Attach•ente E-1 and E-ll 

Chapter IV 

Chapter IV 
Tablea 4. ~. 8, 7 



TABLE 3 
ARB PUBLICATIONS AVAILABLE THROUGH DISTRICT OFFICES 

o The Emission Inventory Criteria and Guidelines Regulation 

o Emission Inventory Reporting Forms 

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

o 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 Ghapter 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 relea~ed 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 hoyrly 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 pollutant 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 AS 1807 emission factors to 
estimate emissions where applicable to the facility's emitting process. 
Attachment E-I contains the published AS 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 tn 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 Emissjon 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 mill 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 lb of chloroform per lb 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 lb chloroform 
per lb of pulp produced. 

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

EMS = PR 

Where: 

EMS 
PR 

X EF 

= 
= 

Annual average chloroform emissions, tons/yr 
Annual process rate, tons/yr 

(1) 

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 lbs 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 lbs chloroform emitted per year 

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

= 15,400 lbs/yr + 16,800 lb/yr 
• 32,200 lbs/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: 

HPRmax • DPRmax + DHO 

Where: 

(2) 

HPRmax 

DPRmax 

DHO 

• Maximum hourly process rate, tons/hour 

• Maximum daily process rate, tons/day 

• Average daily hours of operation, hours/day 

For bleached kraft pulp: 

• 122 tons of bleached kraft pulp/day + 10 hours/day 

= 12.2 tons of bleached kraft pulp produced/hour 

For tissue paper pulp: 

• 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. 

HEMSmax• 

Where: 

HEMSmax • ~aximum hourly chloroform emissions~ lbs/hour 

HPRmax • Maximum hourly process rate, tons/hour 

EF • Emission factor, ton chloroform/ton pulp produced 

For bleached kraft·pulp: 

(3) 

HEMSmax • 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: 

HEMS max • 0.00268 tons/hr x 2,000 lbs/ton 

• 5.4 lbs of chloroform emitted per hour 

11 



For tissue paper pulp: 

HEMS max = 15.7 tons/hour x 0.00016 ton chloroform/ton pulp 
produced x 2,000 lbs/ton 

= 5.0 lbs chloroform emitted per hour 

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

5.4 lbs/hour + 5.0 lbs/hour 
= 10.4 lbs/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 

PR • PRY X DN 

Where: 

PR = 
PRY • 

DN = 
PR = 

• 

activity level or process-related parameter: 

Amount of ·nitrobenzene produced through the wash and 
neutralization phase in mass units, lbs/year 

(4) 

Amount of nitrobenzene produced through the wash and 
neutralization phase in volumetric units, gallons/year 
Density of nitrobenzene, lbs/gallon 

5,000 gallons produced/year x 10 lbs/gallon 
so,o·oo lbs of nitrobenzene produ~ed/year 

Using Attachment E-11, the facility operator finds that the emission 

factor for nitrobenzene during its production is 8.0 x 10-61b of 
nitrobenzene per 1.0 lb 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: 

EMS ~ PR x EF 

Where: 

EMS 
PR 

EF 

EMS 

• 
• 

a 

Annual nitrobenzene emissions, lbs/yr 
Amount of nitrobenzene produced during the wash and 
neutralization phase in mass units, lbs/yr 
Emission factor, lbs nitrobenzene/lbs of nitrobenzene 
produced 

50,000 lbs/yr x (8.0 x 10-6) lb nitrobenzene/ 
lbs nitrobenzene produced 

• 0.4 lb nitrobenzene emitted per year 

B. Maximum Hourly Emissions 

(1) 

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: 

HPRmax• DPRmax+ DHO 

Where: 

HPRmax 

DPRmax 

DHO 

• 

• 

• 

• 

• 

• 

Maximum hourly process rate, lbs/hour 

Maximum daily process rate, lbs/day 

Average daily hours of operation, hours/day 

28 gallons/day x 10 lbs/gallon 
(density of nitrobenzene) 

280 lbs/day 

280 lbs/day + 16 hours/day 

• 17.5 lbs of nitrobenzene produced per hour 

13 

(2) 



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 

Where: 

(3) 

HEMS max 

HEMSmax 

= 

= 

Maximum hourly nitrobenzene emissions, lbs/hour 

17.5 lbs/hour x (8.0 x 10-6) lbs of nitrobenzene/lb 
nitrobenzene produced 

= 0.00014 lbs 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. All 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 Usjng 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 lbs 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 lbs 
of this solvent in storage and purchased another nine tons over the year. 
At the end of 1989, the facility has 10,000 lbs 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 
SB 

SI 
SE 

F 

EMS 

= 
= 

= 
= 

= 
= 

Annual emissions of substance A, lbs/yr 
Amount of solvent in storage at the beginning of the year, 
lbs 
Amount of solvent purchased during the year, lbs 
Amount of solvent left in storage at the end of the year, 
lbs 
Fraction of substance A in the solvent, lbs A/lb solvent 

[7,500 lbs + (9 tons x 2,000 lbs/ton) - 10,000 lbs] 
x 0.87 lb A/lb solvent 

= 15,500 lbs x 0.87 lb A/lb solvent 

= 13,485 lbs of substance A emitted in 1989 

B. Maximum Hourly 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 

Where: 

(6) 

HEMS max 
SBH 
SIH 
SEH 

D 
F 

= Maximum hourly emissions of substance A, lbs/hour 
= Amount of solvent in bath at start of hour, gallons 
• Amount of solvent added throughout the hour, gallons 
• Amount of solvent remaining in bath at the end of hour, 

gallons 
= Density of solvent, lbs/gallon 
• Fraction of substance A in solvent, lbs A/lb 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. 

HEMS max = (10 gals+ 0 gals- 9.03 gals)hr x 7.7 lbs/gal 
x 0.87 lb A/lb solvent 

= 6.5 lbs 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), 28t 
methyl chloroform (1,1,1-trichloroethane or TCA), and 45t xylenes by weight. 
The remaining 11t consists of components not found on the list of substances 
to be quantified. The facility began 1989 with 1,250 lbs of solvent "B" in 
storage. The facility purchased 1,500 lbs that year, and when 1989 ended 
had 875 lbs of solvent "B" in storage. The facility operates 8 hours per 
day, 260 days per year. ~lthough t ne-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 lbs. 

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 K (SB + SI - SE) X F ~5) 

Where: 

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

SI 
SE 

F 

• 
• 

• 

lbs 
Amount of solvent purchased during the year, 
Amount of solvent left in storage at the end 
lbs 
Fraction of listed substance in the solvent, 
substance/lb of solvent 

Emjssjons of PERC 

EMS • (1,250 lbs + 1,500 lbs - 875 lbs) x 
(0.16 lb PERC/lb solvent •s•) 

• 1,875 lbs x 0.16 lb/lb 

• 300 lbs of PERC emitted in 1989 

lbs 
of the year, 

lbs of listed 



Emjssjons of TCA 

EMS = (1,250 lbs + 1,500 lbs - 875 lbs) x 
(0.28 lb methyl chloroform/lb solvent "B") 

= 1,875 lbs x 0.28 lb/lb 
' 

~ 525 lbs of methyl chloroform emitted in 1989 

Emjssjons of Xylenes 

EMS = (1,250 lbs + 1,500 lbs - 875 lbs) x 
(0.45 lb xylene/lb solvent "8") 

= 1,875 lbs x 0.45 lb/lb 

= 844 lbs 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 lbs/yr + 525 lbs/yr + 844 lbs/yr 

• 1,669 lbs of three quantified substances in solvent "B" 
emitted/year 

The operator needs to quantify 891 of solvent "B." 

1,875 lbs/yr x .89 lb to quantify/lb •s• 

• 1,669 lbs of PERC, JCA, 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 emission·s for each listed substance as follows: 

DEMSmax • DSmax x F 

Where: 

(7) 

DEMSmax • Maximum daHy emissions of a listed substance, lbs/day 

DSmax • Maximum daily emissions of solvent •a• , lbs/day 

F • Fraction of listed substance in solvent •a• , lbs/lb 



The facility operator estimates the maximum hourly emissions of each 
listed substance as follows: 

HEMSmax z DEMSmax + DHO 

Where: 

(8) 

HEMSmax • Maximum hourly emission of a listed substance, lbs/hr 

DEMSmax • Maximum daily emissions of solvent •s•, lbs/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: 

Emissions of Perchloroethylene 

DEMSmax • 7.88 lbs solvent •s•tday x .16 lb PERC/lb solvent •s• 

= 1.26 lbs PERC/day 

HEMSmax • 1.26 lbs/day + 8 hours/day 

• 0.16 lbs of perchloroethylene emitted/hour 

Emissions of Methyl Chloroform 

DEMSmax • 7.88 lbs solvent •s•tday x .28 lb methyl chloroform/ 
lb solvent ·s· 

• 2.21 lbs methyl chloroform/day 

HEMSmax • 2.21 lbs/day + 8 hours/day 

• 0.28 lbs of methyl chloroform emitted/hour 

Emissions of Xylenes 

DEMSmax • 7.88 1bs solvent •s• emitted/day 
x .45 lbs xylenes/lb of solvent •s• 

• 3.55 lbs xylenes/day 

HEMSmax • 3.55 lbs/day + 8 hours/day 

• 0.44 lbs 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 "ftll-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. 

Examoles Usjog Engineering Calculations 

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 

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): 

EMS; = [ER x Y; x (Kv)-l] x MWi (9) 

Where: 

EMS . 
1 

ER 

= 

= 

Emissions of the ith species, lbs/yr 

Exhaust rate, ft3/yr 

= Mole fraction or volume fraction of the ith species in 
vapor phase, dimensio~less 

= Conversion factor from molar untt to volumetric unit, 

ft 3 I 1 b-mo fe 

MW . = Molecular weight of the ith species, lb/lb-mole 
1 

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 5ft3/yr 

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: 

P; • x. 
1 

Where: 

P; 

X; 

X p0 
i 

• 

• 

Partial pressure of component i, atmosphere 

Mole fraction of the ith species in the liquid, 
dimensionless 

p~ • 1 
Vapor pressure of pure component i, atmosphere 

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

P; • Yi x PT 

Where: 

(10) 

(11) 

v
1 

• Mole fraction of component i in the gas, dimensionless 

PT • Total pressure of the vapor, atmosphere 

.... 



By setting Equation (10) equal to Equation (11), the facility operator 
determines the mole fraction in the vapor. 

(12) 

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

.tiQ.t.e.: Raoult's Law works best if 'the Hquid and the gas Ire 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, x1, is estimated as follows: 

x. = 1 . 

Where: 

[ Wt i + MW i ] + l: [ Wti + MW j ] 

Wt 1 • Fraction by weight, dimensionless 
MWi • Molecular weight, lb/lb-mole 

(13) 

The symbol l: 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: 

Mole fraction of ·A • 

1d...A + Wt....l + .wu 
MWA MW8 MWc 

To calculate the liquid mole fraction, x1• and the vapor mole fraction, 

v1, the facility oper~tor needs the physical properties of the substances A, 

8, and C. The Handbook of Chemistry and Physics is one source. Same 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, 8, and C are: 

Substances 

A 
8 
c 

Molecular Weight 

78 
92 
106 

Vapor Pressure (atm) 

0.10 
0.03 
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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XA • [.05 + 78] + [(.05 + 78) + (.15 + 92) + (.80 + 106] 

XA • 0.065 

Similarly, the facility operator calculates x8 and Xc as 0.166 and 0.769, 
respectively. 

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

the facility .operator calculates the vapor mole fraction of A, YA' as 
follows: 

YA • (0.10 + 1.0) x 0.065 

= 0.0065 

The vapor mole fractions Y8 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, Kv, from molar unit to volumetric 

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

KV • 359 ft3/lb-mole X [(Ta + 460) 0R + (32 + 460) 0R ] (14) 

Where: 

T
1 

• Measured temperature of the vent exhaust, °F 

Assume the vapor follows the ideal gas relationship. Therefore, one 
lb/mole of gas · at standard temperaf~ure and pressure (32 F and 1 

atmosphere) occupi~s 359 ft3/lb-mole. In this case, T
1

1s 70°F; 

therefore the conversion factor is corrected to the actual temperature 
Ta. In this example, Kv is calculated as follows: 

KV • 359 ft3/lb-mole X (70 + 460) 0R + (32 + 460) 0 R 

• 387 ft3/lb-mole 

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

EMSA • 1.44 x 105 ft3/yr x 0.0065 x (387 ft3/lb-mole)-1 
x 78 lbllb-mole 

• 189 lbs/yr 
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Emissions of species B are 171 lbs/yr and emissions of species C are 303 
lbs/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 

Arsenic 
Beryllium 
Copper 
Cadmium 
Chromium 
Lead 
Mercury 
Manganese 
Nickel 
Selenium 
Zinc 

Concentratjon (pomw) 

0.01 
0.003 
0.01 
0.20 
0.01 
1.10 
0.04 
0.30 
5.2 
0.20 
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; 

Where: 

(15) 

• 

CNTLi • 

PR • 
D • 
Ci • 

Annual emissions of the ith trace metal, lbs/yr 

Control efficiency for the ith substance (expressed as 
fraction), dimensionless 
Amount of distillate oil burned per year, gals/yr 
Density of distillate oil, lbs/gallon 
Concentration of the ith element in distillate oil, ppmw or 

lb/106 lbs 

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 lb/gal. 



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: 

EMS; = (1 -.85) X 5 X 106 gals/yr X 7.2 lb/gal X 5.2 lb/ 1061b 

EMS; = 28 lb of nickel emitted per year 

{15) 

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: 

HEMS max (1 -.85) x 2,000 gals/hr x 7.2 lbs/gal x 5.2 lbs/1061bs 

HEMSmax m .011 lbs of nickel emitted per hour 

~: 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 lbs per year 
of carbon tetrachloride as an intermediate. The operator determines that 
901 of carbon tetrachloride is converted to the manufacturer's product, and 
only lOt of carbon tetrachloride is lost at the end of the process. The 
effluent of this process is 851 liquid and 151 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. 

?A 



To simplify the emission estimation, the process is diagrammed as follows: 

Gas to atmosphere 

~ 

I""~ 

Feed 
PROCESS 
REACTOR 

Product r 

"~ 
,w 

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: 

EMS1 = [(R X PR) X {l - xc)] X {1 - l) 

Where: 

(16) 

= 

• 

• 
• 

= 

Emissions of carbon tetrachloride from exhaust, 
lbs/yr 
Weight ratio of carbon tetrachloride to feed material, 
dimensionless 
Amount of feed materials, lbs/year 
Fraction of conversion, carbon tetrachloride, dimensionless 

Fraction of liquid discharged into the sewage, 
dimensionless 



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: 

EMS 1 = (.20) x 5,000 lbs/yr X (1 ~ .~0) X (1- 0.85) 
· = 15 lbs/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 lbs/hour: 

HEMS max = [{.20) x 2 lbs/hour x (1-0.90) x (1-0.85) 

= 0.006 lb/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 district. In 
addition, the Comoilatjon of Air Pollution Emission Factors. Volume I: 
Stationary Point and Area Sources. (EPA AP-42) can be used to find emission 
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 speciation profile in the ARB manual entitled Identification of Volatile 
Organic Compounds Serjes Profiles, (ARB Soecjat1on Manyal). This manual 
contains approximately 500 speciation 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 Ait_ 
Emjssions Specjes Manual Volyme I: Volatile Organjc Compoynd Serjes 
Profiles is another reference for speciation profiles. 



Ex ampl e Us fng Speci at ion Profile 

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 lbs of TOG daily from this natural gas combustion. After reviewing 
this document, the facility operator realizes that the the EETs in Chapter V 
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 Specjatjon 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 lb a day, and then estimates emissions of the listed substances using 
the following equations: 

EMS • PR x F 

Where: 

EMS • Emissions of a listed substance, lb/yr 
F • Fraction of the listed substance in the exhaust gas, 

dimensionless (wt/wt) 
PR • 300 days/yr x 1,500 lbs/day of TOG 

• 450,000, l~s/year of TOG 

A. Annual Average Emissions 

Emissions of Formaldehyde 

EMS • 450,000 lbs/year x 0.0768 

EMS • 34,560 lbs of formaldehyde emitted/year 

.,, 

(17) 



Emjssions of Benzene 

EMS • 450,000 lbs/year x 0.0325 

EMS = 14,625 lb ·of benzene emitted/year 

Emission of Toluene 

EMS • 450,000 lbs/year x 0.0164 

EMS = 7,380 lb of toluene emitted/year 

B. Maximum Hourly Emissions 

HEMSmax • (DPRmax x F) + DHO (18) 

Where: 

HEMSmax • Maximum hourly emissions, lb/hr 

DPRmax ~ Maximum daily emissions of TOG, lb/day 

F • Fraction of listed substance 1n the exhaust gas, 
dimensionless 

DHO • Daily hours of operation, hr/day 

Emissions of Formaldehyde 

HEMSmax • (1,750 lb of TOG/day x 0.0768) + 12 hr/day 

HEMS max • 134.4 lbs/day + 12 hr/day 

HEMSmax • 11.2 lbs of formaldehyde emitted/hour 

Emission of Benzene 

HEMSmax • (1,750 lb of TOG/day 1 0.0325) + 12 hr/day 

HEMS max • 66.87 lbs/day + 12 hr/day 

HEMSmax • 4.74 lbs of benzene emitted/hour 

Emission gf Tgluene 

HEMSmax • (1,750 lb of TOG/day 1 0.0164) + 12 hr/day 

HEMS max • 28.7 lbs/day + 12 hr/day 

HEMSmax • 2.39 lbs 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-. --rn 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 lists 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. 



TABLE 4 

CONTROL EFFICIENCIES FOR SPECIFIC DEVICES AND SUBSTANCES 

Few epeclflc contrcd efflclenclee exlet for the eubetancee on the AB 2588 llat which •uat be 
quantified. The tpeclflc control efflclenclet that exlet are provided below. 

~ubetance eroceee/Devlce Control Technology Control Efficiency 

Chlorine 

Hydrogen fluoride 

Hydrogen tulflde 

Hydrogen tulflde 

Mercury 

Mercury 

Perchloroethylene 

Phthalic anhydride 

General 

General 

General 

General 

General 

General 

Drycleanlng­
dryer exhauet 

Productlon-
•aln proc••• vent 

31 

Abeorptlon In an 
alkali 1olutlon 

Water ab1orptlon 

Abeorptlon In a eodlu~ 
carbonate/water eolutlon 

Adeorptlon on am•onla­
l•pregnated activated carbon 

Abeorptlon In a brine/ 
hypochlorite eolutlon 

Adeorptlon on eulfur­
l•pregnoted activated carbon 

Carbon adeorber- packed bed, 
fluidized bed · 

Wet ecrubber 

90S 

951 

981 

1881 

951 

981 

951 

991 



TABLE ~: CONTROL EFFICIENCIES FOR TOTAL ORGANIC GASES AND PARTICULATE MATTER 

Control Device/Method 

No control equlp•ent 
Wet Scrubber- High Efficiency 
Wet Scrubber- Nedlu• Efficiency 
Wet Scrubber- Low Efficiency 
Gravity Collector- High Efflcl•ncy 
Gravity Collector- Medlu• Efficiency 
Gravity Collector• Low Efflcl•ncy 
Centrifugal Collector 

High Efflcl•ncy­
Centrlfugal Coll•ctor 

Nedlu• Efficiency­
Centrifugal Coll•ctor 

Low Efflclency­
Eiectroetatlc Precipitator 

High Efflclency­
Eiectroetatlc Pr•clpltator 

Medlu• Efflclency­
Eiectroetatlc Precipitator 

Low Efflclency-
Gae Scrubber (general, not cla•elfled) 
Mlet Ell•lnator, High Velocity 

(v > 2~8 ft/•ln)-
Niet Ell•lnator, Low Velocity 

(v < 258 ft/•ln)-
Fabrlc Filter, HJgh Te•p. 

(T > 2~8 F)-
Fabric Filter, Nedlu• Te•p. 

(188 F < T < 251 F)-
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• 95 - 99.9 
88 - 95.8 
78 - 88.8 
95 - 99.9 
88 - 95.8 
28 - 88.8 

9~ - 99.9 

88 - 95.8 

28 - 88.8 

95 - 89.9 

81 - 95.8 

88 - 88.8 

71 - 99.8 

51 - 99.9 

75 - 99.9 

81 - 99.9 

8 

78 - 99.0 



TABLE 5: CONTROL EFFICIENCIES FOR TOTAL ORGANIC GASES AND PARTICULATE MATTER Cont. 

Control Device/Method 

Fabric filter, Low T••P· 

Percent Efficiency Range By Substance Type 
Particulate Matter (PM) Total Organic Goeee (TOG) 

(T < 188 F)­
Catalytic Afterburner-
Catalytic Afterburner (with Heat Exchanger)­
Direct Flo•• Afterburner-
Direct Flo•• Afterburner 

(with Heat Exchanger)­
flarlng-
Proc••• Change-
~apor Recovery Syete• 

(Including condeneer•t hooding, 
and other encloeureeJ­

Actlvated Carbon Adeorptlon­
Liquld filtration Syete•­
Packed-Gae Abeorptlon Colu•n­
Troy-Type Gae Abeorptlon Colu•n­
Spray Tower-
Venturi Scrubber-
Proceee Encloeure-
l•plnge•ent Plate Scrubber­
Dyna•lc Separator (Dry)-
Dyna•lc Separator (let)-
Mat or Panel filter-
Metal fabric fllter-
Proceee Oat Recovery-
Duet Suppreeelon·By later Spraye­
Duet Suppreeelon By Che•lcal 

· Stablllzere or letting Agent•­
Oravel Bed filter-
Annular Ring filter-
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88 - 99.9 
88 - 85.8 
88 - 95.8 
25 - 78.8 

25 - 78.8 
25 - 98.8 
18 - 98.8 

58 - 88.8 
78 - 88.8 
78 - 88.8 
98 - 99.8 
98 - 99.8 
58 - 99.8 
28 - 99.8 
28 - 99.9 
28 - 98.9 
18 - 95.8 
58 - 89.8 

e - 99.9 

e - 99.8 
98 - 99.9 
98 - 99.9 

98 - 99.8 
98 - 99.8 
94 - 99.9 

94 - 99.9 
98 - 99.9 
18 - 98.8 

85 - 98.8 
85 - 99.8 

78 - 99.8 
78 - 99.8 
78 - 99.8 
78 - 99.8 

28 - 99.8 

95 - 99.9 



TABLE 5: CONTROL EFFICIENCIES FOR TOTAL ORGANIC GASES AND PART.ICULATE MATTER Cont. 

Control Device/Method 

Fluid Bed Dry Scrubber­
Tube and Shell Condeneer­
Refrlgeroted Condeneer­
Baro•etrlc Condeneer­
Single Cyclone-

Multiple Cyclone w/o Fly Aeh 
ReinJection-

Multiple Cyclone w/ Fly Aeh 
Relnjutlon­

Che•lcol Oxldatlon­
Ozonatlon-
Che•lcal Neutralization­
Activated Cloy Adeorptlon­
Wet Cyclonic Separator­
Water Curtain-
Nitrogen Blonket­
Coneervatlon Vent-
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Percent Efficiency Range By Subetonce Type 
Portlculote Motter (PM) Total Organic Gaaea (TOG} 

98 - 99.9 

25 - 99.8 

58 - 99.9 

58 - 99.9 
28 - 99.8 

18 - 99.9 

28 - 89.9 
18 - 95.1 

20 - 99.9 
28 - 99.9 
28 - 99.9 

21 - 99.9 
18 - 99.9 
18 - 99.9 
20 - 99.9 

10 - 95.8 
18 - 99.8 
18 - 99.9 



TABLE 6: CONTROL EFFICIENCIES RELATED TO PARTICLE SIZE 

peyice 

High Efficiency Cyclone 

Venturi Scrubber* 
p = 10 inches 

p = 20 inches 

p ~ 100 inches 

Filter Fabric 

Electrostatic Precipitators 
{ESPs) 

Hot 

Cold 

Calvert Collision Scrubber 

"'P • Pressure 

H20 

H20 

H20 

~ill:::ti~::]~ 
Diameter 

0.4 
2.5 

0.4 
1.2 

0.1 
1.0 

0.28 
1. 

0.10 
0.35 
4.0 
10.0 

0.05 
0.50 
7.0 

0.015 
0.10 
0.40 
7.0 
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y.unl 
Cactca1 

Efficjeccy 

5t 
50t 

20~ 
99~ 

15t 
99~ 

99t 
9~%: 

99.8t 
99.2%: 
99.9t 
99.6t 

99.2t 
97.0~ 
99.95~ 

80~ 
96~ 
92~ 
99.9t 

55.2 - 99.8S 



REFERENCES: CHAPTER IV 

California Air Resources Board. January 1988. Instructions For the 
Emission Data System Review and Update Report: Appendix III Source 
Classification Codes and EPA/NEQS Emission Factors. Sacramento, 
California. 

California Air Resources Board. 1982. Air Pollution Technology: Controls 
for Fine Particle Emjssjons from Industrial Sources in California. 
Sacramento, California. 

California Air Resources Board. February 1980. Assessment of Control 
Technology for Stationary Sources. Volume II: Control Technology Data 
Tables. Sacramento, California. 

U.S. Environmental Protection Agency. December 1987. Estjmatjng Releases 
and Waste Treatment Efficiencies For the Toxic Chemical Release 
Inventory Form. EPA-560/4-88-002. Washington, D.C. 1987. 

U.S. Environmental Protection Agency. February 1986. Eyalyatjon of 
Control Technologies For Hazardous Air Pollutants Volume 2: Apoendices. 
EPA-600/7-86-009b. Research Triangle Park, North Carolina. 

U.S. Environmental Protection Agency. September 1986. Control Technologies 
for Hazardous Ajr Pollutants. EPA-625/6-86-014. Research Triangle 
Park, North Carolina. 

36 



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 
Taxies "Hot Spots" program. 

Time constraints did not allow the ARB staff to develop an EET for each 
process/device on the prioritized list. 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 Ill or in an EET is appropriate, the 
operator should contact the appropriate air pollution control district or 
air quality management district. Table 7 below lists 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 

Chrome Electroplating 

Combustion of Petrolemm Derivatives 

Incineration 

Oil and Gas Production 

Oil Refinery 

Perchloroethylene Production 

Smelters and Secondary Foundries 

Storage Tank 

Surface Coating 

Generic Estimation Method(s) 

Emission Factor 
Mass Balance 

Emission Factor 
Engineering Calculation 

Emhsion 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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I. INTRODUCTION 

CHROME ELECTROPLATING 
EMISSION ESTIMATION TECHNIQUE (EET) 

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 10-1 (ug/m3}, 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 ~s for ~ecorative purposes 
wh11e seventy percent is for wear- and corros1on-res1stance 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 ~chromic acid bath as a 
cathode of an electrolytic cell. 

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

(10-5inches) is applied as a protective and decorative coating to such 
items as auto parts, furniture, and plumbing fixtures. In hard 

plating, a layer of chrome with a thickness of 10-300 microns (10-4 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 breakdo~·n 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 chro~ic 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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II~. 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 substance·s 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 caustic 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 em;ssions while located anywhere 
on the facility site, the emissions must be accounted for. Emission 
estimates must take into account the effect of the control devi~e(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 
solut .ion 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 Technjcal SUPPort Docyment to ProPosed 
Hexavalent Cbromjum Control Plan.) 

V. EMISSION ESTIMATES 

Source testing is the preferred method of accurately determining toxic 
emissions of liJted substances when testing is feasible and when approved, 
reliable methods exist. Although source testing is available for the chrome 
electroplating processes, the Air Taxies •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 sou·rce 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 AS 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 
out~ut 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 lbs. + 15,000 lbs.- 7,000 lbs.)(0.95) = Emissions of PERC, 
lbs/year 

(12,000 lbs.)(0.95) = emissions of PERC, lbs/year 

11,400 lbs. = lbs 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 
(ausage unita), 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. 
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Chromium (VI) Emjssjon Factors For Uncontrolled Systems 
Hard plating/anodizing: 5.2 mg/amp-hour 
Decorative plating: 0.50 mg/amp-hour 

Chromium (VI) Emjssjon Factors For Controlled Systems 
Hard plating/anodizing (scrubber): 1.3 mg/amp-hour 

Hard plating/anodizing (foam) 1: 0.26 mg/amp-hour 
Decorative plating (scrubber): 0.13 mg/amp-hour 

Decorative plating (foam) 1: 0.025 mg/amp-hour 

1- foam or foam plus scrubber 

(Emission factor information was taken from ARB, 1988, Technjcal 
Sypport Document to Proposed Hexavalent Chromium Control Plan.) 

Using the cu~r~nt (in amps) and these emission- factors, an operator 
would calculate chromium (VI) emissions using the following equation: 

Emission factor x gram x 
(mg/amp-hours) 1000 mg 

lA x I Amps ~ lb/hour 
453.6 grams 

I Amps= the current used (in amperes) 

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

Example Usjng Emission Factors 

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 Emjssjons of Chromium (VI) from Platjng 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 Emjssions of Chromium (VI) f~om Platjng 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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I. INTRODUCTION 

Combustion--Page 1 

COMBUSTION OF PETROLEUM DERIVATIVES 
EMISSION ESTIMATION TECHNIQUE (EET) 

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 combu$tion of petroleum derivatives, ~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, ~ if 
relatively small amounts of hazardous waste are cofired {burned together) with 
oil 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 petro.leum 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 1s 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, tnat 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. 

II. 

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. _ Contr:oLEfficiencies ______________________ _ 

V. Sample Calculations (p. 8) 
VI. References (p. 17) 
Attachment I (Table I) 
Attachment II (Table II) 
Attachment III (Table III) 

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 nme 
Quenching Effects 
Design of Combustion Chamber & Air-Fuel Mixing Devices 

The Equivalence Ratio (uJually denoted by~) is defined as a ratio of 
ratios. Specifitally, 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 C02. 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 
combust ion 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. While 
the temperature range is typically 1200-1700 deg. F, both oxygen concentration 
and ~esidence time are apparently more important than temperature in promoting 
complete combustion. Complete oxidation of organic particulate is especi.~lly 
sensitive to residence time. (Edwards) Thorough mixing is very important sin6e 
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 to~al organic ga~" 
(TOG), which together are expected to contain virtually all of the listed 
substances which combustion would be expected to produce. (Exceptions include 
HZS, HCl, 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. Diff~rent 
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 Oils) 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 dibe~z~fura~s (PCDFs). Depending_on the 
source POM may include substances conta1n1ng n1trogen, sulfur, chlor1ne, and 
oxygen: as well as hydrogen and ca~bon •. PDM forma~ion corr~lates with poor 
combustion conditions as well as w1th h1gh C/H rat1os and h1gh aromatic and 
oxygen concentrations in fuels. (EPA 1983 fnM) 
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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 PQHCs and formation factors for toxic PICs. Whi .le 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. All 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 Ojl 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 relat.ively clean. Residual 
oil 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. Oil 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 801 of 
that of coal PM. 
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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 
Firetube 
Watertube 
Cast Iron 

Miscellaneous 
Furnaces 
Heaters 
Dryers 
Kilns 

Internal Combustion Engjnes 
Reciprocating Engtnes 

Spark Ignition (gasoline) 
Compression Ignition (diesel) 

Turbines (light distillate oil 
& natural gas) 

Ovens 
Flares (can be control devices in 

certain situations--
see Section II.D.2 below) 

For institutional and conrnercial s·pace heat, firetube and cast iron boners 
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 Oil Rjsk), 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 Ojls) 
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. 

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 particulatei 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 
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strategy with dual effectiveness is water injection. Although not very common 
e~cept 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--orgarric- -c-ompounds (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 6-10 urn i~ 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 urn, at least 95~ 
efficiency is typical, with 98-99~ for other sizes. (Pedco) 
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2. Gas/Vapor 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 98t. For ratios 
near 1, 90t is typical, but may decline as low as 50S. 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/Cl 
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) 1 

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 (Pits) on their interior surfaces. and 
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continue to emit such taxies 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 re·sult 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. 

Sometimes combustion exhaust gasses are used directly for product drying. 
This creates the possibility of physical entrainment (in the combustion exhaust) 

---....f !J'l"oduct vapors or part1cl-e!--;--aswell a chemical react1ons (due to fieat-ing 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 HCl and various chlorinated hydrocarbons 
(perhaps in conjunction with Table III), or partitioning of metal into 
particulate and vapor phases. Engineering calculations, while theoretically 
possible, hav.e 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 Taxies "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 ll342(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 ea~h 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 contairi 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~ reliable emission factors are available, TOG or PM speciation 
profiles may be used. In such cases, emission factors should be calcu·lated 
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 
II.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 no~ 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 ex~onentials. When )IOU 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. 

A. Calculation of Chromium VI Emjssjons Based On Fuel Analysis or Default 
Chromjum Concentration . 

Given: Chrom;um concentration • 0.14 ppmw (parts-per-million by weight) 
Chromium VI is 5~ by weight of total Chromium in combustion products 
Density of Fuel (011) • 7.5 lb/gal 

1. Calculate the amount of Cr-VI 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 
OF • Fuel density 

[Cr]F x [Cr-VI]Cr 1 OF • EF (1) 

(~:~~--~~-~~-~ (~:~~-~~-~~=~~,(~:~-~~-~~~~) . 1 E 6 lb fuel}\ 1 lb Cr l gallon fuel 

lb Cr-VI 
5.25 E-8 ------- ----

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 
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PR x EF • EMS 

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

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

Maximum Hourly Emissions from 60 gallons of fuel used per hour 

(60 gal/hr)(5.25 E-8 lb Cr-VI/gallon) ~ 3.15 E-6 lb Cr-VI/hour 

( 2) · 

B. Calculation of Emissions of Chlorine-Containing Compounds Based on Fuel 
Analysis of Chlorine Concentration and Manufacturer's Specification 

Given: 30 ppmw Chlorine based on fuel (gasoline) analysis 
20 ppmv (parts-per-million by volume) Ethylene Dichloride (EDCj 

based on refinery specification 
Density of Fuel (Gasoline) 6.0 lb/gal 

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

[EDC]F • Concentration of EDC in fuel 
[Cl]F • Concentration of chlorine in fuel 
D-EDC ~ Density of EDC 
MW-Cl = Atomic weight of chlorine 
MW-EDC • Molecular weight of EDC 

[EDC]F X D-EDC I 2(MW-Cl) I MW-EDC • [Cl]F 

(--~~-~~~-~~~-)(10.4 ~~-~~~-)(~~-~~-~~~~~=~~-~~~-) • 1.49 E-4 -~~-~~-
1 E 6 gal gas gal EDC 99 lb EDC/lb-mol EDC gal gas 

Convert units of fuel from pounds to gallons using fuel density: 

(--=~--~~-~~-)/6.0 ~~-~~~-) • 1.80 E-4 ~~-~~--
1 E 6 lb gas t~ gal gas gal gas 

Clearly, 1.49 does not equal 1.80. 

(3) 

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 ~ncertainty, whereas the fuel analysis h 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 

-58-



CARS Combustion--Page 14 
August 1989 ~ 

be discu~sed 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 HCl, hydrogen chloride. 
In actual fact, most of the chlorine in this case would be emitted as PbCl rather 
than HCl, 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 HCl in the absence of specific preempting chemical reactions such as lead 
scavenging. 

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

EF-HCl = Emission factor for HCl 
MW-HCl ~ Molecular weight of HCl 

[Cl]F x 0.99 x MW-HCl I MW-Cl • EF-HCl 

1.80 E-4 ------- (o.99) --------------------- • ( 

lb Cl ~ (36.5 lb HCl/lbmol HCl) 

gal gas 35.5 lb Cl/lbmol HCl 

lb HCl 
1.83 E-4 ------­

gal gas 

(4) 

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 

[EDC]F X D-EDC X 0.01 • EF-EDC (5) 

( 
20 ga 1 EDC ) ( 1 b EDC ) 

------------- 10.4 ------- ( 0. 0 1) • 
1 E 6 gal gas gal EDC 

lb EDC 
2.08 E-6 

gal gas 

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

PR x EF • EMS (2) 

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

(157,400 ga1/yr)(1.83 E-4 lb HCl/gal) • 28.8 lb HCl/year 
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Maximum Hourly EDC Emissions from 60. gallons of fuel used per hour 

(60 gal/hr)(2.08 E-6 lb EDC/gal) c 0.000125 lb EDC/hr 

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

[ 

1 b c 1 J( 1 b c 1 
(1.80 E-4 - 1.49 E-4) ------- 0.01) • 3.1 E-7 -------

gal gas gal gas 

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 Emjssjons From an Industrial Boiler Burning Waste­
Derived Fuel 

Given: Fuel Composition: 
(by volume) 

47.5~ Fuel on 
47.5~ Waste Crankcase Oil ' 
5.0~ Waste Degreasing Solvent 

Waste 011 Analysis: 
Fuel Oil Analysis: 

Solvent Composition: 
(by volume) 

Densities: 011 
TCA 
1",4-D. 

1600 ppmw Cl 
1.3 ppmw Cl 

97~ TCA 
3~ 1-4 Dioxane (a typical impurity) 

7.5 lb/gal 
11. 024 1 b I ga 1 
8.61 lb/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 
D-0 
D-TCA 
D-D 
[O]F 
[TCA]F 
[D]F 

• Fuel density 
• Oil density 
• TCA density 
• 1,4-Dioxane density 
• Concentration of oil in fuel 
• Concentration of TCA in fuel 
• Concentration of 1,4-Dioxane in fuel 
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[Cl]O • Concentration of chlorine in oil 
[Cl]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-Dio~ane in fuel 
W-Cl • Weight fraction of chlorine in fuel 
MW-Cl = Atomic weight of chlorine 
MW-TCA = Molecular weight of TCA 
EF-HCl • Emission factor for HCl 
EF-TCA = Emission factor for TCA 
EF-D = Emission factor for 1,4-Dioxane 

Combustion--Page 16 

[O]F i D-0 + [TCA]F x 0-TCA + [O]F x 0-0 = D-F (6) 

(o ._ 95 ~~~~~-~~-)(7. 5 ~~-~~~-) • (a .~5 ~~~-~~~~~~~~(o. 97 --~~~-~=~--)(11. 024 ~~-~=~-) 
gal fuel t gal o1l gal fuel f · gal solvent gal TCA 

lb oil lb TCA lb 1,4-dioxane lb fuel 
• 7.125 -------- + 0.5347 -------- + 0.0129 -------------- c 7.67 

gal fuel gal fuel gal fuel gal fuel 

[O]F x 0-0 I D-F • W-0 

7.125 lb oil/gal fuel lb oil 
--------------------- • 0.9289 -------
7.67 lb fuel/gal fuel lb fuel 

(TCA]F x 0-TCA I D-F • W-TCA( 

0.5347 lb TCA/gal.fuel 
----------------------7.67 lb fuel/gal fuel 

lb TCA 
• 0.0697 ------­

lb fuel 

(D]F x 0-D I 0-F • W-D 

0.0129 lb 1,4-diox./gal fuel 
----------------------------7.67 lb fuel/gal fuel 

lb 1,4-dioxane 
• 0.00168 -------------­

lb fuel 

-61-

(7) 

(8) 

(9) 



CARS Combustion--Page 17 
August 1989 

3(MW-Cl) I MW-TCA = [Cl]TCA 

lb Cl 
106.5 ---------

lbmol TCA lb Cl 
----------------- = 0.7978 ------

lb TCA lb TCA 
133.5 

lbmol TCA 

(10) 

[Cl]O x W-0 + W-TCA x [Cl]TCA • W-Cl {11) 

["i-~~~~i~~~~~~ii • i~~~6~;b:~i~(o.9289 ~~-;~;1) + (o.0697 ~~-~~~1)(o.797B ~~-~~A) 
lb Cl 

= 0.0563 --~---­
lb fuel 

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

Fuel Components Vol.% Density (lb/gal) ~ 

Fuel 100.0 7.67 
Oil 95.0 7.5 
Solvent 5.0 

TCA 4.85 11.024 
1,4-Dioxane 0.15 8.61 

Chlorine (from TCA & Waste Oil) 

100.0 
92.89 

6.97 
0.168 
5.63 

2. Calculate emission factors for HCl, TCA and 1,4-Dioxane. 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-HCl I MW-Cl • EF-HCl 

( 
lb Cl '( lb fuel ) (36.5 lb HClllbmol HCl) 

o.os63 lb-;~;11 7
"
67 ;;;·;~;; (o. 9~ i5~5-1b-c1i1b;;1-Hc1- • 

W-TCA x D-F x 0.01 • EF-TCA 

( 
lb TCA )( lb fuel )( lb TCA 

0.0697 ------- 7.67 -------- 0.01) • 0.005346 -------­
lb fuel gal fuel gal fuel 
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Similarly, 

W-0 x 0-F X 0.01 • EF-0 (14) 

3. Calculate emissions of HCl, 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 lb/gal) • 841.5 lb/yr 

Maximum Hourly Emissions of HCl from 60 _ galJ~ns of fuel used per hour 

(60 gal/hr)(0.440 lb/gal) • 26.4 lb/hr 

D. Calculation of PAH Emjssjons For Combustion Process Described jn c.· Above 

Given: PAHs: 530 ppmw default co·ncentration in waste on 
2.6 E-12 lb/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) 
0-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 1 0-F I 0.01 • EF-1 (15) 

( ~~~---~~-~~~--)(~:~~~-~~-~:-~~~)(7. 61 ~~-~~~~-)(o. o 1) • 1. 888 E-5 ~~-~~~~-
1 E 6 1 b w. o;] 1 1 b fue 1 gal fue 1 ga 1 fue 1 

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

( 
lb PAHs )~ Btu) lb PAHs 

2.6 E-12 -------- 143,500 --- • 3.73 E-7 -------­
Btu fuel gal gal fuel 
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3. Calculate overall PAH emission factor. 

EF-1 + EF-2 • EF-PAH (16) 

[(3. 73 E-5) ~~-~~~~-] • lb PAHs 
E-7 + 1.888 1. 93 E-5 --------

gal fuel gal fuel 

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

PR x EF = EMS (2) 

(157,400 gal/yr)(1.93 E-5 lb/gal) • 3.04 lb/yr 

Maximum Hourly Emissions from 60 gallons of fuel used per your 

(60 gal/hr)(1.93 E-5 lb/gal) • 0.00116 lb/hr 
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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 
fa ct. or ~naotfier uncertlri ea- trro-n-=t8o7-)- emi-s-s i o fact or-s- f or-·ea c~oo---­
individual listed substance which is a possible emission from any combustion 
proc~ss. (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 total amount of Aikh 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 o~ide 
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-11 are indicated with an 
asterisk (*), while those which are chlorinated organics are indicated with 
a number sign (#). 
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ARB Combustion Products TABLE I 
NON-ORGANIC 
SUBSTANCES 

_li_ ....EA... ....EL ....EL .P.l.t.l. fO.llCl. Non-0 r g . 
Fuel Contamjnants 
New Fuel .\1lill 

Elements 

Arsenic 
Beryll i urn 
Bromine 
Cadmium 

X 
X 

X 
X 
X 
X 

X 

X 

X 
X 

X 

X 
X 
X 
X 

X 
X 
X 

X 

------------------------------------------------------------------------------Chlorine 
Chromium VI 
Copper 
Lead 

X 
X 

X 

X 
X 
X 
X 

X X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

------------------------------------------------------------------------------Manganese 
Mercury 
Nickel 
Phosphorus 

X 
X 

X 
X 
X 
X 

X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 

X 
X 

------------------------------------------------------------------------------Radionuclides 
Selenium 
Sulfur 
Zinc 

X 
X 

X 

X 
X 

X 

X 
X 
X 

X 
X 
X 

------------------------------------------------------------------------------Miscellaneous 

Hydrogen Sulfide 
Hydrogen Chloride # 
Hydrogen Fluoride 

Mercuric Chloride # 
Phosgene I 
Zinc Oxide 

ORGANIC SUBSTANCES 

Acetaldehyde 
Acrolein 
Benzene 
Benzyl Chloride_ I 

X 
X 
X 

X 
X 

? X 

I I 

X 
X 
X 

? 
X 
X 

I I 

------------~-----------------------------------------------------------------1,3-Butadiene 
Carbon Tetrachloride # 1 
Chloroform I 1 
Chlorobenzene I x 

X 

X 
I 

I 
X 
I 
I 

X 
I 
I 
X 

------------------------------------------------------------------------------Chlorophenols # 
Cresols 
Di(2-ethylhexy1}-

phthalate 
1-4 Dioxane 

X 

X 
I 

------~-------~------------~-~------------------------------------------------
Dioxins (PCDDs) # 
Epichlorohydrin # 
Ethyl Chloride # 
Ethylene Dibromide 

X 
X 
I 
X 

X 
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ARB Combustjon Products Fuel Contaminants 

_sr_ _fA_ _ff_ _ff_ ~ POHCs Non-Org. New Fuel ~ 

Ethylene Dichloride # x 
Ethylene Oxide x 
Fluorocarbons, (chlor­
inated & brominated) # x 

Formaldehyde 
Furans (PCDFs) # 
Glycol Ethers 
Methyl Bromide 

Methyl Mercury 

X 
X 

X 

Methylene Chloride # x 
Nitrosomorpholine 
N-nitrosodiphenylamine 

Perchloroethylene # 
PCBs # 
Phenol 
Propylene 

Propylene Oxide 
Styrene 
Styrene Oxide 
Toluene 

Trichloroethane # 
Trichloroethylene I 
Trichlorophenol I 

X 
X 

X 
X 

X X 
X 

X 
X 

X 

X 

X 

X 
X 

gasoline x 

X 

X 

X 

X 

X 

X 
X 
X 

X 
X 
X 

X 

X 

X 
X 
X 

------------------~-----------------------------------------------------------
Vinyl Chloride I 
Xylene 

PAHs 

X 

Benz(a)anthracene x 
Benz(a)pyrene x 
Benzo(b)fluoranthene X 

X X X 

X 

X 
X 
X 

X 
X 
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. l)pyrene 

lndeno(l,2,3-
cd)pyrene x 

Naphthalene x 

* Appendix A-II 
# Contains Chlorine 

X 
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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 
Oil as Fuel in California. 

Radian Corp. 1986. Summary of Trace Emissions From & Recommendations of 
Risk Assessment Methodologies For Coal & Oil Combustion Sources. 
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U.S. Environment~] Protection Agency. 1984. Risk Assessment of Waste 011 
Burning in Boilers A Space Heaters. EPA 530/SW-84-011 

U.S. Environmental Protection Agency. 1984. Waste Crankcase 011 Heater 
Study: Phase II - Inorganic & Organic Speciatjon Analyses. EPA 600/7-
84-072 

U.S. Environmental Protection Agency. 1981. Em1ss1ons Assessment of 
Conventional Stationary Combustion Systems y. 4 
Commerc1al/Inst1tutjonal Combustion Sources. EPA 600/7-81-003b 

U.S. Environmental Protection Agency. 1980. Trace Metals & Stationary 
Conyenttonal Combyst1on Processes. EPA 600/7-80-1551 · 

U.S. Environmental Protection Agency. 1978: Environmental Assessment of 
Coal- & 011--Eir1ng in a Controlled Industrial Boiler. EPA 600/7-78-
164b & 600/7-78-164c 
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NON-ORGANIC SUBSTANCES 

Elements 

Arsenic 
Beryllium 
Bromine 
Cadmium 

CA Crude 

0.14-0.66 

0.29 
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0 1 l S (ppmw) 
Residua 1 D j st i 11 ate ._,EuiL>Ie...._l __ _ Waste 

0.2-0.7 0.0006-2 11-14 
<0.05 

50-4000 
0.003-1 < 3.5 1-2. <100 

----------------------------------------------------------------------------------Chlorine 
Chromi·um 
Copper 
Lead 

1.47 
0.64 
0.93 

12.0 
0.045-6.2 
2.8 
1-4, 3.5 

<0.01~1.15 0.002-2.2 
1.4 
2.6 

500-14,000 
10-25 

220-13,000 
----------------------------------------------------------------------------------
Manganese 
Mercury 
Nickel 
Phosphorus 

1.2 
23.1 
98.4 

0.16, 1.33 <0.01 
0.002-0.4 
18-50, 42.2 "a few" 
1.1 

0.001-6 
0.02-30 
14-68 

~----------~-----~------~ ~--------------~-------------------------------------- ---
Radionuclides 
Selenium 
Sulfur 
Zinc 

0.364 
9.9, 1-2~ 
9.76 

1 
0.7 
( 0.5~ < 0.5~ 
0.4-2, 1.26 

0.03-1 
0.25-0.5 ~ 
3.0 

0.5~ 
470-900 

----------------------------------------------------------------------------------Miscellaneous 

Hydrogen Sulfide 
Hydrogen Chloride I 
Hydrogen Fluoride 

Mercuric Chloride I 
Phosgene I 
Zinc Oxide 

ORGANIC SUBSTANCES 

Acetaldehyde + 
Acrolein 
Benzene 
Benzyl Chloride I 

46-100 

---------------~-----~-------------------------------------------------------------1,3-Butadiene + 
Carbon Tetrachloride I + 
Chloroform I + 
Chlorobenzene I 
-----~----------------------------------------------------------------------------
Chlorophenols I 
Cresols 
Di(2-ethylhexyl}-

phthalate (DEHP} 
1-4 Dioxane 
----------~---------------------------------------~-------------------------------
Dioxins {PCDDs} I + 
Ep1chlorohydrin I + 
Ethyl Chloride I + 
Ethylene Dibromide + 
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Ethylene Dichloride # + 
Ethylene Oxide + 
Fluorocarbons, (chlor-

Crude 

inated & brominated # + 

Resjdyal 
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Waste 

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

--------------------------------------------------------------------------------------Formaldehyde + 

Furans (PCDFs) # 
Glycol Ethers + 
Methyl Bromide + 

-------------------------------------------------------------------------------------· Methyl Mercury 
Methylene Chloride # 
Nitrosomorpholine 
N-nitrosodiphenylamine 
-------------------------------------------------------------------------------------· Perchloroethylene I + 
PCBs # + 

Phenol 
Propylene + 

120-750 
9-100 

--------------------------------------------------------------------------------------Propylene Oxide + 
Styrene 
Styrene Oxide 
Toluene 190-2000 
--------------------------------------------------------------------------------------Trichloroethane # + 
Trichloroethylene # + 
Trichlorophenol # + 

270-2500 
50-500 
60-490 

---------------------~----------------------------------------------------------------Vinyl Chloride # + 
Xylene 

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

36-7000 

9-60 
16-26 

-----------------------------------~-------------------------------------------------· •Benzo(j)fluoranthene 
Benzo(k)fluoranthene 

•Oibenzo(a,h)~cridine . 
•Dibenzo(a,j)acridine 
-----------------------~-----------·-----------------~-~~----------------------------· Dibenzo(a,h)anthracene 
•7H-Dibenzo(c,g)cabazole 
•Oibenzo(a,e)pyrene 
•Oibenzo(a,h)pyrene . . 
-------------------------------------------------------------------------·------------•Oibenzo(a,i)pyrene 
•Oibenzo(a,l)pyrene 
Indeno(1,2,3-cd)pyrene 
Naphthalene 

• Appendix A-II 
I Contains Chlorine 
+ Presence likely only in waste oil 

290-500 
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BOILERS 

ATTACHMENT III 

TABLE III 

DEFAULT POHC & TOXIC PIC EMISSION PERCENTAGES 

FOR INDUSTRIAL BOILERS AND FLARES 

Operating Conditions Emjssjons as Wejght Percent of Eye] POHCs Wt. Pet. Cl •* 
% Toxjc PIC • % Toxic POHC Emitted as HCJ 

FAIR (with combustion 1 % 
transients in load, 
fuel, air, operation, 
or with poor maintenance) 
or low comb'n temps or 
high H/Cl fuel ratio) 

GOOD (steady-state 
operation) 

FLARES 

1.2 Stability Ratio @ 

1.0 Stability Ratio 

0.1 % 

2 % 

10 % 

0.1 % 

0.01 % 

0.2 % 

1 % 

- 99 % 

- 99.9 % 

- 98 % 

- 90 % 

Note: Breakthrough percentages tend to be higher for volatiles. (EPA 1984 Waste Oils: 

* 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 11.0.2 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 
i n-c-omp1~et JH"o'Cf!TC"t"i t P! , -n~---nnnn-g-rtfrnra1~fehy~ J1a- pcrtyeycTicaromat 1 c 
hydrocarbons) are the principal listed substances of concern during the 

· incine~ation 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 PCDD 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 
·pcoF/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 p·coos containing four, fhe, 
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. In 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 
incin~rators (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: 
Hazardous Waste Incineration and the IJAPCWM 1988 "Hospital Waste Disposal 
by Incineration: Waste ~treams, Technologies, and State Requirements"). 

Liquid Injection Incinerators 

Liquid injection incinerators are used almost exclusively for 
pumpable liquid wastes. They are usually simple, refractory-lined 

-------~c~yl incers equippea wft:n one or more ourners. 

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 
kiln 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 reduce 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 ~issions 

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 pollutant 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•): 

Dry Cyclonic Separator 

Dry cyclonic separators are inertial separators. 

Dry Scrubber 

Dry scrubbers are generally used to remove acid gas components, 
operating as an absorbent system rather than the washing system 
inherent in wet scrubbers. 
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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 g~s 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 ~e 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 Taxies 
''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 estimation techniques, rather than 
measurement--techn-tque-s. 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) 1 (fraction of listed substance in fuel) 1 
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 Permjt Writers Gujde to Test Burn 
Data : Hazardous Waste Incinerat ion): 
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Controlled 
(using a venturi scrubber) 

Two-chamber Incinerator 
(fixed hearth incinerator) 

-Carbon tetrachloride-

-Chlorobenzene-

-Methyl chloroform­
(1,1,1-trichloroethane) 

-Toluene-

-Trichloroethylene­

Rotary-kiln 

-Carbon tetrachloride-

2.37 X 10-5 

7.18 X 10-4 

2.52 X 10-4 

1.15 X 10-4 

3.86 X 10-4 

8.15 X 10-G 

Uncontrolled 

no information 

1.39 X 10:3 

no information 

1.21 X 10-4 

4.34 X 10-4 

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 ucontrolled" 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 s4bstance 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 lbs per hour. The facility operator knows that the maximum feed rate 
per hour is 3,900 lbs. per hour. The waste contains 6.51 carbon 
tetrachloride. Faci-lity •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 
PR 

= Emissions of Carbon tetrachloride, lbs./year 
= Process rate, lbs./hour 

F 
Emfac 

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

Calculate PR: 

PR = FR x DOH 

Where: 

FR • Waste stream feed rate, lbs./hour 
DOH = Hours of operation, hours/year 

PR • 3,000 lbs./hour x 4,000 hrs/year 
PR = 12,000,000 lbs. of waste incinerated per year 

EMS • (1.2 X 107) lbs./year X .065 X (2.37 1 10-5) 

EMS ~ 18.49 lbs. of carbon tetrachloride emitted per year 

B. Maximum Hourly Emissions 

HEMSmax = HFRmax x F x Emfac 

Where: 

HEMSmax 

HFRmax 

F 
Emfac 

= Maximum hourly carbon tetrachloride emissions, lbs/hour 

= Max1mum Hourly Feed Rate, lbs/hour 

• Fraction of Carbon tetrachloride in waste, dimensionless 
• Emission factor, dimensionless 

HEMSmax • 3,900 lbs/hour x .065 x (2.37 x 10-5) 

HEMSmax • 0.006 lbs of carbon tetrachloride emitted per hour 
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B. Control Device Efficiencies 

Control Efficiencies (particulate matter and inorganics) 

Particulate Matter 

Control Egujpment 
Approximate particle Size (micrometers) 

0.01 0.10 0.5 1.0 5.0 10.0 
1) High efficiency cyclone 
2) Venturi scrubbers 

p= 10 to 20 in. H20 
p= 100 in. H20 

3) ESP (cold) 
4) ESP (hot) 
5) Fabric filter 

80~ 

20~ 
99~ 

99~ 
99.8~ 

5~ 50~ 

95~ 
99~ 

99~ 
99.9~ 
99.9~ 
99.9~ 
99.9~ 

A facility operator must know the particle size that a specific . listed 
substance is associated with prior to utilizing the above chart. The 
association of particle size and listed substance must be justified and the 
justification must be cited. 

S02/HC1 Controls 

Wet Scrubbers-

Dry Scrubbers-

Ionizing Wet Scrubber-

95+~ for S02 
99+~ for HCl 

801 for S02 
80~ for HCl 

99~ for HCl 
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I. INTRODUCTION 

OIL & GAS--PAGE 1 

OIL AND &AS PRODUCTION 
EMISSION ESTIMATION TECHNIQUE (EET) 

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. 

tle examples ·n- ttri-s- EET fCfC'IIs- on- c-a-1 ~IYlatfrrg-the-ell'li s-s-; ons- of- tnmze-n-e 
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 emission~ from oil and gas production, the field operator 
must account for a11 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 o11 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 distUlation 
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 

OIL & GAS--PAGE 3 

Exploratory/Development Drilling 

Subsystems: 

Well- comp 1 et.ion- Tes-t 
Subsystems: 

Production 
Subsystems: 

Power Generation 

Mud Conditioning 
- Mud tanks/pits 
- Degasser 
- Shaker 

Fuel Storage 

Deck Sumps (offshore) 

Power Generation 

Wellhead 

Production 

Energy Source-Lifting 
Natural or Primary 
Electric Submersible Pumps 
Gas Lift Systems 
Power Oil/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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Production (Cont.) 

Subsystems: 

OIL & GAS--PAGE 4 

TABLE 1.1 (Cont.) 

POTENTIAL EMISSION SOURCES 

Gas Preparation 

- Glycol Dehydrator 
- Amine Systems (H2S) 

Gas Compression 

- Combustion Turbine 
- Gas-Fired Reciprocating 
- Electric Motor 
- Diesel 

011 Preparation 

- Treater 

Oil Shipment 

- Storage 

Pumping 

- Electric/Diesel 
- Charge Pumps/Valves 
- Turbine 
-Gas 

Water Cleanup (for Disposal/Injection) 

- Skill Tank 
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- Flotation Cell 
- Sk ira Pile 
- Floor Drain System (offshore) 
- Injection Pump 

Electric Pump 
Gas Turbine 
Diesel 
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TABLE 1.2 

POLLUTANTS EMITTED BY SOURCES 

SOURCE 

Power Generation - Drilling 

Mud Degassing 

Mud Tanks/Pits 

Fuel Storage 

Power Generation - Production 

- .Gas Drying 

Gas Processing Vents 

Oil Treaters 

Oil Storage/Surge Tanks 

Water Treating 

Valves, Pump Seals, Compressor Seals 

POLLUTANTS 

NOx• so2• HC, CO, Particulates 

HC (BTX etc.) 

HC (BTX etc.) 

HC (Benzene, Toluene, Xylenes) 

NOx, so2• HC, CO, H2S, Part. 

NOxrso2~,-CO-.-H2.s ,- Pal"'t icu-lates- __ _ 

HC, H2S 

NOx, S02, CO, H2S, Particulates 

HC, H2S 

HC 

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: 

Where: 

Efficiency = M1 - M
0 

Mi 

(1) 

• Mass of potential 'Toxic Pollutant' flowing into the control 
device per period of time. 

• 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 g~s (VOC) in the facility's emission inventory data . 
system by the product of applicable emission factor and estimates of the 
weight fraction that 1s 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 LPG 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 
oil producing flow lines and, in addition, have specialized pressure-relief 
vents. 

Significant emissions can be observed from storage and there is a 
s1-grrff1c-an·t- nam!Je' of- such a·nJ<- use"d- 111- prcrduct ton-op·erat:ton i ---;-----
Ca l ~fornia. The contribution of these emissions to the total toxic 
emissions observed, however, will depend on the number of tanks not under 
vapor recovery. 

A. Fugjtiye Losses From Valves And Fittings 

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 emissi.ons, for example, can be 
estimated by multiplying the ROG emissions by the weight fraction of 
benzene, [{Wt)i]. 

The detailed per well emission factors for valves, fittings, pumps, 
compressors, well heads, and sumps are presented in the tables 1n Appendix 
D. 
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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) 1 (Per well E.F) 1 (wt) 1 (2) 

• Y1(Mw) 1 (3) 

~ (Mw);(Y ); 

Where Yi • Vapor-phase mole fraction of specific toxic 
substance {lb/lb-mole) · 

NOTE: 

A common approach to calculating the concentration of a substance in 
the vapor phase over a liqui~ is to determine its partial pressure. The 
partial pressure of the substance divided by the total pressure of the gas 
stream 1s equal to the mole fraction, v1, 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 
(X;) times the vapor pressure of the component (P;) 

• (4) 

The liquid phase mole fractions sum to 1.00 • 

Calculation of mple fraction in I Y•gor 

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

• Ppartial 

Ptotal 
The vapor phase mole fractions sum to 1.00. 

Calculation of apleculor weight of vapor 

(5) 

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

• (6) 

Calculation of the weight fraction of the YIDOC 

The weight fraction of each component tn a mixture is the pounds of 
that component divided by the tot1l pounds of the mixture. 
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The weight fraction, Wt., of the vapor are needed to calculate 
the amount (in pounds) ~f each component emitted from a storage tank, 
valve, sump, pr~cess 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. 

Calculatjon of tho 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, tho physical and mechanical 
properties of the wells along with the improvement and maintenance 
programs are identical. This will allow one. composite set of 

----------cm·ts-si·on---t-a-ct-or-s-to-be--deve-1 ap-ed- a-mt-us-e-ct-fo·recrc 1 e·rre.-. --------

2) The process rate unit, •number of active wells,u 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 Em)gas• (Valve Em)oil (7) 

(Valve Emissions)gas • (f of Active Wells) 1 (Applicable E.F) 1 (wt) 1 (8) 

(Valve Emissions)0 ; 1• (I of Active Wells) 1 (Applicable E.F)oil 1 (wt)i (9) 

Total ROG Fitting ~issions • (Fitting e.issions)gas• (Fitting Emission)011 (10) 

(Fitting Emissions)gas• (f of Active Wells) 1 (Applicable E.F)gasl (Wt)i (11) 

(Fitting Emissions)oil• (f of Active Wells) 1 (Applicable E.F)011 1 (wt)i (12) 

B. Fugitive losses From Symps and Pits 

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 o11 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 
~round 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 S~s 

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) 1 (13} 

The ROG emission factors listed in Appendix D-1 for heavy crude were 
obtained from ARB testtngs between 1983 and 1987. The listed emtsston 
factors for light crudes (Appendix D-1} were extrapolated from API/Rockwell 
and ARB test re$ults. 

The emtsston rate of a specific toxic substance can be estimated by 
multiplying equitton 13 by the wetght fraction of the specific toxtc 
substance (for example benzene). . 

c. Methods of Estimating Toxic Emissions Frpm 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 
pollutant Emission Factors; -Volume 1 Stationary Point and Area Sources, 
AP-42 (4th Edition, September, 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 modifica~ions. 
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1. Estimation of Toxic Emjssjons From Eloatjng Roof Tanks 

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

LT = Ls + Lw (14) 

Where: 

LT .. Tot a 1 loss 

Ls = Storage loss 

Lw = Withdrawal loss 

---------Storctge~lo-5'5-, b ,-e-an-be-de-te·~i-ned-by-t-h 

= 

Where: 

v 

(Wt) i 

N 

p 

D 

p 

• 

N • Ks V P D My Kc EF (Wt); (15) 

= PIP a 

[1 + (1 - P/Pa)0•5 ]2 

• Standing storage loss (lbs/yr) 

• Seal Factor (lb-mole/(ft(mile/hr)Nyr)) 
(See Table 4.3-4, Appendix C). 

(16) 

• 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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Notes: 

(a) 

(b) 

{c) 

pa • Average atmospheric pressure at tank location (psia) 

My • Average molecular weight of vapor (lb/lb-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 estimat~d from 
the average ambient temperature, TA( F) (See Table A-4, 
Appendix F). This information, TA' is available from the local 
weather service data, and needs to be adjusted to the tank paint 
color factor. 

A typical val-ue of 60 lb/lb-mole can be assumed for the molecular 
weight of all hydrocarbon vapors (reflecting typical California 
data) and a value of 50 lb/lb-mole can be assumed for United 
States midcontinental crude o~ls. The diurnal temperature change 
can be assigned a value of 25 F, while the atmospheric pressure 
term, PA, can be set at 14.7 psia. 

For all Volatile Organic Liquids: Kc • 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 • 0.07 to 0.45 

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

(e) Ks • 0.7 for all seal systems 

· (f) N • 0.4 for all seal systems 
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The working loss from external floating roof and internal floating roof 
tanks can be estimated using Equation 17. 

.. 

Where: 

c 

(0.943) OCWL [ 1 + ( N E ) ] (Wt)i 
D ( D ) 

{17) 

• 

= 

• 

Working loss (lb/yr) 

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

Shell clingage factor (bbl/1,000 ft 2) (See Table 4.3-5, 
_______________ ,AppendiX- F-)------------------------

Notes: 

D 

N 

F 

• 

• 

= 

= 

Average organic liquid density (lb/gal) (See Table 
4.3-2, Appendix ·E). 

Tank diameter (ft) 

Number of columns {dimensionless) 

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

(a) If WL is unknown, an average value of 5.6 lb/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/bbl 2). 
(c) For self-supporting fixed roof or an external floating roof tank: 

(d) 

(e) 

N • 0. 

For column supported fixed roof: 

N = Use tank specific information 

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. 

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: 

nn_ 
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Equivalent Diameter = (1.13) x (Length x Width)0•5 (18) 

2. Estimatjoo of Toxic Emissjons from Fixed Roof Tanks 

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: 
L8 + Lw multiplied by operational percentage vapor recovery factor 

·for the system used. 

(19) 

Where: 

Ly • Total loss (lb/yr) 

L8 s Breathing loss (lb/yr) 

Lw • Working or withdrawal loss 

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

a. Calculating Breathing Joss from a Fixed Roof Tank; 

L8 • 0.0226 x My (pA~-p-) 0 • 68x o1•73x H0•51x 4T0•50x FpCKc (Wt) 1 (20) 

My • Ma( PaXa) + Mb ( PbXb ) • + Mn ( P0X0 ) ( 21 ) 
---p---- ---p----- ----p---t t t 

1nn _ 
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• + + ( 2.2.) 

Where: 

My = Molecular weight of vapor in storage tank, lb/lb-mole, (See Table 
4.3-2, Appendix FOR use Equation 21). 

PA = Average atmosph7ric pressure at tank location, psia 

P ~ True vapor pressure at bulk liquid conditions, psia 

P t- "'- Jrue_v_apor_ pressure_,_ps ta_{See_Table- 4 .3--2 or: -~i gu~e-4-.-3-5-,-­
Appendix F). 

D • Tank diameter, ft 

H "' Average vapor space height, including roof volume correction, ft 

aT • Average ambient diurnal" temperature change, °F. 

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

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

Kc • Product factor, dimensionless 

• Molecular weight of pure component, a 

I: Molecular weight of pure component, b 

• Vapor pressure of pure component, a (See Cox Chart 

Ma 

Mb 

Pa 

pb • Vapor pressure of pure component, b (See Cox Chart 

X a • Mole fraction of component, a 

Xb • Mole fraction of component, b 
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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) 

2. Paint Factor (FP) 

(23) 

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: 

C • (0.0771) x {Diameter) - {0.0013) x {Diameter)2 - 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. 

6. 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 
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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: 

TVP = (RVP) e[Co(IRTEMP - !TEMP)] (25) 

Where: 

c0 • Constant dependent upon the value of RVP 

!TEMP = (1/559.69 °R) 

IRTEMP = (1/(Ts + 459.69°R)) 

Ts = Temperature of the stored fluid 
---

The value of the constant term c0 depends upon the given value of RVP. 

Values of c0 for different RVP 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 RVP was not equal to TVP at 100°F as 
was expected given the general definition of RVP. 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 + CF (26) 

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

If RVP < 3 , 

CF • (0.04) 1 (RVP) + 0.1 

If RVP > 3 
• e[(2.3452061 log (RVP)) - 4.132622] 

CF 

(27) 

(28) 
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Notes: 

(All 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, My, 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: Kc = 0.65. 

For all other organic liquids: Kc = 1.0 . 

(3) The vapor space in a cone roof is equal in v~lume 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 
liquid temperature, T5, must be determined in degrees Fahrenheit. 

T5 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 1 volatile 
organic 1 iquid,. 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 o Fixed Roof Tank 

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

lw • 2.40 x 10-5My P V N KN ~C (Wt) 1 

Where: 

• Fixed roof working loss (lb/year) 

(29) 
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Mv = 

p = 
v = 
H • 

• 

Molecular weight of vapor in storage tank {lb/lb-mole) 
(See Table 4.3-2, Appendix F). 

True vapor pressure at bulk liquid temperature (psia) 
Tank capacity (gal) 
Humber of turnovers per year (dimensionless) 

Total throughput per year (gal) 
Tank capacity, V (gal) 

(30) 

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: 

--------Lw-=- {-0--.00 144-)- x- P- V- H- KcKN( GOHTROl--)-{-Wt~)-.-i -----(31-) 

3. Estimating Joxjc Emissions from Bulk Loadjng Operations 

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

• 523.32 SfM (1.00 - ~) {Wt)i 
T 100 

Where: 

LL • Loading loss (lb HC/1000 bbl. loaded) 

S • Saturation factor (EPA AP-42, Table 4.4-1, 
(Wt)i = Weight fraction of the listed substance 

P • Vapor pressure, psia (See Cox Chart, Appendix B) 
M = Molecular weight of condensed vapors (lb/lb-mole) 

(See Table 4.3-2) 
T • L~ading temperature, 0R (°F + 460) 
eff. = Typical efficiency (~) 

99 - vapor recovery to fuel gas system 
92 - vapor recovery to recovery unit 
0 - uncontrolled 

(32) 
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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 Oil's Polvadera 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 + (Valve Emission)oil 

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

(Valve Emissions)gas= (4 wells) x (4.617 lb~/day-well) 

--------------=-= _ (_18. 4 7 1 bs I day)_ ( 365 day_s_L~ear )_ (1 ton /2000 1 bs )'----­
= 3.37 tons/year 

(Valve Emissions)oil= 

= 
= 

(#of Active Wells) x (Emission Factor) 011 
(4 wells) (1.253 x 10-4 + 3.129 x 10-21bs/day-wel1) 
(0.126 lbs/day) (365 days/year) (1 ton/2000 lbs) 

= 0.02 tons/year 

Total Valve Emissions = 3.37 tons/year + 0.02 tons/year 
• 3.39 tons/year 

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

ASSUMPTION: Weight fractionbenzene in the oil/gas that passed through the 

valves, Wt.; • 0.25 (HYPOTHETICAL) 

Therefore, (Toxicbenzene Emission)valves • (0.25) (3.39 tons/year) 

• 0.85 ton/year Benzene 

,,.,,., 
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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 • 

Substance Formula 

c2H40 

C2H402 

Ace-tone------G3H~ 

Acetaldehyde 

Acetic Acid 

Anrnonia NH3 

Benzene c6H6 

Carbon tetrachloride CC1 4 
Chlorobenzene c6H5Cl 

Chloroform CHC1 3 
Cyclohexane c6H12 
Ethyl Acetate c4H8o2 

Ethyl alcohol c2H50H 

Ethylbenzene C8H10 n-Heptane c7H16 

n-Hexane t 6H14 

Methyl alcohol CH30H 

Methyl ethyl ketone 
n-Pentane 
Isopentane 
Styrene 
Toluene 
Water 

• p in mm Hg ; T in °c 

Range. C A B C 

-45 to +70 6.81089 992.0 230 

0 to +36 7.80307 1651.2 225 
+36 to +170 7.18807 1416.7 211 

1. Q-244-7- 1.1-6-r..-v---224·-----

-83 to +60 7.55466 1002.711 247.885 

6.90565 1211.033 220.790 

6.93390 1242.43 230.0 

0 to +42 7.10690 1500.0 224.0 
+42 to +230 6.94504 1413.12 216.0 
-30 to +150 6.90328 1163.03 227.4 

-50 to +200 6.84498 1203.526 222.863 

-20 to +150 7.09808 1238.71 217.0 

8.04494 1554.3 222.65 

6.95719 1424.255 213.206 
6.90240 1268.115 216.900 

6.87776 1171.530 224.366 

-20 to +140 7.87863 1473.11 230.0 

o to6o 
60 to 150 

6.97421 1209.6 216 
6.85221 1064.63 232.000 
6.78967 1020.012 233.097 
6.92409 1420.0 206. 
6.95334 1343.943 219.377 
8.10765 1750.286 235.0 
7.96681 1668.21 228.0 
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MUL TIPHASE SYSTEMS 
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(Source: Richard M. Felder, Donald W, Rousseau, 1918, 'Elementary 
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FACTORS FOR FIXED ROOF TANK CALCULATIONS 

TABLE C-1 PAINT FACTOR FOR FIXED ROOF TANKS 

Paint factors (FP) 
Tank color Paint condition 

Roof She 11 Good Poor 

White White 1.00 1.15 
Aluminum (specular) White 1.04 1.18 

-----'Wh; t-e·--------.A-1-um i num- (,s J)ecul-ar-)- 1--;-l-h----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 1.44a 
Medium gray Medium gray 1.40 1.58 

aEstimated from the ratios of the seven preceding paint factors. 

* 

TABLE c~2. AVERAGE STORAGE TEMPERATURE (Ts) AS 

Tank Color 

White 
Aluminum 
Gray 
Black 

A FUNCTION OF TANK PAINT COLOR 

Average 
Storage Temperature, T5 (°F) 

TA is average ambient temperature 1n degrees farenheit. 

(Compiled from: U.S. EPA, 1985, Compilation of Air Pollutant Emissjon 
Factors: Volume 1 Stationary Pojnt and Area Sources. AP-42, 4th Edition, 
September). 

-,, "l-
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IABLE C-3 VALUES OF Ce FOR DIFFERENT RVP NUMBERS 

RVP ~o--

O<RVP<2 
2<RVP<3 
RVP = 3 
3<RVP<4 
RVP = 4 
4<RVP<5 
RVP = 5 
5<RVP<6 
RVP = 6 
6<RVP<7 
RVP = 7 
7<RVP<8 
RVP = 8 
8<RVP<9 
RVP = 9 
9<RVP<10 
RVP = 10 
10<RVP<l5 
RVP > 15 

-114-

-6622.5 
-6439.2 
-6255.9 
-6212.1 
-6169.2 
-6177.9 
-6186.5 
-6220.4 
-6254.3 
-6182.1 
-6109.8 
-6238.9 
-6367.9 
-6477.5 
-6587.9 
-6910.5 
-7234.0 
-8178.0 
-9123.2 

. . 
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TABLE C-4 CONTROL FACTORS 

TANK 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 

-------------'F+xed- rae-f nk-w-i-th-i-n-te~n-a-1 ~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 TANKSa 

Welded Tank 

Tank and seal type 

b External floating roof tanks 

Metallic shoe seal 
Primary seal only 
With shoe mounted secondary seal 
with rim mounted secondary seal 

Liquid mounted resilient seal 
Primary seal only 
With weather shield 
with rim mounted secondary seal 

Vapor mounted resilient seal 
Primary seal only 
With weather shield 
With rim mounted secondary seal 

Internal floating roof tanksd 

Liquid mounted resilient seal 

1.2 
0.8 
0.2 

1.1 
0.8 
0.7 

1.2 
0.9 
0.2 

Primary seal only 3.0 
With rim mounted secondary seale 1.6 

Vapor mounted resilient seal 
Primary seal only 6.7 e 
~itb rim mounted secondary seal 2.5 

n 

1.5 
1.2 
1.0 

1.0 
0.9 
0.4 

2 ·.3 
2.2 
2.6 

0 
0 

0 
0 

Riveted Tank 

1.3 
1.4 
0.2 

NAc 
NA 
NA 

NA 
NA 
NA 

NA 
NA 

NA 
NA 

n 

1.5 
1.2 
1.6 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
HA 

NA 
NA 

aBased on emissions from tank seal systems in reasonably good working 
condition, no visible boles, tears, or unusually large gaps between 
the seals and th·e tank wall. The applicability of K decreases in 
cases -here the actual gaps exceed the gaps assumed ~uring develop-

bment of the correlation. 
Reference 5. 
~A = Sot Applicable. 
-Reference 6. 
elf tank specific information is not available about the secondary 
seal on an internal floating roof tank, then assume only a primary 
seal is present. 

Evaporation Loss Sources 4.3-17 

, , ~ 
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KERN COUNTY AIR POLLUTION CONTROL DISTRICT 

2700 ~,.~ Street, Suite 2.75 
B•kersfleld. C•lllornl• !13301 
Telephone: (800) 861·3682. 

WILLIAM J. ROOOl 
Air Pollution Control 01: 

April 25, 1990 

AB 2588 AIR TOXIC "HOT SPOTS" 

Subject: Corrections to CARB's AB 2588 Air Toxics "Hot Spots" Technical Guidance 
----------------------~ee~me~~T-a~l ~ Eage 18,~· ------------------------------~--------

The Dlstrict received several questions regarding possible emission factor errors 
in Table D-1 of CARB's Technic:il Guid:J.nce Document for the Emission Im·entor.t· 
Criteria :1.nd Guidelines Regulation for AB 2588 (Air Toxics "Hot Spots" Inform3tion 
and Assessment ..let of 1987). The District consulted 1dth CARB regarding t.he 
possible errors, and the following corrections were noted in Table 0-1, page liB 
of CARB's TE:chnical Guidance Document: 

TABLE D-1 

CATEGORY 

Well Cellars 

Oil/Water Separators······~················· 
(Source: BAAQMD TEST RES~LTSl 

SUMPS 
Light Crudea 

Primarr Sumps ...................... 

EMISSION FACTORS 

Same as Sump 

925 lbs VOC (TOG) /~L'l Gallon 
Wastewater (uncontrolled) 
(85% control efficiency 
with cover) 

0.143 lbs TOG/sq ft-day 

Secondary •••••••••••••••••••••••.• 0.02 lbs TOG/sq ft-day 

Tertiary ..•••••••••••••.•••••••••. 0.01 lbs TOG/sq ft-dar 

Heavy Crudeb 
Primary Sumps ..................... 
Secondar~- ......................... 
Tertiary .......................... 

Pumps ....................................... 
Compressors ...••••..••....•.••...••..••••..• 
Well Heads .............................. .. .. . 

0.10459 lbs TOG/sq ft-dar 

0.05149 lbs TOG/sq ft-dar 

0. 006-H lbs TOG/sq rt-d01r 

0.00~ lb TOG/well-day * 
0.07 lb TOG/wE:ll-dar * 
0.01 lb TOG/well-dar * 

cegielsm
Highlight
Kern County Letter 



Corrections to CARS's Technical Guidelines Docu~ent 
April 25, 1990 
Page 2 

Steam Drive Wells (controlled) ..•..•..•••••• 2.75 lbs TOG/well-day (controlled) 

Steam Drive Wells (uncontrolled) 

Cyclic Steam Wells (uncontrolled) t •• S • • I • I I • 

Cyclic Wells (controlled) ..•••.•.••••••••..• 
"Pseudocyclic" wells (tertiary) .•••••••••••• 

275 lbs TOG/well-day (uncontrolled) 

3.6 lbs TOG/well-day or: 

3.315 ·1b TOG/well-day 
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 primarr oil production only. 

2. The District estimates that "ROG" comprises of approximately 80· X of "TOG". 
Emission factors exp1ess2d 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 CARS, 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 

LEASE MODEL 

MODEL #1 

MODEL #2 

MODEL #3 

MODEL #4 

MODEL #5 

MODEL #6 

SERVICE 

GAS 
LIQUID 
MIXTURE 
CONDENSATE 

GAS 
LIQUID 
MIXTURE 
CONDENSATE 

GAS 
LIQUID 
MIXTURE 
CONDENSATE 

GAS 
LIQUID 
MIXTURE 
CONDENSATE 

GAS 
LIQUID 
MIXTURE 
CONDENSATE 

GAS 
LIQUID 
MIXTURE 
CONDENSATE 

TOG EMISSION FACTO§ 
(lbs/day-well) x 10-

36250.000 
2.511 

1914.000 
0.000 

17410.000 
2.484 

488.600 
0.000 

159.100 
0.666 

394.800 
0.000 

114600.000 
3.109 

776.400 
0.000 

21220.000 
1.302 

855.300 
0.000 

43080.000 
0.216 

613.900 
0.000 

ROG EMISSION FACTO§ 
(lbs/day-well) x 10-

14610.000 
1.012 

771.500 
0.000 

7018.000 
1.001 

196.900 
0.000 

64.100 
0.268 

159.100 
0.000. 

46170.000 
1.253 

312.900 
0.000 

8550.000 
0.525 

344.700 
0.000 

17360.000 
0.087 

247.400 
0.000 

MODEL 11: Number of wells on the lease is less than 10 and the GOR is less 
than 500. 

MODEL 12: 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 14: Number of wells on the lease is less 'than 10 and GOR is greater 
than 500. 

MODEL 15: 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 ts Gas/011 ratio. 
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TABLE D-1 

CATEGORY 

Well Cellars 

Oil/Water Separators 
(SOURCE: BAAOMO TEST RESULTS) 

SUMPS 
Light Crudea 

Primary Sumps 
Secondary 
Tertiary 

Heavy Crudeb 
Primary Sumps 
Secondary 
Tertiary 

Pumps 
Compressors 
Well Heads 
Steam Drive Wells 
Steam Drive wells (VOC) 
Cyclic Steam Wells (VOC) 
Cyclic Wells 
"Pseudocyclic" wells (Tertiary) 

EMISSION FACTORS 

Same as sump 

925 lbs VOC/MM Gallon 
Wastewater (uncontrolled} 
(85~ control efficiency 
with cover) 

0.142.lbs ROG/sq ft -day 
0.019 lbs ROG/sq ft -day 
0.009 " " 

0.097 II 

0.013 II 

0.006 II 

0.004 lb ROG/well-day 
0.07 lb ROG/well-day 
0.01 lb ROG/well-day 

II 

II 

II 

3610 lb ROG/well-year (Controlled) 
220 lbs/well/day (Uncontrolled) 

3.6 lbs/well/day (Uncontrolled) 
1210 lb ROG/well-year (Controlled) 
110 lb/day/we 11 

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

....... 

CegielsM
Sticky Note
220 listed in Permits SS for EEs
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TABLE D-3 
FITTING EMISSION FACTORS 

LEASE MODEL SERYICE 

MODEL #1 

MODEL #2 

MODEL #3 

MODEL #4 

MODEL #5 

MODEL #6 

MODEL 11: 

MODEL #2: 

MODEL #3: 

MODEL 14: 

MODEL #5: 

MODEL #6: 

GAS 
LIQUID 
MIXTURE 
CONDENSATE 

GAS 
LIQUID 
MIXTURE 
CONDENSATE 

GAS 
LIQUID 
MIXTURE 
CONDENSATE 

GAS 
LIQUID 
MIXTURE 
CONDENSATE 

GAS 
LIQUID 
MIXTURE 
CONDENSATE 

GAS 
LIQUID 
MIXTURE 
CONDENSATE 

Number of wells on the 
than 500. 
Number of wells on the 
less than 500. 
Number of wells on the 
than 500. 
Number of wells on the 
greater than 500. 
Number of wells on the 
greater than 500. 
Number of wells on the 
greater than 500. 

TOG EMISSION FACTO~ 
(lbs/day-well) x 10-

ROG EMISSION FACTO~ 
(lbs/day-well) x 10-

lease 

lease 

lease 

lease 

lease 

lease 

21700.000 
827.500 

2916.000 
0.000 

14810.000 
0.001 

312.200 
0.000 

426.600 
24.860 

1271.000 
0.102 

52180.000 
0.002 

2354.000 
0.000 

44890.000 
74.320 

4727.000 
0.000 

63670.000 
0.000 

294.500 
0.621 

8746.000 
333.500 

1175.000 
0.000 

5968.000 
0.000 

1258.000 
0.000 

rTt-:-9o-o 
10.020 

512.200 
0.410 

21030.000 
0.001 

948.600 
0.000 

18090.000 
29.950 

1905.000 
0.000 

25660.000 
0.000 

118.700 
0.250 

is less than 10 and the GOR is less 

is between 10 and 50 and the GOR is 

is greater than 50 and GOR is less 

is less than 10 and the GOR is 

is between 10 and 50 and the GOR is 

is greater than 50 and the GOR ;s 
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TABLE 4.3-1. PAINT FACTORS FOR FIXED ROOF TANKSa 

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 1.44b 

Medium gray Medium gray 1.40 1.58b 

a bReference 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 



PJI.GE 37 

TABLE 4.3-5. AVERAGE CLINGAGE FACTORS (C) (bbl/1,000 ft 2 )a 

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 

a bReference 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 FLOATING 

ROOF TANKS WITH COLUMN SUPPORTED FIXED ROOFS8 

Tank diameter range 
D (ft) 

0 < D ~ 85 
85 < D ~ 100 

100 < D S 120 
120 < D S 135 
135 < D ~- 150 

150 < D ~ 170 
170 < D ~ 190 
190 < D ~ 220 
220 < D ~ 235 
235 < D ~ 270 

270 < D ~ 275 
275 < D ~ 290 
290 < D ~ 330 
330 < D ~ 360 
360 < D ~ 400 

Typical number 
of columns, NC 

1 
6 
7 
8 
9 

16 
19 
22 
31 
37 

43 
49 
61 
71 
81 

~eference 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 info~ation- on actual tanks. 
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\Q -00 TABI.E 4.3 - l. PIIYSICAL PROPERTIES OF TYPICAl. UHGANIC i I.IQUIIJS:1 

VI 

M 
< • ., 
0 
11 
01 
r? .... 
0 
p 

t""' 
0 
rn 
rn 
[/) 

0 
r: 
11 
n ,. 
rn 

-- --- ·-. ·-- --·- - ------··- - · 

Oraanic liquldb 

Prlrolru• Liquidlc 
CuoUnr RVP ll 
Guollnr RVP 10 
GuoiJnr RVP 7 
Crude oil RVP S 
Jet naphtha (JP-4) 

Jet kerosene 
Diatillate furl no . 2 
Rraidual oil no . 6 

Volatile Oraanic Liquida 
Ace toni! 
Acrylonit r lie 
Benzene 
Carbon di•ulfldr 
Carbon tetrachloride 

Chlorofor• 
Cycloheunr 
1,2-Dichlororthane 
£thylacetate 
Ethyl alcohol 

laor ropyl alcohol 
Hethyl alcohol 
Hethylene chlor i de 
Hethylet hyl ketone 
Hethyl~thacrylate 

1,1,1-Trichlororthanr 
Trichloroethylene 
Toluene 
Vinylacrtate 

:Rrfrrrncra l-4. 

Vapor 
11olecuhr 

wrisht 
t1 60°f 

62 
66 
68 
so 
80 

IJO 
1]0 
190 

58 
Sl 
78 
76 

154 

119 
81, 
99 
88 
46 

60 
32 
as 
72 

100 

IJJ 
Ill 
92 
86 

- . - --- - - - ·--··· - ·- .-

l' roduct 
density (d), 

lb/sal 
~ 60°f 

S.6 
S . 6 
S.6 
7.1 
6 . 4 

7.0 
1. I 
7. 9 

6 .6 
6 .8 
7.4 

10 . 6 
13.4 

12 . S 
6 .S 

IO .S 
7. 6 
6.6 

6 .6 
6 .6 

II. I 
6 . 1 
7. 9 

11.2 
12.1 
1.1 
7.8 

Condensed 
vapor 

drnslty (w), 
lb/gal 
~ 6o•r 

4 . 9 
S . I 
S.2 
4 . S 
S. 4 

6 . 1 
6 . 1 
6.4 

6.6 
6.8 
7 . 4 

10 . 6 
13.4 

12.S 
6.S 

IO.S 
7.6 
6.6 

6 . 6 
6.6 

I 1.1 
6.7 
7. 9 

11 . 2 
12 . ] 

7 . ) 
7.8 

40°f 

4 . 7 
] . 4 
2.] 
I. B 
0 . 8 

0 . 0041 
0 . 00]1 
0 . 00002 

1.1 
0 . 8 
0.6 
] . 0 
0.8 

1.5 
0 . 7 
'0 . 6 
0 . 6 
0 . 2 

0.2 
0 . 1 
] . I 
0.1 
0 . 1 

0 . 9 
o.s 
0 . 2 
0. 7 

cFor a •orr co.prehrnaivr li1tins of volatile oraanlc liquid•, are Rrfrrrncr J . 
~ RVP = Reid vapor prr11urr In paia . 

~ 
I 
~ 

S0°f 

~ 7 
4 . 2 
2 . 9 
2 . 3 
I . 0 

O. OObO 
0 . 004S 
0 . 00003 

2.2 
1.0 
0.9 
) . 9 
1.1 

I. 9 
0 . 9 
0.8 
0 . 8 
0 . 4 

0 . ) 

1.0 
4 . ) 
0 . 9 
0 . 2 

I. 2 
0. 7 
0 . 2 
1.0 
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The saturation factor, S, represents the expelled 
to saturation, and it accounts for the variations 
from the different unloading and loading methods. 
saturation factors. 

vapor's fractional approach 
observed in emission rates 

Table 4.4-1 lists suggested 

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

Cargo carrier 

Tank trucks and 
rail tank cars 

Mode of operation 

Submerged loading of a clean 
cargo tank 

Submerged loading: dedicated 

S factor 

0.50 

-------------------------------------------.nfto~r~~·r ~vtce o~ao---------------------

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 vesselsa 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 l by the control 
efficiency term: 

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 

4.4-6 EMISSION FACTORS 
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TABLE 4.4-2. VOLATILE ORGANIC COMPOUND EMISSION FACTORS FOR 
GASOLINE LOADING OPERATIONS AT MARINE TERMINALSa 

Ve1ael 
tanlt 

condition 

Unc:lesned 

Ballalted 

Cleaned 

Gel -freed 

Any con-
dition 

Gae-freed 

Typical 
overall 
dtuationf 

Previous 
cargo 

Volat1lec 

Volatile 

Volat 1le 

Volatile 

Nonvolatile 

Any cargo 

Any cargo 

Total organic emieeion factor• 

Shipe/oceen bargesb Bargel b 
q/liter lb/10 3 gal ag/liter lb/10 3 gal 

transferred traneferred transferred tranaferrl!d 

315 2.6 465 3.9 

205 1.7 d d 

180 1.5 e e 

85 0.7 e e 

85 0.7 e e 

e e 245 2.0 

215 1.8 410 3.4 

1 References 2, 8. Factors represent nonmethane-nonethane VOC emissions because 
methane and ethane have been found to coa.t1tute a negligible weight fraction of 
the eveporative emi11iona from galoline, 

bocean barges (tanlt compa rt8ent deptn about 40 feet) exhibit emiaaion levels similar 
to tank ships. Shallow draft barges (compart .. nt depth 10 to 12 feet) exhibit 
higher emieeion levele. 

cvolat1le c:argoe1 are thoee vith a true vepor pres1ure greater than 1.5 psia. 
daarse• are not usually ballaated. 
~~Unavailable. 
faaeed. on oblervation that 41% of t .. tecl ehip ca.part8entl vere uncleaned, 11% 
ballalted, 24% cleaned, and 24% ga•-freed. For barse•, 76% vere uncleaned. 

TABLE 4.4-3. AVERAGE ARRIVAL EMISSION FACTORS, CA, FOR CRUDE 
OIL LOADING EMISSION EQUATIONS 

Ship/oce.an barge Previous Arrival emission 
tank condition cargo factor, 1 b/ 10 3 gal 

Uncleaned VolatUeb 0.86 

Ballasted Volatile 0.46 

Cleaned or 
gas-freed Volatile 0.33 

Any condition Nonvolatile 0.33 

8 Arrival 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. 

bvolatile eargoes are those with a true vapor pressure greater 
than 1.5 psia~ 
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TABLE A-4. AVERAGE ANNUAL AMBIENT TEMPERATURE (Ta• •r) FOR SELECTED 
U.S. LOCATIONS 

Blrwlngnam, Ala. 
Hunnv i I 1 e , A I a. 
lo4oblle, Ala. 
Mont9Q6erY , A I a. 
Aftchorage, Alaska 

A.nnet1'e, A I aska 
Bar~. Alaska 
Barter Island, Alaska 
Bethe I , A I aska 
Be'H"Ies, Alaska 

62.0 Stockton, <:.Jiif. 61.6 
60.6 Alasosa, Colo. '" .2 
67.5 Colorado Springs, Colo. 48.9 
64.9 Denver , Co I o. 50 • .3 
35.3 Grand Junc~ion, Colo. 52.7 

45.4 Pu.Oio, Colo. 52.1 
9.1 8rldgepor1', Conn. 51.1 
9.5 HerTford, Conn. 49.1 

28.4 Wll•ington, Del. 54.0 
21.2 Wash., D.C.-oul les Air~ 53.9 

Big Oel~a. Alaska 27.4 Wash. D.C.-Natlonal Airport 57.5 
-------~IColcLBay~•~A:Aia~s~kf.a~-------·.J7.9 Apalac:tlic:ola, Fla. 64.2 

Fa I r"tlanks, A Iaska 23-.-9--------~D:aytona Beactl, F I a 70.3 
~lkana, Alaska 26.5 Oi'"t~.-s.,---F-1""8•.------~~~!::<--:~---
~. Alaska 36.6 Galnsvi lie, Fla. 68.6 __ 

Juneau, Alaska 
King Sal.an, Alaska 
Kodiak, A I aska 
Kotzebue, Alaska 
Mc:Gra1'h, AI aska 

.._., Alaska 
S~. Paul Island, Alaska 
Talkeetna, Alaska 
Unalakleet, Alaska 
Valdez, Alaska 

Tllkuta~, A I ask a 
Flags1'aff, Ariz. 
fllhoenlx, At' lz. 
Tucson, Ar"iZ. 
Wlflslow, Ariz. 

,.,..., Ariz. 
Fort S.ith, Ar"iZ. 
LIHie Reek, Ant. 
Nortft Little Rock, Ark. 
Bakersfield, Calif. 

Blshoo. Calif. 
Blue Canyon, Calif. 
Eureka, Calif. 
Fresno, Calif. 
L~ S.ac:ft, Ca II f • 

Loa Angeles, Calif.-
lntrnl~lonal AirpOI"t 

los Angeles, Cal If. 
Moun~ Shas~a. Calif. 
Red Bluff, Calif. 
s~er ... nto, Calif. 

S~ Diego, Calif. 
Saa F~ancisco, Calif.--

lnter"na~lonat AirDOr"~ 
Sift Francisco, Catlf.--city 
Santa Barbar"a, Calif. 
Santa Ma~la, Calif. 

~.0 Jacksonvi I le, Fla. 68.0 
32.8 Key ~st, Fla. 77.7 
~.7 Ml•i, Fla. 75.7 
20.9 OrlandO, Fla. 72.4 
25.0 Pensacola, Fla. 61.0 

25.5 Tallahass .. , Fla. 67.2 
34.3 Ta.oa, Fla. 72.0 
32.6 V..-o Beach, Fla. 72.4 
25.4 W.S~ Pal• Beach, Fla. 14.6 
38.3 Athens, Ga. 61.4 

38.6 
45.4 
7t .2 
61.0 
54.9 

T3 ... S 
60.8 
61.9 
61.7 
65.5 

56.0 
50.4 
52.0· 
62.6 
6l.9 

62.6 

65.3 
49.5 
62.9 
60.6 

63.1 
56.6 

56.1 
58.9 

"·' 

Atl1nta, c;.. 
Augusta, Ga. 
CoiUIICIUs, Ga. 
Mecon, Ga. 
Savannah, Ga. 

Hllo, Hawaii 
Honolulu, Haw1ii 
Kahului, Hawei i 
Llhua, Hawaii 
Boise, Idaho 

L•lston , Idaho 
Pocatello, IGaho 
Cairo, 111. 
O'Har"e Air"pOrt, Chicago, Ill. 
Moline, 111. 

.-.orta, 111. 
Aock ford , I I I • . 
Springfield, 111. 
Evanvi lie, Ind. 
Fort Wayne, Ind. 

lftctlanaool is, 1 nd. 
Sou~ Bend, Ind. 
Des Moines, Iowa 
Dubuque. 1 ow a 
Sioux City, I owl 

Wa~er"ICO, Iowa 
Concordia, Kans. 
Dodge City, Kans. 
Goodland, Kans. 
Toeteka, Kans. 

61.2 
63.2 
64.3 
M.7 
65.9 

73.6 
n.o 
75.5 
75.2 
51.1 

52.1 
46.6 
59.1 
•9.2 
49.5 

50 •• 
47.8 
52.6 
55.7 
49.7 

52.1 
49.4 
49.7 
46.3 
48.4 

46.1 
53.2 
55.1 
50.7 

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

Blr.ingna. , Ala. 
Huntsv I I I • , A I a. 
NoDI 1• , Ala. 
fo4on't~ , A I a. 
Ancncrage, Alaska 

Anne't'te, A I ask a 
BaiTCIII , A 1 aska 
Barter A I aska 
S.'th•l , A I aska 
Bert I es, A I ask a 

Big Delta, Alaska 
Gold Bay, Alaska 
Fairbanks, Alaska 
Gulkana, Alaska 
Hcaer, Alaska 

Juneau, Alaska 
King Sal-an, Alaska 
Kod I ak , A I aska 
Ko'tzeoue, A 1 ask a 
loleGratn, Alaska 

rc.e , Alaska 
St. Paul Island, Alaska 
Talk .. 'tna, Alaska 
Valdez, Alaska 
Yakutat, Alaska 

Flagstlff, Ariz. 
Phoenl•, Ariz. 
Tuc:san, ArIz. 
Wlulow, Ariz. 
Yea~~ , Ariz. 

FOrt S.l ttl , Al"'k. 
Ll't'tl• RocK, Al"'k. 
Bakersfl•ld, Calif. 
B lue Canyon , Ca I I f • 
EureKa , Ca I I f • 

Frnno, Calif. 
Long Beac:n , Ca I I f • 
Los Allgel•s, Call f.-

1 nterna't I onal A i rpert 
Los Allgelas, Calif. 
Mount Shasta, Calif. 

oakland, Calif. 
Red Bluff, Calif. 
s.cr-.nto, Calif. 
San Diego, Cal If. 
San Francisco, Cal lf.­
ln~natlonal Airpert 

San Francisco, Callf.~lty 
Santa Marla, Calif. 
StocKton, Ca I I f. 
ColoradO Sorlngs, Colo. 
Denver, Colo. 

7 • .3 
8.1 
9.0 
6.7 
6.8 

10.6 
11.8 
13.2 
12.8 
6.7 

8.2 
16.9 
5.4 
6.8 
7.2 

8.4 
10.7 
10.6 
13.0 
5. 1 

10.7 
18.3 
4.5 
6.0 
7.4 

7.3 
6.3 
8.2 
8.9 
7.1 

7.6 
8.0 
6.4 
7.7 
6.8 

6.4 
6.4 
7.5 

6.2 
5.1 

8.2 
1.6 
8.1 
6.1 

10.5 

8.7 
7.0 
7.5 

10.1 
8.8 

LOCATIONS 
Grand JuncTion, Colo. 
Pu.Oio, Colo. 
Brldg•oorT. Conn. 
Har-ttord , Conn. 
Wll•i ng'ton, Del. 

Wasn., O.C.-Dulles Air~rt 
Wasn. O.C.-Hational Airpor-t 
Apalachicola, Fla. 
Daytona S.acn, Fla. 
For-t Myers, F Ia. 

Jacksonville, Fla. 
Kay West, Fla. 
Nl•i, Fla. 
Orlanao, Fla. 
Pensacola, Fla. 

Tallahassee, Fla. 
Tapa, Fla. 
West Palm Beacn, Fla. 
Athens, Ga. 
AtlanTa, Ga. 

Auquata, Ga. 
Coluaaus, Ga. 
Macon, Ga. 
Savannan, Ga. 
HI lo, Ha•ai i 

Honolulu, H .. ai i 
Klihulul, H .. •i i 
Lihue, Ha.ai i 
Boise, Idaho 
Pocatello, 1 dallo 

Cairo, I II. 
Ollcago, Ill. 
Maline, 111. 
Peoria, 111. 
Rack ford, I I I • 

Springfield, 111. 
Evansvi lie, Ind. 
FOI"'t Wayne, I nd. 
lnctlanaool is, Ind. 
Sou11l Bend, Ind. 

Des Maines, Iowa 
Slou• City, Iowa 
Wet.rl oo, Iowa 
Concordia, Kans. 
Dodge Cl ty, Kans. 

Goodland, Kans. 
Tooeka, Kans. 
Wichita, Kans. 
Cincinnati, Ky.-AirDOr-t 
Jackson, Ky. 

Lex i ng"ton , Ky. 
Louisville, Ky. 
Baton Rouge, La. 
Like Charles, La. 
NMI Orleans, La. 

8.1 
8.7 

12.0 
8.5 
9.2 

7.5 
9 . .3 
7.9 
8.8 
8.2 

8.2 
11.2 
9.2 
8.6 
8.4 

6.5 
8.6 
9.5 
7.4 
9. I 

6.5 
6.7 
7.7 
7.9 
7.1 

11.6 
12.8 
11.9 
8.9 

10.2 

1.5 
10.l 
10.0 
10.1 
9.9 

11.3 
8.2 

10.2 
9.6 

10.4 

10.9 
11.0 
10.7 
12.l 
13.9 

12.6 
10.2 
12.4 
9.1 
7.0 

9.5 
a.l 
7.7 
8.7 
8.2 

<conT•nueca) 
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OIL REFINERY 
EMISSION ESTIMATION TECHNI~UE (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 

-------,.:fie meffi o s a facrnt OTfer-crtor- wcruld- use -o- c-ai -ct.rl a"te- result-tn emi-s-s"1crns:----­
of the listed substances. 

lhis 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. 
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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 . In 
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 oth~r 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 

___________ _:...s_e_a-r::-s-"'-:-a r=-e.,.......,a~--=-m:-::o-=s-,:-.,..,-u=n i versa 1 y us ed~e ar d 1 e aka ge . Pumps and 
compressors can contribute significantly to fugitive emissions. 

Emiisions 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 

NOTE: 

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. 

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. 

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 Oeyjces 

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 °F; 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. Floating 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. 

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 quantifying 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 involve 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. Background Information on Reformjng and Aromatics 

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: 

-136-
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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 tictane 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. Eguatjons 

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. 

Fug1t1ye Emission Est1matjon Method For a Specjfic Stream Containing a 
Ljsted Substance. wA• 

Assymption; The concentration of "A" material in the liquid phase (in 
"the pipe"} is equal t~ the toxic concentration in the vapor emitted to 
the air. 
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NOTE: 

Toxic Emission Rate = (Equipment count) x (AP-42 emission factor for 
the device handling the toxic substance) x 
(Stream "A" material concentration) 

(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 (Wti) 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 'concentrati.on 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. 

Methods of Estimating Toxjc Emjssjons from Storage of Organic 
Ljgujds 

The following emission estimation techniques for organic liquid storage 
tanks were derived from equations in section 4.3 of NCompilation 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: 

• (1) 

• (2) 
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* p = P/Pa (3) 

[1 + (1 - P/Pa) 0· 5 ]2 

Where: 

Lr = Total loss (lbs/yr) 

Ls = Standing storage loss (lbs/yr) 

Lw = Withdrawal loss (lbs/yr) 

Ks 

v 

x. 
1 

N 

p 

0 

p 

* 

pa 

My 

Kc 

EF 

Ts 

NOTES: 

= 
= 
= 

= 
= 

= 

= 
~ 

• 
c 

• 

(a) 

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 
the stock being stored, (lb-mole i/lb-mole stock) . 
Seal related wind speed exponent (dimensionless). 
Vapor pressure function (dimensionless). 

Tank diameter (feet) 

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

Average atmospheric pressure at tank location · (psia) 
Average molecular weight (lb/lb-mole) 

Product factor (dimensionless) • 

Secondary seal factor. 
Organic liquid storage temperature (°F) 

If average actual organic liquid storage temperature, 
Ts, is unknown, the average storage temperature can 

be sstimated from the average ambjent 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 lb/lb-mole can be assumed for 
the molecular weight of gasoline vapor, and a value 
of 50 lb/lb-mole can be assumed for United States 
midcontinental crude oils. 

(c) For all other organic liquids : Kc = 1.0 

For crude oil: Kc = o.4 

(d) For petroleum liquid storage with any seal system: EF = 1.0 

For volatile organic liquid storage with a primary only seal 
------------------~~~e~r------------------------------------------------

With a primary/secondary seal system : 

EF = 1. 0 

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: 

"s .. 0.7 for a 11 seal systems 
N • oA for a 11 seal systems 

"c .. 0.4 for crude oil 

"c .. 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) QCFWL 
[ 1 + ( N F ) ] 

D ( D ) 
(Wti) (4) 
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Where: 

= 

= 

= 

= 
= 
= 

withdrawal loss (lb/yr) 

throughput (bbl/year) (tank capacity [bbl] times annual 
turnover rate) 

shell clingage factor (bbl/1,000 ft 2) see table 

average organic liquid density (lb/gal) 

tank diameter (ft) 

number of columns {dimensionless) 

F = effective column diameter (ft) [ column perimeter (ft)/pi ] 

Notes: (1) If WL is unknown, an average value of 5.6 lb/gallon can be 

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

(2) The constant, 0.94J, has dimensions of (1,000 ft 3 x ga1/bbl 2). 

(3) For self-supporting fixed roof or an external floating roof 
tank : 

N = a. 
For column supported fixed roof : 

N = use tank specific information 

(4) Use tank effective column diameteri or 

F c 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. Estjmatjon 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 : 
L8 + Lw multiplied by operational percentage vapor recovery fac~or for the 
system used. 

(5) 
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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 . 

The tank diameter factor (C) is calculated using the equation below: 

C = 0.0771 X 0 - 0.0013 X 02 - 0.1334 (7) 

If this tank were located underground, then the breathing losses could 
be assumed to be negligible because the diurnal temperature change, ~T. 
would be close to zero 

+ 

And Pt• by Raoult's law is: 

+ + 

LT z Total loss (lb/yr) 

L8 = Breathing loss (lb/yr) 

My • Molecular weight of vapor in storage tank, lbllb-mole 

PA • Average atmospheric pressure at tank location, psi a 

p :a: True vapor pressure at bulk liquid conditions, psi a 

pt = True vapor pressure (psh) 

x1 • Liquid-phase mole fraction of the listed substance 

D • Tank diameter, ft 

(8) 

(9) 

H = Average vapor space height, including roof volume correction, 
ft 

AT = Average ambient diurnal temperature change, F0 

-142-



CARB REFINERY-PAGE 12 
August, 1989 

NOTES 

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

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

= Product factor, dimensionless 

Ma = Molecular weight of pure component, a 

Mb = Molecular weight of pure component, b 

Pa = Vapor pressure of pure component, a 

Pb = Vapor pressure of pure component, b 

Xa = Mole fraction of component, a 

Xb = Mole fraction of component, b 

(All 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, 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 ~qual 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. Is is determined from Table C-2 in 

Appendix C, given the average annual ambient temperature, TA' in degrees 



CARS REFINERY -PAGE 13 
August, 1989 

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: 

Lw = 

Where: 

Lw = Fixed roof working loss (lb/year) 

Mv 
p 

v 

= Molecular weight of vapor in storage tank (lb/lb-mole) 

= True vapor pressure at bulk liquid temperature (psia) 

= Tank capacity (gal) 

N = Number of turnovers per year (dimensionless) 

= Total throughput per year (gal) 
Tank capacity, V (gal) 

III. Estimating Toxic Emissions from Bulk Load]ng Operations 

(11) 

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

= 523.32 SPM (1.00 - eff.) (Wt
1
.) -y- Ioo- (12) 

Where: 

LL = Loading loss (lb HC/1000 bbl. loaded) 

S = saturation factor (AP-42, Table 4.4-1, see Appendix E) 
P • vapor pressure, psia 
M • molecular weight of condensed-vapors (lb/lb-mole) 

T • loading temperature, 0R (°F + 460) 
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eff. = Typical efficiency (%) 
99 - vapor recovery to fuel gas system 
92 - vapor recovery to recovery .unit 
0- uncontrolled 

REFINERY-PAGE 14 

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: 

Where: 

Efficiency = Mi - M0 

Mi 
X 100 (13) 

Mi is the mass of 'Toxic Pollutant' flowing into the control device 

per period of time. 

M
0 

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 
lb = 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 

Emjssjons from Refineries 

A. From Crude Storage and Handling 

1. Emissions From Refineries 

EPA Emission Factor = 4.7 x 10-3 lbs/1000 gals crude 

Crude Capacity = 805.9 x 106 bbls/yr or 

___________________ (=15~R~e~f~in~e=r~i~e~s~----------c1,24~- l~gu1~fy~----------------------

Assume all refineries operated at 75~ of their design capacities in 
1989, the revi~ed ~rude capacity becomes: 6 = 21,247 X 10 ~ 0.75 

= 15,935.3 x 10 gals/yr 

Emissions = 4.7 x 10-3x 15,935.3 x 106 = 37.5 tons/yr I:ooo--- ----2:ooo----

2. From Refinery Operations 

EPA Emission Factor = 0.01 lbs/1000 gals crude 

Emissions = 0.01 x 15,935.3 x 106 = 79.7 tons/yr. I:ooo ---2:ooo-----
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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. 

~ 

p in mm Hg ; T in °c 

Substance Formula Range, C A B c 
A~etaldehyde c2H4o -45 to +70 6.81089 992.0 230 

Acetic Acid c2H4o2 0 to +36 7.80307 1651.2 225 
------------------------------~~--_j3~-±lLO ~~~8~07~~14~1~6~.7~--~2~1~1~--------

Acetone c3H6o 7.02447 1161.0 224 

Ammonia NH3 -83 to +60 7.55466 1002.711 247.885 

Benzene c6H6 6.90565 1211.033 220.790 

Carbon tetrachloride CC1 4 6.93390 1242.43 230.0 

Chlorobenzene c6H5Cl 0 to +42 7.10690 1500.0 224.0 
+42 to +230 6.94504 1413.12 216.0 

Chloroform CHC1 3 -30 to +150 6.90328 1163.03 227.4 

Cyclohexane c6H12 -50 to +200 6.84498 1203.526 222.863 

Ethyl Acetate c4H8o2 -20 to +150 7.09808 1238.71 217.0 

Ethyl alcohol c2H50H 8.04494 1554.3 222.65 

Ethylbenzene c8H10 6.95719 1424.255 213.206 
n-Heptane c7H16 6.90240 1268.115 216.900 

n-Hexane c6H14 6.87776 1171.530 224.366 

Methyl alcohol CH30H -20 to +140 7.87863 1473.11 230.0 

Methyl ethyl ketone 
n-Pentane 
Isopentane 
Styrene 
Toluene 
Water 0 tc;-60 

60 to 150 
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6.97421 1209.6 216 
6.85221 1064.63 232.000 
6.78967 1020.012 233.097 
6.92409 1420.0 206. 
6.95334 1343.943 219.377 
8.10765 1760.286 235.0 
7.96681 1668.21 228.0 
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APPENDIX C 
FACTORS FOR FIXED ROOF TANK CALCULATIONS 

·. 

-153-





CARB REFINERY-PAGE 23 
August, 1989 

FACTORS FOR FIXED ROOF TANK CALCULATIONS 

TABLE C-1 PAINT FACTOR FOR FIXED ROOF TANKS 

Paint factors (FP) 
Tank color Paint condition 

Roof She 11 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 1.44a 
Medium gray Medium gray 1.40 1.58 

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

A FUNCTION OF TANK PAINT COLOR 

Tank Color 

White 
Aluminum 
Gray 
Black 

Average 
Storage Temperature, T5 (°F) 

T *• 0 
~ + 2.5 
!A + 3.5 
rA + 5.0 

* . TA is average amb1ent temperature in degrees farenheit. 

(Compiled from: U.S. EPA, 1985, Comoilat1on of Air Pollutant 
Emission Factors: Volume 1 Stationary Point and Area Sources. AP-42, 
4th Edition, September). 
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TABLE 4.3-4. SEAL RELATED FACTORS FOR FLOATING ROOF TANKSa 

Tank and seal .type 

External floating roof tanksb 

Metallic shoe seal 
Primary seal only 
With shoe mounted secondary seal 
With rim mounted secondary seal 

Liquid mounted resilient seal 
Primary seal only 
With weather shield 
With rim mounted secondary seal 

Vapor mounted resilient seal 
Primary seal only 
With weather shield 
With rim mounted secondary seal 

Internal flo~ting roof tanksd 

Liquid mounted resilient seal 
Primary seal only e With rim mounted secondary seal 

Vapor mounted resilient seal 
Primary seal only e With rim mounted secondary seal 

Welded Tank 

1.2 
0.8 
0.2 

1.1 
0.8 
0.7 

1.2 
0.9 
0.2 

3.0 
1.6 

6.7 
2.5 

n 

1.5 
1.2 
1.0 

1.0 
0.9 
0.4 

2.3 
2.2 
2.6 

0 
0 

0 
0 

Riveted Tank 

1.3 
1.4 
0.2 

NAc 
NA 
NA 

NA 
NA 
NA 

NA 
NA 

NA 
NA 

n 

1.5 
1.2 
1.6 

NA 
NA 
NA 

NA 
NA 
NA 

·NA 
NA 

NA 
NA 

aBased 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 8uring develop-

bment of the correlation. 
Reference 5. 
~A = Not Applicable. 
!{eference 6. 
elf tank specific information is not available about the secondary 
seal on an internal floating roof tank, then assume only a primary 
seal is present. 

Evaporation Loss Sources . 4.3-17 
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TABLE D-1, AVERAGE FUGITIVE EMISSION FACTORS FOR XHE 
SYNTHETIC ORGANIC CHEMICALS MANUFACTURING INDUSTRY (SOCMI) 

Fugitive-emission source 

Pump seals 

Light liquids 
Heavy liquids 

Valves (in-line) 

Gas 
Light liquid 
Heavy Liquid 

Gas safety-relief valves 

Open-en_ded 1 i nes 

Flanges 

Sampling connections 

Compressor seals 

Emission factor (lb/hr) 

0.11 
0.047 

0.012 
0.016 
0.00051 

0.23 

0.0037 

0.0018 

0.033 

0.55 

aEmisston 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 psta at 100°F • 

Compiled from: U.S. EPA, 1987, Estimating Releases and Waste Treatment 
Efficiencies for tho Toxic Chemical Release Inventory Form. EPA-560/4-88-
002, December). 
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TABLE D-2. LEAKING AND NONLEAKING AVERAGE FUGITIVE EMISSION FACTORS 'OR 
THE SYNTHETIC ORGANIC CHEMICALS MANUFACTURING INDUSTRY (SOCMI) 

Fugitive­
emission source 

Pump seals 

Light liquids 
Heavy liquids 

Valves (in-line) 

Gas 
Light liquid 
Heavy liquid 

Gas safety-relief 
valves 

Open-ended lines 

Flanges 

Compressor seals 

LeaKing (>10,000 ppm) NonleaKing (10,000 ppm) 
emission factor {lb/hr) emission factor {lb/hr) 

0.96 
0.85 

0.099 
0.19 
0.00051 

3.72 

0.0263 

0.083 

3.54 

0.026 
0.030 

0.0011 
0.0038 
0.00051 

0.098 

0.0033 

0.00013 

0.20 

aEmission 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, Estimating Releases and Waste Treatment 
Efficiencies fgr the !gxic Chemical Release Inventory Fgrm. EPA-560/4-88-
002, December·. ) 
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TABLE D-3. STRATIFIED EMISSION FACTORS FOR EQUIPMENT LEAKS 
(lcg/hr/source) 

Source Service 

Emission Factors {kg/hr/source) for 
Screening Value Ranges. corny 

0 - 1,000 1,001 - 10,000 Over 10,000 

Compressor seals Gas/vapor 0.01132 

0.00198 
0.00380 

0.264 

0.0335 
0.0926 

1.608 

0.437 
0.3885 

Pump seals light liquid 
Heavy liquid 

_______ Y~ves Gas/va or 
light liquid 
Heavy liquid 

Flanges, connections All 

Pressure relief devices Gas/vapor 

Open-ended lines All 

0.00014 
0.00028 
0.00023 

0.00002 

0.0114 

0.00013 

0.00165 
0.00963 
0.00023 

0.00875 

0.279 

0.00876 

0.0451 
0.0852 
0.00023 

0.0375 

1.691 

0.01195 

Source: Chemical Manufacturers Association, 1989, Imoroy1ng Air Quality: 

Note: 

Gyjdance for Estimating Eyg1t1ye Emjssjons from Equipment 

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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Pollutant 

A••onta 

Benzene 

Benzene 

TABLE D-4 EMISSION FACTORS FOR TOXIC AIR POLLUTANTS 

Praceaa 

Petrol•u• refinery 

Raclprocatlng co•pr111or 
.englnu 

fluidized catalytic cracking 
unit 

fluidized catalytic cracking 
unit 

Petroleu• refinery 

Without cracklng/refor•lng 
(fugltlvu) 
Fixed roof, working loaa 

Fixed roof, breathing 1011 

Petroleu• refinery with 
catolytlc/refor•lng 

Aro•otlca Rhenlfor•er. 

-160-

E•laalon Factor 

3 
3.2 kg/1888 • goa burned 

3 . 
8.155 kg/• freah feed 

Negligible 

1.72 lb/ton total HC 

1.2 •g/yeor tank of gaaollne 

1.85 •g/year tan• of goeollne 

7.2 lb/ton total HC 
(fugltlv .. ) 

1.8125 lb/day flange 

REF'INERY- PAGE 29 

Not oa 

Uncontrolled 

Controll ed by ESP 
and CO boller 

Aeeu•e• benzene Ia 
1.1381 of total HC 
Baeed on ter•lnal 
with 151, Ill 
litera/day and four 
atorage tanka for 
gaaolln e . 
Baaed on ter•lnal 
WIth 151,111 
litera/day and four 
atoroye tonka for 
gaaol ne 
Aaau••• fugltlvea 
are 1.381 benzene 

Radian foetor for 
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(TABLE D-4 CONTD.) 

Chroalua 

Ooeollne Frootlonotlnt 
Unit. 

Crude etorage/handllng 
Refinery operation• 
Gaeollne aarketlng 

F~occulatlon Suape/Tanke 

API Separation Effluent 
Channel• and Pond• 
(Uncovered) 

Covered API Separator• 

Dleeolved-Air Flotation 
(D-A-F) UnIt 

Freeh water utility coollnt 
tower. 

8.8825 lb/doy fl~nge 

-J 
4.7 x 18 lb/1~88 gal crude 
1.11 lb/1888 gal crude 
1.184 lb/1888 g I gaeollne 
8.8884 lb VOC/1888 gal 
woetewater I 

8 , 
1.4 lb VOC/18 gallon• 
waetewater 

8 4.5 lb VOC/18 gollon• 
waetewoter 
1.184 lb/1888 gallon• 
woetewoter 

Drift lo11 range of 1.1 to 1.21 
(fraction of recirculating water 
ealtted by deelgn ae draft) 

2.5 pg/J 
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Flongee oeeualng 
751 ealulon 
reduction due to 
Rule 488.1 

Aeeuae 851 cover 
efficiency 

Factor• expreeeed 
ae weight of 
pollutant per 
theraal energy 
Input to the plant 
aeeoclated with 
the cooling tower. 
Eahelone 
expreeeed ae total 
chroalua. 
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(TABLE D-4 CONTD.) 

For•aldehyde 

(SOURCES : 1 . 
2. 

3. 

Drift 1011 rant• of 1.112 to 
1.111ss 

Petroleu• refining 
FCC genuator 

Movlftg bed (TCC) generator 

Fluid Coker burner 

u.s. EPA. nee. 

-1 ' . 

REFINERY- PAGE 31 

1.81 P.t/J 

2.2 kg/1888 bbl fre1h feed Controlled 
(Derived fro• ••leelon teet with CO 

data for total aldehydee) boller/ESP 

1.8 kg/1888 bbl freeh feed 

8.54 kg/1888 bbl freeh feed 

Controlled 
I th CO 

bolter/ESP 

Controlled 
wl th CO 
bolhr/ESP 
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\0 

PHYSICAL PROPERTIES OF TYPICAL OHGANiiC LIQUJUS a - TABLE 4.3-2. : ... ("") 

CD C::t:. 
lA - - ·=-'---=-j- =: =---:::·:.... .. <-:l :o 

- . c ~0 
Vl 

Conde:~sed ct 
Vapor Product vapor 

110lecular density (d), density (w), T · · 
vetaht lb/aal lb/aal -· -- · - - ·..!:~~ ~~~~ l!!~~ur~_!.!! E.!!~!~ :. ____ . \ !) 

b -- - -. l ·) 
Ora.anic liquid • 6o•r ~ 60°F ~ 60°F 40°F 50°f 60~f 70°f 80°f 90°f 100°F ':"l I ---·- -· - ~- ----r-- - -·-·- -·- - ·-

Petroleu• Liquldsc 
Gasoline RVP 13 62 ~ . 6 4.9 4 . 7 5.7 6 .9 8.3 9. 9 I I . 1 13 .8 
Guollne RVP 10 66 ~ . 6 ~ . I ] .4 4.2 

I 

6 .2 7.4 8 8 5 . ~ 10 .5 
Gasoline RVP 7 68 ~.6 . ~.2 2.3 2.9 J .S 4.3 5 .2 6. 2 7.4 
Crude oil RVP S so 7. 1 4 . ~ 1.8 2. 3 28 3. 4 4.0 4.8 5. 7 
Jet naphtha (JP-4) 80 6 . 4 ~ . 4 0.8 1.0 .. ~ 1.6 1.9 2.4 2. 1 

I 
ts1 Jet •erosene lJO 7. 0 6 . I 0 .0041 0.0060 0.0085 0 .011 0 .015 0 .021 0 .029 
< D .. tlllate f11el no . 2 130 7. I 6 . 1 0 .0031 0 .0045 o.

1
bo74 0 .0090 0.012 0.016 0. 022 

I» ., Residual oil no . 6 190 7.9 6.4 0 .00002 0 .00003 '(""' 0 .00006 0 .00009 0 .000 I) 0 .000 1'1 
0 

"" Volatile Oraanlc Liquids I» ,. Acetone ~8 6 .6 6 .6 1.7 2.2 3. 7 4 . 7 5 . 9 1. ] .... 2.9 
0 Acrylonitrile S3 6 .1 6.1 0 .8 1.0 114 1.8 2. 4 ) . I 4.0 
1:1 Benzene 78 7.4 7.4 0 .6 0 .9 d 2 1.5 2.0 2.6 3. 3 
t"'4 Carbon diaulfide 76 10 .6 10.6 ] .0 3.9 418 6.0 7. 4 9.2 II . 2 
0 Carbon tetrachloride JS4 11 .4 13.4 0.8 1.1 ll 4 1.8 2. 3 3.0 ].8 

...... en 
0"1 fll 

~ [I) 
Chlorofor. 119 12 .S 12.~ I.S 1.9 21' 5 

) . 2 4. I 5 .2 6 . 3 
I 0 Cyclohe .. ne 84 6 .S 6.S 0. 7 0.9 1. 2 1.6 2. I 2.6 ).2 

c: 1,2-Dichloroelhane 99 10 .5 IO.S 0 .6 0 .8 J,. O 1.4 1.7 2.2 2.8 ., 
Ethyl acetate Ill 7.6 7.6 0.6 0 . 11 tj.t I . 5 1.9 2.5 3.2 n 

rt !thyl alcohol 46 6.6 6.6 0 . 2 0 .4 
l 6 

0 .9 1.2 1.7 2. 3 
fll 

Isopropyl al cohol 60 6. 6 6 . 6 0 .2 0 . ] 0 .6 0 . 1 0 .9 I . J 1. 8 
ttethyl alcohol 32 6.6 6 .6 0 . 7 1.0 i . 4 2 . 0 2.6 3.5 4. 5 
ttethyleae chloride as II. I II. I ) . 1 4 . ] $ . 4 6.8 8.7 10 . ) 1) . 3 ;a 

IT1 
Kethylethyl •etoae 72 6.7 6 . 7 0. 7 0 .9 i. 2 1.5 2 . I 2.7 ) .3 , 

I ...... 
Hethyl.ethacrylate 100 7. 9 7. 9 0.1 o.z 0 . 3 0.6 0 .8 1. 1 1.4 . .,.. 

I 1"11 

1,1,1-Trlchloroethane 11.2 11 . 2 I . 2 4. 2 ;~ 
Ill 0.9 ~ . 6 2.0 2.6 ) . ) -< 

Trichloroethylene Ill 12.3 12.3 0 .5 0 . 7 0 . 9 1. 2 1.5 2.0 2.0 I 

Toluene 92 7.3 7.3 0 . 2 0 . 2 0 . 3 0. 4 0 .6 0.8 1.0 '"0 
~ 

a vtnylacetale .. , 1.11 1.11 0 . 1 --· ~ - - - - r: - _ -~ '- 2 . 3 J . I 4.0 C> 

·· - -- · - · -- -- --·- - - - - 1"11 

bleference1 3-4 . Lv 
cror • .ore coaprehen11ve llstlna of vol1ttle ora•nlc llqulda, 1ee Referenc~ 3. Lv 

~ IVP = leld vapor presaure in pal• . . 
w 
I 

" 
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TABLE 4.3-5. AVERAGE CLINGAGE FACTORS (C) (bbl/1,000 ft 2 )
8 

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 

a 
bReference 5. 
If no specific information is available, these values can be assumed 
to represent the most ·coDDon 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 FLOATING 

ROOF TANKS WITH COLUMN SUPPORTED FIXED ROOFSa 

Tank diameter range 
D (ft) 

0 < D ~ 85 
85 < D ~ 100 

100 < D ~ 120 
120 < D ~ 135 
135 < D ~ 150 

150 < D ~ 170 
170 < D ~ 190 
190 < D ~ 220 
220 < D ~ 235 
235 < D ~ 270 

270 < D S 275 
275 < D ~ 290 
290 < D ~ 330 
330 < D ~ 360 
360 < D ~ 400 

Typical number 
of columns, NC 

1 
6 
7 
8 
9 

16 
19 
22 
31 
37 

43 
49 
61 
71 
81 

~eference 1. This table was derived fro• a survey 
of users and unufacturera. 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. 

EMISSION FACTORS 
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The saturation factor. s. represents the expelled 
to saturation. and it accounts for the variations 
from the different unloading and loading methods. 
saturation factors. 

vapor's fractional approach 
observed in emission rates 

Table 4.4-1 lists suggested 

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

Cargo carrier 

Tank trucks and 
rail tank cars 

Marine vesselsa 

Mode of operation 

Submerged loading of a clean 
cargo tank 

Submerged loading: dedicated 

S factor 

0.50 

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 

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 otl. 

Emissions from controlled loading operations can be calculated by aulti­
plying the unco_ntro\led emission rate calculated in Equation 1 by the control 
efficiency term: 

(1 - 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 

4.4-6 EMISSION FACTORS 
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TABLE 4.4-2. VOLATILE ORGANIC COMPOUND EMISSION FACTORS FOR 
GASOLINE LOADING OPERATIONS AT MARINE TERMINALSa 

Veual 
tank 

coad1t1on 

Uac.leaaed 

lallaated 

Cleaned 

Cae-freld 

Al:ly coa-
dition 

Gee-freed 

Typical 
overall 
aitv.atioaf 

Previoua 
ear co 

Volat1lec 

Volatile 

Volatile 

Vol.atile 

Nonvolatile 

Any carco 

I.Ay car10 

Total oraaaic ·~•aioa factor• 

Shipe/ocaan barceeb Jarceab 
.. /liter lb/10 3 cal q/liter lb/10 3 &al 

traaaferred treoeferred traaaferred traaaferrld 

Jl5 2.6 465 3.9 

205 1.7 d d 

180 1.5 e • 
85 0.7 e • 
85 0.7 e e 

e e 245 2.0 

215 1.8 410 3.4 

el.eferenc•• 2, 8. Facton repreeent non•thane-nonethaae VOC: e~aaiona becaaae 
.. thaae and ethaae have beea fouad to coaatitute a n11lil~ble veiaht fraction of 
the evaporative ..taaioaa fra. paol1ae. 

boceaa baraea (tank ca.part .. at depth about 40 feet) eshibit e•1aa1oa levela ai~lar 
to taak ahipa. Sh~low draft barl•• (ca.part .. at depth 10 to 12 feat) exhibit 
hilber e-'ea1on lavale. 

OVolatile car&o•• are tho•• with • true vapor preeaure rr••c•r than 1.5 paia. 
daaq .. are aot uav.ally ballaated. · 
'Unna1lable. 
faaMCl oa obaarvat1oa that 41% of taeted a hip ~rt•au nre unc.lealled, 11% 
ballaated, 24% claned, aDd 24% 111-frnd. ror baqea, 76% ver• ua.:l .. ned. 

TABLE 4.4..;3. AVERAGE ARRIVAL EMISSION FACTORS, CA• FOR CRUDE 
OIL LOADING EMISSION EQUATION• 

Ship/ocean barge Previous Arrival eadssion 
tank condition cargo factor, lb/10 3 gal 

Uncleaned VolatUeb 0.86 

Ballasted Volatile 0.46 

Cleaned or 
gaa-freed Volatile 0.33 

Ally condition Nonvol at 11 e 0.33 

8 Arrival eaissioa factors (CA) to be added to generated eaisaion 
factors c:alc:ulated in Equation 3 to produce total crude oil 
loading loss. These factors represent total organic compounds; 
aonaethane-nonethane VOC emission factors average about 15% lover. 

bVolatile cargoes are thoa~ with a true vapor pres1ure greater 
than 1.5 pda. 

9/85 Evaporation Loss Sources 
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TABLE 4.3-1. PAINT FACTORS FOR FIXED ROOF TANKSa 

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 1.44b 

Medium gray Medium gray 1.40 1.58b 

a bReference 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 

-169-



REFI~fRY-PAGE 39 

~-~ .-3 
130~ --3 
t2D ~ 

..3 -
2 

:::::1 
no -9 

2 ~ 
:::::1 

1 tOO.....§ 

.. J 3 = 
I 

3 ; · 

• 90 ~ ... -
! I i vi 

• § 
I 

I I •-3 ~ 

= 
II: 

I - I 
i I -70-§ Ill .. 

I 
0 

• ~ a 
> :; 

7 I 10 
.,-; 0 - Ill -- 5 

I 
3 ·-= = 
= I "'3 

11 -~ ~ 
30 

2D 

10 

0 

FiRure 4.3-5. True vapor pressure (P) of crude oils (2-15 psi RVP). 6 
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Figure 4.3-ri. True vapor presure (P) of refined petroleum liquids 
like gasoline and napththas (1-20 psi RVP). 6 
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TABU A-4. AVERAGE AMMUA1. AMBIEMT TEMPERATURE (T 1 , •f) FOtt SELECTED 
U.S. LOCATIONS 

II,..IIMJfl•, At 1. 
~?sville, Ala. 

62.0 StaciiLT'afl, C.tit. 61.1 

"*"•· Ate. ...._,.,_., t, All. 

eo.e AI now, Colo. at .z 
17.5 CotOf"'MO s.t'i"9s, Colo. ce.t 

Mcftoreg., Alaaaul 
_._, Den,.,., Colo. 50.3 
35.3 Cr•• .1~1on, Colo. 52.7 

~t'te, . A Iaska 
a.rro., A I askl 

~s.• ""'-'io, Colo. 52.1 

ler1'er Island, Alasaa 
Bett-.1, Alas&• 
a.nta, Alasaa 

t. t .. ,._. '. eon... ''·' 
'·' Hw"tfor•, Caft11. •9.1 

21.. •• l•i*J"'ft, 0.1. , •• 0 
2t .z ...... , O.C • .OUIIes AirPOrt 5l.t 

lit 0.11'1, Alaske 27.. ....,_, O.C.-Hiffonal Alrton 57.5 
Col4t a.n, Alaska l7.t ~alldticota, Fte. u.z 
Falf"Nnks, AIISkl 23.9 0eyt0ftl 8eecft, F Ia. 70.3 
$MIIt.IM, Alaska 21.5 F~ ..,_.,, Fie. .ad 

-------.... - "=---, A-1-ask:-------~36~.6~------~Qa~I~"~'"*;"~I~•;·;F~t~a~. ;---~---61_. 
June., Alulita 40.0 J.atsowi II•, Fla. A";·tt-----
ICIIMJ Sateen, Alaska 32.1 ec.ty ._1', Fla. n.7 
l{odl•, Alaska 40.7 Ml•i, Fla. "·7 
ICotzetMae, Alasaa 20.t Orla..-, Fta. 72.& 
M!:$r.,.,., Alaska 25.0 Peftsac:ola, Fla. u.o 
*-t, Alaska 25.5 Tat 111\as ... , Fla. 
St. Peul Island, Alaska )l.l T ..... Fla. 
TaiU.tlta, AI e.-a 32.6 Yero IMcft, Fla. 
U..lllkl .. 1', AluU 215.& 1les1' hi• S.ecft, Fla. 
Yal_,, Alaska ll.l AtMa, '-· 

Tlkwtn, AI aska 31.6 A1'1 .. h, ;., 
''ICJI1'•ff, A~lz. a.& Augvsta, ;.. 
...._.,., Ariz. 71.2 Col.,._, 1:1. 
T-=-, Ar; z. 11.0 Macaft, Qa, 
Vlaslo., Artz. S&.t s.v ... , Ga. 

,_,Ariz. 
Fort S.itta, Ariz. 
Little ~. Art. 
Mlrttt &.I t'tle fb:k, ~. 
llkerstle&•, C.lif. 

....... C.llf. 
llwCMyon, C.lif. 
e ....... c.ttt. 
,,...., C.tlf. 
L-t a..c:t.. C. lit. 

laa Aagetn, Clllf.-
t .,.,..n 1Oft II A i rDCC"t 

L• Migeles, Cll if. 
-..t Sqs1'a, C. I If. 
~ lluff, Cllif. 
Sac:i l"tO, Cllif. 

S. Diego, C.llt. 
S.. '"•ncisco, C.lif.--

1•1'Wfta1' ion a I A i r~'t 
S... Frencisco, Cat it.~ity 
S.'ta Bar bar I, C. I f f • 
S.ta Mlrl 1 , Cit i t • 

73.1 
10.1 

"·' 11.7 

"·' 
"·' so.• 
52.0 
62.6 
o.t 
a.• 
65.1 ... , 
62.t 
60.1 

63.1 

"·' 
56.1 
51.9 

"·' 

Hlto, Hewei i 

~····· Hfteii ~lei. Hewei; 
LIIMie, Hewaii 
loiN, IMIIO .... . .,.. ,...,. 
~Ito, IOeftO 
C.lro, 111. . 
0' ..... AI rooM, QaiCigO, Ill, 
MoiiM, Ill, 

.-.rl•, Ill,-

Rock~. '''· s.t'l .. fleld, Ill, 
Ew•wille, lllcl, ,ort ...,.., lltd, 

lft41-..ol is, Incl. 
~ .. lanG, inG. 
Des -i...S, IO.a 
~.Iowa 
s ion ti ty, 1 o.a 

•et.-tao, lowt 
Concarfil, K•IIS. 
~City, KAns. 
Goocllano, KAlis. r.-.. uns. 

(5ource: ~. S •. !PA. 1988, Esticatin2 Air 7oxies :Cissions 

17.2 
72.0 
72.& , ... .1 .. 
61.2 
63.2 
M.l ... , 
a.t 
n.• n.o 
7'5.5 
7'5.2 
51.1 

52.1 .. .. 
59.1 
...2 
&9.S 

50 •• ., .. 
52.6 
55.7 
•9.7 

,2.' 
~-· ••• 7 
... l .... 

from Orga:ic liqu~d Stotagl tankS. f?A-45o/4-32-004 :~tc;er) 
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TABLE A-6. AVERAGE ANNUAL WIND SPEED (v, mi/h) FOR SELECTED U.S. 

Blr.ingh .. , Ale. 
Huntsville, Ale. 
~II•, Ale. 
MonT~, Ale. 
AncftOrege, Alaska 

Anne1'te, A I aska 
S.N'Oif, A I ask a 
Bal"'ter Alaska 
Bettie 1 , A 1 aske 
Be1'1'1 H, A 1 ask a 

Big Delta, Alaska 
Gold Bay, Alaska 
Fal~nks, Alaska 
G4.11kane, Alaska 
~. Alaska 

Juneau, Alaska 
King Sal-on, Alaska 
Kodiak, Alaska 
KoTzeoue , A 1 aska 
14cGra1'h , A 1 aska 

te.e, Alaska 
St. Paul Island, Alaska 
Talk .. Tna, Alaska 
Veldez, Alaska 
TIKU1'at, AlaSka 

Fl~att, Ariz. 
Ptloeftlx, Ariz. 
Tucaan, Ariz. 
Mlqlo., Ariz. 
1'~, Ariz. 

Fort S.lttl, Al"k. 
Li1'1'1e Rock, Al"k. 
Bakersf leld, C. I if. 
81 ue Canyon, C. I If. 
Eur.a.a, C. II f. 

Frnno, Calif. 
Long Beac:tl , Ca I I f • 
Los Angeles, C. II f.-

1 nternaT I onal A 11"110f'1' 
Los Angeles, C.llf. 
Mauat Shas~a. C.llf. 

O..Ciand, Calif. 
Red Bluff, Calif. 
s.c:r ..... to, Ca II f. 
Sa Diego, Calif. 
s. Fl"anciiCO, Calif.-

' niWnat I onat A I .-perf' 

San Francisco, Callf.-cl'ty 
Santa Marla, Calif. 
Stoc:aton , Ca I I f • 
ColoradO Sp.-lngs, Colo. 
Denver, Co I o. 

7.3 
8.1 
9.0 
6.1 
6.8 

10.6 
11 .a 
13.2 
12.8 
6.7 

8.2 
16.9 
5.4 
6.8 
7.2 

8.4 
10.7 
10.6 
13.0 
5. I 

10.7 
18.3 
4.5 
6.0 
7.4 

7.3 
6.3 
8.2 
1.9 
7.8 

7.6 
8.0 
6.4 
7.7 
6.1 

6.4 
6.4 
7.5 

6.2 
5.1 

1.2 
8.6 
1.1 
6.1 

10.5 

1.7 
7.0 
7.5 

10.1 
1.1 

LOCATIONS 

A·Jl 
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Grand JuncTion, Colo. 
Pu.Oio, Colo. 
Bridge~. Conn. 
Har1'f0f"'d, Conn. 
WI l• ing1'on, 0.1. 

wash., D.C.-Dulles Airoor"t 
Wash. O.C.-NaTional AirPQI"1' 
Apalacnicola, Fla. 
Oa~ona Beach , F 1 a. 
For1' Nyers, F I a. 

Jacksonvill•, Fla. 
Key WesT, Fla. 
Nl•i, Fla. 
Or-lando, F 1 a. 
Pensacola, Fla. 

Tallahassee, Fla. 
T-oa, Fla. 
WesT Pal• Beacn, Fla. 
Athens, Ga. 
AtlanTa, Ga. 

Auqueta, Ga. 
Cotuaaus, Ga. 
Nacon, ~. 
Savannah, Ga. 
Hllo, Hawaii 

Honolulu, Hewell 
Kahu I u I , Hewei 1. 
Lihue, Hewell 
BoiM, Idaho 
Pacatal I 0, I dafto 

C.l.-o, Ill. 
O.lcago, Ill. 
Moline, Ill. 
P.orla, 111. 
Rockford, 111. 

Springfield, 111. 
Evansville, Ind. 
Fort Wayne, Ind. 
lndlanaDOIII, Ind. 
Sou1'tl Bend, Ind. 

Des Maines, lo.a 
Sioux Cl'ty, Iowa 
Waterloo, Iowa 
Concordia, Kans. 
Dodge Cl 'ty, Kens. 

Good land, Kans. 
Tocaetca, Kens. 
Mldllta, Kans. 
Cinclnna~l, Ky.--AirPGrt 
Jac:a.on, Ky. 

Lexln~, Ky. 
Louisvi lie, Ky. 
laton Rouge, La. 
Llll• Chart .. , La. 
New Orlean•, La. 

8.t 
8.7 

12.0 
8.5 
9.2 

7.5 
9.3 
7.9 
8.8 
8.2 

8.2 
11 .2 
9.2 
8.6 
8.4 

6.5 
8.6 
9.5 
7.4 
9.1 

6.5 
6.7 
7.7 
7.9 
7.1 

11.6 
12.1 
11.9 
1.9 

10.2 

1.5 
10.3 
10.0 
10.1 
9.9 

11.3 
8.2 

10.2 
9.6 

10.4 

10.9 
11.0 
10.7 
12.3 
1].9 

12.6 
10.2 
12.4 
9.1 
7.0 

9.5 
1.3 
7.7 
1.7 
1.2 

(con+ 1 nuid) 
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EMISSION ESTIMATION TECHNIQUE: PERCHLOROETHYLENE PRODUCTION 





I. INTRODUCTION 

PERCHLOROETHYLENE PRODUCTION 
EMISSION ESTIMATION TECHNIQUE {EET) 

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 
-------+-..~...--~rt~O"e"ttry1 ene, tetn~trlor'Ol!tlnm , o PC • p-£Rc-1 iael a a~--------

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 

Purified 
Technical 
USP. 
Spectrometric 

Dry Cleaning 
Techni.cal 
Industrial 
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 Trichloroethylene•, 
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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III. 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 

------c=-r-u ...... _e_a_n-.--fl na pro Cf uc t: s orage t: a rf~Stfrr-ottier em1 rr1 on origtnate f''"r--om------
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, Vinylidene 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 

Chlorine 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 revhed 
draft report, •Locating and Estimating Ai r Emissions from Sources of 
Perchloroethylene and Trichloroethylene•, April 4, 1989, emissions from 

-177-



CAAB PERC - Page 4 
August, 1989 

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. All control efficiencies and emission factors 
proposed to be used in emissions calculations by a facility operator must be 
justified 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 D21 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 Jest Methods. Volume III: Methods for 
Determining Em1ssjons of Toxic Air Contaminants from Stationary Sources, 
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/Mg* • 9.07 x 103 kg PERC 

9.07 x 103 kg X 2.205 lb/kg 2 19,999 or 2 x 104 lb 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. amp-let~lcutllti"on-Us·ing--An-Em·i u -ion-F-at-tor'----------------

Calculate annual carbon tetrachloride emissions from hex waste handling 
and disposal if annual carbon tetrachloride production is 30,000 Mg/yr: 

Uncontrolled Emissions 

3 X 104 Mg X 4.6 X 10-3 kg/Mg** • 138 kg 

138 kg ·x 2.205 lb/kg • 304 

or 300 lb CC1 4 (uncontrolled} 

Controlled Emissions 

*•• 300 lb x ( 1 - .99 ) • 3 lb Ctl4 (controlled) 

•• Assume emi.ssion factor used (4.6 x 10-3 kilogram of carbon 
tetrachloride emitted per megagram of carbon tetrachloride 
produced} has been determined to be reliable and a~plicable 
for the specific conditions in the facility. 

••• The control efficiency of the vapor balance system and 
refrigerated condenser for hex waste handling and disposal 
is 99 percent. 

-179-



CARS PERC - Page 6 
August, 1989 

APPENDICES 

APPENDIX A. Controlled and Uncontrolled Emission Factor Ranges for the 
Release of Perchloroethylene From Perchloroethylene 
Production by Hydrocarbon Chlorinolysis 

APPENDIX B. Emission Factors for the Release of Carbon Tetrachloride 
From Perchloroethylene and Carbon Tetrachloride Production 
by Hydrocarbon Chlorinolysis 

APPENDIX C. 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 E•laalon Factor Rangel for the Relea t e of Perchloroethylene 
Fro• Perchloroethylene Production by Hydrocarbon Chjorlnalyala 

Subatance oaalble Control S Reduction 1 Emlaelon Factor Ronae 

Proceaa Fugltlvee 

Storage Tanke 

PE~C 

PERC 

I a M Progra• 

Internal floating 
Roofa: Refrigerated 
Condenaar Syat•• 

0.41 - 60 Mg/yr 

0.013 - 0.69 kg/Mg 

Proc••• Vente PERC 

PERC 

s 'crubbtn -5 
< 4 x 10 - 0.20 kg/Mg 

Handling Sub•arged fill Pipe 
Technology 

e.0J - 0.89 kg/Mg 

Equlp••nt Openlnga PERC Purging/lathing/ 
Cleaning Prior to 
Opanlnga 

-5 
8 X 10 - 0.054 kg/Mg 

2 
Secondary PERC Stea• Stripping/ 

Incineration 

-J 2.5 x 10 - 0.013 kg/Mg 

1 

2 

E•laalon factor• In ter•• of kg/Mg refer to kllogro•• of PERC ••ltted p~ r •egagra• of PERC production 
capacity. The ••lealon factor range• were token fro• Table 7 of the EP~ revleed draft report •Locating 
and Eatl•atlng Air E•laalona fro• Sourcea of Perchloroethylene and Trlc~ loroethylene•, April 4, 1988. 
The rang•• were baaed on ••les i on factora ca l culated for five facllltle~ In 1983, and reflect •••••lone 
fro• both uncontrolled and controlled sources. E•lsalon factor rongea jglven are for guidance only. The 
facility operator auat default to the hlth en~ of a rang• unl••• he/the con juatlfy otherwl•• to the 
Dlatrlot. 

Secondary ••ltelona reault fro• handling and dlepoeol of proce•• waete jllqulda, fro• hex waete e fro • the 
PERC distillation colu•n, and fro• the wasta cauetlc fro• the couetlc • ~ rubber. 
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APPENDIX 8 

E•leelon Factor• for the Releaee of Carbon Tetrachloride (CT) 
Fro• Perchloroethylene and Carbon Tetrachloride Production by Hydrocarbon Chlorlnoly•t• 

E•h•lon Source Subetance 

Proc••• Fugitive• CT 

Storage 

Crude Tank CT 

CT Tank CT 

Dl•tlllatlon Colu•n CT 

Handling CT 

Secondary CT 

Hex Waete Handling 
and Dlepoeal and laete 
Hydrocarbon Storage 

laete Cauetlc 

Poeelble Control 

Quar hr I y 1/M of 
Pu•p• and Valve• 

Monthly 1/M of 
Pu•p• and Valve• 

s 
Reduction 

48 

G4 

1 Emle•lon factor 
Uncontrolled Controlled 

1.5 kg/hr 0.78 kg/hr 

1. 5 kg/hr 0.54 kg/hr 

Monthly 1/M of 73 1.5 kg/hr 
Volvee: double •echanlcal 

0.41 kg/hr 

••ale on pu•p•: rupture dlek• 
on relief valve• 

2 Refr lgerated 
Condeneer 

2 Refrigerated 
Condeneer 

Refrlgeroted2 

Condeneer 

Vapor Balance a 
Refrigerated 
Condeneer 
Sha• StrIpper 

87 

85 

85 

It 

88 

8.888 kg/Mg 8.813 kg/Mg 

8.58 kg/Mg 8.887 kg/Mg 

8.888 kg/Mg 

1.24 ltg/Mg 8.838 kg/Mg 

-l 4.8 X 18 kg/Mg -5 4.8 X 18 kg/Mg 

-3 2.8 X 18 kg/Mg -4 1.2 X 18 kg/Mg 

1 E•leelon factor• In ter•• of kg/Mg refer to kllogro•• of carbon tetrachloride e•ltted per •egogra• of 
carbon tetrachloride produced. The e•leelon factor• were token fro• Table 2 of the EPA report •Locating 
and Eetl•atlng Air E•leelone Fro• Source• of Carbon Tetrachloride•. March 1984. The ••letlon f actor• are 
for a hypothetical facility with a total production capacity of 88.888 Mg ' and o product •lx of 
37.5 percent carbon tetrachloride and 12.5 percent perchloroe~hylene. Any given facility •oy vary In 
configuration and level of control fro• thle hypothetical facility. 

2 For refrigerated condeneere. re•oval efficiency I• baaed on a condenter operating te•perature of 
0 0 0 

-15 C and uncontrolled ••letlon te•p•roturee of 28 C for product etorage and handling. and of JS C for 
crude etorage. Greater re•ovol efficiency con be achieved by uelng lower operating temperature•. 
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APPENDIX C 

E•leelon Factor• for the Releaee of Ethylene Dichloride, Vlnylld ~ne Chloride, Chlorofor•, 
Hydrogen Chloride, and Chlorine fro• Perchloroethylene Production ~Y Hydrocarbon Chlorlnolyal• 

E•l••lon Source Subetonce Poealble Control 

Hex laete Handling 

Hex laete Handling 

laet•water 
Stripper 

Entire Proceee, 
By-Product HCL 
Manufacturing 

Entire Proce•• 

Ethylene 
Dlchlorld• 

Vlnylldene 
Chloride 

Chlorofor• 

Hydrogen 
Chloride 

Chlorine 

Vapor Balance 
Syet .. /Carbon 
Adeorptlon 

Vapor Balance 
Syete•/Carbon 
Adaorptlon 

Condenaere 

Uncertain 

I 
Reduction 

88 

88 

E111l11lon 
Uneontroll ~ d 

8.828 kg/M J PERC t 
carbon tet j produced 

8.813 kg/M 
carbon tet 

PERC 1: 
produced 

1 Foetor. 
Controlled 

-4 2.8 x 18 kg/Mg PERC t 
carbon tet. produced 

-4 
1.3 x 18 kg/Mg PERC t 
carbon tet~ produced 

8 - a.s lb a/ton 
by-product / acid produced 

Baeed on t r ••• and •a•• balance 

1 E•lealon factor• are fro• EPA'a •roxie Air Pollutant E•leelon Factor•-t A Co•pllatlon for Selected Air 
Toxic Co•pounde and Sourcee•, October 1888. Ealeelon factor• for ethy •n• dichloride and vlnylldene 
chlorld• are baeed on a hypothetical facility producing ~8.888 Mg/yr P RC and 38,888 Mg/yr carbon 
t•trachlorlde. 
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I. INTRODUCTION 

SMELTER/FOUNDRY-PAGE 1 

SECONDARY SMELTER AND FOUNDRY 
EMISSION ESTIMATION TECHNIQUE (EET) 

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 

------------~~a~1~or_n_1~a--n as no pr1mary sme ers, t 1s repor ocuses 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 ~ 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. 

Hydrometallurgtcal 

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. 

Smelting/Melting 

Charging 

The scrap metal is fed into the furnace. The load added 
constitutes a charge. 

Batch Processing 

Scrap ts fed into the furnace continuously. 

Smelting/Melting 

The charge is heated to 1 molten metal. 

Backchargtng 

More metal and posstb~ alloys or fluxes are added to the 
furnace. 

-186-



CARS SMELTER/FOUNDRY-PAGE 3 
August, 1989 

Fluxing 

A mineral is added to a charge to promote the fusion of metals or 
prevent the formation of oxid~s. 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. 
Air or oxygen may be blown through to adjust the composition of the 
charge. 

Skinning 

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 
1-s-)- toatta:ill- t lle comp s rt , on of- t e 

Refining 

(two or more 

The content of molten metal is adjusted to attain a specified 
composition. Alloys and other chemicals may be used to treat the 
meta 1. 

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 ~et 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 Emjssjons factors and Emjssjon Source Information· for Primary and 
Secondary Cooper 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 molten 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. 

Cructble 

A crucible is a refractory vessel or pot made of graphite or 
porcelain. An indirect-fired furnace, I crustble is0used 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-fired furnace which are used for 
metals with melting points not above 800°C (14006F). These furnaces 
may be cylindrical or rectangular, and consist of an outer shell lined 

-188-



CARB SMELTER/FOUNDRY-PAGE 5 
August, 1989 

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. 

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 

---------..n-ar·ge-t-crthe-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 
used to blend pure aluminum and hardening agents to produce hardened 
aluminum. 

III. 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, stor.ing, 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 opeiations, large, coarse particles are emitted when burrs 
and other unwanted appe·ndages are removed. 

IV. CONTROL DEVICES 

In g·eneral. 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 Estimating Releases and Waste Treatment 
Efficiencies for the Toxic Chemical Release inventory Form.) 

Air pollution control equipment includ.es 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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Then.al 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 conmonly 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 exhaust 
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 Tories "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 
and output streams of a chemical in a whole process or subprocess. 
procedure is useful for estimating emissions when release data has 
measured but input and output streams have been either measured or 
estimated. 

all input 
This 

not been 

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. 

Example Using A Moss Balance 
A company processes 1000 tons of secondary iron scrap per year 

containing 11 by weight of the listed toxic substance manganese. The 
company annually produces 600 tons of a cast iron product containing .51 by 
weight of manganese from the scrap. 375 tons of sold waste is produced 
annually, containing 1.51, by weight, of manganese. Quantify the emissions 
of manganese. 

Consider the quantities of manganese tn 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 

------+-tte- nurnoe mar omll:-a1-at1fd or est1matea~blirt1\e most accurate mernoa-----­
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 lb of lead (Appendix A, Table 
7) emitted per ton of scrap processed so that: · 

100,000 tons metal processed 0.29 lb of lead 29,000 lb lead 
--~~~~~-------------------- X -----·-·------ • ----------------

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, w~ich 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. 

Example Usjng Emission Factors With Specjes Profiles 

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 lb 
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 98.51 (Appendix A, Table 
4) such that: · 

Uncontrolled emissions 

13 lb PM 
5,000 tons metal processed X ------------------- • 65,000 lb PM 

ton metal processed 

Controlled Emissions (Baghouse) 

65,000 lb PM X (1-.985) • 975.00 lb PM 

Listed substances to be included for the Air Toxics •Hot Spots• Information 
and Assessment Act· of 1987 include the following: 

Compound 
Chlorine 
Manganese 
Nickel 
Copper 
Zinc 
Lead 

I of PM 
1.850 
8.700 
0.700 

.280 
1.2 

.760 

Annual Emissions 
To Be Reported (Jb) 

18.04 
84.83 
6.83 
2.73 

11.70 
7.41 

Fugitive emissions may be estimated by using appropriate emission factors, 
especially for estimating releases from leaks in pipes and vessels. 

EN&INEERIN& CALCULATIONS 

Engineering 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. 

_____ Ef!U_S.s.IOtL_C_ONIROLD.E.Y.ItLE.lliCIEHC......,..._ ________________ _ 

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: 

Where: 

x.- x 
Efficiency • --1---~- X 100 

X; 

x1 is the mass of 'Pollutant X' flowing into the control device 
per period of time. 

X 1s the mass of 'Pollutant x• flowing out of the control device 
0 per period of time. 

A measurement or test, a mass balance calculation, or a 
combination of the two 1s the preferred bas is 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 8 contains species profiles of 
particulate matter (U.S. EPA, 1988b). 

Table 1 
Table 2 
Table 3 
Table 4 
Table 5 

Table 6 
Table 7 
Table 8 

APPENDIX A 

Secondary Aluminum Smelters 
Gray Iron Foundry 
Stee 1 Foundries . 
Steel Foundries (Control Efficiencies) 
Secondary Copper Smelting and Alloying (Brass & Bronze 
Foundry) 
Copper Smelting and Alloying 
Secondary Lead Smelting 
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 

Operation 

Sweating Furnace 
Smelting Furnace 
-Crucible 
-Reverberatory 

Chlorine Demagging 

GRAY IRON FOUNDRY 

Cupola Furnace: 

STEEL FOUNDRIES 

Melting 
-Electric Arc 
-Open Hearth 
-Open Hearth &· 

Total Particulate Matter Emissions 

Uncontrolled Baghouse ESP 
kg/mg lb/ton kg/mg lb/ton kg/mg lb/ton 

7.25 14~5 1.65 3.3 

.95 1.9 
2.15 4.3 .65 1.3 .65 
500 1000 25 50 

TABJrZ 

Total Particulate Matter (PM) Emissions 

Control Deyjce 
Uncontrolled 
Scrubber 
Venturi Scrubber 
Baghouse 
Single Wet Cap 
Impingement Scrubber 
High Energy Scrubber 

TABLE 3 

Total 
kg/mg 
6.5 
5.6 

PM 
lb/ton 

13 
11 

~ 
6.91 
1.6 
1.5 . 

.3 
4.0 
2.5 
0.4 

lb/ton 
13.8 
3.1 
3.0 

.7 
8.0 
5.0 
0.8 

Nitrogen Oxjdes 
kg/mg lb/ton 
0.1 0.2 
0.005 0.01 

1.3 

oxygen lanced 
-Electric induction 

6 
0.06 

10 
0.1 

TABLE 4 
STEEL FOUNDRIES 

Total Particulate Matter Control Efficiencies 

Control peyjce 
ESP 
Baghouse 
Venturi Scrubber 

Electric Arc 
96.0 
98.6 
96.0 

Open Hearth 
96.7 
99.9 
97.6 

Open-Hearth 
& Lanced 

96.5 
99.0 
96.6 

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) 

TAB LE 5 

SECONDARY COPPER SMELTING AND ALLOYING (BRASS & BRONZE FOUNDRY) 

Control Total PM 
Furnace and charge tyoe Equjpment kg/mg Jb/ton 

Cupola 
-Scrap iron 
-Insulated copper wire 

-Scrap copper and brass 

Reverberatory 
-Copper 

-Brass and bronze 

Rotary 
-Brass and bronze 

Crucible and pot 
-Brass and bronze · 

Electric Arc 
-Copper 

-Brass and bronze 

Electric induction 
-Copper 

-Brass and bro·nze 

COPPER SMELTING AND ALLOYING 

Furnace and charge type 
Reverberatory Furnace 
-High lead alloy {58~ lead) 
-Red/yellow brass {15~ lead} 
-Other a 11 oys { 7~ 1 ead) 

none 0.002 
none 120 
esp 5 
none 35 
ESP 1.2 

none 2.6 
Baghouse 0.2 
none 18 
Baghouse 1.3 

none 150 
ESP 7 

none 11 
ESP 0.5 

none 2.5 
Baghouse 0.5 
None 5.5 
Baghouse 3 

none 3.5 
Baghouse 0.25 
None . 10 
Baghouse 0.35 

TABLE 6 

* Lead 

0.003 
230 
10 
70 
2.4 

5.1 
0.4 
36 
2.6 

300 
13 

21 
1 

5 
1 
11 
6 

7 
0.5 
20 
0.7 

kg/mg Jb/ton 

25 50 
6.6 13.2 
2.5 5.0 

* NOTE: Factors are based on unit weight produced. 
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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 7 

SECONDARY LEAD SMELTING 

I12ta1 eM L~ad 
kg/mg lb/ton kg/mg lb/ton 

Reverberatory 
-Smelting uncontrolled 162 323 32 . 65 
-Smelting controlled 0.50 1.01 

Blast 
-Smelting uncontrolled 153 307 52 104 
- Srmrlt"i n-g-contnr'I~J-e b l-2 -;-c e~--0-.-2-9 

Kettle 
-Refining uncontrolled .02 .03 0.006 .01 
-Refining controlled Neg Neg Neg Neg 

Casting 
-Uncontrolled .oz .04 .007 .01 
-controlled Neg Neg Neg Neg 

TABLE 8 

SECONDARY LEAD SMELTING 

Total Particulate Matter Control Efficiencies 

Control Equipment 
Fabric Filter 

Dry cyclone plus Fabric Filter 
Wet cyclone plus Fabric Filter 
Settling chamber plus dry cyclone 

plus fabric filter 
Venturi scrubber plus demister 

Control 
Furnace T~pe Efficiency S 
Blast 98.4 
Reverberatory 99.2 
Blast 99.0 
Reverberatory 99.7 

Reverberatory 
Blast 
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(Source of information: U.S. EPA, 1988b) 

APPENDIX B 
Table 1 Cast Iron-Cupola Furnace 
Table 2 Steel-Electric Arc Furnace 

TABLE 1 CAST IRON Foundry-CUPOLA Furnace 

Substance %1C 

13 Al Aluminum 1.100 
14 s; Si Hcon 24.000 
16 s Sulphur 2.300 
17 Cl Chlorine 0.890 
19 K Potassium 3.000 
20 Ca Calcium 1.000 
22 Ti Titanium 0.060 
23 v Vanadium 0.009 
24 Cr Chromium 0.052 
25 Mn Manganese 4.500 
26 Fe Iron 15.00 
27 Co Cob a 1t 0.004 
28 Ni Nickel 0.035 
29 Cu Copper 0.260 
30 Zn Zinc 0.830 
33 As Arsenic 0.013 
34 Se Selenium 0.002 
35 Br Bromine 0.009 
37 Rb Rubidium 0.022 
51 Sb Antimony 0.370 
82 Pb Lead 0.230 

TABLE 2 STEEL FOUNDRY-ELECTRIC ARC FURNACE 

S ~· ubstance .!! 

11 Na 
12 Mg 
13 Al 
14 Si 
16 s 
17 Cl 
19 IC 
20 Ca 
22 T1 
23 v 
24 Cr 
25 Mn 
26 Fe 
28 Nt 
29 Cu 
30 Zn 
82 Pb 

Sodium 
Magnesium 
Aluminum 
Silicon . 
Sulphur 
Chlorine 
Potassium 
CalciUII 
Titanium 
Vanadium 
Chromium 
Manganese 
Iron 
Nickel 
Copper 
Zinc 
Lead 

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 

* NOTE: E1pressed 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 tbe 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 "Oil 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 "Oil and Gas 
EET" to estimate their emissions. 

---------fh1!-equ-a-t-ion-s- for-C'a 1-eu-1-a-t · ng--s-t-or.-a-ge- t.-ank m-is-s-ion-s -r e- comp+ex--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 
respective districts to determine the most appropriate approach for their 
facility. 

II. HOW TO LOCATE INFORMATION IN THIS DOCUMENT 

Section II of th;s 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 vari.ables and parameters fac111ty operators may need to use to 
calculate the equations. (Facility 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• 

A. Floating Roof Tank 

Total Emissions 

Standing Loss 

Working Loss 

B. Ejxed Roof Tank 

Total Emissions 

Breathing Loss 

Work. i ng Loss 

Horizontal Tanks 

c. Varjable Vacpr Sooce Tonk 

Total Em iss ions 

Vapor Loss 

D. Bulk Loading 

•Pressure tanks are not discussed 

Equation(s) 
Type 

Detailed 
Alternate 

Oeta iled 
Alternate 

Detailed 
Alternate 

Detailed 
Alternate 

Equation Number 

(1) 

(2) 
(3) 

(4) 
(5) 

(6) 

(7) 
(8) 

(9) 
(10) 

Adapt Fixed Roof Equations see page 

Detailed (11) 
Alternate (12) 

Detailed (13) 
Alternate (14) 

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. Identify parameters to be calculated or determined from tables 

5. Calculate mole fractions in the liquid 

6. Calculate partial pressures and total vapor pressure of the liquid 

7. Calculate mole fractions in the vapor 

8. Calculate molecular weight of the vapor 

9. Calculate weight fractions of the vapor 

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 

Variable or Parameter Equation in EET 

1. Control factor (CONTROL) (15) 

2. Diameter adjustment for small tanks (C) (16) 

3. Mole fraction in liquid (X;) (17) 

4. Mole fraction in vapor (Vi) (18) 

5. Molecular weight in vapor ·(My) {19) 

6. Paint factor (Fp) (See page 24) 

7. Temperature {T) {Table A-4, App. F) 

8. True vapor pressure (P) (20) through (25) 

9. Turnover Factor (~N) (26) 

* 10. Vapor pressure function (P ) (27) 

11. Vapor space height (H) (28) 

12. Weight fraction in vapor (Wt) 1 (29)_ & (30) 

13. Wind Speed (V) (Table A-6, App. F) 

-205-



CARB TANKS--PAGE 5 
AUGUST 1989 

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 Compjlatjon of Air Pollutant -Emjssjon 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: 

LT Ls + Lw (1) 

Where: 

LT ~ Total loss (lbs/yr) 

Ls c Standing storage loss (lbs/yr) 

Lw • Working loss (lbs/yr) 

1. Standing Storage loss From Floating Roof Tanks 

To determine the standing storage 
equation (2) or the alternate equation 

loss, L5, facility operators may use 
(3). 

N • ls • Ks V P 0 My Kc EF (Wt); 

Where: 

ls • Total loss (lbs/yr) 

Ks • Seal factor (lb-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). 

D = Tank diameter (feet) 
Mv = Average molecular weight (lb/lb-mole). (Use Table 

Kc = 
EF = 
(Wt)i = 

4.3-2. Appendix F or Equation (19)). 

Product factor, dimensionless 

Secondary seal factor 
Weight fraction of listed substance i 
(See Equation (29)). 

Alternate Egyation for Standing Storage Loss 

(3) 

Equation (3) is based on Equation (2) and the following assumptions: 

K5 • 0.7 for all seal systems 
V • 10.6 mi/hr (or use Table 6). 

N • Exponent 0.4 for all seal systems 

Mv • 60 lb/lb-mole 

Kc • 1.0 

EF • 1.0 

* p • P;/Ptatal (See Equation (27)). 

Ptatal • 14.71 (psia) 

Wti • 0.001 X; P; (M~ 1 (See Equation (30)). 

2. Working Lass fr~ Floating Roof Tanks 

The working lass from external floating roof and internal floating roof 
tanks can be estimated using Equation {4) OR the alternate equation {5). 
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= {0.943) QCWL X [1 + ~] (Wt)i (4) 

D D 

Where: 

Lw ~ Working loss {lb/yr) 

0.943 is a constant which has the dimensions of {1000 ft3 x gal/bb1 2 ) 

Q = Throughput {bbl/year) (tank capacity [bbl] times annual 
turnover rate) 

C ~ Shell clingage factor {bbl/1,000 ft 2). 
(See Table 4;3-5, Appendix F). 

WL z Average or~anic liquid density {lb/gal) (See Table 4.3-2, 
-------------- ----~---Appendix-~}-. --------------------------------------------

Nc = Number of columns. dimensionless (See Table 4.3-G, 
Appendix F). 

D = Tank diameter {ft) 

F • Effective column diameter (ft) [ column perimeter (ft)/n] 

(Wt)i • Weight fraction of listed substance (See Equation (29)) 

Alternate Eguatjon for Working Loss 

(5) 

D 

Equation (5) is derived from Equation (4) based on the following 
assumptions: 

Where: 

c • 1.0 

8.3 lbs/gal 

F • Tank diameter, D in feet, can be used for the alternate 
equation 

0.001 XiP;(Mw) 1 (See Equation (30)) 

B. Estimation of Em1sstons from F1xed 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 

-208-



CAAB TANKS--PAGE 8 
AUGUST 1989 

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 = L8 + Lw 

Where: 

LT = Total loss 

LB = Breathing loss 

Lw = Working loss 

(6) 

If the tank is vented to a vapor recovery system, the operator 
mult.iplies 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 99l control). 

1. Calcylating Breathing Loss from a Fixed Roof Tank 

L8 • 0.0226 x My (pA~-p-) 0 · 68 x o1·73x H0·51x ~y0 • 50 x FpCKc (Wt) 1 (7) 

Where: 

L8 • Breathing loss (lbs/yr) 

My • Molecular weight of vapor in storage tank, lb/lb-mole 
(See Equation (19)) 

PA • Average atmospheric pressure at tank location, psia 

P • True vapor pressure at bulk liquid conditions, ps~a (See 
Equations (21) through (26)) 

D • Tank diameter, ft 

H • Average vapor space height, including roof volume 
correction, ft (See Equation (28)) 

~T • 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);= Weight fraction of substance i (See Equation (29)) 

Alternate EQuation for Breathing Loss 

Ls = 0.27( P )0.68 ol.73 (H).51 <Xs> P. (Mw). (B) 
14.7-P . 1 1 

Equation (8) can be derived from Equation (7) with the following 
assumptions: 

Where: 

Mv = 60 lb/lb-mole 

PA = 14.7 psia 

H = 0.5 (h) (h = height of the tank). 

~T • 25 °F 

Fp .. 1.6 

c = 1 

Kc = 1 

2. Calculating Working losses from o Fixed Roof Tank 

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

Lw • 2.40 x 10-5 My P Q KN Kc (Wt); (9) 

Where: 

Lw •. Fixed roof working loss (lbs/year) 

My • Molecular weight of vapor in storage tank (lb/lb-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) 

Total throughpyt per year (gal) 
Tank capacity, Y (gal) 
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KN • Turnover factor, dimensionless (See Fi~ure 4.3-7, 
Appendix For Equation (26)). 

Kc = product factor, dimensionless 

(Wt)i= Weight fraction of substance i. (See Equation (2!)). 

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 reflected in the working· loss equation. Thus, 
the resulting working loss equation can be expressed as follows: 

-5 Lw = 2.40 x 10 My P Q KNKC (CONTROL) (Wt)i (9a) 

Alternative Eguatjon for Working Loss 

Lw • 1.44 x l0-6P1(Mw)iQXi(Control) P (10) 

Equation (10) can be obtained from Equation (9) based on the following 
assumptions: 

• 

"c = 
{Wt)i• 

KN • 1 

60 1 b/1 b-mo 1 e 

1 

0.001 x1P1{Mw)i {See Equation {29)). 

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. 

Assumption-s: 

(a) 

{b) 

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. 

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)0•5 • 

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 10-5) MyP [(Q ) - (0.25 V1N2)] 

v 
Where: 

( 11) 

Lv 

My 

p = 

= 

= 

Variable vapor space filling loss (lb/103 gal throughput) 

Molecular weight of vapor in storage tank {lb/lb-mole) 

True vapor pressure at bulk liquid conditions (psia) (See 
Equations (20 through 25)). 

Q = Volume of liquid pumped into system, throughput (bbl) 

v1 = Volume expansion capacity of system (bbl) 

v = Tank volume 

N2 = Number of transfers 'into system (dimensionless) 

Alternate Eguation for Variable Soace Tanks 

Lv = o.oo14 P (Q - o.125 N2) (12) 

Equation (12) can be derived from Equation (11) with the following 
assumptions: 

My = 60 lb/lb-mole 

V1/V • 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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• 523.32 ~ (1.00 - ~.) (Wt)i 
T 100 

(13) 

Where: 

LL • Loading loss {lb HC/1000 bbl. loaded) 

S = Saturation factor (EPA AP-42, Table 4.4-1 in Appendix F) 

P = Vapor pressure, psia 

M = Molecular weight of condensed vapors (lb/lb-mole) 

T = Loading temperature, 0 R (°F + 460) 

eff. = Typical control efficiency (~) 
99~ - vapor recovery to fuel gas system 
92~ - vapor recovery to recovery ·unit 
0 - uncontrolled 

(Wt);• Weight fraction of the listed substance (See Equation (29)) 

Alternate Eguatjon for Bulk Storage Tanks 

Ll • 0.056 P ·X; P;(Mw);{l.OO - ~·) (14} 

Equation {14) can be derived from Equation {13) with the following 
assumptions: 

s • 1.0 

My • 60 lb/lb-mole 

Tl • 530 

(Wt);• 0.001 XiP 1{Mw)i (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 AS 2588. 

Efficiency is expressed as a percentage: 

Efficiency = Mi - M0 

Mi 

Where: 

X 100 
(15) 

Mass of 'Toxic Pollutant' flowing into the control device 
per period of time 

M = 0 
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) 1 (Diameter) - (0.0013) x (Diameter) 2 - 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, x1• of each substance equals the liquid mole fraction, 

x1, times the vapor pressure of the pure substance, P1• 

X; • _!j_ 
Py 

The liquid phase mole fractions sum is 1.00. · 
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Mole F~action in Vapor 

The mole fraction of a substance in a vapor phase (Y;) is based on the 
partial pressure the substance exerts: 

Where: 

(18) 

ppartial Pure vapor pressure x mole fraction of liquid 
(Rauolt's Law) 

P; • Vapor pressure of pure component, i 

X; • Mole fraction of component, 

n • Total components in vapor 

Molecular. Weight in Vapor 

The molecular weight of the vapor (My) is dependent upon the mole 
fractions of the substance in the vapor: 

• E (Mw) i(Y ); (19) 

The molecular weight of the vapor cari 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 co~dition 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 

-------4-IR 1'1 o rw-i--s-euou. pet-r-o 1 eum-l-i.q.u .. tds..-~tumer.: ·..ca_U,y be_c_e.lation.s.h..ip_b..e tw.ee .. L.._._._ ___ _ 

RVP, and temperature is expressed in the following equations: 

p = (RVP) e[CQ(IRTEMP - !TEMP)] (20) 

Where: 

c0 = constant dependent upon the value of RVP 

!TEMP D (1/560 °R) (21) 

IRTEMP • [1/(Ts + 460° R)] (22) 

T5 • temp,rature of the stored fluid in Fahrenheit 

The value of the constant term c0 depends upon the given value of RVP. 
Values of c0 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, correction 
factors (CF) were developed and. should be added to the calculated val~es 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, 

CF = (0.04) x (RVP) + 0.1 {24) 

If RVP > 3, 

CF = e[(2.3452061 1og10 (RVP)) - 4.132622] (25) 

Turnover Pressure Function 

KN = 180 + N if N is greater than 36 (26) 

6N 

KN • 1 if N is equal to or less that 36 

N • number of turnovers 

Vapor Pressure Function 

* p .. P I P (27) 

[1 + (1-P/Pa)0.5 ] 2 

Where: 

P • True vapor pressure at average actual organic liquid 
storage temperature (ps1a) 

Pa • 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 (Wti) of each component in a fluid mixture is 

the unit weight of that component divided by the totaJ unit weight of the 
mixture. 

(Wt)i • 

~ (Mw);(Y ); 

Where · Yi c Vapor-phase mole fraction of specific 
substance (lb/lb-mole) 

For alternate equations, use the following: 

then (Wt) 1 • X1 !f 
Py 

assume: 
Py • 14.7 

(Mw)1 
(Mw)Total 
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(Mw)Total• 60 lb/lb-mole 

then (Wt);= 0.001 X; P; (Mw); 
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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. 

Substance Formula 

Acetaldehyde 

Acetic Acid c2H4o2 
Acetone c3H60 

Ammonia RH3 

Benzene c6H6 

Carbon tetrachloride cc1 4 

Chlorobenzene c6H5Cl 

Chloroform CHC1 3 
Cyclohexane c6H12 
Ethyl Acetate c4H8o2 
Ethyl alcohol c2H50H 

Ethylbenzene c8H10 n-Heptane c7H16 

n-Hexane c6H14 

Methyl alcohol CH30H 

Methyl ethyl ketone 
n-Pentane 
Isopentane 
Styrene 
Toluene 
Water 

* p in nm Hg ; T in °C 

Range, C A B 

-45 to +70 6.81089 992.0 

0 to +36 7.80307 1651.2 
+36 to +170 7.18807 1416.7 

7. 02447 1161.0 

6.90565 1211.033 

6.93390 1242.43 

0 to +42 7.10690 1500.0 
+42 to +230 6.94504 1413.12 
-30 to +150 6.90328 1163.03 

-60 to +200 6.84498 1203.526 

-20 to +150 7.09808 1238.71 

8.04494 1554.3 

6.96719 1424.255 
6.90240 1268.115 

6.87776 1171.530 

-20 to +140 7.87863 1473.11 

6.97421 1209.6 
6.85221 1064.63 
6.78967 1020.012 
6.92409 1420.0 

o to6o 
60 to 150 
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6.95334 1343.943 
8.10765 1750.286 
7.96681 1668.21 

c 

230 

225 
211 
224 

220.790 

230.0 

224.0 
216.0 
227.4 

222.863 

217.0 

222.65 

213.206 
216.900 

224.366 

230.0 

216 
232.000 
233.097 
206. 
219.377 
235.0 
228.0 
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FACTORS FOR CRUDE OIL STORAGE TANK CALCULATIONS 

-224-





CARB TANKS-PAGE 24 
August, 1989 

FACTORS 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} 1te r.cn 1~rs· 

White Aluminum (specular) 1.16 1.24 
A 1 uminum (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 1.44a 
Medium gray Medium gray 1.40 1.58 

aEstimated from the ratios of the seven .Preceding paint factors. 

• 

TABLE C-2. AVERAGE STORAGE TEMPERATURE (Ts) AS 

Tank Color 

White 
Aluminum 
Gray 
Black 

A FUNCTION OF TANK PAINT COLOR 

Average 
Storage Temperature, Ts (°F) 

TA is average ambient temperature in degrees farenheit. 

(Compiled from: U.S. EPA, 1985, Compilation of Air Pollutant Emjssjon 
Factors: Volume 1 Stationary Point and Area Sources. AP-42, 4th Edition, 
September). 
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TABLE C-3 VALUES OF Ce FOR DIFFERENT RVP NUMBERS 

RVP ___t0 __ 

O<RVP<2 
2<RVP<3 
RVP s 3 
3<RVP<4 
RVP = 4 
4<RVP<5 
RVP = 5 
5<RVP<6 
RVP :c: 6 
6<RVP<7 
RVP • 7 
7<RVP<8 
RVP = 8 
8<RVP<9 
RVP = 9 
9<RVP<10 
RVP • 10 
10<RVP<15 
RVP > 15 

-226-

-6622.5 
-6439.2 
-6255.9 
-6212.1 
-6169.2 
-6177.9 
-6186.5 
-6220.4 
-6254.3 
-6182.1 
-6109.8 
-6238.9 
-6367.9 
-6417.5 
-6587.9 
-6910.5 
-7234.0 
-8178.0 
-9123.2 
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TABLE C-4 CONTROL FACTORS 

TANK 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 con ro s 

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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\0 - TABLE 4.3-2. PHYSICAL -PROPERTIES OF TYPICAL ORGANIC /LJQUJDSa CD 

"" -- F :-==·_:_:_-=:=: -- :..~-· - · .. ~ . ·: · ... ·-- ~ . - --- . - . . . 
Condensed 

Vapor Product vapor 
•olecular density (d), density (w), True vapo~essure in psia at: weiaht lb/aal lb/aal 

_____ ,. _ 

Oraanic liquidb lil 6o•r · ~ 6o•r lil 6o•r t.o•r 50°F 60°F 1 70°F 80°F 90°F J00°F 
-·---------

Petroleu. Liquidac 
Caaoline RVP 13 62 5 .6 4.9 lt.7 5.7 6.9 8.3 9.9 11.7 13 .8 
Caaoline RVP 10 66 5.6 S .I 3.4 - 4.2 5.2 6 .2 7.4 8.8 10 .5 
Gaaolfne RVP 7 68 5.6 5.2 2.3 2.9 3.5 4.3 5.2 6 . 2 7 . /t 
Crude oil RVP S so 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 

tw:l Jet kerosene 130 7.0 6. I 0.0041 0.0060 o.ooss 0.011 0.015 0.021 0 . 029 
< Dlattllate fuel no . 2 1)0 7. I 6.1 0.0031 O.OOltS o. oot 4 0.0090 0.012 0 .016 0 .022 OJ 

'tS Residual oil no. 6 190 7.9 6.lt 0.00002 0.00003 0 .00 04 0.00006 0.00009 0.00013 0 .00019 
0 
"1 

Volatile Oraanic Liquid• OJ ,.. 
Acetone 58 6.6 6.6 1.7 2.2 2.9 3.7 4. 7 5 . 9 7. 3 .... 

0 Acrylonitrile 53 6 .8 6.8 0.8 1.0 1.4 1.8 2.4 3. I 4.0 
c:s Benzene 78 7.4 7.4 0.6 0.9 1.2 1.5 2.0 2.6 3.] 
~ Carbon diaulfide 76 10.6 10.6 3.0 3.9 lt.8 . 6.0 7.lt 9.2 11.2 
0 Carbon tetrachloride 154 13.4 13.4 0.8 
(I) 

I. I 1.4 1.8 2.3 3.0 ) .8 
(I) 

en Chlorofor. 119 12 .5 12.5 1.5 1.9 2.5 3.2 4.1 5.2 6 . ) 
0 Cyclohexene 14 6.5 6.5 0.7 0 .9 1.2 1.6 2.1 2.6 3. 2 

-= 1,2-Dichloroethene 99 10 .5 10.5 0.6 0.8 1.0 1.4 1.7 2.2 2.8 , 
Ethyhcetlte sa 7.6 7.6 0.6 o.a I. I 1.5 1.9 2.5 3.2 n 

II Ethyl alcohol 46 6 .6 6.6 0.2 0.4 0.6 0.9 1.2 1.7 2.3 
(I) 

hopropyl alcohol 60 6.6 6.6 0.2 0.3 0. ~ 0.1 0.9 1.3 1.8 ~ 
tlethyl alcohol 32 6.6 6.6 0. 7 1.0 I. 2.0 2.6 3.5 4.5 ~ Hetbylene chloride 15 I J.l I J.l 3.1 4.3 5. 6.8 8.7 10.) 13.3 
Kethylethyl ketone 72 6.7 6.7 0.7 0.9 1. ~ 1.5 2; I 2.7 3.3 ~ 
Hethyl.ethacrylate 100 7.9 7.9 0.1 0.2 0.] 0.6 0.8 1.1 1.4 I 

J 
-o 
> 

1,1,1-Tricbloroetbane Ill 11.2 11.2 . 0.9 I . 2 1.; 2.0 2.6 ).3 4.2 (i') 

Trichloroethylene Ill 12.3 12.3 0.5 0.7 0 . 1.2 1.5 2.0 2 .0 
I'T1 

Toluene 92 7.] 7.] 0.2 0.2 0 .~ 0.4 0.6 0.8 ).0 N 

Vtnyhcetate ' 16 7.11 7.11 0.1 1.0 I . 3 1.1 2.) 3. I 4.0 
(X) 

---! • bReferencea 3-4. 
cFor a .ore co.prehenaive llatina of volatile oraanlc liquJda, aee Reference 3. 

~ RVP = Reid vapor preaaure In paia. . 
l.o) 
I 
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TABLE 4.3-5. AVERAGE CLINGAGE FACTORS (C) (bbl/1,000 ft 2 )a 

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 

a 
bReference 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 FLOATING 

ROOF TANKS WITH COLUMN SUPPORTED FIXED ROOFS8 

Tank diameter range 
D (ft) 

0 < D :i 85 
85 < D :i 100 

100 < D ~ 120 
120 < D ~ 135 
i35 < D ~ 150 

150 < D ~ 170 
170 < D ~ 190 
190 < D ~ 220 
220 < D ~ 235 
235 < D S 270 

270 < D S 275 
275 < D S 290 
290 < D S 330 
330 < D S 360 
360 < D S 400 

Typical number 
of columns, NC 

1 
6 
7 
8 
9 

16 
19 
22 
31 
37 

43 
49 
61 
71 
81 

8 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 specifications, 
and manufacturing perogatives. Data in this table 
should not supersede information on actual tanks. 

EMISSION FACTORS 
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The saturation factor, S, represents the expelled 
to saturation, and it accounts for the variations 
from the different unloading and loading methods. 
saturation factors. 

vapor's fractional approach 
observed in emission rates 

Table 4.4-1 lists suggested 

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

Cargo carrier 

Tank trucks and 
rail tank cars 

Mode of operation 

Submerged loading of a clean 
cargo tank 

Submerged loading: dedicated 

S factor 

0.50 

---------------------------------------------wo~~!--s~tce .oo-------------------

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 vessel sa Submerged loading: ships 0.2 

Submerged loading: barges 0.5 

af or products other then gasoline and c r ude oil . Use f actors 
from Table 4.4-2 fo~ 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 - .ill.) 
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 

4.4-6 EMISSION FACTORS 

.,..,, _ 
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TABLE 4.4-2. VOLATILE ORGANIC COMPOUND EMISSION FACTORS FOR 
GASOLINE LOADING OPERATIONS AT MARINE TERMINALS 8 

ve .. el 
tank 

condition 

Uncleaned 

Ballasted 

Cleaned 

Gaa-freed 

Any con-
dition 

Gas-freed 

Typical 
overall 
sltuationf 

Previous 
cargo 

Vo1atUeC 

Volatile 

Vol at Ue 

Volatile 

Nonvolatile 

Any cargo 

Any cargo 

TotAl organic emission factors 

Shipa/ocean bargesb Bargeab 
mg/liter lb/10l gal mg/liter lb/10l gal 

transferred tranaferred tranaferred tranaferred 

315 2.6 465 3.9 

205 1. 7 d d 

180 1.5 e e 

85 0.7 e e 

85 0.7 e e 

e e 245 2.0 

215 1.8 410 3.4 

8 References 2, 8. Factors represent nonmethane-nonethane VOC emissions becauae 
methane and ethane have been found to conatitute a negligible weight fraction of 
the evaporative emiaaioaa from gasoline. 

bocean barges (tank compartment depth about 40 feet) exhibit emission levels similar 
to tank ships. Shallow draft barges (compartment depth 10 to 12 feet) exhibit 
higher emiaa1on levels. 

cvolatile cargoes are those with a true vapor preaaure greater than 1.5 paia. 
dsarges are not usually b&llaateci. 
&unavailable. 
fsaaed on obaervatlon that 41% of teated ahip ca.part .. nts were uncleaned, 11% 
b&llaated, 24% cleaned, and 24% gaa-freed. For bargea, 76% vere uncleaned. 

TABLE 4.4-3. AVERAGE ARRIVAL EMISSION FACTORS, CA, FOR CRUDE 
OIL LOADING EMISSION EQUATIONS 

Ship/ocean barge Previous Arrival emission 
tank condition cargo factor, lb/10 3 gal 

Uncleaned Vol at neb 0.86 

Ballasted Volatile 0.46 

Cleaned or 
gas-freed Volatile 0.33 

Any condition Nonvol at 11 e 0.33 

8 Arrival 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. 

bvolatile cargoes are those with a true vapor pressure greater 
than 1.5 psia. 

9/85 Evaporation Loss Sources 4.4-9 
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TABLE 4.3-1. PAINT FACTORS FOR FIXED ROOF TANKSa 

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 

A-luminum ··rrf frrs-e-) A11Dnil'iUlil(1fiT: use) . :f9 I. liE 

White Gray 1.30 1.38 

Light gray Light gray 1.33 1.44b 

Medium gray Medium gray 1.40 1.58b 

a bReference 2. 
Estimated from the ratios of the seven preceding paint factors. 

1.0 
~ ~ 

,.... 
u 
• 0.8 • 0 

t; 
0.6 :: 

" ""' l/ 
v 

II' 

L1 0.4 
~ 

v 
1/ 

en 

~ 0.2 ~' 
/ 

li111 

10 20 30 

TANK DIAMETEll, ft 

Figure 4.3-4. Adjustment factor (C) for small diameter tanks. 2 
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TABLE A-6. AVERAGE ANNUAL WIND SPEED (v, mi/h) FOR SELECTED U.S. 

Blr.ing~ ... Ala. 
Huntsville, Ala. 
Mobf le, Ala. 
Mon'tgc.ery , A I a. 
Ancnorage, A 1 aska 

Anne't'te, A I aska 
Barn:~t~, A I aska 
Bar'ter Alaska 
S.'ttlel , A I aska 
S.t'tles, Alaska 

Big DelTa, Alaska 
Gold Bay, Alaska 
Fairbanks, Alaska 
~fkana, Alaska 
....,., Alaska 

Junen, Alaska 
King Sal.an, Alaska 
Kodiak, Alaska 
Ko'tzeaue, Alaska 
14c:Gra1'ft, A I aska 

te.., Alaska 
St. Paul Island, Alaska 
Talk .. 'tna, Alaska 
ValdeZ, Alaska 
YakutaT, A I Ukl 

Flags'taff, Ariz. 
PhoMII•, Ariz. 
Tuc:aan, Ariz. 
Wlalow, Ariz. 
,. ... , Ariz. 

For1' Sill ttl , Ar-k. 
Ll'ttle Rock, Ar-k. 
Bakersfield, Calif. 
B I ue Canyon, ea I If • 
Eureka, ea I I f • 
Frana, calif. 
Long Beacn , ca 1 If • 
Los Angeln, Callf.-

1 nTer-na't I onal A I~ 
Los Angeles, C. I If. 
Maun't Shes~•. C.llf. 

OM land, C. II f. 
Red Bluff, C.llf. 
Sacr--.nto, C. II f • 
San Diego, C.llf. 
San Francisco, Callf.-

1 nTer-net I onal A I riiOM' 

Sift Francisco, C.llf.-clty 
Senta Marie, Calif. 
StOdr:tan , Ca I If • 
ColoradO Sorlngs, Colo. 
Oeftver, Co I o. 

7.3 
8.1 
9.0 
6.7 
6.8 

10.6 
11.8 
13.2 
12.8 
6.7 

8.2 
16.9 
5.4 
6.8 
7.2 

8.4 
10.7 
10.6 
13.0 
5.1 

10.7 
18 • .3 
4.5 
6.0 
7.4 

7.3 
6.3 
1.2 
1.9 
7.1 

7.6 
8.0 
6.4 
7.7 
6.1 

6.4 
6.4 
7.5 

6.2 
5.1 

1.2 
1.6 
1.1 
6.1 

10.5 

8.7 
7.0 
7,5 

10.1 
8.1 

LOCATIONS 

Grand JuncTion, Colo. 
Pu.Oio, Colo. 
BridgeporT, Conn. 
Har-tford , Conn. 
Wll•ingTon, Del. 

Was~ •• O.C.-Dulles AirDOt'T 
was~. O.C.-NaTional AirporT 
Apalachicola, Fla. 
0ay"tona S.ac~, F 1 a. 
Fort Nyers , F I a • 

Jacksonvi I le, Fla. 
Key WesT , F I a. 
Jo41•i, Fla. 
Orlando, Fla. 
Pensacola, Fla. 

Tallatlass .. , Fla. 
T•oa, Fla. 
WesT Pal• Beach, Fla. 
Athens, Ga. 
ATlanTa, Ga. 

Auque'ta, Ga. 
Co I UIIDUS , Ga. 
Macon, Ga. 
Savannan, Ga. 
Hllo, Hawaii 

Hoftol u I u, Hltwa i i 
Katlu I u I , Hawai i 
Llhua, Hawai 1 
&oiM, ldano 
Paclifwllo, ldafto 

C.lro, 111. 
Clllcago, Ill. 
Moline, 111. 
Peoria, 111. 
Rockford, I II. 

Sor I ngtf el d , I II • 
Evansv i I Ia, 1 nd. 
For1' _,,.,,.., Ind. 
I ndl ana1101 is, Ind. 
Souttl Bend, I net. 

0.. Moina, Iowa 
Sioux City, Iowa 
Water I oo, Iowa 
Concordia, Kans. 
Dodge City, Ken•. 

Goodland, Kans. 
Tapet(a, Kana. 
Wlc:ttl~a, Kans. 
Clncinna~l, Ky.--Ai~DOr't 
JacKson, Ky. 

Lexington, Ky. 
Louisville, Ky. 
&.'toft Rouge, La. 
L.. Cllarles, La. 
Haw Orleans, La. 

8.1 
8.7 

12.0 
8.5 
9.2 

7.5 
9.J 
7.9 
8.8 
8.2 

8.2 
11.2 
9.2 
8.6 
8.4 

6.5 
8.6 
9.5 
7.4 
9.1 

6.5 
6.7 
7.7 
7.9 
7.1 

11.6 
12.1 
11.9 .. , 
10.2 .. , 
10.3 
10.0 
10.1 
9.9 

11.3 
1.2 

10.2 
9.6 

10.4 

10.9 
11.0 
10.7 
12.3 
13.9 

12.6 
10.2 
12.4 
9.1 
7.0 

9.5 
1.3 
7.7 
1.7 
1.2 
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TABLE A-4. AVERAGE ANNUAL AMBIENT TEMPERATURE (T4 , •F) FOR SELECTED 
U.S. LOCATIONS 

Bl,..lngnM, Ala. 62.0 StOCKTon, Calif, 61.6 
Huntsvi lie, Ala. 60.6 Alasosa, Colo. 4t .2 
Mobile, Ala. 67 • .5 ColoradO Springs, Colo. 48.9 
~tgcaery, Ala. 64.9 Denver, Colo. 50.3 
Aftctlorage, Alaska 35 • .3 Gr-and Jynction, Colo. 52.7 

Annet'te, AI aska 45.4 PueOio, Colo. 52.8 
S.rrow, A Iaska 9. I Brl dgepoM', Conn • 51 • 8 
Barter Island, Alaska 9.6 H•rtforG, Conn. 49.8 
S.t"he.l, Alaska 28.4 "'il•ington, Del. 54.0 
S.t'ttes, Alaska 21.2 "as~ .. O.C.-Dulles AirPOrT 53.9 

Big Delta, Alaska 27.4 Wash. O.C.-Natlonat Airport 57.5 
-------CoJ.cLaa_y_,,--'-'Afl a~s~k~aT _____ __;J7. 9 Ao•lach i co 1 a, F I a. 68.2 

Falroenks, Alaska 23-.9--------'Da one Beacn, Fla 70.3 
c;..lkana, Alaska 26 • .5 Fort Myer-s, -laa-;.------~as~~----
~. Alaska 36.6 Gelnsvi lie, Fla. 68..:6 .:... ·---

Juneau, Alaska 
King Salmon, Alaska 
Kocll H , A I ask a 
ICcrtzebue, Alaska 
Mc:Gre1'tl, A 1 aslta 

Nrae, Alaska 
51'. Paul Island, Alaska 
T•lkeetna, Alaska 
Unetaklee1', Alaska 
Valdez, Alaska 

Tlkuta1', Alaska 
Flags1'aff, AI"'IZ. 
Phoenix, Ariz. 
Tucson, Al"'oZ. 
Wfaslow, Ariz. 

v ... , Ariz. 
Fort S.ith, Al"'iZ. 
Litt'le Rock, Ark. 
Narttl Llt1'1e Rock, Ark. 
Bakersfield, Calif. 

Blshocl, Clllf. 
Blue Clnyon, Calif. 
Eurek•, Ca I If • 
Fresno, Cell f. 
L~ Beach, Call f. 

loll Angeles, Clllf .-
htterna't I one I A i roort 

Loa Anqe les, Calif. 
Mount Shasta, Calif. 
Red Bluff, Calif. 
Sacr .. nto, Ca I I f • 

S.a Ofego, Calif. 
San Fl"'ancisco, Cilif.--

lftterna'tlonel Ail"'~r1' 
s.n Francisco, Cal if.--city 
Santa Barbera, Calif. 
Santa Merle, Calif. 

40.0 JackSOftville, Fla. 68.0 
32.8 Key West, Fla. n.7 
40.7 Ml .. i, Fla. 75.7 
20.9 OrlandO, Fla. 72.4 
25.0 Pensacola, Fla. 68.0 

25 • .5 Tallahassee, F Ia. 67.2 
34.3 T.-oe, Fla. 72.0 
32.6 Vero Beach, Fla. 72.4 
26.4 Nest Pat• Beach, Fla. 74.6 
38.3 Athens, Ga. 61.4 

38.6 Atlanta, Ga. 61.2 
45.4 Augusta, Ga. 63.2 
71.2 Coluabus, Ga. M.l 
68.0 Macon·, Ga. M.7 
54.9 S~annah, Ga. 65.9 

73 .. 8 Hllo, HawaiI 73.6 
60.8 Honolulu, Hawei i 77 .o 
61.9 Kahului, Hewei i 75.5 
61.7 Lihue, Ha•aii 75.2 
65.5 Boise, Idaho 51.1 

56.0 L•lstofl, Idaho 52.1 
50.4 Pocatello, Idaho 46.6 
52.0- Cliro, Ill. 59. I 
62.6 O'Har• Airport, Chicago, 111. 49.2 
63.9 flbllne, 111. 49.5 

62.1 Peoria, 111. 50.4 
Rockford, Ill. U .I 

65.3 Sprlngf ield, Ill. 52.6 
49.5 Evanvi lie, Ind. 55.7 
62.9 Fort tfayne , I nd • "9 .1 
60.6 

lftcUanei)OI is, Ind. 52.1 
63.1 SOuth Bend, Ind. •9.4 
56.6 OH Moines, Iowa •9.7 

DuDuque, I o-a 4& .3 
56.1 Sioux City, Iowa "~·' 
58.9 
56.8 Water I oo, 1 ow a 

Concordia, ~ans. 
Dodge City, Kans. 
Goodland, Kans. 
ToPeka, Kans. 

- · • - ~-- ·~- 'T'~v;,.cz f:mi~sions 

46.1 
53.2 

"·' 50.7 
54.1 

(confanuad) 





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 industri~l 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 

--------------s~u~r~a~c~e-=up~o~n~w·n; c coa 1ng 1s app 1ea). s a coa 1ng r 1es so ven s 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 conrnunity. 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 cont~ined 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. 

Facility operators subject to the •Act• -are responsible for reporting 
emissions of all listed substances from their facility. If the Technical 
Gujdance 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-1 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 
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types of surface coating processes occurring in facilities cov~red 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 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
1,4-Dioxane 
Ethylene dichloride 
Glycol Ethers 
Methanol 
Methylene chloride 
Michler•s ketone 

Mineral spirits 
Nitrobenzenes 
2-Nitropropane 
Perchloroethylene 
Phenol 
Toluene 
1,1,1-Trichloroethane 
Trichloroethylene 
Xylenes 

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. 
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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 
________ _,._.d amatic~ than solvents and rna 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 s.imultaneously 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 pa1nt 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. 
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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 nozzle. 

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 coating 
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 coa-tings with a high so 1i ds content. · In addition, the heat created 
by turbine friction may aid in coating atomisation and curing rate. 
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Rollers 

Roller Coating 

COATINGS--PAGE 6 

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 ~hich 
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 coat1ng 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 •ftlm• 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 p1iable surfaces, or when accuracy in coating 
thickness is required such as in the printing industry. 
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III. 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 
un)que 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 

-------aev1ce, r e amoun o lve, rubje·ct-to·-contro+s-, whe-t-ner- o n-o-t- em i-s-s-i-ort---­
controls are i n 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 ~oated 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 w;th the rest emitted in the oven. 

Pressure Sensitive 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. 

Meta 1 Coil Coat tng 

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, 
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reliable m~thods exist. However, the current Emission Inventory Criteria 
and Guidelines Regulation does not reqtiire 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 incomplete, and 
may not break down the coating mixture into all ingredients that are on the 

--------oll.;RB 1-t-st-of-stttts-t-a-n-ce"S-. -rhe-pe-~cen-t;a ges- "Of- t-tte-d i-f-f-er-ent -<la-t-i Fig-------­
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. All 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 Facil .ity 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 ave~age emissions), a facility 
operator needs to quantify, by coating process, each listed coating solvent 
used during ~he 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 Emissions 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 

Where: 

EMS • Annual emission rate of the listed solvent, lbs "A"/yr 
EF = Emission factor, lbs "A"/gal enamel 
APR • Annual process rate, gals enamel used/yr 

EMS • 3.8 lbs "A•Jgal enamel x 11,700 gals enamel used/yr 
• 44,460 lbs solvent •A• emitted per year 

(1) 
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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: 

HEMSmax= HPRmax x D 

Where: 

HEMSmax ~ Maximum hourly emission rate, lbs of solvent/hr 

HPRmax = Maximum hourly process rate, lbs of coating used/hr 

EF c Emission factor, lbs of solvent/gal of enamel 

(2) 

~------==--" 5-ga-1 en-ame-1-trs ert/ h x- 378-tb s--o--1-vent-/-g·a--1-en-ame-1-------

= 95 lbs 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. Samole Calculation For Uncontrolled Emjssjons From A Multj-Solyent 
Coatjng · 

Facility uc• 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 MSOS, pounds of solvent per 100 pounds of 
coating mixture. The coating density value provided by the MSDS i~ 10.2 
pounds per gallon. The total annual usage of this coating by facility •c• 
is 6,100 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 orocess may be determined as follows: 

EMS = F x D x APR 

Where: 

EMS = Annual emission rate. lbs/yr 
F = Fraction of coating that is the listed substance. lb/lb 
0 = Coating density. lbs/gal 
APR = Annual process rate, lbs/yr 

For Mineral Spirits: 

(3) 

EMS = 0.07 lb Mineral Spirits/lb coating x 10.2 lbs coating/gal coatirg 
x 5,100 gals coating used/yr 

= 3,641 pounds Mineral Spirits emitted per year 
. For Naphthalene: 

EMS = 0.157 lb Naphthalene/lb coating x 10.2 lbs 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 = F x 0 x HPRmax 

Where: 

(4) 

HEMS max 

F 

• Maximum hourly listed substance emission rate, lbs/hr 

• Fraction of coating that is the listed substance, lb/lb 
0 • Coating density, lbs/gal 
HPRmax • Maximum hourly process rate, gals/hr 

Mineral spirit emissions: 

HEMSmax • 0.07 lb Mineral Spirits/lb coating 
x 10.2 lbs coating/gal coating x 31 gals coating used/hr 

• 22.1 lbs Mineral Spirits emitted per hour 

Naphthalene emissions: 

HEMSmax • 0.157 lb Naphthalene/lb coating 
x 10.2 lbs coating/gal coating x 31 gals coating used/hr 

• 49.6 lbs 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 .. Estimating Emissions Of Added Solvent--Multi-Solvent. Uncontrolled 

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 0· 

Where: 

EMS = Annual emission rate of added solvent, lbs/yr 
EF = Emission factor, gals of added solvent/gal of enamel 
PR = Annual process rate, gals enamel used/yr 
D = Thinning solvent density, lbs thinner/gal thinner 

(5) 

EMS = 1 gal/2 gals x 5,100 gals enamel/yr x J.32 lbs thin/gal thin 
= 18,666 pounds thinning solvent emitted per year 

B, Maximum Hourly Emissions 

Estimate the maximum amount of added thinning solvent used (emitted) per 
hour as follows: 

HEMSmax = EF x HPRmax x 0 

Where: 

= Maximum hourly thinner emission rate, lbs/hr 

(6) 

HEMS max 

EF 
HPRmax 

• Emission factor--added thinner to coating ratio, gals/gal 
• Maximum hourly process rate, gals coating/hr 

D • Thinning agent density, lbs/gal 

HEMSmax = 1 gal thinner/2 gals ctg x 31 gals/hr x 7.36 lbs/gal 

• 14.1 pounds of thinner emitted per hour 
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Typical overall coating densities given in EPA's AP-42a: 

Type of Coatjng * Densjty (Jbs/gal) 

Enamel, air dry * 7.6 
Enamel, baking * 9.1 
Acrylic enamel * 8.9 

Alkyd enamel * 8.0 
Primer surfacer * 9.4 

Primer, epoxy * 10.5 
Varnish, baking * 6.6 

Lacquer, spraying * 7.9 
Vinyl, roller coat * 7.7 

Polyurethane * 9.2 
Stain * 7.3 

Sealer * 7.0 
Magnet wire enamel * 7.8 

Paper coating * 7.7 
Fabric coating * 7.7 

a The average density values given by Compilation of Ajr Pollutant Emjssjoo 
Factors Volume I, EPA AP-42 should only be used if an actual coating density 
value is unavailable. 

,.,~., 
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?urface Coat i ng Emiss i ons Worksheet 

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 multiply i ng t he worksheet values by the applicable control 
efficiencies. Fi l l out a seoarate worksheet fo r each type of coating used . 

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 coat i-n-g- ma-y- c ont-a-i n--mor-e- t-h a n- o ne- 1-4-s ted- su-bs ta~c (__s O-Lv..e ni.-)_, ____ _ 
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 ~Wt 

(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: 

%Wt • IVol x Solvent density x (1/Coating density) 

,.,1:11 
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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 (lbs/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 Operat;ng Cond;t;ons 

(E-1) a (A/100) X 8 X D 

Maximum Solvent Emitted Per Hour 

(E-2) = (A/100) X C x D 
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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 

-------t e ac n 1 y opera or, ana- r e J s r-rncat1orrnnrstDTCi tlRI. 

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 
justify all control efficiency estimates used to estimate emissions. 

The preferred method for estimating control eff.iciency 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 ~he greater the percentage of coating landing on the 
substrate rather than the surrounding ~rea. (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 dev·ices. 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. 
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Abbrev;at;ons Used In The Calculat;ons 

Abbreyjatjon Meaning 

appl = Applied 
ctg = Coating 

effy = Efficiency 
emit = Emitted 
gal = Gallon 
hr = Hour 
lb = Pound 

solv = Solvent 
wt = Weight 

:(wt = Percent Weight 
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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. 

Application Area Solvent Emjssjons 

(A) Estimated TEc,d = lbs solids applied/lb coating used 

(B) Maximum pounds coating used per hour = lbs/hr 

(C) Solvent densitye = lbs solvent/gal solvent 

(D) Percent weight of solvente = ___ (%), lbs solvent/lb coating 

------{ EJ- Percent e-tg-h o s--o-1-i-d = too- -- Pe-r-C'ent--we-;-g­
= 100 - D 
= (%), lbs solids/lb coating 

(F) Max pounds solids = [(1-TE) - (%Wt of solvent)] x Max pounds ctg used 
n21 appl substrate 100 hour 
per hour 

F = [{1 - A) - D/100] x B 
F = max lbs solids used, but n2t applied 

per hour 

(G) Max pounds solv not ~ Pounds solid not x (~Wt solvent I %Wt solids) 
appl to substrate appl to substrate 
per hour 

G • F x (D I E) 
G • max lbs solv used, n21 applied per hour 

(H) Appl area solve • ____ (~), lbs solv controlled/lb solv thru device 
control effy 

(I) Max pounds solv -= Pounds solv ruU. x (1 - Acpl area soly control effy) 
emit from appl appl to substrate 100 
area per hour 

I • G x (1 - H/100) 
I -= max lbs solv emit from appl area per hour 

c pr~vide justification 

d TE may only be a factor in this calculation when the coating that is used, 
but not applied to the substrate is ng1 subject to controls. 

e from MSDS or Specifications Sheet 
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Flasboff Area Solvent Emissjonsf 

(J) Capture effyc = ____ (~), lb solv in oven/lb solv leaving appl area 

(K) Max pounds = 
solv emit 
from flashoff 
area per hour 

[{Max lbs ctg x %Wt solv) - lbs solv] x (1-Capture effy) 
used per hr 100 not appl 100 

substrate 

K = [(B x D/100) - G] x (1 - J/100) 
K = ____ ,max lbs solv emit from flashoff area per hour 

c 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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(L) Maximum pounds solv used per hour = --------~max lbs solv/hr 

(M) Oven solv control effyc= ________ (%), lb solv destroyed/lb solv into oven 

(N) Max pounds solv = Max total lbs - lbs solv not appl - lbs solv emit 
i~to oven/hour solv used/hr to substrate/h~ flashoff area/hr 

N = L - G - K 
N = max lbs solv entering oven/hr 

(0) Pounds solv emit = lbs $olv into x (1 - Oyen control effy) 
from oven per hr oven per hour 100 

0 = N x (1 - M/100) 
0 = max lbs solv emitted from ovenihr 

(P) Total solv emit =Pounds solv emit from (application + flashoff +oven) 

P = I + K + 0 
P = max lbs solv emit per hour 

c provide justification 



CARB COATINGS--PAGE 24 
AUGUST 1989 

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. 
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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 Tcixic "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 

----------~t~u~ ~~e_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 process~s 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~mill 
systems and for outside power sales to electrical uti l ity compantes. 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 (t•- 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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A. 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 o~en design, in which 
the wood combust ion occurs in a 1refractory 1 ined 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. 

B. 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 
sawmn 1 locations.. The larger power generating boilers wi 11 often 
operate a truek 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 

----------'--o_ag_gJ.omer:at · ar:td _ak.e it easier to hand 1 e.. Those bo i 1 er 
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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III. POTENTIAL SOURCES OF TOXIC AIR EMISSIONS 

A. Boiler Exhaust Stack 

The boiler's main exhaust stack will be the point of most major air 
pollutant and air toxic emissions. Particulates will be released 
from this stack, which may contain metals, TCODs, 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. 

B. Fugitive Emiss·ions 

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 problems. 

Ash Handling and Disposal 

Ash particles from the parti·culate 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. 

C. 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 wat~r 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. 

IV. AIR EMISSION CONTROL EQUIPMENT 

A. 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 ~oiler 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 1n 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 

-------------7e=x "'"'e=n::-:;;s::-:::1-:-:v=e·...-y~,::-:n~ lie urn er fncffistr y or par i c 1 ua t e co ec or s uri ng 
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 be.low 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 cQmparable 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 
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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. EMIS.SION 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 almost 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. Sma 11 boilers wi 11. 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. 
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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, like 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. 

B. 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 taxies 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 
emhsion factors .• 
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APPENDIX 

A. Bojler Sjzjng Diagram 

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 
DRYWOOD ... 

1.7X1 0
6 

BTU/HR 
... DUST 

0.1 TON/HR 
... 

CCllECTORS 
464 DSCFM 

0.10 GRIDSCF 
.. 

33 HP @12%002 = 
ASH ASH 0.4 LB/HR (P ,, , 

B. Sample Calculatjon ProcedUres 

Estimate fuel feed rate f~r a boiler producing 85,000 pounds of steam per 
hour used for driving an electrical generator. 

(85,000 lb steam)/(1,000 lb steam) x (1,000 lb steam per 0.1 ton fuel)• ~ 
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 co2? 

(85,000 lb)/(1,000 lb) x (0.07 gr/dscf)/(0.10 gr/dscf) x (0.4 lb/hr) • 23.8 
lb/hr 

What is the stack flow rate in dry standard cubic meters per hour for this 
boiler. 

(85,000 lb/1,000 lb) x (464dscf/min) x (O.OZ83dscm/dscf) x 
(60min/hr) = 67.000 dry standard cybjc meters cer hour 
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C. Air Ioxjc Emjssjon Calculation Procedure 

Perform source tests as required to obtain representative values for 
concentrations of air toxic emissions in stack gases or use accepted 
emission factors. 

METAL 

_____ _.B._.,e'-'-r.}'ll i urn 

Cadmium 

Chromium 

Copper 

Lead 

Manganese 

Mercury 

Selenium 

PARTICULATE METALS 

PM CONTENT• 
(ug/g) 

STACK PM RATE 
{lb/hr) 

----- X ----- = 

X = 

X-----= 

----- X ----- • 

----- X -----

--.....,...-- X ----- • 

_____ x ----- • 

----- X ----- • 

----- X ----- • 

----- X ----- • 

----- X ----- • 

METAL EMISSION 
RATE (1 b/hr) 

--- X 10-6 

X 10-6 

--- X 10-6 

--- X 10-6 

X 10-6 

X 10-6 

--- X 10-6 

--- X 10-6 

___ x 10-6 

---X 10-6 

___ x 10-6 

• NOTE: PM CONTENT refers to the metal concentration in the particulate 
matter sample collected .from the boiler stack. 

COMPOUND 

Formaldehyde 

Benzene 

CONCENTRATION 
ug/dscm 

Total Chlor Org. __ _ 

MISCELLANEOUS ORGANICS 

X 

I 

X 

STACK FLOW 
dscm/br. 

_?'7CL 

EMISSION RATE 
ug/br 

• 

• 

• 
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COMPOUND 

Naphthalene 

Benzo(a)pyrene 

Other PAHs 

Total PAHs 

WOOD BOILERS - PAGE 14. 

POLYCYCLIC AROMATIC HYDROCARBONS 

EMISSION RATE 
ug/kg dry wood 

X 

X 

X 

X 

WOOD BURN 
RATE (kg/hr) 

II 

.. 
= 

= 

PAHs 
(ug/hr) 

DIBENZO-DIOXINS ANP PIBENZO-FURANS 

EMISSION FACTORS CALCULATED FROM ARB SOURCE TEST DATA 

NOTE: These emission factors may only be used for wood fired 
boilers of similar design, operating methods and fuel 
characters it i cs, su'bject to APCD and ARB approva 1. 

PIOXIN EMISSION FACTORS FOR WOOD FIRED BOILERS 

TYPE OF WOOP FIRED BOILER SYSTEM 
LB 2,3,7,8 DIOXIN EQ 
PER BILLION LB STEAM 

FUEL CELLS & DUTCH OVEN W/MULTICLONES ------------0.0010 

FUEL CELLS W/ESP's OR WET SCRUBBERS---------------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 .stmilar design and feed types. Owner may 
substitute actual source test data, if available. 

2.3.7.8 PIOXIN EQUIVALENT CALCULATION METHOD 

BOILER STEAM RATE LB 2,3,7,8 DIOXIN EQ. 2,3,7,8 EQ 
BILLION LB/YR PER BILLION LB STEAM LB/YR 

(LB/HR STM)X 8760 HR X DIOXIN FACTOR = LB/YR DIOXIN 

X 8760 HR X • 
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Appendix A-I 

Substances For Which Emjssjons Must Be Quantified 

Chemical See 
Abstract Service Note 
(C~~) t:lumb~c ~ubstanc~ ~arne 

75070 c Acetaldehyde 
60355 c Acetamide 
107028 Acrolein 
79061 c Acrylamide 
107131 c Acrylonitrile 
107051 Allyl chloride 
117793 c 2-Aminoanthraquinone 
61825 c Amitrole 
7664417 Anmonia 
7440382 c Arsenic 

'lt' c Arsenic compounds (inorganic) 
7784421 Arsine 
1332214 - As6es ros __ _____________ ___ 

c 
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[~]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 blac~ extracts 

56235 c Carbon tetrachloride 
c Carrageenan (degraded) 

76131 Chlorinated fluorocarbon (CFC-113) 
7782505 Chlorine 
56757 c Chloramphenicol 
108907 Chlorobenzene 
13909096 c -1-(2-chloroethyl)-3-(4-methylcyclohexyl)-

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. 

A-1-l 



Substances For Wbjcb Emjssjons Must Be Ouantjfjed (cont.) 

CAS Number 
67663 

76062 
126998 
95830 
95692 
18540299 
8007452 
7440508 

120718 
1319773 
135206 
66819 

615054 
95807 
53703. 

96128 
106467 
91941 
117817 
124403 
60117 
57147 
77781 
123911 

106898 
140885 
75003 
106934 

107062 

75218 
96457 

50000 

111308 
* 

See 
Note 

c 
c 

c 
c 
c 
c 

c 
c 

c 

c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

c 
c 

c 

Substance Name 
Chloroform 
Chlorophenols 
Chloropicrin 
Chloroprene 
4-Chloro-o-phenylenediamine 
p-Chloro-o-toluidine 
Chromium (hexavalent) 
Coke oven emissions 
Copper 
Creosotes 
p-Cresidine 
Cresols 
Cupferron 
Cycloheximide 
Dialkylnitrosamines 
2,4-Diaminoanisole 
2,4-Dfaminotoluene 
Dibenz[a,h]anthracene 
Dibenzofurans (chlorinated) 
1,2-Dibromo-3-chloropropane (DBCP) 
p-Oichlorobenzene (1,4-Dichlorobenzene) 
3,3'-Dfchlorobenzidine 
Di(2-ethylhexyl) phthalate (DEHP) 
Dimethyl amine 
p-Dimethylaminoazobenzene 
1,1-Dimethylhydrazine 
Dimethyl sulfate 
1,4-Dioxane 
Dioxins (chlorinated dibenzodioxins) 
Environmental tobacco smoke 
Epichlorohydrin 
Ethyl acrylate 
Ethyl chloride 
Ethylene dibromide 

(1,2-Dibromoethane) 
Ethylene dichloride 

(1,2-Dichloroethane) 
Ethylene oxide 
Ethylene thiourea 
Fluorocarbons (chlorinated & brominated) 
Formaldehyde 
Gaso 1 i ne vapors 
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 Emjssjons Must Be Ouantjfjed (cont.) 

CAS Number 
126078 
118741 

77474 
302012 
7647010 
74908 
7664393 
7783064 
193395 

7439921 

See 
Note 

c 
c 
c 

c 

c 

c 
c 

Substance Name 
Griseofulvin 
Hexachlorobenzene 
Hexachlorocyclohexanes 
Hexachlorocyclopentadiene 
Hydrazine 
Hydrochloric acid 
Hydrocyanic acid 
Hydrogen fluoride 
Hydrogen sulfide 
Indeno [1,2,3,-cd]pyrene 
Isocyanates 
Lead 
Lead compounds (inorganic) 

108316 Maleic anhydride 
·---7~Jg-g·Gs· --------Manganes-e--·-----------------,-----

7487947 Mercuric chloride 
7439976 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 t;bers 
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 c . 2-Nitropropane 
55185 c N-Nitrosodiethylamine 
62759 c N-Nitrosodimethylamine · 

Note: The letter "cu 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 Ouantifjed (cont.) 

CAS Number 
156105 
924163 
621647 
10595956 
59892 
100754 
930552 
434071 

1336363 
127184 

50066 
108952 
75445 
7803512 
7723140 
85449 
7758012 
57830 
1120714 
115071 
75569 

7782492 
• 

1310732 
100425 
1746016 
62555 
62556 
108883 
584849 
91087 
79016 
88062 
51796 
75014 
75354 

7440666 
1314132 

See 
Note 

c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

c 
c 
c 

c 

c 
c 

c 
c 
c 
c 

c 
c 

c 
c 
c 

Substance Name 
p-Nitrosodiphenylamine 
N-Nitrosodi-n-butylamine 
N-Nitrosodi-n-propylamine 
N-Nitrosomethylethylamine 
N-Nitrosomorpholine 
N-Nitrosopiperidine 
N-Nitrosopyrrolidine 
Oxymetholone 
PAHs (Polycyclic aromatic hydrocarbons) 
PCBs (Polychlorinated biphenyls) 
Perchloroethylene 

(Tetrachloroethene) 
Phenobarbital 
Phenol 
Phosgene 
Phosphine 
Phosphorus 
Phthalic anhydride 
Potassium bromate 
Progesterone 
1,3-Propane sultone 
Propylene 
Propylene oxide 
Radionuclides 
Selenium 
Selenium compounds 
Silica, crystalline 
Sodium hydroxide 
Styrene 
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) 
Thioacetamide 
Thiourea 
Toluene 
Toluene-2,4-diisocyanate 
Toluene-2,6-diisocyanate 
Trichloroethylene 
2,4,6-Trichlorophenol 
Urethane 
Vinyl chloride 
Vinylidene chloride 
Xylenes 
Zinc 
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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SUBSTANCES FOR WHICH PRODUCTION, 
USE, OR OTHER PRESENCE MUST BE REPORTED 





Apoendix A-II 

Substances For Whjch Production. Use. or Other 
Presence Must Be Reported 

Chemical 
Abstract Service 

(CAS) Number 
53963 
23214928 
3688537 

60093 
97563 
712685 
92671 
82280 
54626 

See 
Note 

Substance Name 
c 2-Acetylaminofluorene 
c Adriamycin 
c AF-2 
c Aflatoxins 
c p-Aminoazobenzene (4-Aminoazobenzene) 
c o-Aminoazotoluene 
c 2-Amino-5-(5-nitro-2-furyl)-1,3,4-thiadiazole 
c 4-Aminobiphenyl 
c 1-Amino-2-methylanthraquinone 

Aminopterin 
c Analgesic mixtures containing phenacetin 

-----~*--------rr---;A;rrctro·gen·tc-(-an·a-troi; ·ci ero-tds--------------
90040 
134292 
140578 
492808 
115026 
446866 
205823 
98077 
1694093 

494031 

154938 

55981 
25013165 
3068880 
305033 
82939 
143500 
13010474 

107302 
* 

c o-Anisidine 
c o-Anisidine hydrochloride 
c Aramite 
c Auramine 
c Azaserine 
c Azathioprine 
c Benzo[j]fluoranthene 
c Benzoic trichloride (benzotrichloride) 
c Benzyl violet 48 
c Betel quid with tobacco 
c N-N-Bis(2-chloroethyl)-2-naphthylamine 

(Chlornapazine) 
c Bischloroethyl nitrosourea 
c Bitumens, extracts of steam-refined and 

air-refined bitumens 
c Bleomycins 
c 1,4-Butanediol dimethanesulfonate (Myleran) 
c Butylated hydroxyanisole (BHA} 
c beta-Butyrolactone 
c Chlorambucil 

Chlorcyclizine hydrochloride 
c Chlordecone (Kepone) 
c 1-(2-chloroethyl)-3-cyclohexyl-1-nitrosourea 

(CCNU) 
c Chloromethyl methyl ether (technical grade} 
c 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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CAS.Number 
15663271 
6358538 
14901087 
50180 
4342034 
20830813 
50293 

613354 
39156417 
101804 
226368 
224420 
194592 
192654 
189640 
189559 
191300 
542756 
1464535 
1615801 
56531 
64675 
2238075 
94586 
119904 
55738540 

119937 
79447 
540738 
630933 
122667 
1937377 
2602462 
1318021 
50282 
53167 
57636 

'Jt 

'Jt 

62500 
54350480 

Substances for Which Production. Use. Or Other 
Presence Must Be Reported (cont.) 

See 
Note 

c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

Substance Name 
Cisplatin 
Citrus Red No. 2 
Cycasin 
Cyclophosphamide 
Dacarbazine 
Daunomycin 
DDT (1,1,1-Trichloro-2,2-bis(p-

chlorophenyl)ethane) 
N,N'-Diacetylbenzidine 
2,4-Diaminoanisole sulfate 
4,4'-Diaminodiphenyl ether 
Dibenz[a,h]acridine 
Dibenz[a,j]acridine 
7H-Dibenzo[c,g]cabazole 
Dibenzo[a,e]pyrene 
Dibenzo[a,h]pyrene 
Dibenzo[a,i]pyrene 
Dibenzo[a, l]pyrene 
1~3-Dichloropropene 
Diepoxybutane 
1,2-Diethylhydrazine 
Diethylstilbestrol 
Diethyl sulfate 
Diglycidyl resorcinol ether 
Dihydrosafrole 
3,3'-Dimethoxybenzidine 
trans-2-[(Dimethylamino)methylimino] 

5-[2-(5-nitro-2-furyl)vinyl]-1,3,4-oxadiazole 
3,3'-Dimethylbenzidine (o-tolidine) 
Dimethylcarbamyl chloride 
1,2-Dimethylhydrazine 
Diphenylhydantoin 
1,2-Diphenylhydrazine (Hydrazobenzene) 
Direct Black 38 
Direct Blue 6 
Erionite 
Estradiol 17 B 
Estrone 
Ethinylestradiol 
Estrogens, nonsteroidal 
Estrogens, steroidal 
Ethyl methanesulfonate 
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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CAS Number 
765344 
3570750 

Substances For Which Production. Use. Or Other 
Presence Must Be Reported (cont.) 

See 
Note 

Substance Name 
c Glycidaldehyde 
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) 
6773012·5 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-methyl imidazo[4,5-f]quinol ine) 
9004664 c Iron dextran complex 
4759482 Isotretinoin 
301042 c Lead acetate 

-- T44·6-27T·- --- c----ceaa-·pl'iosphat·e 
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 
31.5220 c Monocrota 1 ine 
139913 c 5-(Morpholinomethyl}-3-[(5-

nitrofurfurylidene)amino]-2-oxazolidinone 
505602 c Mustard gas (sulfur mustard) 
3771195 c . Nafenopin 
91598 c 2-Naphthylamine 

139139 
602879 
99592 
1836755 

c Nickel compounds 
c Nitrilotriacetic acid 
c 5-Nitroacenaphthene 
c 5-Nitro-o-anisidine 
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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CAS Number 
555840 

531828 
51752 
1116547 
759749 
615532 

4549400 
684935 
16543558 
13256229 
68224 
2646175 
794934 
62442 
94780 
57410 

* 
3761533 
3564098 
366701 

* 
57578 
51525 
50555 
81072 
94597 

132274 

10048132 
18883664 
96093 
95067 

50351 
139651 
1314201 

* 
95534 

Substances For Whjch Production. Use. Or Other 
Presence Must Be Reported (cont.) 

See 
Note 

c 

c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 

Substance Name 
1-[(5-Nitrofurfurylidene)amino]-2-imidazol 

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-Nitrosonbrnicotine 
N-Nitrososarcosine 
Norethisterone 
Oil 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 ons 
Sodium o-phenylphenate 
Soots 
Sterigmatocystin 
Streptozotocin 
Styrene oxide 
Sulfallate 
Talc containing asbestiform fibers 
Tars 
ThaHdomide 
4,4'-Thiodianiline 
Thorium dioxide 
Tobacco ~roducts, smokel•ss 
alpha-chlorinated toluenes 
a-Toluidine 

Note: The letter ucu 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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CAS Number 
636215 
8001352 
299752 
52244 

62450060 

62450071 

72571 
66751 
99661 

Substances For Which Production. Use. Or Other 
Presence Must Be Reported (cont.) 

See 
Note 

c 
c 
c 
c 

c 

c 

c 
c 

Substance Name 
a-Toluidine hydrochloride 
Toxaphene (polychlorinated camphenes) 
Treosulfan 
Tris(1-aziridinyl) phosphine sulfide 

(Thiotepa) 
Trp-P-1 (3-amino-1,4-dimethyl-5H-pyrido[4,3-

b]indole) 
Trp-P-2 (3-Arnino-1-methyl-5H-pyrido[4,3-b] 

indole) 
Trypan blue 
Uracil mustard 
Valproate 

593602 c 
1'8-1-2 

Vinyl bromide 
•--------War-f--arin1----------------------

* = 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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APPENDIX D 

Summary of Requirements for Measurements and Alternatives 

****** NOTES FOR FOLLOWING TABLE 

(1) Each reference to a measurement requirement includes the following 
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 

----------------~i~~i~~-a~a-fur an s app l1es; an 

(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. 

(2) Reference to the "full set of metalsu or "all metals" herein refers to 
the following listed 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). 

(3) 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 Alternatives 

Emitting Process, 
Device or 
Facility Activity Substance and Type of Test Alternative (if any) 

--COMBUSTION--

1. Incinerators 
(a) Incinerators 

burning hazardous, 
municipal, or 
biomedical waste, 
or burning tires. 
Does not include 
refuse incinerators 
at schools, prisons, 
restaurants, 
or hotels. 

(b) Incinerators 
at schools, prisons, 
and restaurants. 
and . hotels • 

a. Full set metals/stack test 
b. Hydrogen chloride/stack test 
c. PAH/stack test 
d. Dioxins/stack test 
e. Formaldehyde/stack test 
f. Benzene/stack test 
g. Vinyl chloride/stack test 

Full set metals/stack test 

(c) Metal reclamation Same as l(a) above 
when surface is coated 
with plastic material 

Sma 11 business:Fuel analysis 
Small business:Fuel analysis 

Sma 11 business:Not required 
Small business:Not required 
Sma 11 business:Not required 

Same as l(a) above 

• 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* 

a. Full set metals/stack test 
b. Hydrogen chloride/stack test 
c. PAH/stack test 
d. Dioxins/stack test 
e. Formaldehyde/stack test 

Small business:Fuel analys is 
Small business:Fuel ana lysis 

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. 

3. Residual and crude 
oil combustion and 
incineration* 

a. Full set metals/stack test Small business:Fuel analysis 
b. Metals, chloride/fuel analy. 
c. Benzene/stack test 

------------------------------~d . A*f~~ack-te~~--------------------------------------
8. Formaldehyde/stack test 

4. Distillate and 
diesel combustion 
and incineration* 

a. Metals, chloride/fuel analy. 
b. PAH/stack test 
c. Formaldehyde/stack test 

6. Waste oil combustion a. Full set metals/stack test 
and incineration* b. Halogenated 

organics/stack test 
c. Benzene/stack test 
d. PAM/stack test 
e. Dioxins/stack test 
f. Formaldehyde/stack test 

Requirements a-e shall not app 
to universities, schools, 
colleges, hospitals, and 
correctional institutions whert 
residual or crude oil 
combustion is used primarily f1 
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 l(a). 
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6. Wood, wood waste, 
and agricultural 
waste combustion 
and incineration* 
(includes untreated 
and treated wood) 

7. Natural gas 
combustion 

--OTHER PROCESSES--

a. Full set metals/stacK test 
b. PAH/stacK test 
c. Dioxins/stacK test 
d. Formaldehyde/stacK test 

a. Formaldehyde/stacK test for 
electric utilities only 

8. Waste water treatment 
facilities - including . 
Publicly Owned Treatment 
WorKs (POTWs) 
- Sludge incinerator Same as Incinerators l(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 anal~~ · 

Requirements a-d shall not app 
to universities, schools, 
colleges, hospitals, and 
correctional institutions wher1 
wood, wood waste, or 
agricultural waste combustion 
used primarily for space 
heating. 

Same as Incinerators l(a) 

frequency requirements specified 
in subsection 93334 (b). 

- Chlorinator 
discharge 

a. Halogenated organics/ducted 
or as applicable in method 

*If co-fired with hazardous, municipal, or biomedical waste, or burning tires, 
then include all testing required under l(a). 

** NPDES • National Pollution Discharge Elimination System 
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9. Agriculture-related a. Metals/Lab analysis of dust Small business:Not required 
facilities: dust representative 

of fugitive dust ~ 

10. Pharmaceutical mfg. 
- Blender a. Halogenated 

organics/ducted or as 
applicable in method 

b. Benzene/ducted or as 
applicable in method 

- Drying oven a. Halogenated 
o~ganics/ ducted or as 
applicable in method 

b. Benzene/ducted or as applic- -
able in method 

11. Smelters and foundries 
(a) All a. Full set metals/stack test 

b. Hydrogen sulfide/stack test 

(b) Secondary a. Same as ll(a) plus 
copper smelters dioxins/stack test 

12. Petroleum refineries 
-CO boilers a. Benzene/as applicable in 

method 
b. Formaldehyde/as applic­

able in method 
c. All metals/ducted or as 

applicable in method 

- Catalytic crackers a. Benzene/as applicable in 
method 

b. Formaldehyde/as applic­
able in method 

c. All metals/ducted or as 
applicable in method 

Small business:Metals test/ 
feed material analysis 
for As, Be, Cd, Cr(VI), 
Ni, Pb 

Small business:Not required 

- Oil 
combustion 

a. Same as appropriate oil Same as oil combustion 

13. Asphaltic concrete 
production 

combustion by fuel type 

a. Full set of metals/ducted 
or as applicable in method 

b. Benzene/ducted or as 
applicable in method 

c. PAH/ducted or as applicable Small business:Not required 
in method 

~ Preferably dust trapped by the particulate control equipment, if any. 
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14. Cement mfg. a. Full set of metals/stack 
b. Formaldehyde/stack test 
c. Benzene/stack test 
d. Dioxins/stack test * 
e. PAH/stack test * 
f. Hydrogen chloride/stac~ 

15. Pulp and Paper mfg. 

test -

Small business:Not required 
test* Small business:Fuel analysis, 

Including total 
chloride 

- 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. A 11 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 

20. Bulk plant/terminal a. Gasoline vapors/existing 
compliance tests must be 
provided 

Same as for Combustion 

Small business:Not required 

* except when burning primarily natural gas; then not required 
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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 faci i ies t a e d s r1c s es1gna e as av1ng emissions whicn 
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 publ;c hearing on Apdl 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 emjssion inventory plans. Each such plan will 
specify in detail how the faci 1 ity operator will inventory the faci 1 ity' 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 
tn its emis~ion inventory plan to a specific method to identify the listed 
substances and quantify their emissions. The cr;teria and guidelines . 
regulation specifies which emissions must be quantified by source testing or 



other measurement methods and which emissi.ons 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 emjssjon inventory renort 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,~ 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 taxies 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. 
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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 statewi.de data system of 
------'time 1 y- i-n·f ormat--i-on- a s -equ-1-r-ed-b.' t he-Act h r:egu.l.a tJ.on-r._e.q.ui.r:.e.Lthat _____ _ 

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 

Facility or District 
Actjgn 

Facilities submit plans 
Districts approve plans 
Facilities submit reports 
Districts review data 
Districts transmit data 
to ARB 

Criteria Pollutant Emjss jons 

8/1/89 
12/1/89 
6/1/90 
9/1/90 

- 90 days later 

1,10 < 25 tpy 

8/1/90 
12/1/90 
6/1/91 
9/1/91 

- 90 days later 

*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 emhston 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 i f 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 likely 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 AS 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 report i ng requirements, 
very little overlap was found between the requirements of SARA and the Ajr 
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 
adeq~ate to characterize health effects because no information regarding the 
time variability of emissions is included. However, intermediate 
calculations of emiss ions for individual emitting processes made for Section 
313 may be useful in calculating results for the regulation, provided the 
methods comply with all ap~licable requirements for measurement and 
est imation methods, the results are process-specific and meet the required 
degree of accuracy. and the emissions and other quantities represent the 

______ _uppr:o.pr: '_ate rep_orting_p_er.tod a r.g_P- resent routine not ace i dent a 1 
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. In 
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 
tnventory 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 prepire emission inventory plans 
and reports in accordance with specifications in the regulation 
and to u·pdate 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. 
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SUBSTANCES TO BE INVENTORIED 

The Act requires the ARB to compile and maintain the list 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 list. 

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, include (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 qua~tify 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· operatiohs 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 1 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. 
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COMP.ONENTS 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 
oil 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. Emittent~ which always occur 

------t.Gge"the ,- at-the-s.ame.....time_ancLiJ:.cnLthe.J.aDLfLJ)O_._· ........___,.,o'-'.f---'--',.__..,....,..a._..s,.,e_,__.a._._r__,.e,_ ______ _ 
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 characterhtics 
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 lmplementing 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 Taxies "Hot Spotsw 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 
associated 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 likely 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 1s 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. 
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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 limits 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 wbich 
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 rtsk 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 except1on that other 
accepted methods are designated for fuel analysis. The regulation 
specifies criteria for acceptable alternative source test sampling 
and analysts 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 
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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
propr_ietary anticipated values fc1r 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 
factor$ - 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 

T"ne . ~sta-r-f-wlll-putrl-nh-a-T~chn-te-a-1 ~t'i-da-ne-e-GeG-umen- i t-h.e-fa-L of ___ _ 
1989 which will assist facilities in estimating emissions from processes for 
which source testing is not required and for which estimation methods are 
al lowed 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 (EEls) 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 EEls 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 1989. 
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ATTACHMENT C 
SOURCE TEST METHODS AND SUBSTANCES 

ASSOCIATED WITH EACH SOURCE TEST METHOD 

A) California Air Resources Board. March 1987. Stationary Source Test 
Methods. Volyme I: Methods for Determining Compliance With District 
Non-Vehicular (Stationary Source) Emjssjon Standards. Sacramento, 

Test 

California. · 

Method 

1 

2 

2A 

3 

4 

5 

5A 

Target 

Sampling ~nd traverse point layout 

Average stack velocity and flow rate by pitot traverse 

Molecular weight and excess air sampling and calculations 

Moisture content of stack gas 

Particulate matter from stationary sources 

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 Techntque) 

17 Particulate emissions by in-stack filter 

20 Nitrogen oxides (NOx), sulfur dioxtde, and oxygen emissions 
from stationary 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 {PM10 ) 
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SOURCE TEST METHODS AND SUBSTANCES ASSOCIATED ... Cont. 

B) California Air Resources Board. February 1984. Statjonary Soyrce Test 
Methods. Volume II: Certification and Test Procedures For Gasoline 
Yaoor Recovery Systems. Sacramento, California. 

Test Method Target 

2-1 Efficiency of vapor recovery systems at service stations 

2-2 Certification of vapor recovery systems at service stations 

2-3 Certification and testing of vapor recovery systems at 
gasoline bulk plants 

2-4 Certification and testing of va or reeovery_____!}''-'S'--"t--=-e=ms.::..___:a=--=t'------­
gasoline term1nals 

2-5 Certification and testing of vapor recovery systems of 
gasoline delivery tanks 

2-6 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. Stationary Source Test 
Methods Volume III: Methods For oetermining Emissions of Toxjc Air 
Contaminants From Stationary Sources. Sacramento, California. 

Test Method Target 

12 Inorganic lead 

13A Fluoride (F) using SPADNS Zirconium Lake Method 

13B Fluoride using specific ion electrode method 

101 Mercury emissions, both particulate and gaseous, in exhaust 
streams which are uprincipally air," from chlor-alkali 
plants and "other sources (as specified by the 
regulations)" 

lOlA Mercury emissions, both particulate and gaseous, from 
sewage sludge incinerators and •other sources (as specified 
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) 
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430 Formaldehyde 

431 Ethylene oxide emissions purged from sterilization chambers 

432 Dichloromethane and 1,1,1-trichloroethane content of paints 
and coatings 
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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 list. 
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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EMISSION FACTORS 





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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TABLE OF CONTENTS- APPENDIX E-I 

Asbestos mining and milling ............................ 1 . 
Coal combust ·;on ..........................•............. 1 
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Cool;ng towers ......................................... 5 
Decorative plating ...............•..........•.......... 1 
Diesel combustion ...................................... 2 
Distillate oil combustion .............................. 2 
Electrolytic anodizing ...........•..................... 1 
Gasoline combustion .................................... 3 
Glass manufacturing ..............................••.•.. 5 
Hard plating ............ . ............... . ....... . ... . .. 1 
Jet fuel combustion .................................... 4 
LPG combust ion ......................................... 4 
Municipal sewage slu ge 1ncinera or ........... . ....... . sr--------_.... ___ _ 
Natura 1 gas combustion ................................. 4 
Primary cement pipe manufacturing ..•....••........••... 6 
Primary coating, adhesive, and sealant 

products manufacturing ...•..•.....•.•••..•......... 6 
Primary floor tile product manufacturing .•••••.•.•...•. 6 
Primary friction product manufacturing •••••.••....•••.. 6 
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Primary pack ing and gasket product manufacturing .••••.• 6 
Primary paper product manufacturing ..•••.••••••.••••••• 6 
Primary plastic product manufacturing ••••••••.•.....•.. 6 
Primary textile product manufacturing ••••••..•••.•••••. 6 
Process gas combustion .•• ••••••••••••••••••••••••••.•.• 5 
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Res;dual o;l combust;on •••••••••••••••••••••••••.•••••• 3 
Secondary coating, adhesive, and sealant 

products manufacturing •••••••••••••••••••••••.••••• 7 
Secondary fr;ction product manufacturing ••••••••••••••• 7 
Secondary miscellaneous asbestos product manufacturing • 7 
Secondary packing and gasket product manufacturing ••••• 7 
Secondary paper product manufacturing •••••••••••••••••• 7 

. Secondary plastic product manufacturing •••••.•••••••.•• 7 
Secondary textile product manufacturing ••••••••••••••.• 7 
Secondary zinc smelter .................................. 5 
Solid fuel combustion .................................. 4 
Stee 1 mi 11 • • . • • • • . . • • . . • . • . . • . . • . . • . . • • • • • . • • . . . • • . . • • • 5 
Waste oil combustion ••••••••••••••••••••••••••••.•••••• 3 
Wood combustion ..•...•....•.•.•............•.........•. 4 





PUBLISHED EMISSION FACTORS FOR AB 1887 SUBStANCES 

PROCESS 
SUBSTANCES EMISSION SOURCES 

Aebeetoe Mining and Willing 
Aebeetoe 

Hard Plating 
Hexavalent chro•lu• 

Decorative Plating 
Hexavalent chro•lu• 

Electrolytic Anodizing 
Hexavalent chro•lu• 

Cool Co•buetlon- • 
Btnzene 

.Toto I chro•l u• 

Cod•lu• 

Cod•lu• 

Proceee tank 

Proceee tonk 

Proceee tonk 

No epeclflc device 

lnduetrlal bolter 

lnduetrlol boller 

lnduetrlal bolter 

Utility boller 

c·oNTROLS 

no 

no 

no 

ESP 

no 

no 

Scrubber 

EMISSION FACTORS 

I 
No specific emiss i on 
factor was develooed. 

5.2 •g/allp-hr 

8.50 •g/omp-hr 

5.2 •g/amp-hr 

8.819 lb/lb TOG 

1.S exp(-7] lb/lb 

1.8 exp(-5] lb/lb 

9.1 exp(-4) 

::~: :r 1. J exp( -4] 

COMMENTS 

PM emission factors and asbestos 
content of •lnlng •aterlal were 
used to estimate asbestos 
emissions for this category, J 

Based on source teet data, 1 

Based on source test data, 1 

Based on eource teet data, 1 

This emleslon factor woe based on 
the epeclatlon profile. Thu8, 
whatever the control device used 
for TOG would be applicable here. 
Also this ••lesion foetor woe 
considered to be a default. ' 
Therefore, specific e11lselon 
factor may be ueed, 4 

Based on source teet data, 

Based on source test data, 

Based on source test data, 2 

Based on source test data, 2 

•- a facility operator ehould refer to the source test requirement• (A ppendix D of the Guidelines Regulation 
or Attach•ent A of this docu•ent) prior to uelng these ••lsslon fa c tor• 



PUBLISHED EMISSION FACTORS FOR AB 1887 SUBSTANCES 

PROCESS 
SUBSTANCES 

Coke Co•bu•tlon - • 
Benzene 

Dle•el Co•bu•tlon - • 
Benzene 

Cadalua 

EMISSION SOURCE 

No specific device 

J.C. engine 

No specific device 

Dlttlltate Oil Coabuetlon- • 
Benzene aoll,r/I.C. engine 

Total Chro•lu• No specific device 

Cad•lu• No specific device 

CONTROLS EMISSION FACTOR 

8.819 lb/lb TOG 

8.8198 lb/lb TOG 

no 8.7 exp(-7] lb/gal 

8.818 lb/lb TOG 

no 1.3 pp•w 

no 5 exp(-7] lb/gal 

COMMENTS 

Thle ealeelon foetor woe baeed on 
the epeelatlon profile. Thue, 
whatever the control device ueed 
for TOG would be applicable here. 
Aleo thle emleslon factor woe 
considered to be a default. 
Therefore, epeclflc e•leelon 
factor •ay be used, 4 

Thle e•l•elon factor woe baeed on 
the epeclatlon profile. Thua, 
whatever the control device ueed 
for TOG would be applicable here. 
Alao thle e~laalon foetor woe 
eonaldered to be a default. 
Therefore, specific e~lsslon 
factor •oy be ueed, 4 

Baaed on fuel anolyees, 2 

Thla e•lsslon foetor woe baaed on 
the speciation profile. Thus, 
whatever the control device used 
for TOG would be applicable here. 
Also thle e•leslon foetor woe 
considered to be a default. 
Therefore. specific e•lsslon 
foetor May be used, 4 

Saeed on fuel anolysee, 1 

Based on fuel analyaee, 2 

•- a facility operator should refer to the source test requireMent• (Appendlx'O of the Guideline• Regulation 
or Attach•ent A of thJI docuaent) prior to using thete ealtalon factor• 



PUBLISHED EMISSION fACTORS fOR AB 1887 SUBS TANCES 

PROCESS 
SUBSTANCES EMISSION SOURCE 

Reeldual 011 Co•bu•tlon - • 
Benzene No epeclflc device 

Total Chro•lu• No apeclflc devtce 

Cad•lu• No 1peclflc d•~lce 

Wa•t• Oil Co•buetlon- • 
Benzene No apeclflc device 

Total Chro•Jua 

Cadalu• 

Gasoline Co•buetlon 
Benzene 

No epeclflc device 

No 1peclflc device 

I.C. engine 

CONTROLS 

no 

no 

no 

no 

EMISSION fACTOR 

8.818 lb/lb TOG 

2.8 ppaw 

8.81 - 8.52 PP•• II 

8.818 lb/lb TOG 

lCS pp•w 

5.5 pp•w 

8.8486 lb/lb TOG 

COMMENTS 

This ••lstlon factor wat based on 
the speciation profile. Thus, 
whatever the control device used 
for TOG would be applicable here. 
Also this ••lsslon foetor woe 
contldered to be a default. 
Therefore, tpeclflc ••lttlon 
foetor may be uted, 4 

Based on fuel onolyees, 

Saeed on fuel onolyeee, 2 

Thlt e•lstlon factor woe baaed on · 
the speciation profile. Thus, 
whatever the control device used 
for TOG would be applicable here. 
Also thie e•ltalon factor wa1 
considered to be a default. 
Therefore, specific e•laaion 
factor •ay be used, 4 

Saeed on fuel onalyaee, 1 

Baaed on fuel onalysee, 2 

This ••lsslon factor was a 
default fro• test data of on-road 
leaded gasoline powered vehicles. 
Therefore, specific e•lsslon 
factor •ay be used, 4 

I •- a facility operator ehould refer to the eout•ce test requlre•ents (A~pendlx D of the Guidelines Regulation 
or Attach•ent A of thle docu•ent) prior to uelng these ••leelon fa ~ tora 

1- etaff reco•••nde uee of the high end of the range unlest the lower 'nd con be justified 



PUBLISHED EMISSION FACTORS FOR AB 1887 SUBSTANCES 

PROCESS 
SUBSTANCES 

Jet Fu•l Co•buatlon 
Benzene 

LPG Co•bue t I on 
Benzene 

Solid Fuel Co•buatlon 
Benzene 

Wood Co•buatlon - • 
Benzene 

EMISSION SOURCE 

I.C. engine 

I.C. engine/turbine 

Any device 

Any device 

Natural Gaa Co•buetlon - • 
Benzene I.C. engine/turbine 

CONTROLS EMISSION FACTOR 

8.8868 lb/lb TOG 

8.8811 lb/lb TOG 

8.819 lb/lb TOG 

8.8844 lb/lb ·TOG 

8.8811 lb/lb TOG 

COMMENTS 

Thle emleelon factor woe ba aed on 
the epeclatlon profile. Thue, 
whatever the control device uaed 
for TOG would be applicable here. 
Aleo thll emission factor wa1 
coneldered to be a default. 
Therefore, epeclflc ••leelon 
factor •ay be used, 4 

Thle emlealon factor 11 a default 
for natural goa combustion. 
Therefore, epeclflc e•l••lon 
factor •ay be ueed, 4 

Thle e•lealon foetor woe ba eed on 
the epeclatlon profile. Thue, 
whatever the control device uaed 
for TOG would be applicable here. 
Aleo thle emleslon factor wae 
coneldered to be a default. 
Therefore, apeclflc emleelon 
factor •ay be ueed, 4 

Thle emleslon foetor Ia a default 
from fireplaces and woodstovee. 
Therfore, epeclflc emission 
factor may be uaed, 4 

Thla ••leelon factor wae ba eed on 
the epeclotlon profile of on I.C. 
engine burning natural goa, 4 

•- a facility operator 1hould refer to the •ource teet requirement• (Appendix D of the Guldellne e Regulation 
or Attach•ent A of thll docu•ent) prior to uelng theee ••lesion factor• 



PUBLISHED EMISSION FACTORS FOR AB 1887 SUB~ ~ANCES 

PROCESS 
SUBSTANCES 

Proceee Goe Coabuetlon -
Benzene 

Coo II ng Towere 
Hexavalent Chroalua 

Gla•• Manufacturer• - • 
Hexavalent Chroalu• 

EMISSION SOURCE 

• 
I.C. engine/turbine 

Refinery Cooling 
Towere and/or all 
other towere that 
ueed chroaate a• o 
corrotlon Inhibitor 

Municipal Sewage Sludge lnoln~rator - • 
Total Chroalua 

Cadalua 

Secondary Zinc Saelter - • 
Cadalua 

steel Mill- • 
Cadalua 

CONTROLS 

no 

EMISSION FACTOR 

8.8811 lb/lb TOG 

No epeclflc eelae ~ on 
foetor wae develo ded 

8.819 lb/lb PM 

Scrubber 8.8858 lb/lb PM 

Scrubber 8.8822 lb/lb PM 

8.81 lb/ton Zn · 
produced 

8.8834 lb/ton •te e l 
produced 

COMMENTS 

Thlt ealeelon factor wo• a 
default fro• natural goa 
combustion. Therefore, epeclflc 
eMission foetor aoy be ueed, 4 

Ealaelona were eatlaoted at the 
product of the recirculating 
water rote, the drift fraction, 
and the chroelu• concentration 
In cooling tower water, 1 

Baaed on eource teet of a green 
container gloee aonufocturer, 1 

Controlled with high efficiency 
ecrubber, 4 

Controlled with high efficiency 
tcrubber, 2 

Bated on eource teat data, 2 

Baaed on eource teet data. 2 

•- a faclllty.operator ehould refer to the eource tett requlre•ente (A ppendix D of the Guideline• Regulation 
or Attachaent A of thle docuaent) prior to uelng these ealaalon fa c tor• 



PUBLISHED EMISSION FACTORS FOR AB 1887 SUBSTANCES 

PROCESS 
SUBSTANCES EMISSION SOURCE CONTROLS EMISSION FACTOR COMMENTS 

Prleory Frlctlon .Product Monufooturore 
Atboetot 

Prl•ory Pocking a Goeket Product Monufooturort 
Atboetoe 

8.88 lb/ton asbestos uaed 3 

8.88 lb/ton asbastoa used 3 

Prl•ory Cootlnge. Adheelvoe. ond Soolont Product Monufocturore 
A•boetoe 8.28 lb/ton a8beatoa used 3 

Prl•ory Co•ont Plpo Monufooturora 
A•boatoe 

Prl•ory Popore Product Monufooturore - • 
Aebeetoe 

Prl•ory Ploetlce Product Monufocturore 
Atbettoe 

Prl•ory To~lllot Product Manufacturer•- • 
Atboetoe 

Prl•ory Floor Tlloe Product Manufacturer• 
Atbetto• 

8.38 lb/ton oebeatoa 
used 

1.1. lb/ton asbestoa 
used 

8.14 lb/ton oabeatoa 
uaed 

8.68 lb/ton asbestos 
ueed 

8.34 lb/ton oebeatoa 
used 

3 

3 

3 

J 

3 

•- a facility operator thould refer to the eource teat requirements (Appendix 0 of the Guidelines Regulation 
or Attach•ont A of thll docuaent) prior to u1lng these e•laalon factor• 



PUBLISHED EMISSION FACTORS FOR AB 1887 SUBSTANCES 

PROCESS 
SUBSTANCES EMISSION SOURCE CONTROLS 

Prlaary Mlacellaneoua Aabeatoa Product Manufacturer• 
Aabeatoa 

Secondary Friction Product Manufacturer• 
Aabeatoa 

Secondary Packing a Gaaket Product Manufacturer• 
Aabeatoa 

• 

EMISSION FACTOR 

8.14 lb/ton aabeatoa 
uaed 

8.31 lb/ton aabeuoa 
ueed 

8.53 lb/ton aebeatoa 
uaed 

Secondary Coatlnga, Adhealvea, and Sealant• Product Manufacturers 

COMMENTS 

3 

3 

3 

Aabeatoa 8.824 lb/ton aabeatoa 
ueed I 3 

Secondary Paper1 Product Manufacturer•-- • 
Aabaatoa 

Secondary Plaetlca Product Manufacturer• 
Asbeatoa 

Secondary T•xtllea Product Manufacturer•- • 
Aabeatoa 

Secondary Mlacellaneoua Aabeatoe Product Manufacturer• 
Aabeatoa 

1.88 lb/ton aebeetoe 
u1ed 

8.14 lb/ton aabea ~ oa 
used 

8.24 lb/ton asbea ~ os 
used 

8.14 lb/ton asbea ~os 
uaed 

3 

3 

3 

3 

~ 

•- a facility operator ahould refer to the eource teat requirements (Apjpendlx D of the Guidelines Regulation 
or Attach•ent A af this docu•ent) prior to ualng theae e•laalon factors 



·. 



References For Published AB 1807 Emission Factors 

1) California Air Resources Board (ARB), 1988. "Technical Support Document 
to Proposed Hexavalent Chromium Control Plan". Stationary Source 
Division, Sacramento, CA. 

2) ARB, 1987. "Public Hearing to Consider the Adoption of a Regulatory 
Amendment Identifying Cadmium as a Toxic Air Contaminant". Stationary 
Source Division, Sacramento, CA. 

, I a. r uol l C . ear fng-- 0 onsl 
Amendment Identifying Asbestos as a 
Source Division, Sacramento, CA. 

4) ARB, 1986b. "Technical Support Document to Proposed Benzene Control 
Plan". Stationary Source Division, Sacramento, CA. 
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PROCESS: 

SUBSTANCE EMISSION SOURCES 

Dletlllate Oil Co•buetlon 

Areenlc No epeclflc device 

Nickel No apeclflc device 

Reeldual 011 Co•buetlon 

Areenlo No epeclflc device 

Nickel No specific device 

•••t• 011 Co•buetlon 

Areenlc No apeclflc device 

Nickel No specific device 

Wood Co•lbuetlon 

Araenlc Woodstove 

Nltrob•nz•n• and Aniline Production 

Nltrobenzen• General 

CONTROLS 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontrolled 

E-11-1 

EMISSION FACTORS 

8.81 - 3.1 pp11w 

166 PPIIW 

8.81 - 8.88 pp11w 

1.4 pp111W 

1.5 - 19.5 PPIIIW 

1.1 ppmw 

REFERENCES/NOTES 
In this appendix 

Based on fuel 
analysis, 2-4 

Baaed on fuel 
analysle, 5,8 

Based on fuel 
analysis, 2-4 

Based on fuel 
analysis, 5,6 

Bated on fuel 
anolyslt, 2-4 

Bated on fuel 
analysis, 5,6 

2.6 exp[-4] lb/ton Use for alI 
wood co111bustlon 
sources, 2-4 

6.0 X 19£-6 lb/ 
lb produced 

Baaed on site 
visit data, 9 



, PROCESS: 

SUBSTANCE 

Nitrobenzene 

Nitrobenzene 

Degreaalng 

Methylene 
Chloride 

Methylene 
Chloride 

Methylene 
Chloride 

Methylene 
Chloride 

Methylene 
Chloride 

Methylene 
Chloride 

Perchloro-
ethylene 

Perch I oro-
ethy len• 

Perch I oro-
ethylene 

Perch I oro-
ethylene 

EMISSION SOURCES 

Fugl t lve 

Storage 

Open top vapor degreaeere 

Open top vapor degreaeer• 

Conveyorlzed vapor 
degreoeer 

Conveyorlzed vapor 
degreaeer 

Cold cleaner• 

Cold cleaner• 

Open top vapor degreaeere 

Open top vapor degreaeers 

Conveyorlzed vapor degreaeer 

E- Il-2 

CONTROLS 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Refrigerated 
freeboard 
chIller 

Uncontrolled 

Carbon adeorber 
or refrigerated 
freeboard 
chiller 

Uncontrolled 

EMISSION FACTORS 

3.1 X 10E-<4 lb/ 
lb produced 

6.0 X 10E-4 lb/ 
lb produced 

0.93 Kg e•ltted/Kg 
virgin me u•ed 

~.89 Kg e•ltted/Kg 
virgin me u•ed 

0.96 Kg e•ltted/Kg 
virgin 11c used 

0.91 Kg e•ltted/Kg 
virgin •c ueed 

0.89 Kg e•ltted/Kg 
virgin •c ueed 

8.7 freeboard 0.87 Kg e•ltted/Kg 
ratlo+dralnage virgin me used 
rock w/15 eecond 
drain tl•e 

Uncontrolled 0.92 lb/lb eolvent 
ueed 

Uncon tro lied 0.9J Kg e•ltted/Kg 
of virgin perc used 

RefrIgerated 0.89 Kg e•ltted/Kg 
freeboard or virgin perc used 
chiller 

Uncontrolled 0.96 Kg e•ltted/Kg 
or virgin perc used 

REFERENCES/NOTES 
In thla appendix 

Based on elte 
v I• It data, 9 

Based on alte 
vl • lt data, 

considers 
recycle, 9 

consider• 
recycle, 9 

considers 
recycle, 9 

considers 
recycle, 9 

considers 
recycle, 9 

considers 
recycle, 9 

9 

9 

9 

9 



PROCESS: 

SUBSTANCE 

Perch I oro­
ethylene 

Perchloro­
~thyhne 

Perch lora­
ethylene 

Trichloro­
ethylene 

Trichloro­
ethylene 

Trichloro­
ethylene 

Trichloro­
ethylene 

Trichloro­
ethylene 

Trlchloro­
ethy I ene 

Trichloro­
ethylene 

Methyl 
Chlorofora 

E .. ISSION SOURCES 

Conveyorlzed vapor degreaeer 

Cold Cleanere 

Cold Cleanere 

Open top vapor degreaeere 

Open top vopor degreaeere 

Conveyorlzed vapor degreaeer 

Conveyorlzed vapor degreaeer 

Cold cleaner• 

Cold cleaner• 

Open top vapor degreaeer• 

(1.1.1-Trlchloroethane) 

Methyl Open top vapor degreaeers 
Chlorofor• 

E-11-3 

CONTROLS 

Carbon ad•or bjer 
or r e fr I g e r a tied 
freeboard 
chiller 

Uncontrolled 

0.7 freeboar 
ratio and 
drainage rae 
w/15 eecond 
drain tl111e 

Uncontrolled 

Uncontro lied 

Refrigerated 
freeboard 
chIller 

Uncontrolled 

EMISSION FACTORS 

0.9 1Kg emitted/Kg 
of virgin perc used 

0.78 Kg emitted of 
virgin perc used 

0.76 Kg eMitted/Kg 
of virgin perc used 

0.94 lb/lb Jolvent 
u•ed 

0.93 Kg/Kg of 
virgin TCE used 

0.89 Kg/Kg of 
virgin TCE used 

0.96 Kg/Kg of 
virgin TCE used 

Carbon adeor ~or 0.91 Kg/Kg of 
or refrigera t ed virgin TCE ueed 
freeborad ch f ller 

Uncontrolled 

8.7 freeboar d 
1: drainage r c> ck 
w/15 eecond 
drain tl11e 

Uncontrolled / 

Refrl _gerated l 
freeboard 
chiller• 

0.84 Kg of TCE 
ueed 

0.82 Kg/Kg of 
virgin TCE ueed 

0.93 Kg/Kg virgin 
.•o I vent ueed 

0.89 Kg/Kg virgin 
•olvent ueed 

REFERENCES/NOTES 
In thh appendix 

9 

9 

9 

9 

9 

9 

9 

9 

9 

consider• 
recycle, 9 

considers 
recycle, 9 



... PROCESS; 

SUBSTANCE 

Me thy I . 
Chlorofor• 

Methyl 
Chlorofor• 

Methyl 
Chlorofor• 

Methyl 
Chlorofor• 

Methylene 
Chloride 

Methylene 
Chloride 

Methylene 
Chloride 

Methylene 
Chloride 

Methylene 
Chloride 

Methylene 
Chloride 

Methylene 
Chloride 

Methylene 
ChlorIde· 

EMISSION SOURCES 

Conveyorlzed vapor degreaser 

Conveyorlzed vapor degreaser 

Cold cleaner 

Cold cleaner 

Dip tankt ot durable goodt 
•anufacturert 

Dip tankt at durable goode 
goodt •anufacturert 

Floor stripping 

Paint ttrlpper for•ulatlon 

Spray booth •alntenance at 
auto asse•bly plantt 

Aircraft (•llltary and 
co••erclal) 

E-11-4 

CONTROLS 

Uncontro lied 

EMISSION FACTORS 

0.96 Kg/Kg virgin 
solvent used 

Carbon 0.91 Kg/Kg virgin 
odsorber or solvent used 
refr lgeroted 
freeboard chiller 

Uncontrolled 

e. 7 freeboard 
ratio and 
drainage rock 
w/15 second 
drain tl•e 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Cont.ro lied by 
water seal and 
15 second drain 
t I•• 
Uncontrol Jed 

Uncontrolled 

Uncontrolled 

Uncontro lied 

0.86 Kg/Kg virgin 
solvent used 

8.84 Kg/Kg virgin 
solvent used 

8.83 lb/lb solvent 
used 

1.0 lb/lb used 

8.6 Kg/Kg me In 
stripper used 

8.2 Kg/Kg me In 
stripper used 

1 Kg/Kg me In 
atrlpper used 

8.85 mg/mg of •c 
conau111ed 

0.8 Kg/Kg me In 
stripper used 

8.8 Kg/Kg me In 
stripper used 

REFERENCES/NOTES 
In this appendix 

considers 
recycle, 9 

considers 
recycle, 9 

considers 
recycle, 9 

considers 
recycle, 9 

ossume a I I 
methylene 
chloride used 
Is emitted 

9 

9 

9 

9 

9 

9 



PROCESS: 

SUBSTANCE 

Solvent Reclo•otlon 

Perchloro­
ethylene 

Methylene 
Chloride 

[MISSION SOURCES 

Vorlou•: Involving Methylene Chloride 

Methylene 
Chlorlde 

Methy-lene 
Chloride 

Methylene 
Chloride 

Methylene 
Chloride 

Methylene 
Chloride 

Methylene 
Chloride 

Methylene 
Chloride 

Methylene 
Chloride 

Methylene 
Chloride 

Methyl chloride chlorination: 
Inert goe purge vent/product 
recovery condeneer 

Methyl chloride 
chlorination: Fugitive 

Methyl chloride chlorination: 
Storage 

Methane chlorination: 
Inert gaa purge vent/product 
recovery condenaer 

Methane chlorination: 
Fugitive 

Methane chlorination 

Production of flexible alab­
atock polyurethane foa•: 
proceaa vente {foa• tunnel, 
curing area) 

Production of flexible alab­
atock polyurethane foa•: 
Equlp•ent leak ••laalona 

Foo• •anufacturlng 

E-11-5 

CONTROLS 

Uncontrolled 

Uncon tro II ed 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontrolled 

EMISSION FACTORS 

0.9925 - 0.91 lb/ 
lb Perc recycled 

9.92 lb/lb Methylene 
chloride recycled 

2.6 X 19E-5 lb/lb 
product 

2.6 x 19E-4 lb/lb 
product 

REFERENCES/NOTES 
In thh appendi-x 

derived fro• 
site vlelt. 9 

derived fro11 
elte visit, 9 

2.46 x 10E-3 lb/lb derived fro• 
product elte vlelt, 9 

1.4 x 19E-4 lb/lb derived fro• 
product elte vlelt, 9 

3.2 x 19E-4 lb/lb derived fro• 
elte vlelt, 9 

1.92 x 10E-3 lb/lb derived fro• 
product site vlelt, 9 

0.98 Kg/Kg •c derived fro• 
consumed site vlalt, 9 

9.017 Kg/Kg •c baeed on SOCMI 
consu~ted VOC ••lesion 

factor•, 9 

1.9 lb/lb used NC I• either 
ueed as a foa• 
blowing agent 
or as a cleanup 
so I vent: ossu•e 
oil Is e•ltted 



.. PROCESS; 

SUBSTANCE 

Methylene 
Chloride 

Methylene 
Chloride 

Dryoleanlnt 

Perchloro­
ethylene 

Perch foro­
ethylene 

Perchloro­
ethylene 

Perchloro­
ethylene 

Perch I oro­
ethylene 

Perchloro­
ethyhne . 

EMISSION SOURCES 

Manufacturer of printed 
circuit boarde: photo 
etrlpplng 

Manufacturer of printed 
circuit boarde: photo 
reelet etrlpplng 

Proc••• ••leelone; trantfer or 
dry-to-dry •achlne 

Proc••• ••leelone; tranefer or 
dry-to-dry •achlne 

Proceae •••••lone 

Fugitive ••laelont, tranefer 
•achlne 

Fugitive ••leelone, 
dry-to-dry •achlne 

Woven Fabric Flnlehlng 

Dichloro­
benzene• 

Dichloro­
benzene• 

Ther•oeol dyeing 

Curing ovene-reeln flnleh 

E-11-8 

CONTROLS 

Uncontrolled 

EMISSION FACTORS 

0.90 Kg/Kg virgin 
111c used 

Carbon Adsorber 0.78 Kg/Kg virgin 
IIC used 

Uncontrolled 0.88 ib/lb solvent 
used 

Uncon tr o I led 5.26 Kg/H~0 Kg 
clothes cleaned 

Refrigerated 1.58 Kg/100 Kg 
condeneer clothe• cleanect 

Carbon adeorber 0.26 Kg/100 Kg 
clothe• cleaned 

Uncontrolled 4.12 Kg/180 Kg 
clothes cleaned 

Uncontrolled 2.86 Kg/180 Kg 
clothe• cleaned 

REFERENCES/NOTES 
In thle appendix 

9 

9 

for coln-opa, 
COIIIIIer. and 
Indus. sector a 

9 

for coin-opt, 
COIIIIer. and 
Indus. sectors 

9 

for coln-opa, 
COIIIIDer. and 
Indue. sectors 

9 

for coin-ope, 
C0111111er. and 
Indus. eectora 

9 

for coin-opt, 
COIIIIIIer. and 
Indus. sectors 

9 

Uncontrolled 1.6 •g/Kg fabric 24 

Uncontrolled 8.864 llg/Kg fabric 24 



PROCE_S~: 

SUBSTANCE 

Berylllu• 

Berylllu• 

Berylllu• 

Berylllu• 

Cod•lu• 

Cod•lu• 

Cad•lu• 

Cod•lu• 

Chro•lu• 

Chro•lu• 

Chro•lu• 

Chro•lu• 

Mongan••• 

Mongan••• 

Mcingan••• 

Mangan••• 

Nickel 

Nickel 

Nickel 

EMISSION SOURCES 

Tenter fro•••- ree l n flnlehlng 

Ther•o•ol dyeing 

Heat setting 

Curing oven - reeln flnleh 

Tenter fro••• 

Ther•oeol dyeing 

Heat .. tt I ng 

Curing oven - reeln flnleh 

Tenter fra•••- reeln flnlehlng 

Heat .. ttlng 

Ther•oeol dyeing 

Curing oven, reeln flnleh 

Tenter fro••• - reeln flnlehlng 

Ther•oaol dyeing 

Heat aett I ng 

curing oven - reeln flnleh 

Tenter fro•••- realn flnlahlng 

Ther•oaol dyeing 

Heat aett I ng 

E-11-7 

CONTROLS 

Uncontrolled 

Uncontro II ed 

Uncontrolled 

Uncontrolled 

Uncontro II ed 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncon tro II ed 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontro II ed 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontro II ed 

Uncontrolled 

EMISSION FACTORS 
REFERENCES/NOTES 
In thh appendix 

8.0096 ~g/Kg fabric 24 

0.00019 mg/Kg 
fabric 

24 

0.0065 mg/Kg fabric 24 

0.0043 mg/Kg fabric 24 

0.019 mg/Kg fabric 24 

0.0017 ~g/Kg fabric 24 

0.0046 mg/Kg fabric 24 

0.029 mg/Kg fabric 24 

0.53 mg/Kg fabric 24· 

0.017 mg/Kg fabric total chromium 
24 

0.12 •g/Kg fabric total chromium 
24 

0.25 mg/Kg fabric 24 

0.083 mg/Kg fabric 24 

0.029 mg/Kg fabric 24 

0.011 mg/Kg fabric 24 

0.074 mg/Kg fabric 24 

0.41 mg/Kg fabric 24 

0.091 mg/Kg fabric 24 

0.0062 ~g/Kg fabric 24 



,. PROCESS; 

SUBSTANCE 

Electricity Generation 

Nickol 

Nickol 

Chlorofor• 

Chlorofor• 

EMISSION SOURCES 

Froeh water cooling towere 

Freah water cooling tower• 

Cooling towere- once 
through ayste•• 

Cooling towers- recirculating 
eyst••• 

Froeh Water Utility Coollnt Towore 

Chro•lu• 

Chro•lu• 

Chlorofor• 

Shrlll:latlon 

Ethy lone­
oxide 

Ethylene­
oxide 

Ethylene­
oxide 

Propylene­
oxide 

Coo II ng tower 

Coo II ng tower 

lnduatrlal and Utility 
Cooling Tower• · 

Proceee vente 

Waete water 

Fugitive 

Retort 

E-11-8 

CONTROLS 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontro lied 

Uncontrolled 

Uncontro lied 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontro I hd 

EMISSION FACTORS 
REFERENCES/NOTES 
In thla appendix 

16 pg/J heat Input drift loea range 
8.1-8.2~. 13 

8.34 pg/J heat drift loaa range 
Input 8.882-8.805~. 13 

8.41 Kg/18E9 lltere 22 
of cooling water 

8.75 Kg/18E6 lltert 22 
of cooling water 

2.5 pg/J 

8.88 pg/J 

8.8834 lb/ 
lb chlorine ueed 

drift lott range 
8. 1-8. 2S; as 
total chro•lu• 
19 

drift lose range 
8.8082-8.005S; 
total chro•lu• 
19 

8.25 lb/lb ETO uaed 7 

8.55 lb/lb ETO ueed water aeal 
vocuu• pu•p 
uaed, 7 

8.28 lb/lb ETO u .. d 7 

478 lb/sterlllzatlon 9 
event 

cegielsm
Highlight
Cooling Towers



PROCESS; 

SUBSTANCE EtUSSION SOURCES CONTROLS EMISSION FACTORS 
REFERENCES/NOTES 
In thlt appendix 

Chro•lc Acid Production 

Chro•lu• Chro•lc acid reactor. Uncontrolled 0.4 lb/ton of raw 19 
••Iter ~aterlals procetted 

Chro•lu• Chro•lc acid reactor. Scrubber I 0.02 lb/ton of row 19 
f I aker ~oterlola processed 

Chro•lu• Chro•lc acid filter Uncont ro lied I 2.8 lb/ton of raw 19 
•aterlols processed 

Chro•lu• Chro•lc acid filter Scrubber I e.eJ lb/ton of row 19 
~oterlalt processed 

Chro•lu• Packaging Uncontro I I ed I 1.4 lb/ton of row 19 
•aterlals processed 

Chro•lu• Packaging Scrubber I 8.07 lb/ton of row 19 
•oterlols procesled 

Ethylene Dichloride Production 

Ethylene Dr~ chlorination air ~rocets: 
dichloride Abaorber/atrlpper Uncontrolled 3.24 Kg/Mg produced 20 

Ethylene Abtorber/atrlpper Theraol 0.0658 Kg/Mg 20 
dichloride oxidizer produced 

Ethylene Abtorber/etrlpper Catalytic 0.25 Kg/Mg produced 20 
dichloride oxidizer 

Ethylene Refrigerated condeneer Uncontrolled I 2. 4 Kg/Mg produced 20 
dichloride 

Ethylene Refrigerated condenter Theraal \ 0. 048 Kg/Mg 20 
dichloride oxidizer produced 

Ethylene Ox~chlorlnatlon: ox~gen ~rocets 

dichloride Oxygen procest Uncontrolled 1 0. 462 Kg/Mg 20 
produced 

Ethylene Oxygen proc••• Ther•ol 1 e .. 0092 Kg/., 9 28 
dichloride oxidizer produced 

E-11-9 



PROCESS; 

SUBSTANCE 

Ethylene 
dichloride 

Ethy hne 
dichloride 

Ethylene 
dichloride 

Ethylene 
dichloride 

Ethylene 
dichloride 

Ethylene 
dichloride 

Ethylene 
dichloride 

Ethylene 
dichloride 

Ethylene 
dichloride 

Ethylene 
dichloride 

Ethylene 
dichloride 

Ethylene 
dichloride 

Cab ron 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

EMISSION SOURCES 

Direct production 
Chlorination vent 

Chlorination vent 

Chlorln~tlon vent 

Colu•n vente 

Colu•n vente 

Storage vent•-ln proceee 

Storage vent1-ln proceea 

Storage vente-In proceee 

Storage vente-product 

Storage vente-product 

Storage vente-product 

Proce1e fugitive• 

Balanced proc••e 
Colu•n vente 

Colu•n vente 

Oxychlorlnatlon vent­
air proceee 

E-11-18 

CONTROLS 

Uncontrolled 

Ther111ol 
oxidizer 

Refrigerated 
condenaer 

Uncontrolled 

Thenio I 
oxidizer 

Uncon·t ro I I ed 

Ther•al 
oxidizer 

Refrigerated 
conden•er 

Uncontrolled 

Ther•al 
oxidizer 

Refr lgerated 
conden1er · 

Uncontrolled 

Uncontrolled 

Ther•al 
oxidizer 

Uncontrolled 

EMISSION fACTORS 
REFERENCES/NOTES 
In th 11 ·appendIx 

1.08 Kg/Mg produced 20 

0.0216 Kg/Mg 
produced 

0.162 Kg/Mg 
produced 

20 

20 

3.00 Kg/Mg produced 20 

0.06 Kg/Mg produced 20 

0.0149 Kg/Mg 20 
produced 

0.0003 Kg/Mg 20 
produced 

8.0022 Kg/Mg 20 
produced 

8.0783 Kg/Mg 20 
produced 

0.0015 Kg/Mg 20 
produced 

0.011 Kg/Ng 20 
produced 

0.265 Kg/Ng 20 
produced 

0.14Kg/Ng 18 
produced 

2.8 x 10E-3 Kg/Ng 18 
produced 

1.2 Kg/Mg produced 18 



PROCESS: 

SUBSTANCE 

Cor bon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachlorIde 

Carbon 
tetrachloride 

Chlorofor• 

Chlorofor• 

Chlorofor• 

ChI oro fOr• 

Chlorofor• 

Chlorofor• 

Chlorofor• 

Chlorofor• 

EMISSION SOURCES 

Oxychlorlnatlon vent­
air proce11 

Oxychlorlnotlon vent­
oxygen proce•• 

Oxychlorlnatlon vent­
oxygen ~roc••• 

Liquid waate etoroge 

Liquid woett etoroge 

Oxvhvdrochlor!notlon 
Abeorpt I on 

Separation 

Balance ,proceee 
Colu•n vente 

Colu•n vente 

Balanced proceee 
Oxychlorlnatlon vent­
air proceae 

Oxychlorlnatlon vent­
air proceae 

Oxychlorlnatlon vent­
oxygen proce11 

Oxychlorlnatlon vent­
oxygen proce11 

Liquid woate etorage 

Liquid woete etorage 

E-11-11 

CONTROLS 

Ther • al 
oxidizer 

Uncontrolled 

Thermal 
oxidizer 

Uncontrolled 

Refrigerated 
condenaer 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Ther11al 
oxidizer 

Uncontrolled 

Th•r•al 
oxidizer 

Uncontrolled 

Thermal 
oxidizer 

Uncontrolled 

Refrigerated 
condenser 

EMISSION FACTORS 

2.4 x 10E-2 Kg/Mg 
produced 

REFERENCES/NOTES 
In thle a-ppendix 

18 

0.18 Kg/Mg produced 18 

3.6 x 10E-3 Kg/Ng 
produced 

0.0051 Kg/Mg 
produced 

7.7 x 10E-4 Kg/Mg 
produced 

18 

18 

18 

0.003 g/Kg produced 28 

0.094 g/Kg produced 26 

1.0 Kg/Mg produced 22 

0.02 Kg/Mg produced 22 

0.65 Kg/Mg produced 22 

0.013 Kg/Ng 
produced 

22 

0.12 Kg/mg produced 22 

0.0024 Kg/Ng 
produced 

·0.003 Kg/Mg 
produced 

0.00045 Kg/Mg 
produced 

22 

22 

22 



PROCESS: 

SUBSTANCE 

Chlarofor• 

Chlorofor• 

Trichloro­
ethylene 

EMISSION SOURCES 

Oxyhydrochlorlnatlon 
,Abeorpt I on 

Separation 

Direct Chlorination 
Abaorptlon 

Perchloroethylene Production 

Carbon 
tatrachlorlde 

Cor bon 
tetrach I or I de 

Cor bon 
tetrachloride 

Cor bon 
tetrochtorlde 

Carbon 
tetrachloride 

Cor bon 
tetrochlorlde 

Carbon 
tetrachloride 

Cor bon 
tetrachloride 

Ethylene Dichloride Chlorination 

Drying colu•n 

Drying colu•n 

Dhtlllatlon colu•n 

Neutrallzot Jon 

Procell fugitive• 

Storage- light end• 

Storage- light ende 

Light enda/heavy end• 
•lx tank 

Perchloroethylene and Trichloroethylene Production 

Oxychlorlnotlon Proceee 

Vlnylldene 
chloride 

Reactor vent 

E-11-12 

CONTROLS 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontro I led 

Condeneer 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontro lied 

Condeneer 

Uncontrolled 

Uncontrolled 

EMISSION FACTORS 
REFERENCES/NOTES 
In thla appendix 

0.005 g/Kg produced 26 

0.042 g/Kg produced 26 

0.81 g/Kg produced 28 

8.863 Kg/119 18 
produced 

8.805 l<g/Mg 18 
produced 

8.027 l<g/Mg 18 
produced 

8.018 Kg/Mg 18 
produced 

2.8 Kg/Mg produced 18 

8.11 Kg/Mg produced 18 

8.8812 Kg/Mg 18 
produced 

8.11 Kg/Mg produced 18 

3.8 Kg/Mg TCE .t: 
perc produced 

16 



PROCESS; 

SUBSTANCE 

Ylnylldene 
chloride 

Ylnylldene 
chloride 

Ylnylldene 
chloride 

Ylnylldene 
chloride 

Vlnylldene 
chloride 

Ylnylldene 
chloride 

Vlnylldene 
chloride 

Vlnylldene 
chloride 

Vlnylldene 
chloride 

EMISSION SOURCES 

Reactor vent 

Drying colu•n vent 

Drying colu•n vent 

Dletlllatlon vente 

Dlltlllatlon vente 

Chlorination Proceee 

Dletlllatlon vente 

Dletlllatlon vente 

Neutralization and drying 
vente 

Neutralization and drying 
vente 

Carbon Tetrachloride Production 

Carbon 
htre~chlorlde 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Methane Chlorination 

Dletlllatlon area e•ergency 
Inert gae vent 

Recycled ••thane Inert go• 
purge vent 

Crude tonk - etoroge 

· crude tonk - etorage 

E-11-13 

CONTROLS 

Thermal 
oxldatlo·n 

Uncontrolled 

Ther111al 
oxidation 

Uncontrolled 

Aqueoue 
ecrubber 

Uncontrolled 

Refrigerated 
condeneer 

Uncontrolled 

Refrigerated 
condeneer 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Refrigerated 
condeneer 

EMISSION FACTORS 

0.076 Kg/Mg TCE ~ 
perc produced 

0 .• Kg/Ng TCE a: 
perc produced 

0.098 Kg/Ng TCE. ~ 
perc produced 

0.098 Kg/Ng TCE ~ 
perc produced 

0.02 Kg/Mg TCE t 
perc produced 

0.106 Kg/Mg TCE a: 
perc produced 

0.021 Kg/Ng TCE t 
perc produced 

2.5 Kg/Mg TCE a: 
perc produced 

0.5 Kg/Mg TCE t 
perc produced 

0.052 Kg/Mg 
produced 

0.0.2 Kg/Mg 
produced 

0.057 Kg/Mg 
produced 

0.ee•6 Kg/Mg 
produced 

REFERENCES/NOTES 
In thle appendix 

16 

16 

16 

16 

16 

16 

16 

16 

16 

18 

18 

18 

18 



PROCESS; 

SUBSTANCE 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachlorJda 

Carbon ..... 
tetrachloride 

Carbon 
tetrachloride 

EMISSION SOURCES 

Product tank 

Product tonk 

Loading tank cora, 
bare•• 

Loading tank cora, 
bare•• 

Procau' wuh llqulde-handllng 
and dlepoeala 

Proc••• fugltlvea 

Proctaa fugltlv•• 

Procell ·fugitive• 

Hvdracarbon Chlorlnolvala 

Proctll fugltlvaa 

Proceat fugltlvaa 

Crude tank (atoraga) 

Crude tank (atoraga) 

E-11-14 

CONTROLS EMISSION FACTORS 

Uncontrolled 0.64 Kg/Mg 
produced 

Refr lgarated 8.896 Kg/Mg 
condenaer produced 

Uncontrolled 8.24 Kg/Mg 
produced 

Refr lgerated 8.036 Kg/Mg 
condenaer produced 

Uncontrolled 8.818 Kg/Mg 
produced 

Uncontrolled 2.56 Kg/hr 

Monthly In- 1.1 Kg/hr 
apectlon/r~~aln-
tenance of pu111p1 
and valves 

•onthly 1/M 8.74 Kg/hr 
valvea; double 
•echonlcal seals 
on pu•p•, rupture discs 
on relief valve• 

r~~onthly 1/M of 8.54 Kg/hr 
pu•p• and ·vo I vel 

•onthly 1/M 0.41 Kg/hr 
valve•; double 
•echnlcal 1eals 
on purt~pl, rupture 
dlaca on relief valve• 

Uncontrolled 

Refr lgerated 
conden1er 

8.098 Kg/Mg 
produced 

0.013 Kg/Mg 
produced 

REFERENCES/NOTES 
In thla. appendix 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 



PROCESS; 

SUBSTANCE EMISSION SOURCES CONTROLS EMISSION fACTORS 
REFERENCES/NOTES 
In thla appendix 

Carbon Carbon tetrachloride tonk Uncontrolled 8.58 Kg/Mg 18 
t•trachlorlde produced 

Carbon Carbon tetrachloride tank Refr lgerated 8.087 Kg/Mg 18 
t•trachlorlde condenaer produced 

Carbon Loading borgu, tanka Uncontrolled 8.87 Kg/Mg 18 
t•trachlorlde produced 

Carbon Loading borgea, tanka Uncontrolled 8.24 Kg/Mg 18 
tetrachloride produced 

Carbon Loading bare••· tanka Refrigerated 8.836 Kg/Mg 18 
t•trachlorlde condenaer produced 

Carbon Hex waete handling, dlapoeal Uncontrolled 8.8846 Kg/Ng 18 
tetrachloride produced 

Carbon Hex waete handling, dlapoaal Rafr I gerahd 4.6 X 18E-5 18 
t•trachlorlde condenaer produced 

a vopor balanc 

Carbon laate cauatlc Uncontrolled 8.0029 Kg/Mg 18 
t•'t rach I or I de produced 

Carbon laate cauatlc Staa• 1. 2 X 18E-4 18 
tetrachloride a tripper Kg/Mg produced 

Carbon D h t II I at I on co I u•n Uncont ro lied 8.888 Kg/Mt 18 
tetrachloride produced 

Carbon Proceaa fugltlv .. Uncontrolled 1.5 Kg/Mg 18 
t•trachlorlde produced 

!;;52 Chlorlna~lon 

Carbon Chlorinator Uncontrolled 116 Kg/Mg 18 
tetrachloride produced 

Carbon Chlorinator RefrIgerated 5.8 Kg/Mg 18 
tetrachloride condenser produced 

Carbon Storage Uncontrolled 8.76 Kg/Mg 18 
tetrachloride produced 

E-11-15 



PROCESS: 

SUBSTANCE 

Carbon 
htrachlor Ide 

Carbon 
htrachlor Ide 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrochlorld-a 

EMISSION SOURCES 

Storage 

Loading tonk cora, trucke, 
etc. 

Loading tonk cart, truckt, 
etc. 

Procett fugitive• 

Procett fugitive• 

Proceaa fugitive• 

Wethonoi/Wethxl Chloride Proceaa 

Crude tonk atoroge 

Crude tonk etoroge 

Surge tank 

Surge tank 

Carbon tetrachloride - heavlea 
tonk 

Carbon tetrachloride - heovlea 
tank 

Loading tank cora, bargea, 
t r.ucka, etc. 

E-11-16 

CONTROLS EMISSION FACTORS 

Refrigerated 8.11 Kg/Mg 
condenaer produced 

Uncontro II ed 8.24 Kg/•g 
produced 

Refrigerated 8.836 Kg/Mg 
condenaer producer 

Uncontrolled 8.68 Kg/Mg 
produced 

Monthly 1/M 8.22 Kg/Mg 
of pu•p• and produced 
valve• 

Monthly 1/M 8.14 Kg/Mg 
valve•: double produced 
•echanlcol aeala 
·on pru•p•, rupture 
dhca on relief 
volv•• 

Uncontrolled 8.84 Kg/Mg 
produced 

Refrigerated 8.8812 Kg/Mg 
condenaer produced 

Uncontrolled 8.8857 Kg/Mg 
produced 

Refrigerated 8.8823 Kg/Mg 
condenaer produced 

Uncont ro I led 1.39 Kg/Mg 
produced 

Refr lgerahd 8.21 Kg/Mg 
condenaer produced 

Uncont ro II ed 8.52 Kg/~tg 
produced 

REFERENCES/NOTES 
In thh appendix 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 



PROCESS: 

SUBSTANCE 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tttrachlorlde 

Carbon 
tetrachlorIde 

EMISSION SOURCES 

Loading tank cart, barget, 
trucke, etc. 

Proc••• fugitive• 

Proceaa fugltlvea 

Proctaa fugltlvea 

Pharaaceutlcal Manufocturlnt 

Carbon 
tetrachloride 

Chlorofor• 

1,2 dichloro­
benzene 

Ber1lllu• Mining, Etc. 

Ber11 t lu• 

Berylllu• 

Ber1111 u• 

Plant-wide 

Plant-wide 

Plant-wide 

Mining- entire proce11 

eerylllu• alloy production­
•oldlng 

Berylllu• alloy production­
•oldlng 

E-11-17 

CONTROLS 

Refrigerated 
condenser 

Uncontrolled 

Monthly 1/M 
of pump• and 
valvea 

EMISSION FACTORS 

0.978 Kg/Mg 
produced 

0.48 Kg/hr 

9.19 Kg/hr 

Monthly 1/M ~ 0.891 Kg/hr 
valves; double 
•echanlcal ee le 
on pump•, ruptlure 
dlece on relief 
valve• 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontrolled I 

Uncontro I I ed I 

Baghouee I 

118 Kg/Mg 
CCI

4 
ueed 

160 Kg/Mg 
chlorofor• used 

149 Kg/Mg 1,2-
dlchloroben:zene 
ueed 

9.2 lb/ton 
berylllu• 
•I ned 

0.91 lb/ton 
•I ned 

9.8984 lb/ton 
produced 

REFERENCES/NOTES 
In · thh appendix 

18 

18 

18 

18 

18 

22 

11 

9 

29 

29 



PROCESS; 

SUBSTANCE EMISSION SOURCES 

Berylllu• Cer•lce •anufacturlng - entire 
prac••• 

Xylene Xylene eolvent 

Areenlc Entire proceee 

Peetlclde Manufacturing 

Carbon 
tetrachloride 

All eourcea 

Varloue Che•lcal Manufacturing Procee••• 

Solid Ureq Production 

for•oldehyde 

For•aldehyde 

For•aldehyde 

For•aldehyde 

Acetaldehyde 

Fluidized bed prllllng 
(agricultural grade) 

Fluidized bed prllllng 
(Agricultural grade) 

Dru• granulation 

Dru• granulation 

Acetone/phenol Manufacturing 
fro• Cu•ene 

Cu•ene peroxldatlon vent 

E-11-18 

CONTROLS 

Fabric 
F II ter 

Uncontrolled 

Uncontro lied 

Uncontrolled 

Uncontrolled 

Controlled 

Uncontrolled 

Controlled 

Uncontrolled 

EMISSION FACTORS 

1.0/ton berylliuM 
processed 

20.2 Kg/Mg xylene 
consumed 

J lb/ton of arsenic 
processed 

0.28 Mg/Mg CCI
4 used 

0.0095 Kg/Mg 
produced 

8.0084 Kg/Mg 
produced 

0.0055 Kg/Mg 
produced 

8.0027 Kg/Mg 
produced 

0.0021 g/Kg 
pheno I used 

REFERENCES/NOTES 
In thl• appendix 

9 

9 

9 

CCI
4 

not used In 
all pesticide 
products, 12 

21 

21 

21 

21 

25 



PROCESS: 

SUBSTANCE 

Acrolein 

Phenol 

Pheno I 

Phenol 

Eplchloro­
hydrln 

Eplchloro­
hydrln 

Eplchloro­
hydrln 

Eplchloro­
hydrln 

Eplchloro­
hydrln 

Creeole 

EMISSION SOURCES 

Methylthlohvdroxy Butanoic 
Acid Production 

Acrolein vent collection 
header 

Adipic Acid Production 

General 

Storage 

fugitive 

Eplchlorohydrln Production 

Storage facllltlee (Including 
etorage tanke, trantfer 
operation•, etc.) 

Separation 

Fugitive eourcee 

Ree l n . Claeto•er, and 
Surfactant Production 

Storage facllltlee 

Fugitive eourcee 

Creeyllc Acld/Creeol Production 

Proceet 

E-11-19 

CONTROLS 

Incinerator 
•/•crubber 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontrolled 

EMISSION FACTORS 

0.02 Kg/Mg 
MHBS produced 

1.3 x 10E-3 lb/ 
lb uaed 

1.0 x 10E-5 lb/ 
I b Uled 

1.3 X 10E-4 lb/ 
lb used 

0.15 g/Kg 
eplchlorohydrln 
produced 

1.5 g/Kg 
produced 

0.62 g/Kg 
produced 

0.47 g/Kg 
produced 

7.10 g/Kg 
produced 

0.0019 lb/lb 
used 

REFERENCES/NOTES 
In thle ~ppendlx 

9 

data fro• tlte 
visit, 9 

data fro• elte 
visit, 9 

data fro111 elte 
vIsIt, 9 

15 

26 

15 

15 

15 

9 



PROCESS; 

SUBSTANCE 

Creaota 

Creaolt 

B•nzene 

B•nzena 

Benzene 

Ienzen• 

Ienzen• 

Benzene 

Ienzen• 

1,3-
Butadlenne 

1,3-
Butadlene 

1,3-
Butadlene 

EMISSION SOURCES 

Storage 

Fugitive 

Cuaene Production 

Benzene· azeotrope drying colu•n 

Cotalyat alx tank scrubber 

Catalyst alx· tonk ecrubber 

Washer-decanter syste• 

laaher-decanter eyetea 

Benzene recovery coluan 

Benzene recovery coluan 

Styrene-butadiene Rubber 
Production by Eaulelon 
Polvaerhatlon 

Butadiene abeorptlon 

Neoprene ManufacturinG 

Equlpaent Ieake 

Polvbutadlene Production 

Process vents 

E-11-28 

CONTROLS 

Uncontrolled 

Uncontrolled 

Flare (95~ 
efficiency) 

Uncont ro II ed 

Flore (95~ 
efficiency) 

Uncontro lied 

Flore (95~ 
eft lclency) 

Uncontrolled 

Flare (95S 
efficiency) 

Uncontrolled 

Uncontrolled 

flare 

EMISSION FACTORS 

8.0002 lb/lb 
used 

8.8884 lb/lb 
uaed 

8.801 g/Kg cumene 
produced 

0.16 g VOC/Kg 
cu1une produced 

8.008 g/VOC Kg 
cu•ene produdced 

0.81 g VOC/Kg 
cu•ene produced 

0.0005 g VOC/Kg 
cu11ene produced 

8.017 g/Kg cuaene 
produced 

REFERENCES/NOTES 
In th le append lx 

9 

9 

8 

VOC 99.4 wt. I 
benzene, 8 

VOC 99.4 wt. ~ 
benzene, 8 

VOC 78.4 wt. ~ 
benzene, 8 

VOC 99.4 wt. I 
benzene, 8 

8 

8.80085 g/Kg cuaene 8 
produced 

0.1 g/Kg SBR 
produced 

1.1 g/Kg neoprene 
produced 

28 

28 

0.026 Kg/Ng of PBd 28 · 
produced 



PROCESS: 

SUBSTANCE 

1,3-
Butadlene 

1,3-
Butadlene 

1,3-
Butadlene 

for•aldehyde 

for•aldehyde 

Chlorobenzene 

Ethylene 
dichloride 

Ethylene 
dichloride 

Mercury 

Mercury 

Mercury 

Mercury 

Mercury 

EMISSION SOURCES 

Equlp•ent Ieake 

Adlponltrlle Production 

Process vente 

Equlp•ent Ieake 

Trl•ethyl Propane Production 

Proceae 

for•aldehyde etorage 

Mono-and Dichlorobenzene 
Production 

Direct chlorination- absorption 

Methyl Chlorofor• production 
fro• VInyl Chloride 

Hydrochlorlnator vent 
condenser 

Stea• etrlpper vent 

Chlorine Production - Mercury 
Cell Proceaa 

End-box venllatlon 

Cell roo• venllotlon, 
ridge vent 

Cell Roo• Ventilation, Fan 
ventilation (one fon) 

Hydrogen stea• loeset 

Ventilation Loseee 

CONTROLS 

Uncontrot led 

Flare 

Uncontrolled 

Uncontro II ed 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontro lied 

Uncontrolled 

Uncontrol ted 

Uncontrolled 

Uncont·ro II ed 

Uncontrolled 

EMISSION FACTORS 

1.3 Kg/Mg of PBd 
produced 

0.05 Kg/mg of ADN 
produced 

8.1 Kg/Mg of ADN 
produced 

I 0.074 Kg/Mg of 37% 
for•oldehyde used 

I 0.01 Kg/Mg of 37% 
for•aldehyde used 

I 0.83 g/Kg produced 

REFERENCES/NOTES 
In thle appendix 

28 

28 

28 

21 

21 

9 

0.5 Kg/mg of methyl 20 
chlorofor• produced 

0.5 Kg/Mg of methy·l 20 
chlorofor• produced 

I 0.005 Kg/10E-3 Kg 29 
of Cl 2 produced 

I 0.002 Kg/10E-3 Kg 29 
of c1

2 
produced 

t 0. 0003 Kg/ 10E-3 Kg 29 
of ct

2 
produced, 

I 0.01 Kg/10E-3 Kg 29 
of ct

2 
produced 

I 0.02 Kg/10E-3 Kg 29 
of Ct

2 
produced 



PROCESS: 

SUBSTANCE 

Mercury 

Mercu.ry 

Carbon 
Tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Carbon 
tetrachloride 

Chlorofor• 

Chlorofor• 

Chlorofor• 

For•aldehyde 

Far•aldehyde 

For•aldehyde 

For•aldehyde 

EMISSION SOURCES 

Hydrogen etea• 

Hydrogen etea• 

fluorocarbon Production 

Fluorocarbon 11/12 - reactor 
vent• 

Fluorcarbon 11/12- dl•tlllatlon 
colu•n 

Florocarbon 11/12 •tor age 

Flurocarbon 11/12 - etorage 

Fluorocarbon 22 - chlorofor• 

Methylene Chloride Production 

Methyl Chloride Chlorination­
•to rage 

Methane Chlorination -
etorage 

Urea - For•aldehyde, Mela•lne 
For•aldehyde Reeon Production 

Proceee 

Far•aldehyde etoroge 

Phenol - For•aldehyde Reeln 
Production 

Proce•• 

For•aldehyde Storage 

E-11-22 

CONTROLS 

Uncontrolled 

Controlled 

Uncontrolled 

Refrigerated 
condenser 
and CCI4 
scrubber 

Uncontrolled 

Refrigerated 
condenser 

Refrigerated 

Uncontro I led 

Uncontro lied 

Uncontrolled 

Uncontrolled 

Uncontrolled 

Uncontrolled 

EMISSION FACTORS 

0.005 Kg/10E-3 Kg 
of c1

2 
produced 

0.0005 Kg/10E-3 Kg 
of Cl

2 
produced 

REFERENCES/NOTES 
In thle appendix 

29 

29 

0.042 Kg/Mg FC 11/12 18 
produced 

8.023 Kg/Mg FC 11/12 18 
produced 

1.74 Kg/•g FC 11/12 
produced 

8.11 Kg/Mg FC 11/12 
produced 

8.0003 Kg/Kg FC22 

9.75 X 10E-4 lb/ 
lb product 

2.89 X teE-4 lb/ 
product 

1.5 Kg/Mg of J7S 
formaldehyde used 

8.2 Kg/Mg of J7S 
for•aldehyde used 

1.5 Kg/Mg of 371 
for•oldehyde used 

8.2 Kg/Mg of J7S 
for•aldehyde used 

18 

18 

22 

derived fro• 
eite visit, 

derived from 
elte visit, 

21 

21 

2 1 

21 

9 

9 



PROCESS: 

SUBSTANCE 

Ferroalloy Production 

Chro•lu• 

Chro•lu• 

Chro•lu• 

Chro•lu• 

Chro•lu• 

Mongan••• 

Mongan••• 

Mangan••• 

Mangan••• 

Mangan••• 

Mangan••• 

Mangan••• 

EMISSION SOURCES 

Electric Arc Furnace: 
high-carbon ferrochro•• 
open furnace 

Electric Arc Furnace; 
high-carbon ferrochro•e 
open furnace 

Electric Arc Furnace; 
high-carbon ferrochro•e 
open-furnace 

Electric Arc Furnace; 
ferroelllcon, open furnace 

Electric Arc Furnace: 
ferroelllcon, open furnace 

rerro•ogon••• produc. by 
electric arc furnace proceee 
eealed eub•erged- ore electric 
furnace 

rerro•angane•• produc. by 
electric arc furnace proceee 
eealed eub•erged - arc 
electric furnace 

Open eub•erged- arc electric 
furnace 

Open eub•erged- arc electric 
furnace 

Open sub•erged- arc electric 
furnace 

Open eub•erged - arc electric 
furnace 

Slllco•anganeee production 
by electric - ore furnace 
proc••• eealed - eub•erged­
arc electric furnace 

E-1 J-2J 

CONTROLS 

Scrubber 

Fabric filter 

ESP 

Scrubber 

Fabric Filter 

Uncontrolled 

Scrubber• 

Uncontrolled 

Uncontrolled 

Scrubber a 

Scrubber• 

Scrubber• 

EMISSION FACTORS 
REFERENCES/NOTES 
In thle appendix 

0.06 Kg/t.fwhr 

0.0022 Kg/t.fwhr 

0.04 Kg/Mwhr 

0.0034 Kg/Mwhr 

0.0081 Kg/Mwhr 

19.2 lb/ton of 
product 

total 
9 

total 
9 

total 
9 

total 
9 

total 
9 

9 

0.0008 lb Mwhr 9 
consumed by furnace 
operation 

13.2 lb/ton of 14 
product 

6.16 lb/Mwhr 14 
consumed by furnace 
operation 

0.4 lb/ton of 14 
product 

0.189 lb/Mwhr 14 
consumed by furnace 
operation 

chro11lu• 

chro•lu• 

chromium 

chro11lu11 

chro•lu• 

0.002 lb/Mwhr from source 
consumed by furnace tests for 
operation total PM, 14 



PROCESS; 

SUBSTANCE 

Magneelu• 

Magneelu• 

'Magneel u• 

Magne•lu• 

Magneelu• 

Magne•lu• 

Magneelu• 

EMISSION SOURCES 

Slllco•angan••• production by 
electric arc furnace proceaa 
open eub•erged- arc electric 
furnace 

Ferro•angoneae production by 
electric arc furnace 
•••1-eld~d aub•erged arc 
electrl~ furnace 

Ferro•angan••• production by 
electric arc furnace proceee 
•e•l-elded eub•erged arc 
electric furnace 

Ferro•anganeee production by 
electric ore furnace proc••• 
•••1-elded aub•erged arc 
electric furnace 

Ferro•angan••• production by 
electric arc furnace proc••• 
•••1-elded eub•erged arc 
electric furnace 

Slllco•angane•• production by 
electric arc furnace 
ae•laealed aub•erged - arc 
electric furnace 

' SIIIco•ongan••• production by 
electric arc furnace 
ae•leealed aub•erged - ore 
electric furnace 

Iron and Steel Production 

Nickel st .. l production - open hearth 
fugitive •••••lone 

Nickel Steel production - baalc 
oxygen proceae fugltlvu 

Nickel Stu I production - electric 
arc fugitive ••laalona 
(carbon et .. l) 

E-11-24 

CONTROLS 

Scrubber a 

Uncontrolled 

Uncontrolled 

Scrubber a 

Scrubber• 

Scrubber• 

Scrubber a 

Uncontrolled 

Uncontrolled 

Uncontrolled 

EMISSION FACTORS 

0.11 lb/MWh 
consumed by furnace 
operation 

5.2 lb/ton of 
product 

2.33 lb/MWh 
conauaed 

0.08 lb/ton of 
product 

0.037 lb/MWh 
conauaed by furnace 

0.032 lb/ton of 
product 

0.009 lb/MWhr 
conaumed by furnace 
operation 

0.00005 lb/ton of 
a tee I produced 

0.0001 lb/ton of 
a tee I produced 

0.00054 lb/ton of 
• tee I produced 

REFERENCES/NOTES 
In thla ~ppendlx 

17 

17 

17 

17 

17 

17 

17 

13 

13 

13 



PROCESS; 

SUBSTANCE 

Nickel 

N I eke I 

Nickel 

N I eke I 

Nickel 

Nickel 

Nickel 

Nickel 

Nickel 

Nickel 

Nickel 

Nickel 

EMISSION SOURCES 

Steel production- electric 
arc fugitive ••leelone 
(carbon ehel) 

Steel production- electric 
arc fugitive ••leslone 
(alloy eteel) 

Steel production - electric 
arc fugitive •••••Ions 
(alloy ehel) 

Steel ~roductlon -open 
hearth furnace 

Steel productl~n- electric 
arc furnace (alloy steel) 

Steel production- electric 
arc furnace (alloy eteel) 

Steel production- electric arc 
furnace (carbon eteel) 

Steel production- electric arc 
furnace (carbon eteel) 

Steel production- baelc 
oxygen proceee furnace 

Steel production- electric 
arc furnace (etalnleee eteel) 

Steel production- electric 
arc furnace fugitive ••leelone 
(etalnle11 eteel) 

Steel production- electric 
arc furnace fugitive •••••lone 
(etalnlese eteel) 

E- 11-25 

CONTROLS 

Controlled; 
w/hoode and 
fabric filter 

Uncontrolled 

Controlled; 
w/hoode and 
fabric filter 

Controlled 
by ESP 

Uncontrolled 

Controlled 
w/fabrlc 
filter 

Uncontrolled 

Controlled 
w/fabrlc 
f II ter 

Controlled by 
ecrubber 

Controlled 
with fabric 
f II ter 

Uncontrolled 

Controlled wit 
hoode and 
fabric filter 

EMISSION FACTORS 

8.88811 lb/t on of 
eteel produced 

8.0016 lb/ton of 
eteel produced 

0.00032 lb/ton of 
eteel produced 

8.00018 lb/ton of 
steel produced 

0.025 lb/ton of 
eteel produced 

0.00025 lb/ton of 
eteel produced 

0.0083 lb/ton of 
eteel produced 

0.000084 lb/ton of 
eteel produced 

8.000818 lb/ton of 
eteel produced 

0.3 lb/ton of 
· eteel produced 

0.036 lb/ton of 
eteel produced 

8.0072 lb/ton of 
eteel produced 

REFERENCES/NOTES 
In thh a.ppendlx 

13 

13 

13 

13 

13 

1J 

1J 

13 

1J 

13 

1J 

lJ 



PROCESS: 

SUBSTANCE 

Mercury Or• Prooeaalnt 

Mercury 

Mercury 

Mercury 

EMISSION SOURCES 

Prl•ory or• proceeelng: 
•••Iter etack 

Prl•ary or• procee1lng: 
hoelnt operation• 

Prl•ary · ore procee1lng: 
retort operation 

Prl•ary S••ltlnt of Nickel Ore 

Nl eke I Rotary dry•ra 

Nick• I Cruaher houee 

Nickel Day bin 

Nick• I Ca I c lnera 

Nickel Skip holah 

Nickel Or• ••lter/roaater co•bln. 

HI eke I Nick• I alloy ehel 
ecrap ••ltlng furnac• 

Nickel Iron and eteel ecrop ••ltlng 
furnace 

S•condory L•ad S•elter 

Ar1enlc Reverberatory furnace 

Ar1enlc Kettlu 

E-11-28 

CONTROLS 

Uncontrolled 

Uncontro lied 

Uncontrolled 

Controlled by 
cyclone/ 
ecrubber 

Controlled by 
fabric f II hr 

Cont ro lied by 
fabric filter 

Controlled 
by ESP 

Controlled by 
fabric flltere 

Controlled by 
fabric fl I tere 

Bughouse and 
a c r u_bbe r 

Baghouae 

EMISSION FACTORS 

0.16 Kg/10E3 Kg 
ore processed 

0.01 Kg/10£3 Kg 
ore processed 

0.001 Kg/10E3 Kg 
ore processed 

0.58 lb/ton of 
nickel proceseed 

0.02 lb/ton of 
nickel processed 

0.0819 lb/ton of 
nickel produced 

8.46 lb/ton of 
nickel produced 

8.067 lb/ton of 
nickel produced 

8.092 lb/ton of 
nickel produced 

18 lb/ton of 
nickel charged 

8.0815 lb/ton of 
Iron and ateel 
produced 

REFERENCES/NOTES 
In thle appendix 

29 

29 

29 

13 

13 

13 

13 

13 

13 

baaed on 11o1a 
balance, 13 

baaed on •oaa 
balance, 13 

6.25 exp(-7) lb/lb 2-4 
••tal charged 

4.6 exp(-8) lb/lb 2-4 
••tal charged 



PROCESS: 

SUBSTANCE 

Patrol~u•· Refining 

A••onla 

A••onla 

laP 

BoP 

Xylene 

Xylene 

Photo Flnlehlng Lobe 

Methylene 
Chloride 

Refractory Production 

Chroalua 

Chroalu• 

EMISSION SOURCES 

Fluidized catalytic cracking 
unit 

Fluidized catalytic cracking 
unit 

Fluidized bed catalytic 
cracker unit regenerator 

Fluidized ~ed catalytic 
cracker unit regenerator 

Entire proceea 

Entire proceee 

Photoresist etrlpplng 

Chro•e - •agnealte brick; 
ore etore/grlnd/alz• 

Chro•• - 11agnaalte brick; 
dryer 

E-11-27 

CONTROLS 

Uncontrolled 

ESP w/CO 
bo ller 

Uncontrolled 

CO boiler 

EMISSION FACTORS 

3 
8.155 Kg/M fresh 
feed 

Negllable 

8.218 Kg/1008 
barrels of feed 

1.41 x 10E-5 Kg/ 
1800 barre Is of 
feed 

With catalyti c 3 Kg/1008 barrels 
refor111lng 581 J 

storage and 5"~ 
fugitive and d roce•• 
e•lsslons 

REFERENCES/NOTES 
In thle appendix 

14 

14 

27 

27 

9 

Without I 1.5 Kg/1000 barrels 9 
catalytic 
refor•lng 50~ 
storage and 5 
fugltlvea and 
process ••les i ons 

Fabric 
f II ter' 

Fabric 
filter 

8.57 Kg/Kg of fresh 
solvent 

0.03 Kg/Mg raw 
•oterlal processed 

8.0819 Kg/Mg row 
•aterlal processed 

9 

as total chro•e. 
range 0.01-0.05, 
material Ia ' 
chrome ore only; 
19 

as total chro111e, 
raw 11aterlal Is 
chro•e ore and 
•agneslte; 19 



PROCESS: 

SUBSTANCE 

Chro•lu• 

Chro•lu• 

Chro•lu• 

Chro•lu• 

Chro•lu• 

Chro•lu• 

Chro•lu• 

Wood Preaervatlon 

.Benzene 

Phenol 

Pheno I 

EMISSION SOURCES 

Chro••- •agnealta brick: 
raw •aterlal 1torage ello 

Chro•e- •agnaelta brick: 
prett/flx: •lxer 

Chro••- •agnealta brick: 
preta/flx: brick dryer 

Chro•e- •agnealte brick: 
preae/flx: brick kiln 

Chro•lc oxide brick; •llling 

Chro•lc oxide brick; epray 
dryer 

Chro•lc oxide brick: •lxer 
(preselng proceas) 

Ther•al (pan) evaporation 
of pentachlorophenol 
woete water 

Thenol (pan) 

Ther•al (pan) evaporation 
of creoaote waate water 

E-11-28 

CONTROLS 

Fabric 
f II ter 

Fabric 
filter 

Scrubber 

Scrubber 

Wet 
Scrubber 

Fabric 
Filter 

Wet 
Scrubber 

EMISSION FACTORS 

0.0027 Kg/Mg raw 
material processed 

0.0014 Kg/Mg raw 
material processed 

0.00037 Kg/Mg raw 
material processed 

0.00044 Kg/Ng raw 
material processed 

0.43 Kg/Ng raw 
material proces1ed 

0.43 Kg/Ng raw 
Material procesaed 

0.43 Kg/Ng raw 
•aterlal proce1sed 

J 
5 mg/s• goa 
vented 

J 
200 •g/am gas 
vented 

J 
JB •g/sm goa 
vented 

REFERENCES/NOTES 
In thla appendix 

01 total chrome, 
row 1110 t e r I o I Is 
chrome ore and 
11agnesite: 19 

a s total chro11e, 
raw •aterlal Is 
chro•e ore and 
• ogneslte: 19 

a a total chro11e, 
raw •aterlal ia 
chro11e or e and 
•agnealte: 19 

aa total chro11e, 
raw ntaterial Ia 
chro111e ore and 
111ognealte: 19 

a e total chrome, 
raw 11aterlal II 
chromic oxide; 
19 

aa total chro11e, 
row •a t e r I a I I a 
chro11lc oxide: 
1V 

as total chro•e, 
raw 11oterlal Is 
chro11lc oxide: 
19 

23 

23 

23 



PROCESS: 

SUBSTANCE 

Phenol 

Phenol 

EMISSION SOURCES 

Penta treating cylinder 
fugitive• 

Creoeote treating cylinder 
fuglt lvu 

CONTROLS 

Paper Product: Delnk Fine and T)eeue Paper. Secondary Fiber Mille 

ChI oro for• 

Chlorofor• 

ChI oro for• 

Chlorofor• 

ChI oro for• 

Chlorofor• 

Secondary Fiber Mille: fine paper 

Delnk - fine paper 

Delnk - fine paper 

Secondary Fiber Mille: tleeue 
paper 

Delnk - tleeue paper 

Delnk - tleeue paper 

Pulp Mill Manufacturing/Integrated 

Chlorofor• Dleeolvlng Kraft pulp 

Chlorofor• Dleeolvlng Kraft pulp 

Chlorofor• Market bleached Kraft pulp 

E-11-29 

Uncont ro II ed 

Uncontrolled 

EMISSION FACTORS 

J 0.55 mg/sm gas 
vented 

J 
0. 11 ttg/srt go• 
vented 

0.000J6 lb/lb 
produced 

0.J6 Kg/Mg 
produced 

0.01J Kg/t.tg 
produced 

0.00016 lb/lb 
produced 

0.16 Kg/t.tg 
produced 

0.0067 Kg/t.tg 
produced 

0.12 Kg/Mg total 
product a 

0.01J Kg/t.tg toto I 
products 

0.22 Kg/Mg total 
products 

REfERENCES/NOTES 
In thle appendix 

2J 

2J 

during 
wastewater 
treatment, 

during 
wastewater 
treot•ent: g 

after 
wastewater 
treat•ent: 9 

during 
wastewater 
treot•ent, 

during 
wastewater 
treat11ent: 9 

after 
wastewater 
treat111ent: 9 

during 
wastewater 
treat111ent: 22 

after waetewater 
treat•ent: 22 

during 
wastewater 
treatment; 22 



~ PROCESS_:. 

SUBSTANCE 

Chlarofor• 

Chlorofor• 

Chlorofor• 

ChI oro for• 

Chlorofor• 

Chlorofor• 

Chlorofor• 

Chlorofor• 

Chlorofor• 

Chlorofor• 

Chlorofor• 

Coffee Bean Rooetlnt 

Acetaldehyde 

EMISSION SOURCES 

Market bleached Kraft pulp 

Market bleached Kraft pulp 

Bl1ached Kraft paperboard, 
cooree pap•r• 

Bleached Kraft paperboard, 
coar•• paper• 

Bleached Kroft paperboard, 
coor•• paper• 

Soda and Kroft fine bl1oched 
pop1r1 

Soda and Kraft fine bleached 
pap1r1 

Dleeolvlng eulflte pulp 

Dleeolvlng eulflte pulp 

Sulfite popergrode pulp 
and paper 

Sulfite papergrode pulp 
and paper 

Contlnuoue bean roaeter 

E-11-30 

CONTROLS 

Uncontrolled 

Uncontrolled 

Uncontrolled 

EMISSION FACTORS 
REFERENCES/NOTES 
In thl• appendix 

0.0019 Kg/Mg total after waetewater 
products treat~ent; 22 

0.00022 lb/lb pulp 
produced 

0.23 Kg/Mg total 
products 

0.00090 Kg/Mg 
total product• 

0.00023 lb/lb 
produced 

0.13 Kg/Mg total 
product. 

8.0059 Kg/Mg total 
product. 

0.069 Kg/Mg total 
product. 

0.0035 Kg/Mg total 
product• 

0.38 Kg/Mg total 
products 

0.074 Kg/Mg total 
products 

2.3 x 10E-5 kg/kg 
beans roasted 

during 
wastewater 
treat•enL 

during 
wastewater 
treat•ent; 22 

after wastewater 
treatment:. 22 

during 
wastewater 
treatrunt, 

during 
wastewater 
treat11ent; 22 

after wastewater 
treat•ent; 22 

during 
wastewater 
treat•ent; 22 

after wastewater 
treat•ent: 22 

'during 
wastewater 
treatrunt; 22 

after wastewater 
treat~ent; 22 

26 



PROCESS; 

SUBSTANCE EMISSION SOURCES 

Acetaldehyde Contlnuoue bean roaeter 

Acrolein Contlnuoue bean roaeter 

Acrolein tontlnuoue bean roaater 

Aebeetoe Wining and Willing 

Nickel 

E-11-31 

CONTROLS 

Afterburner 

Uncontrolled 

Afterburner 

EMISSION FACTORS 

8.2 X 10E-6 kg/kg 
beans roasted 

3.8 X 10E-5 kg/kg 
beans roasted 

1.6 x 10E-5 kg/kg 
beans roasted 

8.80165 g/g of 
asbestos ••laelon 

REfERENCES/NOTES 
In thle appendix 

26 

10 

10 

Baaed on nickel 
content of 
chrysotlle 
•aterlal, 2-4 
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