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1.0 INTRODUCTION

This three year refinery assessment program was conducted by
Radian Corporation under EPA Contract Nos. 68-02-2665 and 68-02~2147,
Exhibit B. The assessment report is being issued in five volumes. Volume
1 contains the main body of the report. Volumes 2 -5 contain six appendices

to the report.

This volume, Volume 1, contains eight major sections plus the
reference section and conversion table (English units to metric units).
Section 1, Introduction, contains a listing of the program objectives
and a description of earlier studies of envirommental impacts of petroleum
refineries. The major conclusions of the current program and the signifi-
cant results which support the conclusions are presented in Section 2.
Emission control options recommended for refinery emission sources are

listed in Section 3 of this report.

The major segments of the refinery assessment report can be
logically separated into two major parts, Part A and Part B. Part A con-
tains the description and results of the field measurement activities.-
Sections 4 and 5 of the report are contained in Part A. The environmental
assessment of refineries and the control technology evaluation are pre-
sented in Part B. The background information and data necessary for the
assessment and evaluation are also included in Part B, which contains

Sections 6, 7, and 8 of the report.

Section 4 contains a description of the methodologies used to
determine fugitive and process emission rates as well as to characterize
fugitive hydrocarbon emissions. The results of the emissions measurements
at 13 petroleum refineries are summarized in Section 5. The results of the

program and interpretations of the data are presented in this section also.




Section 6 of this report contains a discussion of some potentially
hazardous substances which may'be present in refinery feed, intermediate,
product, and waste streams. The individual refinery process technologies
are described and characterized in Section 7. An estimate of emissions is

also presented for each of the refinery processas.

An environmental assessment was performed to examine the effects
of refinery emissions on the surrounding atmosphere. The results are pre-

sented in Section 8 of this document.

The appendices of this report, presented in Volumes 2 -5, contain
more detailed descriptions of the program methbdologies, a more comprehen-
sive presentation of results, and more extensive discussions about refinery

process technology and control technology.

Appendix A (Volume 2) contains detailed descriptioms of the
sampling methodology used in the refinery assessment program. Included
are descriptions of the experimental program design, the emissions sampling
methodologies, and the analytical techniques employed in the field sampling
segment of rhe assessment study. Also described are the techniques used to
identify and quantitate individual species present in refinery streams and

vapor emlssions.

Appendix B (Volume 3) contains a detailed summary of the results
obtained while measuring emissions to the atmosphere at 13 petroleum refin-
eries. The data and results from the sampling program are displayed in
tables and figures. Emission factors, screening relationships, and corre-
lations are presented. The frequency and distribution of emissions sources
in refineries are also included. The effects of valve maintenance operations

on the leak rate from valves are described in Appendix B.

The quality assurance program and the statistical analysis of the

emissions data are presented in Appendix C (in Volume 4). Quality control



procedures for screening, sampling, analyses, species identification, and
data wvalidation are described.t The various types of quality control data
collected during the program are included in Appendix C. The statistical
analysis of the data is described, and the accuracy and precision of the

various data types are discussed.

The procedures used to develop a detailed environmental assess-—
ment of refineries are described in Appendix D (in Volume 4). The large
volume of refinery emission rate data generated in the refimery assessment
program was used to predict ambient air pollutant levels in the vicinity
of a model refinery. The envirommental effects and the potential hazard

to the public are discussed in detail in Appendix D.

Appendix E (in Volume 4) contains a detailed review and evaluation
of pollution control technology. The state-of-the-art of fugitive and pro-
cess emission controls in refineries are reviewed. Available controls are
described. Control technologies used in related industriés are examined

for potential applicability in the refining industry.

A detailed characterization of refinery technology is presented
in Appendix F (Volume 5). Petroleum refineries in the U.S. are classified
and charactaerized. Four types or sets of refinery models which could be
used to simulate the entire refining industry are included in this appendix.
The characteristics of crude oils, other raw materials, intermediate pro-
ducts, and final products are described. Detailed descriptions of current
refinery process technology are included. Atmospheric emissions which
result during the operation of each process are estimated and.presented

in Appendix F.

1.1 Program Objectives

The refinery assessment program had three ultimate objectives, all

of which addressed important environmental questions concerning the effect



of refineries on air quality: (1) quantification of fugitive hydrocarbomn
emissions from petroelum refineries, (2) evaluation of existing and develop~
ing refinery control technologies, and (3) assessment of the potential

impact of atmospheric refinery emissions on the surrounding environment.

Over the three year period, the program evolved to focus on these
three objectives. The program originally planned to address objectives (2)
and (3). Objective (1) was added after work was initiated. Several factors
contributed to the addition of Objective (1).

As the work began, it became evident that fugitive emissions were
a large, if not the largest, source of hydrocarbon emissions from refiner-
ies., Moreover, quantitative information concerning fugitive emissions from
refineries was scarce. Because of these developments, the program was
modified to incorporate the measurement and estimation of fugitive hydro=-

carbon emissions from refineries.

This objective was. given further emphasis by the Clean Air Act
and its emissions off-set regulations. Compliance with these rules necessi-

tated emission factors for use in off-set calculations.

In meeting Objective 1 Radian conducted a field sampling program
to obtain data from a number of U.S. petroleum refineries. When necessary,

appropriate sampling and analytical methods were developed and verified.

- In order to evaluate existing and developing control technologies
(Objective 2), Radian analyzed the data obtained from the program's field
sampling program. Information obtained from literature sources also con-
tributed to the data base, as did information from vendors and equipment

manufacturers.

Statistical and atmospheric dispersion models were used to meet

Objective 3. FEmission factors developed from the project's field sampling



results were used in these models to assess the environmental impact of

petroleum refineries.

1.2 Historical Perspective

Some of the more important studies of refinery emissions prior to
the refinery assessment program are described in this section. Also
described are the potential impacts of refineries on ambient air gquality.
Since emissions from storage and loading facilities were not within the
scope of the refinery assessment program, studies describing emissions

from these sources are not included.

1.2.1 Previous Studies on Refinery Emissions

One of the earliest and most comprehensive studies of refinery
emissions was méde in a joint (district, state, and federal) project carried
out in Los Angeles County in 1955-57.' Extensive field festing was per-
formed to obtain a data base from which emission factors could be developed.

Emission sources considered in this study are listed in Table 1-1.

Although substantial amounts of information were obtained from the
Los Angeles Joint Study, data gaps existed. Leak screening methods were
sometimes inadequate. Relatively insensitive techniques were sometimes
used to measure leak rates. Losses from some unit operations may have

been inaccurately estimated.

In 1971, Litchfield published hydrocarbon emission factors for

uncovered and covered API separators.Z

The hydrocarbon evaporative losses
were determined under laboratory controlled conditions with simulated
covered and uncovered API separators. The simulated separator covers con-~
sisted of a cellular glass insulation floating directly on the oil. 1In
the laboratory simulation study, Litchfield found that evaporative loss

from an uncovered separator varied with ambient temperature, influent




TABLE 1-1. EMISSION SOURCES EXAMINED IN THE LOS ANGELES COUNTY
JOINT STUDY

Valves and flanges

Pressure relief valves

Catalytic cracking regenerator stacks

Ceoling towers

Compressor seals

Pump seals

Boilers and process heaters

Air bloﬁing operations

Blind changing operations

Loading facilities

Turnarounds, equipment maintenance, and blowdown systems
Wastewater separators and process drains
Gas_compressor internal combustion engine exhaust
Waste gas flares

Vacuum jets

Source: Reference 1.



temperature, and the ten percent true boiling point of the oil. However,
no attempt was made to verify the laboratory findings with the performance

of actual API separators.

In 1976, 19 valves, four compressors, two pumps, and two regula-
tors were tested for hydrocarbon emissions at a California gas plant.? The
fugitive hydrocarbon emission rate was found to be very low, less than one
percent of the rates found in the Joint Study. This small data base, how-

ever, was inadequate for making any conclusions regarding the results.

Ambient concentrations and fugitive emission rates from fittings
(primarily valves and flanges) in a Colorado natural gas producing field
were measured in a 1976 study." No leaking flanges were found, but 16
percent of the tested valves leaked. The valve leak rates varied signifi-
cantly with time. Only cool valves were included in the study, but this
included most of the fittings in the gas field.

The California Air Resources Board (CARB) spomnsored a study of all

5,8 041 refineries,

organic species emissions in the South Coast Air Basin.
accounting for about ten percent of all organic emissions, were included in
the project. Two refineries were visited over a three week period. Fugi-
tive emissions were monitored from 5,800 valves, 12,000 flanges, 115 pumps,
five compressors, three cooling towers and three oil/water separators.

Soap solution was primarily used to detect and estimate emissions. It was
concluded that "the emission factors in AP-427 are reasonable estimates for
average emissions, and that refinery fugitive emissions are primarily
paraffins with low photochemical reactivity." However, economic constraints
limited the amount of testing conducted. The emission rates from only 25
valves and 25 pump seals were actually measured. The remaining leak rates
were estimated from visﬁal observations or from hydrocarbom detector

readings.




In June 1978, EPA's Office of Air Quality Planning and Standards
published a guideline report entitled "Control of Volatile Organic Compound

Leaks from Petroleum Refinery Equipment.”®

In this document, the frequency
of leaks found by EPA in source testing at four refineries was reported.

The tested sources included 482 pump seals, 15 compressor seals, 940 block
valves, 287 control valves, 43 open-ended lines, 367 drains, and 15 pressure
relief devices. The devices were tested by monitoring the hydrocarbon con-
centration with a portable hydrocarbon detector at a position five centi-
meters from the emission area. A concentration of 1,000 ppmv or- greater

was designated a "leak." Thirteen percent of the inspected pump seals,
seven percent of the compressor seals and six to seven percent of the

valves were found to leak.

In February 1978, members of CARB conducted an inspection of
valves and flanges in six refineries in Los Angeles. Sources in 49 process
units were inspeéted. Over thirteen thousand valves and nearly 25,000
flanges were included in the study.9 Sources were classified as "non-—
leaking," "slow-leaking," or "fast~leaking" based on visual inspection of
soap solution applied to the source. CARB found that approximately nine
percent of the inspected valves leaked, and determined an average leak rate
of 0.11 1b/day for all of the inspected valves. Apparently, no hot valves
(2>‘" 180°F) were inspected, since hot valves cannot be accurately inspected
with soap solution. Error limits or a confidence interval for the emission

factor were not reported.

1.2.2 Impact of Refineries on Ambient Air Quality

Petroleum refineries are sources of -primary criteria pollutants

such as S0_, CO, NO_, hydrocarboms, and particulates. A detailed emission

x’
estimate for 1976 for major sources of these pollutants is shown in Table
1-2.19 A the table indicates, emissions from refineries made up from 0.7
percent to 3,2 percent of the total of all criteria pollutants from all

sources in the United States. Hydrocarbon emissions from refinery processes
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are approximately 3.2 percent of the total hydrocarbon emissions from all
man-made sources in the United States. Hydrocarbon emissions from
refinery-associated storage facilities are included in the "Other Process'

category of Imdustrial Process Emissions.

Sittig!! estimated the emissions from 262 United States refin-

eries (1969) as follows (in 10° metric tons/year):

Particulates 0.1
SOx ‘ 2.0
NOx 0.1
HC 2.1
Co 2.2

Sittig's estimates of SOX and hydrocarbon emissions from refineries are
higher than shown in Table 1-2. However, Sittig's calculations were very
general, and he assumed no control of SOx emissions and 50 percent control
of hydrocarbon emissions.

2 estimated hydrocarbon emissions from

More recently, Wallace!
petroleum processes to be 4.5 X 10° and 4.6 x 10% metric toms per year in
l9f4 and 1975, respectively. This is much higher than the EPA estimate of
0.9 x 10° metric toms per year for 1976, However, Wallace calculated the
emissions using emission factors from AP-42.’ The emission factors for
uncontrolled sources may have been exclusively used. Additiomally, hydro-'
carbon emissions from storage facilities were also apparently included in

the total.

The impact of refineries on ambient air quality has been studied
both theoretically and experimentally. Several studies of ambient air
quality in the vieinity of petroleum refineries have been made. In 1975,
the American Petroleum Institute published the results of a study involving

refinery odor control and ambient levels of pollutants from refinery

10



13 as part of this project, the ambient air at five refineries

operations,
was sampled. The ambient air in nearby residential areas was also sampled.
All of the ambient air samples were analyzed for total hydrocarboms (THC),

organic sulfur compounds (RSH),'Nﬁg, and S0-:. ’

Residential and other sites at distances of approximately 1-2

miles had ambient air concentrations of pollutants as shown below:

50;: 0.00 -~ 0.04 ppmv

NH, : 0.01 - 0.02 ppmv
THC : 1.8 = 4.7 ppmv
RSH: 0.00

Background concentrations of these pollutants were in the follow-

ing ranges:

S0, 0.00 = 0.001 ppmv
NH;: 0.007 - 0.01 ppmv
THC: 0.3 =-10.8 ppmv
RSH: 0.00 ppmv

In another study, Westberg, et al.'“ sampled ambient air for
hydrocarbons, CO, NO_, and ozone downwind of the Texaco refinery in
Lawrenceville, Tllinois. This particular refinery was selected because
it was a large plant located in a region relatively devoid of other
industrial and urban emission sources. Westberg found that the refinery
plume could be identified on the basis of elevated hydrocarbon levels out
to a distance of 25 miles. At a distance of 1.5 miles from the refinery,
the plume contained nommethane hydrocarbon (NMHC) at concentrations of 1-—2-
ppov, CO levels of 3-5 ppmv, NOX concentrations in the range of 30 ppb. A
decrease in the ozone concentration was noted in the plume compared with

the ozone levels outside the plume. Background levels of the species

11



outside of the plume were about 0.2 ppm for NMHC, about (.7 ppm for CO and
15 ppb for NO, .

Westberg found that most_of the hydrocarbons in the plume were
alkanes. There was no evidence of ozone formation in the plume as it moved
downwind of the refinery. The deficiency of ozone in the plume was

attributed to the reaction of ozome with NO, present in the plume.

In 1975 Sexton and Westpergls conducted an ambient air monitoring
program to characterize airborne emissions from the Exxon petroleum refinery
in Benicia, California. The refinery plume could be tracked up to eight
miles downwind of the plant. Sexton and Westberg found elevated levels of
total hydrocarbons (THC), nonmethane hydrocarbons (NMHC), CO, and NO, within
the Exxon plume at distances of less than five miles downwind. Elevated
NMHC levels persisted as far downwind as eight miles. A typical plume
composition at é distance of 1.5 miles downwind of the refinery is shown
in Table 1-3. The ambient air composition outside of the plume is also
shown. All the measured species, with the exception of ozone, show elevated
concentrations in the plume. The concentration of ozone in the plume was
substantially below that found in the air outside of the plume. This was
attributed to the scavenging action of nitric oxide, the low levels of
"reactive" hydrocarbons, and the velocity of the plume. Only about 30
minutes was required for the plume to travel eight miles. Ozone was formed

when bag samples of plume air were irradiated in éunlight for six hours.

Studies of refinery siting problems have been made in recent
years. In these cases, atmospheric dispersion models are used to predict
maximum ambient air pollutant concentrations. These concentrations are
then compared to various federal standards as well as state and local

ambient air standards.

In 1974, Radian'® investigated problems associated with siting

refineries at five different locations in the United States. Dispersion

12



TABLE 1-3. TYPICAL PLUME COMPOSITION AT A DISTANCE OF 1.5 MILES
DOWNWIND OF EXXON'S REFINERY AT BENICIA, CALIFORNIA!®

Concentration of Species in Air, ppmv

In Plume Out of Plume

500 ft. Above 500 ft. Above

Measured Species Ground Level Ground Level
CH, 2.0 £ 0.1 1.7 +£ 0.1
Total Hydrocarbon 2.3 £0.1 1.7 £ 0.1
Nonmethane Hydrocarbon 0.3 0.1 <0.1 * 0.1
co 0.7 + 0.1 0.4 = 0.1

NOx 0.07 £ 0.005 0.02 £ 0.005

03 0.03 £ 0,005 0.06 £ 0.05
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models were used to predict ambient air quality in the vicinity of
hypothetical refineries. The size of the hypothetical refineries varied
from 180,000 to 250,000 barrels per day. This study found that the pre-~
dicted maximum ground level concentrations of S50:, NO, particulates, ‘and
CO from refinery operations did not exceed the federal primary and
secondary ambient air quality standards at any of the sites. However,
the predicted hydroecarbon concentration exceeded the existing federal
guidelines at all sites by a factor ranging from 20 - 40.

In a similar study, Cavanaugh, et al.,17

performed dispersion
modeling of a model 300,000 barrel per day refinery sited im Brazoria,
Texas;- The results of the modeling are shown in Table 1-4. It can be
seen that the predictions indicate the ambient air levels of SO0;, particu-
lates, NOx and CO are well below federal ambient air quality standards.
However, the predicted hydrocarbon concentration exceeded the federal
guidelines for three-hour maximum (6 -9 AM) nonmethane hydrocarbons con-
centration of 160 ug/m® (0.24 ppmv). Nonmethane hydrocarbon concentrations
of 20- 40 times the guideline concentrations were predicted in the ambient
air in the vicinity of the refinery. It should be noted that this federal
guideline is no longer widely accepted or used because the relatiomship
between ozone formation and ambient hydrocarbon concentrations is not

adequately defined.
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2.0 CONCLUSIONS

Several important conclusions can be drawn from the results
generated by this work. Conclusions and significant results which support
them are highlighted in this sectiomn. A more complete summary of the
results of this program is included in Section 5. For convenience, the
conclusiong are presented in sections which correspond to the three major
objectives presented in Section 1. Sectiom 2.1 contains important con-
élusions concerning fugitive emissions. Control technology evaluations
are presented in Section 2.2. Section 2.3 presents conclusions derived
from analysis of the environmental impact of refineries on their

surrounding areas.

2.1 Fugitive FEmissions

Fugitive emissions are generally characterized by a diffuse
release of vaporized hydrocarbon or other organic compounds. They origi-
nate from equipment leaks as well as large_and/or_diffuse sources. In )
this study, fugitive emission sources are categorized as either "baggable"

sources or 'monbaggable" sources.

Baggable sources are those that can be enclosed in some type of
"bag'" or '"temt'" to measure their emission rates. Source types included in
s .
the baggable category include valves, flanges, pump seals, compressor seals,

drains, and telief valves.

Nonbaggable sources of fugitive emissions are those sources which
are too large or diffuse to enclose. Emission estimates must be made by
indirect means. Nonbaggable sources include cooling towers, wastewater
treating units, spills, turnarounds, blind changing, coking, air blowing,
vacuum jets, barometric condensers, and sampling operations. Only cooling

towers, oll-water separators, and dissolved air flotation units were
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actually sampled in this study. Information was obtained by survey forms
about maintenance practices, turnarounds, blind changing, and sampling

operations.

Five major conclusions may be drawn about fugitive emissions in
refineries. These conclusions are presented below. They are followed by
significant results which support them. Supporting data are organized by

source type.

2.1.1 Major Conclusions

Substantial hydrocarbon emissions occur from fugitive sources

in refineries.

The estimated nonmethane hydrocarbon emissions from eight sources
in the process units of a hypothetical* 330,000 BPD refinery are about 630
pounds per hour (approximately 2,600 tons per year). The emissions and
their sources are shown in Table 2-1. The hypothetical refinery was assumed

to have covered API separators.

Hydrocarbon emissions from process sources (stacks) are minimal.
An FCCU unit equipped with a CO boiler emits from 1 to .12 pounds of non-
methane hydrocarbons per 1,000 barrels of feed. This is equivalent to 2 to

25 pounds per hour of emitted hydrocarboms.

The only equipment or process variable found to correlate with

fugitive emisgsion rates was the volatility and/or the phase ‘of

the process sStream,

The various source leak rates were correlated with all available

process and equipment variables. The volatility range and/or phase of the

*
Arthur D. Little Gulf Coast Cluster Model Refinery - Capacity 330,000 BPD!?7
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TABLE 2-1. ESTIMATED FUGITIVE NONMETHANE HYDROCARBON EMISSIONS FROM
SOURCES IN PROCESS UNITS OF A HYPOTHETICAL 330,000 BPD

. REFINERY

Nonmethane Hydrocarbon Emission Rates

Fugitive Source R 1b/hr Tons/year”
Valves 305 1,270
Flanges 25 104
Pump Seals .60 250
Compressor Seals 29 121
Drains - 48 .. 200
Vessel Relief Valves (gas) 21 87
APT Separators (from AP-427)° 138 574
Cooling Towers 2 8
;;; : - 2,614

a .
Assyming 95 percent on=-stream time for process units.
b

Separators are covered.

Cc - .
Controlled emissgions.

18




process stream correlated with the log of the leak rates with simple
correlation coefficients of 0.65 to 0.75. Correlation coefficients between
log leak rate and other tested variables ranged between 0.01 and 0.35,

indicating very low degrees of correlatiom.

Valves were found to be the largest contributors of fugitive

emissions from baggable source types.

For a 330,000 BPD hypothetical refinery, valves were estimated to
emit approximately 300 pounds of nonmethane hydrocarboms per hour. The
total hydrocarbon emissions from fugitive sources in this refinery was
estimated to be about 630 pounds per hour. Thus, valves are responsible
for about 50 to 60 percent of the fugitive hydrocarbon emissions. The

hypothetical refinery was assumed to have covered oil-water separators.

The major portion of fugitive emissions from any baggable source

type come from a small fractionm of the sources.

For example, approximately 70 percent of the nommethane hydro=-
carbon emissions from valves in gas service come from only one percent of
the valves in that service. In this study, approximately 5,700 baggable
sources were screened and about 1,300 were sampled. Sixty-five percent of

the total measured emissions came from one percent of the baggable sources.

It is possible to estimate fugitive emission rates from individual

sources using portable hydrocarbon detectors as monitoring

devices.

It was found that the measured leak rate from a baggable source
could be correlated with the hydrocarbon concentration very near the leak.
This hydrocarbon concentration (or "screening value'") was measured with

sensitive portable hydrocarbon detectors. The screening values correlated
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quite highly with leak rates. A correlation coefficient of 0.72 was
obtained for the screening values and the leak rates of valves. The
correlation coefficients for leak rates and screening values for all

sources ranged between 0.67 and 0.79.

2.1.2 Significant Supporting Results

Some of the significant results of this study which support the
conclusions presented in the previous Sectiom 2.1.1 are presented below.

The results are given for each source type.

2.1.2.1 Baggable Sources

Valves

(a) Valve emissions from a 330,000 BPD hypothetical refinery
were estimated using valve counts and valve emission
factors. Approximately 300 pounds per hour of nonmethane
hydrocarbons or 64 percent of the emissions from the six

baggable source types were emitted from leaking valves.

(b) Valves in gas service have higher emission rates compared
to valves in light liquid and heavy liquid service. The
emission factor for valves in gas service is 0.059 1lb/hr-
source. In comparison, valves in light liquid and heavy
liquid service have emission factors of 0.024 and 0.0005

1b/hr-source, respectively.

(c¢) The parameter which has the most influence on valve emis-
sions is the stream type (gas, light liquid/two~-phase, or
heavy liquid). All other parameters which were evaluated

had little or no influence on the emission rate from valves.
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general refinery use. These limitations include efficiency, initial cost,

pump life, capacity, head, and maintenance cost.

2.2.1.3 Compressors

Many compressor seal areas are enclosed and vented to a blowdown
flare system. This is an effective means for reducing emissions to the

atmosphere.

Portable hydrocarbon detectors can be used to detect emissions
from compressor seals and seal enclosures. A program of seal momitoring
(with hydrbcarbon detectors) and subsequent maintenance of leaking seals
may further reduce compressor seal emissions. Such a potential reduction,

however, has not been experimentally determined or quantified.

2.2.1.4 Safety Relief Valves

A significant fractionm: of safety relief valves in refineries
discharge to blowdown/flare systems. Atmospheric emissions from these
systems-should_be small if the flare system is operating effectively.

Leaks were found in approximately 40 percent of the relief valves dis-
charging to the atmosphere instead of blowdown systems. In some refineries,
pressure relief valves are inspected regularly, but these inspections are
apparently not completely effective in minimizing hydrocarbon emissions.
Rupture disks can be used in series with safety relief valves to reduce
emissions to the atmosphera. The combination may, however, present safety
problems in some applications. A pressure or flow sensor could be installed

between the relief valve and the rupture disk as a safety precautiom.

2.2.1.5 Flanges

The leak frequency and emission rates of flanges are low.  Refin-

eries currently depend on visual inspection to detect leaks. The flange
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(e)

(£)

seal leak rates, Correlations were attempted but

correlation coefficients ranged from 0.01 to 0.24.

Pump seal leaks could be adequately detected with a
portable hydrocarbon detector. Leak rates as low as

0.00001 1b/hr were detected and measured.

The leak rates from pump seals can be expressed as a
function of the hydrocarbon concentration (screening
value) at or very near the leak site. Nomographs
illustrating this relationship have been developed.
(See Section 5 of this report.)

The major portion of the pump seal emissions are emitted
from a small fraction of the seals. For example, 95
percent of the total emissions from the pump seals in
light liquid (liquids boiling below kerosene) service

come from 20 percent of the seals.

Compressor Seals

(a)

(b)

(e)

Seals on compressors handling hydrocarbon gas streams
have the highest emission factor of any baggable

source. This emission factor is 1.4 lb/hr-source.

Compressor seal leaks can be detected with a portable
hydrocarbon detector. Leak rates as low as 0.001 lb/hr

have been detected.
The emission rate from compressor seals can be correlated

with the hydrocarbon concentration as determined with a

portable hydrocarbon detector at or very near the leak
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site. A correlation coefficient of 0.68 was determined

for this relatidnship.

(d) - Compressor seals leaked with a frequency higher than
that of any other baggable source. Seventy-seven percent
of the screened compressor seals had screening values
= 200 ppmv.

(e) The bulk of the emissions from compressor seals are
released from a minority of the seals. Seventy-one
percent of the total compressor seal emissions were

emitted from 13 percent of the screened seals.

Flanges

(a) TFlanges have a very low frequency of leakaga. Less
than three percent of the screened flanges had

screening values z 200 ppmv.

(b) 'Flangesnleak at very low rates. They have thé lowest
emission factor of the six baggable source types,
0.00056 lb/hr=source.

(¢) Hydrocarbon leaks from flanges can be detected with
portable hydrocarbon detectors. Leak rates as low as
0.00001 1b/hr have been detected.

(d) The hydrocarbon leak rate from flanges can be estimated
from the hydrocarbon concentration at or very near the
leak point. The correlation of leak rate with screening

values has a correlation coefficient of 0.77.
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(e)

The leak rate of flanges is a statistically significant
but weak function of the diameter of the flange. The

leak rate increases slightly with increasing diameter.

- The pressure or temperature of the process fluid did

not influence the leak rate from flanges.

Drains

(a)

(b)

()

(d)

()

The frequency of emitting process drains is relatively
low. Only 19 percent of the inspected drains had

screening values = 200 ppmv.

Hydrocarhon emissions from drains can be detected with
portable hydrocarbon detectors. Leak rates of 0.0001
lb/hr were detacted.

The hydrocarbon emission rate from drains can be
estimated from the hydrocarbon concentration at or very
near the emission point. A correlation coefficient of

0.68 was observed for this correlation.

Most of the hydrocarbon emissions come from a small
fraction of drains. For example, fewer than six percent
of the screened drains were responsible for 95 percent of

the total drain emissions.

Relief Valves

Portable hydrocarbon detectors are effective for
detecting emissions to the atmosphere from pressure
relief valves. Very low leak rates (< 0.0001 1b/hr)

can be detected.
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(b)

(e)

A substantial majority of the hydrocarbon emissions
from pressure relief valves come from a small fraction

of the relief valve population. For example, 76

'~ percent of the hydrocarbon emissions from relief valves

are emitted from just three percent of the sources.

It is possible to estimate the fugitive hydrocarbon
emission rate from the hydrocarbom concentration at
the outlet of pressure relief valves. A correlation

coefficient of 0.68 was found for this relationship.

2.1.2.2 Nonbaggable Sources

Sampled nonbaggable emission sources include cooling towers and

units of the wastewater treating system.

Cooling Towers

(a)

(b)

(e)

‘The majority of cooling towers in refineries do not

emit significant quantities of hydrocarbons. Only eight
of the 31 sampled towers, or 26 percent, had statistically

significant emissions.

The concentration of volatile organic compounds in the
cooling tower streams were most precisely determined

with a purging technique developed for this purpose.

Thirty=-one cooling towers were tested for hydrocarbon
emissions using two different analytical techniques.
One method (purge method) was found to be significantly
more precise than the other procedure (total organic
carbon analysis). Therefore, an emission factor of

0.00011 pound per 1,000 gallons of cooling water was
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developed using only the purge method data from the
fifteen towers analyzed with this method. A 95 percent
confidence interval for this factor ranges from negligible

" to 0.0004 pounds per 1,000 gallons of cooling water.

Wastewater Treatment System

(a) Intermittent sampling and subsequent analyses of
oil-water separator liquids did not provide an
adequate technique for accurately estimating

hydrocarbon emissions from these devices.

(b) It is difficult, if not impossible to make an accurate
hydrocarbon material balance around oil-water separators.
The rate and composition of the incoming liquid stream

are continually changing.

(e) Hydrocarbon emissions from dissolved air flotation units
were estimated from a material balance using measurements
of volatile hydrocarbons in the inlet and outlet water
streams, However, the data were insufficient to allow
the development of an emission factor which could be used

with confidence.

2.1.2.3 Miscellaneous Refinery Practices

The emission potential of a number of refinery practices were
evaluated from survey forms and discussions with refinery personnel. No
attempt has been made to quantitate emissions from these activities.

Results of the survey of these current practices are presented below:
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Turnaround and Blind Changing

(a) Data on emissions during turnarounds could not be
- developed during this study. However, it is felt that
the overall impact of turnarounds on fugitive hydro-
carbon emissions is small if the units are adequately
purged prior to opening the process vessels. Typical
industry practice provides venting of hydrocarbons and

purge gases to flares or vapor recovery systems.

(b) Other emission sources during turnarounds include
steaming of heat exchanger bundles, draining of pumps,
emissions during startup, etc. However, turnarounds in
refinery units are generally infrequent, so total

emissions from these sources are felt to be small.
(c¢) Refineries generally do not routinely change significant
numbers of pipeline blinds. Most blind changing takes

place during the startup or shutdown of a unit.

2.2 Control Technology

As part of this study, pollution control technology for refinery
emission sources was reviewed and evaluated. Research and development needs
were also evaluated. The major conclusions reached in control technology
evaluation are organized in three parts: 2;2.1 Hydrocarbon Emission
Controls, 2.2.2 Stack and Process Emission Controls, and 2.2.3 Research

and Development Needs.

2.2.1 Fugitive Hydrocarbon Emission Comtrols

Effective control methods are available for the majority of hydro-

carbon Fmission sources in refineries. Although these methods are being
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currently used in some refineries, they may not be universally applied.
Safety and economic factors may deter their use in some refineries.
Comments on control techniques for fugitive hydrocarbon emissions are

included below by source type.

2.2.1.1 Valves
»

The existing method of controlling fugitive emissions from valves
and pump seals is based upon visual detection of leaks. This method allows
numerous and substantial leaks to go undetected. However, this study
determined that simple valve monitoring and maintenance programs employing
portable hydrocarbon detectors are effective in reducing fugitive emissions
from valves. Such programs can reduce average valve emissions by 50 to 90

percent for the maintained sources.

Packléss valves have been suggested as alternatives to valves in
current use. These valves (diaphragm and bellows valves) "are currently
available1 However, their performance characteristics, size limitations,
and cost may preclude wide-spread use in refineries. However, their utility
and usefulness in refinery application has not apparently been widely

tested.
2.2.1.2 Pumps

As mentioned above in the discussion of valve controls, the
present visual inspection techmnique is inadequate for control of fugitive
emissions. It has been established that portable hydrocarbon monitoring
equipment is effective in locating pump seal leaks. However, no study has
been made of the emission reductions effected by replacing leaking mechani-

cal seals or tightening packed seals.

Hermetically-sealed pumps would virtually eliminate emissions from

pump seals. However, these pumps currently have serious limitations for
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general refinery use. These limitations include efficiency, initial cost,

pump life, capacity, head, and maintenance cost.

2.2.1.3 Compressors

Many compressor seal areas are enclosed and vented to a blowdown
flare system. This is an effective means for reducing emissions to the

atmosphere.

Portable hydrocarbon detectors can be used to detect emissions
from compressor seals and seal enclosures. A program of seal momitoring
(with hydrbcarbon detectors) and subsequent maintenance of leaking seals
may further reduce compressor seal emissions. Such a potential reduction,

however, has not been experimentally determined or quantified.

2.2.1.4 Safety Relief Valves

A significant fractionm: of safety relief valves in refineries
discharge to blowdown/flare systems. Atmospheric emissions from these
systems-should_be small if the flare system is operating effectively.

Leaks were found in approximately 40 percent of the relief valves dis-
charging to the atmosphere instead of blowdown systems. In some refineries,
pressure relief valves are inspected regularly, but these inspections are
apparently not completely effective in minimizing hydrocarbon emissions.
Rupture disks can be used in series with safety relief valves to reduce
emissions to the atmosphera. The combination may, however, present safety
problems in some applications. A pressure or flow sensor could be installed

between the relief valve and the rupture disk as a safety precautiom.

2.2.1.5 Flanges

The leak frequency and emission rates of flanges are low.  Refin-

eries currently depend on visual inspection to detect leaks. The flange
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installation and inspection procedures are apparently adequate for
maintaining a low level of emissions. Flanges may be less prome to

developing leaks after installation since there are no moving parts.

2.2.1.6 Process Drains

The majority of process drains in refineries are uncovered, and
a substantial fraction are also untrapped. Emissions are significant in
quantity. Process drains could be trapped and covered (at least partially),
if safe operating conditions can be maintained. The buildup of explosive
vapors in such systems is a potential safety hazard that must be considered.
It should also be noted that the effectiveness of traps and covers for

reducing emissions has not been evaluated.

2.2.1.7 APT Separators

Many API separators in refineries do not have covers. These
devices are assumed to emit significant quantities of hydrocarbons to the
atmosphere, Corrugated-plate interceptors (CPI) and parallel=-plate inter-
ceptors (PPI) ére used in some refinery applications to separate oil and
water. These devices generally allow very little exposure of oil to the

atmosphere. In fact, they are often completely covered.

According to AP-42,7 covered API separators emit smaller amounts
of hydrocarbons to the atmosphere than uncovered units. The data obtained.
| n field measurements around both covered and uncovered oil-water separators
were inadequate for defining emission rates. The AP-427 emission factors
are given a quality rating of "D." Emission factors of this quality are

considered "below average,' i.e., there is not very much measured emission
data, process data, or engineering analysis upon which to base the factor.
Additional studies and data are needed to provide better estimates of

control effectiveness.
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2,2.1.8 Cooling Water

In many refineries cooling tower water is periodically monitored
for hydrocarben content. Frequent monitoring will provide prompt indica-~
tion of leakage of hydrocarbons into the cooling water (with subsequent
emission to the atmosphere). This procedure, followed up with maintenance
to repair the leak, appears to be quite effective in maintaining a low

emission level.

2.2.2 Stack and Process Emission Comtrols

Although hydrocarbon emissions from these sources are low, other
criteria pollutant emissions may be significant. Of the criteria pollutants,

sulfur oxide emissions from stacks in refineries are a difficult control

problem. Although adequate controls may be available, they can be very
expensive and iﬁ some instances may present safety problems. Furthermore,
the decreased availability of low-sulfur crude oil and natural gas and the
increased use of heavier oils as fuel for refinery boilers and heaters will

result in higher emissions from these sources.

Claus plants are the accepted method_for recovering sulfur in
refineries. The tail gas from Claus units contains substantial quantities
of SO, and H.S. There are a number of Claus tail gas treatment processes
which are capable of reducing the SO, content of tail gas to 250 ppmv or
less., Some of these are currently in use in refineries. In the absence

of tail gas treating, the gas is ineinerated to remove H,S.

No pollution control devices are currently in use to treat the
flue gases from refinery boilers and process heaters. Whemn low SO, and NO
emissions are required, low sulfur fuels and high efficiency burners are
used. Flue gas desulfurization (FGD) processes for removing SO from com-
bustion gases have been developed for the electric power industry. These

are potentially applicable to heater/boiler flue gases. Most of the
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numerous individual combustion sources found in refineries are relatively
small, however. The flue gas from several sources would have to be com-
bined ‘before scrubbing. This is very costly and could present safety
problems. Additiomally, large amounts of scrubber waste could produce

disposal problems.

The emissions of sulfur oxides from fluid catalytic cracking unit
(FCCU) regenerators can be reduced. The available methods are, however,

expensive and in some cases have not been commercially proven..

Amoco 0il Company (as well as other oil companies and catalyst
manufacturaers) has developed an FCC catalyst which reportedly reduces the
amount of SOx leaving the regenerator in the-flue'gas.18 This catalyst
appears to be a promising alternative to other potential control methods
such as flue gas scrubbing or feedstock desulfurization. Results of
commercial scale testing of the Amoco catalyst or those of other developers

has not been reported.

Scrubbing of FCCU flue gas for the removal of SOX is currently
practiced in only a few refineries, These scrubbers are reportedly capable

of removing up to 95 percent of the SO in the flue gas.19

The hydrodesulfurization (HDS) of FCCU feedstock can also result
in the reduction of SOx in the regemerator flue gas. HDS is generally not
practiced for emission control purposes, but rather to increase the volume
and/or quality of saleable products. The installation of a large hydro~
desulfurization unit is quite costly, and may also require the addition of

a hydrogen unit.

2.3 Environmental Impact

An environmental assessment was performed to examine the potential

effects of refinery emissions on the surrounding atmosphere. The primary
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objective of this assessment is to provide guidance in identifying potential
problem areas. For instance, if can provide insight into which sources and
which pollutants appear to be the most likely to pose potential hazards, if
such hazards exist. The approach taken in this study to an environmental
assessment of a generalized source (model refinery) is of limited value in
providing specific information on whether steps need to be taken to further
reduce emissions of a given pollutant. As a result, this type of environ-
mental assessment is only a tool to aid in the evaluation of relative
potential environmental impacts. It is not a method for making precise and
accurate predictions of such impacts. The results should not be regarded
as an absolute value which can be uysed to predict vieclations of standards,
public health hazards, requirements for additional pollution control
technology or regulatory requirements.

In this assessment, an atmospheric dispersion model was used to
estimate the impact of a large model refinery om the ambient air quality in
the surrounding area. The refinery configuration emission rates, meteoro-—
logical conditions, dispersion model, ete., are consistent with a "worst
case'" study. Worst case conditions were chosen to permit some generaliza-
tion of the reéults of the refinery assessment. If the worst case analysis
shows little or no impact, then it can be said with some confidence that

refineries in genmeral have little or no impact.

The EPA guideline dispersion model RAM (rural version) was used
in this assessment. -None of the available models is perfect, and predicted
maximum concentrations may vary from half to ten times (or more) the actual
concentrations measured from a source. In addition, the use of the rural
version of RAM to model a refinery is a conservative (or worst case) choice.
In the rural version, the heat island effect of the refinery, which ﬁould
tend to increase atmospheric diffusion, is not comsidered. These factors

should be comsidered when interpreting the results of this study.
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Emissions from storage tanks were not included in the scope of
this study, and they were not considered in the dispersion model. However,
the magnitude of these emissions were estimated to provide a basis of com=

parison to other hydrocarbon emission sources.

The dispersion modeling results indicate that in the worst case
situation, hydrocarbon emissions were the only potentially significant
environmental pollutant. Ambiént-levels of particulate matter, sulfur
oxides, nitrogen oxides, and carbon monoxide were all predicted to be well

below the National Ambient Air Quality Standards (NAAQS).

Total nonmethane hydrocarbon concentrations in excess of the
federal guidelines were predicted in an area which extended 3.5 kilomecters
downwind of the model refinery and encompassed about four square kilometers.
The maximum tgtal hydrocarbon concentration was estimated to be directly
downwind of a covered API separator. The bulk of the hydrocarbons appeared
to be from the alkane family. However, both the aromatic -and polynuclear
aromatic (PNA) species were estimated to be‘present at the part-per-billion
level. Maximum concentrations of benzene, naphthalene, anthracene, biphenyl,
and.other PNA's were predicted to be located adjacent to and downwind of the

covered API separator.

Several factors should be kept in mind, however, when considering

the results concerning the API separators:

b The separator was located right on the plant boundary.

This placement is quite unusual.

g There is a great deal of uncertainty in the emission
factor for separators. No conclusive results were
obtained from limited testing of separators in this
study. As a result, factors from AP-427 were used

in this envirommental analysis.
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L The emissions from an API separator are highly
variable in comﬁonent breakdown. The species
concentrations were based on grab samples of

- surface 0il. These samples may not have been

reflective of "typical"” operations.

Another point of uncertainty is the potential contribution of
storage emissions to the impacts predicted for the refinery process area.
Storage emissions were estimated and storage modules were located in the
refinery plot plan. It was determined that the inclusion of storage emis-
sions in the dispersion modeling would probably not have significantly
increased the estimated maximum hydrocarbon concentration in the vicinity
of the model refinery. It would, however, have increased the area of
impact in whigh relatively high concentrations of nonmethane hydrocarbons

would be predicted by the model.
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3.0 AVAILABLE CONTROL TECHNOLOGY OPTIONS

In this section, existing and available control options are
discussed. Research and development programs for some specific controls
needs are also recommended. These recommendations are Radian's and do not
necessarily reflect the positions or policies of the U.S. Envirommental

Protection Agency (EPA).

3.1 Control Techmology for Fugitive Emission Sources

Control technology for baggable and nonbaggable fugitive emission
sources are reviewed in detail in Appendix E (Volume 4). All of the avail-
able technologies are discussed in Appendix E. The available control

options are listed below.

3.1.1 Baggable Sources

3.1.1.1 In=-Line Valves

Control Options~—~The following options are available for the

control of hydrocarbon emissions from in-line block and control valves.

(a) Monitoring with portable hydrocarbon detectors of
all accessible valves in gas and light liquid service
is recommended. The monitoring should be done at

Tegular intervals.

(b) Simple maintenance (tightening packing glands,
injection of grease) should be performed on all
accessible valves with screening (monitoring)

values above some specified level. The maintenance
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should be performed within a short interval of

time after screening.

(c) A portable hydrocarbon detector should be used
to guide the maintenance effort. This assures
that the maintenance effort will be continued

until the leak is minimized.

(d) On-line valve maintenenace can also be achieve&
by drilling and injection of a sealing compound
into the packing area. , ‘

(e) Valves that cannot.be maintained or repaired

- while in service should be identified and repaired
during the next process unit shutdown and/or turn=-
around. Packing replacement or valve replacement
are feasible during shutdowns/turnarounds (or

whenever the valve in question can be isolated).

() -Monitoring of valves in heavy liquid service is
not recommended. Visual inspection should be
adequate for detecting leaks. Visible leaks should

be repaired.

Research agﬁ Development Recommendations--More effective methods

of controlling emissions from valves might possibly be developed. Addi-
tionally, more data are needed regarding the effectiveness of existing/

recommended controls. The studies listed below should be considered:

(a) A study of the effect of deepef.stuffing'boxes on the

leak frequency and emission rates of smaller valves.
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(b)

()

(d)

A study to define the theoretical and practical
limitations involved in developing and applying

diaphragm and bellows sealed valves for some

" refinery services.

A study to define the effectiveness, reliability,
and limitations of on-line leak-sealing methods

such as sealant injection.

A study of the short-term and long-term effective-—
ness of valve maintenance. Results from refineries
which institute a monitoring/maintenance program

would enhance such a study.

3.1.1.2 Open—-Ended Valves

Emissions to the atmosphere from open=-ended valves (sampling

valves, drain valves) occur through the valve seat.

Control Options-=-Available control options for open-ended valves,

are listed below.

(a)

()

The open-end of the line should be closed when
not in use. This can be done by installing caps,

plugs, blinds, or a second valve on the open—end.

The closures on open-ended valves in gas and light
liquid service should be monitored with hydrocarbon
detectors at regular intervals to ensure the con-

tinuing effectiveness of the device.
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3.1.1.3 Flanges

The leak frequency and emission factor for flanges are both very
low. Existing!methods of flange installation and testing coupled with visual
inspection appear to be effective in mipimizing emissions of nonmethane hydro-
carbons. Periodic monitoring of flanges for leaks is not recommended because

of the high cost and minimal expected emission reduction.

3.1.1.4 Pump Seals

Control Options-—Pump seals are an integral component of pumps and

are necessary for pump operation. There are a number of types and configura-
tions of pump seals. Some types are better suited than others for reducing
emissions in certain applications. In addition to the two most commonly used
types, packed seals and single mechanical seals, the following options are

available:

(a) Double mechanical seals.

(b) Tandem mechanical seals.

(¢) Double mechanical or tandem seals with barrier fluid
reservoir degassing vent connected to a closed vent
system.

(d) Periodic monitoring (with hydrocarbon detectors) and

repair (tightening of packing gland, replacement of

packing, replacement of seal, etc.).

(e) Pump replacement.
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The data from this study are insufficient to determine the rela-
tive effectiveness of the above options for controlling pump seal emissions.
The utility of any of these options depends to a great degree on the appli-
cation. The economics, safety, and effectiveness of each control option

must be determined for each particular case.

Research and Development Needs——Hermetically sealed or ''canned"

pumps should achieve complete control of emissions. At the present time
they are used sparingly in refineries because of efficiency, pump life,
cost, capacity, and head limitations. A study of these pumps is recommended.
The study would define the probabilities and costs of overcoming some or all

of the current limitations for refinery use.

3.1.1.5 Compressor Seals

Control Options——Compressor seals are an integral component of

compressors, and they are necessary for proper compressor operation. Methods
for controlling nommethane hydrocarbon emissions from compressor seals are
a?ailable for some applications. Those ideﬁtified.below are not the only
available optidns, however. Compressor seals are often engineered on an
individual basis. Economic, operational, and safety problems associated

with available control options must be evaluated for each installatiom.

(a) Some compressor seals include a barrier fluid
(seal oil) which circulates through the seal area
(similar to double mechanical pump seals). The
fluid absorbs the compressed gas. Where practical,
this fluid can be circulated to a reservoir
aquipped with a closed degassing vent system. The
vent system can be routed back to the compressor
intake or be commnected to & control device

such as a vapor recovery system, flare, or a
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(b)

(e)

combustion/incineration device. These seal vent
Systems are complex and expensive., The cost
effectiveness, operating problems, and safety

concerns must be evaluated for individual cases.

Some compressor seals, particularly those of
reciprocating compressors, are not equipped with
seal oil systems. In these cases the seal area
can be enclosed, if safety problems are not
encountered. The enclosed area should be vented to
a closed vent system which is equipped with a vapor

recovery or incineration/combustion system.

.If it is not feasible to apply the above systems

or comparable emission controls to a compressor

seal, then regular monitoring of that seal with a
hydrocarbon detector is recommended. When éignifi-
cant emissions are detected, the seal can be repaired
or replaced at the next opportunity such as a shut-

dowm or turnaround.

Safety Relief Valves

Safety relief valves which vent into a blowdown/flare system are

effective in limiting hydrocarbon emissions to the atmosphere.

Control Options--The control options given below apply to those

atmospherea.

(a)

safety relief valves in hydrocarbon gas service which vent directly to the

Rupture disks upstream of safety relief valves can

be used to reduce emissions to the atmosphere.
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(b) Where rupture disks are installed, bubblers,
pressure gauges,'and/or excess flow valves
should be installed between the rupture disk
and the safety relief valve. Such an arrange-
ment is cqvered by ASME code. Leaks through
the rupture disks can be detected by the above

devices.

(¢) Safety or other considerations may preclude the
installation of rupture disks upstream of safety
relief valves. Those relief valves not equipped
with rupture disks should be regularly monitored

for hydrocarbon emissions.
(d) In addition. to regularly scheduled monitoring,
pressura relief valves should be monitored after

every pressure release.

Research and Development Needs--There appear to be divergent

opinions concerning the practicality, safety, and costs of the universal
application of (a) the venting of relief valves to blowdown/flare systems
and (b) rupture disks upstream of pressure relief valves. A comprehensive
and. objective study is recommended to define the costs and safety problems

associated with these control measures.

3.1.1.7 Process Drains

Many drains in refiperies are used to fraquently or continuously
carry away liquids such as condensate, oily water, and/or hydrocarbon -
liquids. Many of these streams are hot and/or volatile. Emissions from

the open process drains are not insignificant.
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Control Option-~Unless prevented by safety or economic factors

the covering of existing open process drains is recommended. New process

drains should be equipped with traps and covers.

Research and Development Needs--A study is recommended to evaluate

the cost, cost effectiveness, and hazard potential of process drain emission

control methods.

3.1.1.8 Sampling Systems

When taking samples of refinery process fluids, it is necessary
to purge the sampling line of fluid present from the previous sampling. If
this fluid is purged into the air (gas) or into drain systems (or onto the
ground) , atmogpheric emissions will result. A closed sampling loop is
recommended for sampling operatioms. A c¢losed sampling loop allows the
purged material to flow back into the process line without being exposed

to the atmosphere.

3.1.2 Nonbaggable Sources

Nonbaggable sources include cooling towers and units of the waste-

water collection and treatment system.

3.1.2.1 Cooling Towers

Cooling towers can emit hydrocarbons to the atmosphere if the

cooling water contains hydrocarboms from leaking process heat exchangers.

Control Options~=Cooling tower water can be routinely monitored

for hydrocarbon content. This is an effective method for detecting the
presence of hydrocarbons resulting from leaks. It is recommended as the
most effective means for early detection of leaking heat exchangers. Prompt

repair of such exchangers will minimize hydrocarbon losses to the atmosphere.
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3.1.2.2 Qil-Water Separators

Liquid hydrocarbon wastes are separated from refinery wastewater
in oil-water separators. A considerable amount of the hydrocarbon wastes
make their way to the oil-water separators, and these units can be very

substantial hydrocarbon emission sources if they receive volatile material.

Control Option~-The most commonly used control option for reducing

hydrocarbon emissions from those oil-water separators receiving volatile
material is to cover part or all of the separators. Adequate data are not
available for a definitive evaluation of the effectiveness of covers on
oil-water separators for reducing atmospheric emissions. It seems reason-—
able to presume that covers will reduce emissions to some degree. The
cost-effectiveness of this control option can only be determined after its
control efficiency has been defined through testing. There can be safety
and operational problems associated with covering the separators. These -

must be evaluated on an individual basis.

Research and Development Needs--The Environmental Protection
Agency is now éonducting a program to measure atmospheric emissions from
refinery wastewater treatment units. In addition two topics should he

fully explored:

(a) The venting of covered separators to flare systems
should be investigated. Such a system might sub-
stantially reduce emissions from unvented covered

separators.

{(b) Corrugated plate interceptors (CPI) and parallel
plate interceptors (PPI) are not widely or
universally used in refineries. The range of
applicability, efficiency, limitations, and

economics of operation should be comprehensively
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explored. 1If there are serious limitations for
refinery service, an R&D program to overcome them

may be justified.

3.1.2.3 Wastewater Collection System

Included in this system are drains, process sewers, Storm sewers,

and ditches.

Control Options--The methods for controlling emissions from the

wastewater collection system include:

(a) Drains and sewers can be sealed or vented through
liquid seals if safe operating conditions can be
maintained. The buildup of explosive wvapors in
such systems is a potential safety hazard that

must be considerad.

(b) Pump bases should be constructed or modified to

‘allow rapid and complete drainage to the sewer.

(¢) Process water should be segregated from storm

water.

3.2 Control Techmology for Process Emissions

The major sources of atmospheric process emissions are sulfur
recovery processes, fluid catalytic cracking (FCCU) catalyst regeneration,
and process heaters and boilers. The major types of atmospheric process
emissions from refineries are hydrocarboms, sulfur oxides (SOX), particu-
lates, carbon monoxide (CO), and nitrogen oxides (NOX). Process emission

controls for the various pollutant types are discussed below.
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3.2.1 Control of Hydrocarbon (Including Aldehydes) Emissions

Potential major sources of hydrocarbon emissions include FCCU
catalyst regemeration, delayed coking, fluid coking, vacuum distillationm,
and air blowing operations. Most of these sources are effectively con-

trolled in existing refineries.

3.2,1.1 Fluid Catalytic Cracking Unit (FCCU)

Control Options--Two methods for controlling CO emissions are

also effective in reducing hydrocarbons in the flue gas. The following con-

trols are recommended for controlling hydrocarbon emissions.

(a)_ Carbon monoxide can be further oxidized to CO:; in
a CO boiler. This combustion effectively reduces

hydrocarbon emissions to low levels.
(b) High temperature regeneration and combustion
promoters also significantly reduce hydrocarbon

emissions as well as CO concentrations.

3.2.1.2 Delayed Coking

i

The hydrocarbon emissions from delayed coking have not been
quantified. In general, hydrocarbon emissions can be minimized by venting
quenching steam to a vapor recovery or blowdown system. Cooling the coke
drum as much as practical will minimize hydrocarbon vaporization when the

drum is opened.
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3.2.1.3 Fluid Coking

The hydrocarbons in the flue gas from a fluid coking unit can be
controlled by a CO boiler, which is gemerally used to control CO emissions

from the unit.

3.2.1.4 Vacuum Distillation and Air Blowing Operations

The noncondensable hydrocarbon vapors from vacuum distillatiom
and air blowing operations should be incinerated or vented to a blowdown

system.

3.2.2 Control of Sulfur Compound Emissions

Sulfur oxides and other sulfur compounds can be emitted from
gulfur recovery plants, catalytic cracking catalyst regemeration, and

boiler/process heaters.

3.2.2.1 Sulfur Recovery Plants.

The Claus unit is the accepted method for recovering sulfur in
refineries. However, the Claus plant is not totally efficient in removing
sulfur, and the tail gas from the unit can be a major source of sulfur com=-

pound emissions.

Control Options—Tail gas treating methods are available for

reducing SOx emissions to acceptable levels. No particular system is
recommended; more than 70 processes have been proposed, developed, and/or

commercialized.

Research and Development Needs--Therxe is a continuing high level

of research and development activity in the area of sulfur recovery and

tail gas treating., This activity should be monitored periodically to
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identify promising emerging technologies which would be particularly

applicable in petroleum refineries.

3.2.2.2 Fluid Catalytic Cracking Units

Control Oﬁtions—-Scrubbing of FCCU flue gases and the hydrodesul-

furization of feedstocks can both reduce S0 emissions. These methods can
be very costly. The potential for use of either method as an SOx control
technique will depend on a number of complex factors including economics,
regulatory requirements, secondary pollution, and sulfur levels in the

feedstocks.

Research and Development Needs

(a) A comprehensive study of FCCU feed desulfurization and
alternate methods of SO, control would be beneficial in
guiding regulatory efforts as well as future research

and development.

(h) Amoco 0oil'® (and other companies) has reported the
development of a new catalyst which reduces SO emis-
sions from the regenerator. This development should
be followed closely, especially if commercial tests

are made.

3.2.2.3 Boilers and Process Heaters

The only currently practical method of comtrolling SO, emissions
from refinery heaters and boilers is to minimize the sulfur content of the
fuel.
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3.2.3 Control of Nitrogen Compound Emissions
Nitrogen compounds emitted from refinery sources include nitrogen
oxides, hydrogen cyanide, and ammonia. Only NOx emissions are of concern.

The major source of NOx emissions are process heaters and boilers.

3.2.3.1 Process Heaters and Boilers

Control Options--The available methods for NO,, control from
refinery heaters and boilers are all combustion modification techniques.

These include:

. Low excess air.

L L Flue gas recirculatiom.

L Staged combustion.

L _Burner modifications.

® Load reduction/oversize firebox.

Currently available methods for removing NOx from flue gases are not
economically practical for the numerous and relatively small process

heaters and boilers found in refineries.

3.2.4 Control of Particulate Emissions

Particulate matter is emitted from FCCU regenerators, fluid coking
units and process heaters and boilers. Particulate emissions from refinery

heaters and boilers are relatively low.
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3.2.4.1 Fluid Catalytic Cracking Units

Control Options--Three methods of controlling particulate emis-—

sions from FCCU regenerators are recommended.

(a) A combimation of cyclomes followed by an
 electrostatic precipitator is effective for

controlling particulates.
(b) A scrubber in series with and downstream of

cyclones is an altermative particulate control

method.

(¢) In some applications multistage, high efficiency

cyclones can provide effective particulate control.

3.2.4.2 Fluid Coking Units

Control Options--The two recommended methods of controlling

particulate emissions from fluid coking units are:
(a) Scrubbers.
(b) Electrostatic precipitators.

3.2.5 Control of Carbon Monoxide (CO) Emissions

Carbon monoxide is emitted from FCCU regemerators and from fluid

coking units.
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3.2.5.1 ~FCCU Regenerators

Control Options--Two methods are available for controlling CO

emissions from FCCU regenerators.

(a) CO boilers are very effective in reducing the CO

content of regenerator flue gas.
(b) High temperature regeneration combined with the
~use of combustion promoters is an acceptable

alternative to the CO boiler for CO control.

3.2.5.2 Fluid Coking Units

Control Option=-A CO boiletr is recommended for the control of CO

emissions from fluid coking units.
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PART A

FIELD MEASUREMENT PROGRAM

A major portion of the refinery assessment program was devoted
to field measurement activities. In particular, fugitive hydrocarbon emis-
sion rates from numerous source types in refimeries were measured. In
addition, a number of heater and process stacks were sampled. The methods
used in making the field measurements are described in Section 4. The

results of the sampling program are presented in Section 5.
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4.0 EMISSIONS MEASUREMENTS

To fulfill the objectives of this program, as stated in Section
1.1 of this report, data on the rate and character of refinery emissions
were needed., Much of these data had not been obtained. In some cases
where data weré available, the accuracy was unknown and/or suspect, It
was, therefore, necessary for Radian to perform sampling and characteriza-
tioh of atmospheric emissions from petroleum refineries. Sampling programs
were carried out in 13 refinmeries throughout the United States. The
sampling methodologies used in these refineries are described in this

section.

Fugitive and process emission sources were sampled. Fugitive
sources were devided into two groups, baggable sources and nonbaggable
sources. Baggable sources are those sources that can be completely
enclosed with a "bag" to measure their emission rates. This group
includes valves, flanges, pump seals, compressor seals, pressure relief
valves, and drains. Baggable sources represent the majority of the sources

selected for testing at each refinery.

Nonbaggable fugitive sources are those that are not amenable to
sampling with bags or any other type of readily constructed enclosure.
There sources are broad in area, intermittent in operation, and/or very
complex in their functioning. Nonbaggable sources include drainage/
wastewater systems, cooling towers, barometric condensers, coke removal
operations, blind changing, sampling operations, and maintenance turnarounds.
Some of these sources can only be sampled using very elaborate and complex
sampling procedures and equipment. Of the nonbaggable sources, only cool-
ing towers and units of the wastewater treating system were sampled in the

current program.
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Stacks or vents which were identified as possible emission points
for hydrocarbons and other criteria pollutants are classified as process
sources. The refinery process sources which were sampled during this

program include:

L Catalytic cracking unit regenerator stacks.

® Boiler and process heater stacks.

* Sulfur recovery and tail gas treating unit stacks.
Ld Compressor gngine exhausts.

g Fume incinerator stack.

L Fluid coker flue gas- stack.

These sources were sampled for total hydrocarbons, other criteria

-pollutants, and characterization of hydrocarbon emissioms.

4.1 Experimental Design of the Program

At the beginning of the sampling program, an experimental design
was prepared to provide an optimum selection of sources to be studied. The
design was modified during the course of the program. The initial design, '
selection procedures, and design modifications are described in detail in

Appendix A (Volume 2). They are summarized in the sections which follow.

4,1.1 Refinery Selection

A number of refineries were selected for sampling. Refinery age,
size, and geographical location were used as selection criteria. Differ-

ences among refineries due to their different geographical locations are
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seen primarily in the types of potentially hazardous materials they generate.
Location influences the type and quality of the crude oil which is processed,
as well as the nature and relative quantities of tﬁe manufactured products.
It was not believed that the location would have a major influence on the
rates of hydrocarbon emigsions. Refineries were selected for sampling in

the following four geographical locatioms:

L East Coast,
* Gulf Coast,
. Midwest/Midcontinent, and

L8 West Coast.

The two other principal parameters which influenced the refinery
selection were size and age. Age affects the characteristics of refinery
equipment, and it was thought that these characteristics might ultimately

influence fugitive emission rates from this equipment.

Refinery size can have an effect on such factors as the number
and type of manufactured products, the number and type of potentially
hazardous species, the types of units available for sampling, the amount
of effort devoted to a maintenance program, and the size of equipment.

The division point between large and small references was arbitrarily set

at 50,000 barrels per day. To some degree, size and refinery age are not
independent of each other. There have not been many new refineries signifi-
cantly smaller than 50,000 barrels per day. Therefore, refineries of

interest in this program were classified as one of the following types:

e old/small,
o old/large, and

L new/large.

33



An old refinery was one in which the oldest operating unit was over 20

years old. New refineries had no units older tham 20 years.

Emission sampling took place in 13 refineries. Eight old/large
refineries, four old/small refineries, and one new/large refinery were
sampled.

>

4.1.2 Process Unit Selection

During the formulation of the experimental design of the sampling
program, operating temperatures and pressures were expected to have major
effects on the frequency and rate of fugitive emissions. Many combinations
of temperature and pressure can be found within-refinery process units.

For the purpose of selecting process units for sampling, four pressure/

temperature categories were employed:

e high pressure/high temperature,

L high pressure/low temperature,

L4 "low pressure/high temperature, and
L4 low pressure/low temperature.

The pressure and temperature classifications were defined as follows:

e pressure
high 2 150 psig
low < 150 psig

® temperature

high 2 100°C
low < 100°C
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Each type of process unit (catalytiec cracking, reforming, etc.)
was placed in a pressure/temperéture category. This classification
generally reflected only the operating condition in a major equipment area,
such as a reactor. In each refinery, 6 - 9 process units were selected for
sampling. These units were distributed as equally as possible among the

four pressure/temperature categories,

4.1.3 Baggable Source Selection

The experimental design was developed to assure the unbiased
selection of representative baggable emission sources for testing. All the
variables that were felt to possibly influence the emission rate from each
of the baggable source types were classified into one of two groups: choice
parameters and correlating parameters. A choice parameter was defined as a
variable that was expected to have a significant effect on the fugitive
emission rate. Thus, it was used as a category in selecting the individual
sources in each refinery and process unit., The choice parameters used for

each fitting type are listed in Table 4-1.

All other factors which were thought to possibly affect the
fugitive emission rates (but not as strongly as the choice parameters) were
used as correlating parameters. Correlating parameters were not considered
in the selection process, but values of these parameters were obtained and

racordaed for each selected source.

After the process units were selected for testing in each refinery,
the individual baggable sources were chosen in each unit. A test plan was
prepared which specified the number of each source type to be tested within
the range of choice parameters. For example, four control valves in gas
service, 4 - 8 inches in size, might be specified in a reforming unit.
Because the process units were selected to include wide ranges of tempera-
tures and pressures, these choice parameters were not deliberately speci-

fied. It was thought that the selection of sources within a variety of
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TABLE 4-1.

RANGE OF CHOICE VARIABLES FOR SCREENED BAGGABLE

SOURCES

Baggable Source

Choice Variable

Variable Ranges Found

for Screened Sources

Valves

Flanges

| Pump Seals

Compressor Seals

Drains

Relieaf Valves

Pressure
Temperature
Fluid State
Service
Function
Size

Pressure
Temperature
Fluid State
Service

Size

Pressure
Temperature
Capacity
Shaft Motion
Seal Type
Liquid RVP

Pressure
Temperature

Shaft Motion

Seal Type
Lubrication Method
Capacicy

Service

Pressure
Temperature
Fluid

=10 - 3,000 psig

-190 - 925°F

Gas, Liquid, 2-phase
In-line, Open—ended

Block, Throttling, Control
0.5 = 36 inches

-14 - 3,000 psig

-30 - 950°F

Gas, Liquid, 2-phase

Pipe, Exchanger, Vessel,
Orifice

1 - 54 inches

0 - 3,000 psig

0 - 800°F

0 - 100,000 gpm

Centrifugal, Reciprocating
Mechanical Seal, packed seal
Complete range '

0 - 3,000 psig

40 - 300°F

Centrifugal, reciprocating
Packed, labyrinth, mechanica
Hydrocarbon lubricant '
0.06 - 66.0 MMSCED

Active, Wash-up

0 - 1,350 psig
40 - 1,100°F
Gas, Liquid
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process units would provide a group of selected sources which operated im a

wide range of temperatures and pressures. This assumption proved to be true.

With the exception of washup drains, all baggable sources were
selected for testing from the piping, instrumentation, and process diagrams
for each process unit. The specified number of sources in each of the
.various categories of choice parameters were randomly chosen and located
on the diagrams. Each was given a unique identification number. This
method of selecting (or preselécting) sdurces for testing had two
important benefits. It eliminated any bias which might have resulted
from visual selection in the field. It was also possible to distribute
the allotted number of fittings so that a2 wide range of process variables

could be included.

The choice parameters and selection criteria for each type of

baggable source are described in more detail in the following discussion.

Valves~—Approximately 250 - 300 valves Qere selected for testing
at each refinery. All of the different hydrocarbon streams within the
process unit were usually represented in the valve selection process.
When there was more than one valve for each process stream (as was most
always the case), valves were selected to give a variety of temperature/
pressure combinations for each process stream. Valves in gas and liquid

service were selected.

A distinction was made between open-end and in-~line valves. The
piping dowmstream of open-end valves is open, and leakage through the valve
seat can enter the atmosphere. Examples of open-end valves are sample

valves and drain valves.

However, most refinery valves are in-lime. Each in-line wvalve

was classed as a block valve or a throttling (control) valve. This valve
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function reflects the effects of frequency of operation and type of stem

movement.

Flanges~~Flanges were divided into 16 categories according to the
interaction of three variables: size, fluid state (gas/liquid), and operat-
ing conditions (pressure/temperature). Approximately 100 to 750 flanges
wera sampled per refinery. Flange sizes ranged from two inches to more
than four feet. The state of the fluid within the line was considered the

characteristic state.

A separate category was established for flanges which connect end
pieces to vessels and heat exchangers. Within this category of vessel/
exchanger/air cooler flanges, the choice variables were pressure/temperature

and fluid state.

Pumps¥—Approximately 100 - 125 pumps were selected at each refinery.
These pumps were distributed in proportion to the total number of pumps in
each inspected process unit. In addition, many spare pumps were also

selected.

Choice variables for pumps were pressure/temperature, capacity,
shaft motion/seal type, method of lubrication and cooling methods. Shaft
direction/seal type is very significant. Pumps in three categories
(mechanical, packed/centrifugal, and packed/reciprocating) were chosen to
be sampled. It was thought that the volatility (or vapor pressure) of the:
liquid being pumped was an important parameter. Pumps handling liquids with
a variety of volatilities were tested.

Compressors——-Compared to most other baggable sources there are
relatively few compressors in a fefinery. It was thought that compressors
might have relatively high leak rates. For these reasons all compressors
in the selected process units were selected for testing. There were

generally from 10 to 20 compressors selected in each refiﬁery.
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The method of lubrication of packed seals and the type of shaft
seal were important considerations in the categorization of compressor
seals. Packed seals without external liquid lubrication allow leakage of
light hydrocarbons; lubricated seals primarily leak heavy hydrocarbons.
Mechanical seals usually require a lubricating/sealing fluid.

Pressure Relief Devices=-Only those pressure devices which vented

to the atmosphere were selected for sampling.

There are two types of pressure relief devices. Those in liquid
service generally open in proportion to the pressure applied to them; those
in gas service generally pop open when a set pressure is exceeded. Very
few pressure relief devices in liquid service vent to the atmosphere. Only
pressure relief valves in gas service were selected for testing.

Process Unit Drains——Two types of drains were inspected during

the program. These included active drains (those used to-drain various
process streams) and washup drains. Although the location of active drains
was not usually indicated on the process flow diagrams, these drains were
still selected before entering the unit by selecting drains associated with
pumps, towers, vessels, and other processing equipment. The location of
washup drains, however, could not be predicted and these drains were

selected after entering the process unit.

After the preselection process was completed, each of the selected
sources was physically located in the refinery process units. They were
tagged with the appropriate identification number. Wﬁen preselected
sources were found to be nonexistent or physically inaccessible, alternate
fittings were selected from the piping, instrumentation, and process flow

diagrams.
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4.1.4 Selection of Nonbaggable Sources

Cooling towers, oil-water separators, and dissolved=-air flotation
(DAF) units were the only nonbaggable source types which were sampled
during this program. The experimental design of the program called for the
sampling of any of these devices which were associated with the selected
process units in each refinery. Sources were not selected if any of the

following occurred:

L Adequate sampling peoints were not available or
accessible.
L4 The unit was not representative of normal refinery
_ bractice.
L Data required for the calculation of emission rates

was not available.

The nommethane hydrocarbon emission rate from these nonBaggable

sources was calculated by material balance around each unit.

4.1.5 Selection of Process Sources

Process sources (staéks and vents) were selected for sampling in
the majority of refineries. Three stacks were to be chosen in each refinery.
One of these was to be a fluid catalytic crééking unit stack. The other
two were to be stacks from heaters/boilers, sulfur recovery or tail gas
treating units, compressof engine exhausts, air blowing units, fluid coking
units, or incinerators. In eaéh refinery, the individual stacks were
selected on the basis of availability (sampling ports, platforms, accessi-

bility, etc.) and the need for data from a variety of process source types.
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4.1.6 Modification of the Original Experimental Design

The emissions data were analyzed continuously during the sampling
program. The-results of these analyses were used to modify the experimental
design of the program to obtain the most useful data within the budgetary
and time constraints of the program. The selection procedures for the

various source types were modified as described below.

Baggable Sources--As the program progressed, it was found that

those fugitive emission sources in gas or volatile liquid services tended
to leak with a greater frequency and a higher leak raté than those sources
handling less volatile materials. The selection process was modified to
include a higher proportion of valves and pump seals in gas and volatile

liquid service.

It was also found that only a small fractiom of flanges leaked
and the emission rates were low. The number of flanges selected for test-

ing was drastically reduced in the latter stages of the field program,

In the last four refineries that were visited, a study was per-
formed to evaluate the effects of simple maintenance on the reduction of
emissions from leaking valves. Three variables were considered in selecting

valves for the study. These were:

A Leak rate ~ leak rates (as estimated from screening
values) were classified into ome of
three ranges. Valves in each leak rate
range were selectaed for testing in each

refinery (if they were available).
L Process stream type - process streams were divided

into three categories, according to their

volatilities (gas streams, hydrocarbon
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liquids with vapor pressures above 0.1
psia at 100°F, and hydrocarbon liquids with
vapor pressures below 0.1 psia at 100°F).
Valves in each type of stream service were

chosen for the study.

® Valve type — valves in four categories were studied.
The four categories were (1) block valves
(gate valves), (2) block valves (valve
types other than gate valves), (3) control
valves (globe valves), and (4) control

valves (valve types other than globe).
A selective experimental design based on categories of the above
variables was used to minimize the number of valves required in the study.

Maintenance was performed on a total of 86 valves.

Nombaggable Sources--In the latter stages of the field sampling

.program, no more nonbaggable sources were selected for sampling. Cooling
tower emissions were found to be low and sampling of cooling towers was
discontinued. The methods used to determine hydrocarbon emission rates
from oil-water separators were found to be umsatisfactory. Sampling of

these sources was discontinued in the last four tested refineries.

Process Sources-—-In some refineries, three stacks (as suggested

in the experimental design) with adequate sampling facilities could not
be located. In these cases, only the available stacks were sampled.
Additionally, because of cost and time constraints, no stacks were sampled

in the final four tested refiperies.
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4.2 Sampling Methodology

In this section, the methodologies used in sampling emissions from
baggable, nonbaggable, and process sources is described. In the case of
baggable sources, a screening procedure was used prior to selecting sources

to be sampled.

4.2.1 Baggable Source Screening Procedure

To minimize the number of baggable sources which had to be
sampled, a preliminary hydrocarbon monitoring or "screening' was carried
out at each selected source. Those sources which were found to have
hydrocarbon concentrations (screening values) above 200 ppmv were selected
for possible emissions sampling. Any selected source which had a screening
value below 200 ppmv was considered to be a "nmonleaking" source. As the
data base was expanded, the screening value limit of 200 ppmv was found to

correspond to a leak rate in the order of 0.0001 pounds per hour.

All the choice and correlating variables were recorded for all

sSources that were screened.

A Bacharach Instrument Company J-W Model TLV Sniffer was used to
screen baggable sources. This instrument uses a catalytic combustion
detector to measure hydrocarbon concentrations as low as 1.0 ppm. Readings
could be obtained as high as 100,000 ppm read as ppm hexane by volume, A
second instrument, the Century Instrument Company Organic Vapor Amalyzer
Model OVA-108, was also used to screen for hydrocarbom vapors. However,
for consistency, sources identified with this instrument were rescreened
with the TLV Sniffer when the source was sampled. The Century instrument

utilizes a flame ionization detector.

The procedure used for screening with the TLV Sniffer was quite

gimple. The sample probe was held as close as possible to the suspected

65



leak source. This reduced the effect of the wind and increased the
reproducibility of the readings. The screening procedure differed slightly

for each baggable source type as discussed below.

4.2.1.1 Valves Screening Method

Most of the valves that were selected forjscreening were either
gate, globe, or comtrol valves. Hydrocarbon leaks from these valves occur
at the stem and/or the packing gland. Some plug valves were also selected.
Hydrocarbon leaks from this type of valve can occur at the plug square or

under the malleable gland.

~Both the stem and the packing gland of selected valves were
scereened. The probe locations used included the four arbitrary compass
points around the seal, relative to the valve casing. Thus, a total of
eight such readings were taken for each valve. In addition, two more
readings (one for the stem and one for the glands) were obtained at a
distance of 5 cm (using a wire extension as a guide) from the leak source.
When screening at 5 em, the probe was rotated in a circular path around

the leak source, Only the maximum reading was recorded in these cases.

4.2.1.2 Flanges Screening Method

Flanges were screened by placing the TLV Sniffer probe at two-
inch intervals around the perimecer of the flange. After locating the
maximum leak point, three additional readings were taken at the remaining
compass points, relative to the location of the maximum leak point. All

four readings were recorded.

4,2,1.3 Pump and Compressor Seal Screening Method

Pump seals were screened in a wmanner similar to that used for

screening valves. Leakage occurs around the rotating shaft at the point
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where it enters the pump housing. The Bacharach TLV Sniffer probe was
placed as close as possible'to'the potential leak point around the shaft
at the pump housing. Four readings were taken at points 90 degrees apart
around the shaft. Hydrocarbon concentrations of 200 ppm or greater at

any of the four points resulted in the pump being bagged and sampled.

Large pumps or pumps in severe services may have two seals, an
inboard seal and an outboard seal. In these cases, each seal was screened

separately.

The screening procedure for compressors depended on the accessi-
bility of the seal area. If the seal area was accessible, the screening
procadure was identical to that for pumps . The TLV Sniffer probe was
placed at four locations 90 degrees apart around the shaft and right at
the point where the shaft enters the compressor housing. A hydrocarbon
concentration of 200 ppm or more at any point indicated the need for bagging

and sampling of the seal.

In many cases the seal area was enclosed and hydrocarbons leaking
from the seal were vented to the atmosphere or to a vapor recovery system.
When compressors vented to the armosphere were encountered, they were
screened, if possible, at the point where the vent pipe discharged to the
air. The TLV probe was positioned at a point located just inside the end of
the vent. A hydrocarbon concentration of 200 ppmv or greater indicated the

need for sampling.

Compressors often have more than one seal. Each seal was

individually screened.

4.2.1.4 Pressure—Relief Valve Screening Method

Only those pressure-relief devices that are vented to the

atmosphere were screened. Those devices that are vented to blowdown and
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flare systems can only leak to the atmosphere at the connecting flanges,

and these leak sources are considered to be flanges.

The relief valves were screened using the Bacharach TLV Sniffer.
The probe was placed at two-inch intervals around the perimeter of the
vent (horn) just at the exit. The probe was also placed at the center of
the vent opening at a level with the vent exit. When the top of the horn
was inaccessible, a screening value was obtained at the weep hole, located
near the bottom of the horn. The maximum TLV readings were recorded. If
any readings exceeded 200 ppm, the relief device was to be sampled and

bagged.

4.2.1.5 Drain Scréening_Method

In this program, process unit drains were classified as either

active or washup drains. The screening process is the same for both types.

The probe of the Bacharach TLV Sniffer was placed at two=-inch
intervals around the perimeter of the drain. At each of these points, the
probe was placéd right at the inside edge of the drain at the level of the

exit. The maximum concentration was recorded.

Upon completing the traverse arocund the perimeter of the drain,
one additional reading was taken at the center of the drain. The maximum
of the perimeter and center readings was recorded and used as the basis
for sampling decisioms. If the maximum individual value was equal to

200 ppmv hydrocarbon or greater the drain was bagged and sampled.

4,2.2 Sampling Emissions from Baggable Sources

The method preferred for sampling emissions from baggable sources

is the dilution or flow-through method. The sampling trains that were used
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1,000 barrels for uncontrolled, The control is estimated to be 99.9

percent effective.7

7.2.2.10 Compressor Engines

Reciprocating and gas turbine engines fired with natural gas or
refinery fuel gas are often used in older refineries to run high-pressure

compressors. Their use is expected to decline.'??

The exhaust emissions from these engines include carbon monoxide,
hydrocarbons, nitrogen oxides, aldehydes, and depending on the sulfur con-
tent of the fuel, -sulfur compounds. Emission factors for reciprocating and
gas turbine compressor engines fired with natural gas are given in Table

7-60. Particulate values were not available.

No pollution control devices for refinery compressor engines are
. 7 . R - , . . - .
in current use, Combustion modification is discussed in the following

section.

7.2.3 Emission Reduction Through Process Modification

A reduction in emissions can sometimes be achieved as a result of
process modifications made in the refinery. Changes in operating practices,
the use of alternate fuels, and .the hydroprocessing of refinery feedstocks

can result in net reductions in emissions.

7.2.3.1 Alternative Operating Practices and Conditions

) . . 123 124 125 12 7
Regeneration of Catalytic Cracking Catalysts ’ ,125,128,12

Older FCC regenerators were designed for operation at temperatures up to
1150°F; the introduction of newer, more coke-sensitive catalysts necessi-
tated higher temperatures. By 1976, 30 percent of all FCC regenerators

were operating at 1300°F. High-temperature conversion of CO to CO:
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allow for continuous monitoring of the pressure inside the tent. A slight
vacuum was maintained inside the tent while air was being pulled through

to insure that hydrocarbons did not escape.

Important considerations in construeting each source enclosure
were the metal skin temperature in the enclosed area and in the area of the
seal, the presence or absence of supports for the tent, and possible
interference with working parts. At skin temperatures of 400°F or less,
seals could be made with duct tape; at higher temperatures, metal foil and
asbestos insulating tape were used. Further details of enclosure construc—

tion for specific sources are given in Appendix A (Volume 2).

During each sampling effort, the vacuum pump was started, and the
entire system was allowed to come to equilibrium. The Bacharach TLV Sniffer
was used to monitor the effluent air from the sampling train to assure that

equilibrium had been established.

The air flow rate, temperature, and préssure at the‘dry gas meter
were recorded during each sampling run. When equilibrium was established,
samples of the'gas passing through the sampling train were taken.

In most instances an evacuated Mylafg sample bag which had
previously been completely flushed with air was attached to a two-way valve
in the sampling line. The bag was first flushed with sample gas. Then the
sample bag was filled with 5«7 liters of gas. While this sample bag was
being filled, another bag was being filled by a large plastic syringe with
ambient air from near the tent. The bags and the cold trap, removed from

the train and sealed, were sent to the mobile laboratory for analysis.
The air sample was analyzed for the total methane and nonmethane

concentration. The quantity of any organic condensate collected in the

cold trap was measured. The total nommethane hydrocarbon emission rates
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were calculated from the air flow rate, nonmethane hydrocarbon concentration,

and the volume or weight of organic condensate.

The .above method was altered for special cases., For large leaks,
the vacuum pump was disconnected from the sampling train and the sample gas
allowed to pass tﬁrough the sample train (including the cold trap) and exit
immediately downstream of the dry gas meter. The flow rate through the dry
gas meter can be combined with the amount of organic condemsate (if any) to

obtain a direct measure of the hydrocarbon vapor leak rate.

Liquid leaks, in. which no vapor leakage could be detected, were
treated as vapor leaks if the liquid vaporized immediately. If the liquid
ultimately vaporized, it was collected in a cooled, covered graduated con-
tainer. When water or water vapor was present in a gas sample, it was con-

densed in the cold trap and did not interfere with hydrocarbon analysis.

4.2.3 Sampling of Nonbaggable Emission Sources

Nonbaggable sources which were sampled during this program include
oil-water separators, dissolved air flotation (DAF) units, and cooling
towers. Fugitive emissions from these sources were estimated from a vola-
tile hydrocarbon mass balance around the unit. The difference between the
volatile hydrocarbon content of the liquid influent and the volatile
hydrocarbon content of the liquid effluent was assumed to equal the fugitive

hydrocarbons emitted to the atmosphere.

4.2.3.1 Oil-Water Separators

The API separator is the most widely used type of oil-water
separator; sampling methods developed for it could be used for other types
as well. In large refineries with more than one separator, each separator

was sampled individually.
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Inlet liquid to the separator was obtained from the separator

inlet line or from the separator itself at a point as near to the inlet

as possible.

The inlet liquid was a heterogeneous mixture of o0il and water.

A representative sample was difficult if not impossible to obtain.

Three streams normally exit from a separator: the oil skimmed

from the surface of the water, the water itself, and a sludge stream. The

sludge was not considered a significant source of atmospheric emissions for

Several reasons.

It is normally not exposed to the air in the

Separator.

Any volatile material in the sludge would have to
pass into the water and them into the oil layer
on top of the water before it could be emitted

to the atmosgphere.

The water, being well mixed with the 0il and sludge
‘at the separator, was assumed to be saturated with

volatile hydrocarbons at all points in the separator.

The loss of volatile material from the oil phase on
the surface of the separator liquid was thought to
be very much greater than that from the water itself.
In many cases, the water was completely covered by a

layer of oil up to several inches thick.
The volatile hydrocarbon content of the inlet and

outlet 0il streams was determined after sludge had

been centrifuged from the samples. Only the
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centrifuged oil samples were analyzed for

volatile hydrocarbons.
The sludge phase was not sampled.

Skimmed 0il samples were taken at the outlet of the pump to the
slop=-oil tank, in the skim pipe, in the line from the separator to the
slop=oil tank, and. from the slop-oil tank itself. Water samples were taken
at several points along the overflow weir and composited. Samples were
taken in tightly~capped glass bottles from each stream several times a day

for several days. Samples from each source were composited daily.
4.2.3.2 DAF Units

Dis;olved-air flotation (DAF) units process water from the oil-
water separators. Some are partially enclosed and others are completely
open. Only the water phase from the oil-water separator carries a signifi-
cant amount of hydrocarbons into the DAF unit. The separator outlet
samples were used as the DAF inlet water sample. The outlet water stream
was sampled at the overflow weir. Water samples were taken several times a
day for several days and composited daily for each source. The froth layer
was not sampled. This layer was exposed to the air for only a short time.

No rates for froth removal could be determined.

4.2.3.3 Cooling Towers

Water enters a cooling tower from two sources: make-up water and
the hot water from process exchange. Water leaves the tower as vapor from
the top of the tower, as cooled water returning to process exchange, and as
blowdown. There is also some loss from windage and drift, Make-up water
exactly equals blowdown plus evaporation, therefore only the incoming hot
water and the exiting cool water had to be Sampled. The blowdown stream

was considered to have the same volatile hydrocarbon content as the cool

74




water leaving the unit (or in the basin). The blowdown stream was

considered in the overall hydrocarbon material balance.

Inlet water was sampled from one of the many small sampling valves
which normally branch off the large cooling water return risers. Outlet
water was taken from the water flowing downward through the tower at a
location just above the level of the cooling tower basin. All samples

were kept in sealed bottles under refrigeration until analysis.

$,2.4 Sampling of Process Sources (Stacks and Vents)

In general, stacks and vents were sampled for a determination of
total hydrocarbons, a speciation analysis, and analyses for other criteria
pollutants on an as-needed basis. Samples were taken from catalytic crack-
ing unic regeﬁéfétor stacks, sulfur recovery or tail-gas treating unit
stacks, process heater stacks, fluid coker stacks, and an incinerator stack.
Measurements made on these samples included some or all of the following:
EPA Reference Methods 1, 2, 3, and 4 on all stacks;*?’ methane and nonmethane
hydrocarbons on all stacks; particulate and vapor collection for organic
characterization on one stack; and sulfur gases on the sulfur recovery and/

or tail-gas treating unit stack.

Stack sampling procedures were a combination of EFPA approved
0 (802, S03, and particulates); EPA Level 1

screening procedures®’ (S0,, COS, CSa, H.S, NO, NO,, "organic vapor'); Texas

methods for criteria pollutants2
Air Control Board methodology;zzand, Radian~devised methods (HCN, NH;, THC).
Figures 4-2 through 4-~4 depict the sampling trains used. Methods for

individual species are given below.

Particulates--Particulate samples were collected from each stack

according to EPA Reference Method 5.2 4 Lear-Sigeler, Inc., stack sampling

train was used. Sampling was performed isokinetically along two
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perpendicular traverses of each stack. Duplicate sample runs were made on

each stack if possible.

50, —0xides of sulfur (S0s and 50,) were collected according to
EPA Reference Method 8.2° Collection was done during each particulate
collection run by passing the filtered sample gases through an impinger
train consisting of én 80 percent isopropanol impinger for S0a collection
followed by two six percent aqueous hydrogen peroxide impingers for 80
collection and a silica gel impinger. The total mass of water collected

in this train was used to determine the moisture content of the stack gas.

Aldehydes--The aldehyde train (Figure 4-3) consisted of two ice-
cooled impingers, each containing 10.ml of a 1.0 percent aqueous sodium
bisulfite solution. Approximately 12 liters of stack gas were drawn through
each impinger"train at a rate of 200 ml per minute. A stainless steel
probe was inserted into the stack to a point of average velocity, themn the
gas was transferred to the impinger train by a small vacuum sampling pump
through a heated Teflon sample line equipped with a Teflon particulate
filter.

A second impinger sampling train was sometimes used to sample for
total aldehydes. It consisted of three ice-cooled impingers, the first
containing 10 ml water and the following two containing 10 ml of 0.05 per-
cent aqueous 3-methyl-benzothiazolone hydrazone (MBTH) solution. The
aldehydes were collected by dissolutiom in the water and reaction with MBTH
to form a water-soluble adduct. Approxipately 12 liters of stack gas were

drawn through the impinger train at a rate of 200 ml per minute.

NCH and NH;--Hydrogen cyanide was collected with the Method 520
stack sampling equipment by passing the filtered sample gases through three
impingers containing 2.0 N sodium hydroxide. Ammonia was collected

gimilarly by using three impingers containing 0.1 N sulfuric acid. In each
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case, sampling was conducted over thirty-minute periods and resulted in

approximately 10 SCF of gas for each sample.

Grab Samples--The remaining four categories of species were all
collected by grab sampling technmiques. A stainless steel probe was inserted
into the stack to the point of average velocity, and the sample gas drawn
out through a heated Teflon sampling line. The sample passed through a
heated Teflon glass/fiber filter to remove particulates, then through a
permeation drying system to remove moisture. The Perma-Pure Products, Inc.,
multi-tube drier has been found to effectively remove moisture down to 100
ppm while causing only a 1~ 3 percent loss of the desired species. Move=-
ment of the sample through the system was accomplished by a miniature |
Thomas vacuum pump equipped with Teflon heads and diaphragm. The outlet
stream from the pump was directed to the several bags and bombs used to

transport thehsamples to the field laboratory for analysis.

Samples for methane and nommethane hydrocarbons -analysis were

collected in 4-liter Tedlar sample bags.

Samples for fixed gases (CO;, N, H;, Oz, CO) analysis were
collected in aluminized Scotchpak sample bags. These species are quite

unreactive and are not prome to adsorb onte the bag walls significantly.

The sulfur species (CS., H2S, COS, and S50,) proved to be the most
difficult to c¢ollect and transport. Samples for analysis of these species -

were collected in glass bombs.
Samples for NO, analysis were collected in evacuated 2 llter glass

flasks to which had been added 25 ml of a potassium dlchromate-aqueous

sulfuriec acid solution.
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4.2.5 Sampling for Organic Species Identification

A minimum number of samples were taken for species identification
and quantification. The number of samples taken from a particular stream
depended on the likelihood of the presence of potentially hazardous
materials. The relationship between the composition of a vapor leak and
the compositiomrof the stream from which it came was investigated by taking
both liquid and vapor speciation samples wherever possible. A listing of
‘the streams sampled for speciation studies is included in Appendix A
(Volume 2). The sampling methodology discussed briefly below is explained
in more detail in Appendix A (Volume 2).

Vapor Samples-=-Vapor samples were collected by passing the leaking

vapor through an adsorbent tube. Tenax was used to adsorb volatile organics
in the aceton;-to-naphthalene range. Charcoal was occasionally used for the
250°F to 300°F boiling range materials. High molecular weight fugitives,
heterocyclic nitrogen + sulfur compounds, and polynuclear -aromatics were
trapped with XAD-2 resin. Operating parameters for the use of these

sorbents are given in Table 4-2.

In the "blow-through" method, plant air (compressed air) was
charcoal filtered and blown into the enclosure around the leaking source.
An outlet line was provided on the enclosure, and air exited through this

line.

A separate sample line was connected to the enclosure outlet lime.
Air was drawn through the sample lipe with a vacuum pump. The air first
passed through a glass knockout flask to remove any entrained condensate.
The air was then drawn through tubes packed with either XAD=-2 resin,
charcoal, or Tenax adsorbent and finally the air was drawn through a dry

gas meter.
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The "draw-through" method (as in Figure 4-1) for taking vapor
samples on adsorbents differs from the "blow through" method in only one
way. Instead of blowing air through the enclosure around the leaking
source, ambient air is drawn into and through  the enclosure with a vacuum

pump .

All adsorbent tubes were sealed and frozen until they could be

analyzed.

Liquid Samples——Samples of wvarious representative liquid streams

were collected from sampling points along the processing linmes. All
samples were taken in Pyrex sample bottles, tightly sealed with Teflon-

lined screw caps, and refrigerated until analysis.

Stack Samples-~Stack samples were collected for organic specia-

tion with the use of a modified Aerotherm Source Assessment Sampling System
(SASS). A canister of XAD~2 resin replaced the original-equipment organic

concentrator.

A 1,000-1,200 SCF sample of stack gas was drawn from a point of
average velocity in the stack. Particulates were removed on a filter, the
gas was cooled, then nonvolatile organic compounds were removed by the
XAD-2 resin. The particulates, the condensate from cooling the gas, and

the resin were collected for analysis.

4.3 Analytical Methodologies (Field Laboratory)

Analyses were done on-site in a mobile laboratory for methane and
nonmethane hydrocarbons, NO/NOX, sulfur gases, aldehydes, ammonia, and

cyanide. These are desceribed in detail in Appendix A (Volume 2).
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6.3.1 Hydrocarbon Measurement

The methane and nonmethane hydrocarbon content, and therefore
total hydrocarbon content, of baggable emission gas samples was determined
with the use of a Total Hydrocarbon Analyzer (THC) Model 301C made for
Radian by Byron Instruments.

The THC analyzer had a flame ionization detector for measurement
of hydrocarbon concentration. It produced a linear readout in the 0-2 to
0-20,000 ppmw ranges. Dilution techniques were used for more concentrated
samples. Hydrocarbon-free air was used as the carrier gas. Baggable
samples were analyzed by pumping sample directly from the sample bag to the
sample loop of the instrument with the use of an integral pump in the
instrument. A detailed description of the theory and operation of this

instrument ishcontained in Appendix A (Volume 2).

0il layer samples and wastewater samples were analyzed on-site
for volatile organics, since only volatile components are lost to the

atmosphere as fugitive emissions.

To determine the volatile content of the oil samples, a small
amount of the material was placed in an open container and stired for
eight hours. The volatile content was represented by the change in sample

waeight over the test period.

Purgeable organics were sweét from the water samples into Teflon
sampling bags. The contents of the bag were analyzed on the THC analyzer

described above.

The total organic carbon content of water samples was determined
with a Dohrmann DC52D TOC Analyzer. This instrument oxidized organics to
carbon dioxide, them reduced the carbon dioxide to methane. The methane

was measured with a flame ionization detector.
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Particulate and Visible Emissions—--Most states have gpecific

standards for the maximum opacity and darkness of emissions. The
stricfest standard, and by far the most common, calls for a maximum
opacity of 20 percent and a maximum darkness of No. 1 on the Ringlemann
Chart. In some states these stricter standards apply only to new sources,
while existing sources are allowed an opaéity of 40 percéﬁﬁ andfa]dépkness
of No. 2 Ringlemann. IIn other states these more lenient stan&ards
apply to new and existing sources. One state allows 40 perceﬁt opacit&

for new sources and 60 percent for existing sources.

Some state standards specify either opacity or darkness, but
not both. Exception to the above standards is sometimes allowed for the
flue gases from catalytic cracking catalyst regeneration and fluid
coking: these gases may be allowed 25 to 40 percent opacity where other
gases are limited to 20 percent. 1Im all states with visibility standards,

provision is made for varying amounts of upset time.

Particulates are generally regulated by source. For process
emissions in general, Many state regulations incorporate a chart with
pounds per hour allowable emissions VEersus tons per hour process weight,

with all stacks being considered collectively.

Again, catalytic cracking catalyst regeneration is sometimes
considered separately, although ne exact comparison of the various
reagulations can be made because of widely varying formats. A one pound
rer won of coke burn-off regulation found in two states appears to be
the most stringent. When a CO boiler is installed op the regenerator,

an allowance is usually made for the added emissions from fuel-burning.

Particulate emissions from fuel-burning are also often considered
separately. The stipulation is generally made that all fuel-burning at
the facility is considered collectively. Regulations range from 0.1 to

2.5 pounds of particulates per million Btu of heat input; many of the
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the sample was to be analyzed, excess bisulfite was destroyed with an excess
of iodine. The excess iodine was destroyed by the addition of thiosulfate,
which was then titrated to a faint blue end-point. Addition of a carbonate
buffer solution released the complexed bisulfite. The released bisulfite
was titrated with iodine to a final end~-point. The amount of iodine titrant
in the final titration indicated the amount of aldehydes as formaldehyde

in the solution.
4.3.5 Ammonia

Ammonia was collected from gas streams in impingers containing
sulfuric acid at a pH < 2. These impingers were part of the sample train
pictured in Figure 4-4. The contents of the impingers were then buffered
with sodium hydroxide and sodium tetraborate to a pH of 9.5. Ammonia was
then driven from the samples and bubbled through a boric acid indicating
solution which changed color on reaction with ammonia. The boric acild was
then titrated to its original color with a standard sulfuric acid solution.
The amount of sulfuric acid titrant required indicated the amount of

ammonia present in the original solution.

" This method for NHs analysis has no known interferences and is

considered very accurate to 0.05 ppm.

4.3.6 Cyanide

Cyanide was collected in impingers containing sodium hydroxide at
a pH > 12. These impingers were part of the sample train shown in Figure
4=4, The contents of the impingers were first tested for the presence of
oxidizing agents and sulfide. Any oxidizing agents were removed with
ascorbic acid; sulfides were precipitated with lead nitrate and filtered
off. A distillation procedure was then used to separate CN™ from other
cyano compounds. The CNT concentration in the resultant solution was

determined colorimetrically on a Bausch and Lomb Spectronic 21
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Spectrophotometer with the use of pyridine-barbituric acid, which forms an

intense blue color with free cyanide.

4.4 Identification of Emitted Species

Analyses for organic species were performed in Radian's Austin
laboratory. Inorganic analyses were performed by Commercial Testing and

Engineering.

4,4.1 Qualitative Organic Analyses

Trace organic species concentrations were determined by gas
chromatography/mass spectroscopy (GC/MS) techniques for the samples listed
in Table 4-3.

TABLE 4-3. SUMMARY OF ORGANIC SAMPLES FOR QUANTITATIVE

ANALYSES
Sample Type Sample Composition Emission Source
Process Liquid. Organic Liquid Fugitive
XAD-8 Resin Sorbed Organic Vapor Fugitive
Tenax Sorbed Orgamnic Vapor Fugitive
XAD-2 Resin Sorbed Organic Vapor Point
‘Particulate Particulate Point
Effluent Water Aqueous Point
Charcoal Sorbed Organic Vapor Fugitive

Preliminary treatment of GC/MS samples included isolation of the species of
interest, separation of the isolated species into groups with similar chemi-
cal or physical properties, and concentration of the species of interest.

Each sample required some or all of these preliminary treatments.
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Isolation=-=-Organic species were isolated by solvent extraction. or
thermal desorption. Organics from particulate and XAD-2 resin samples were
isolated by Soxhlet extraction with diethyl ether; XAD-8 resin samples were
separated by Soxhlet extraction with pentane. Pentane was also used as the
solvent for process liquids. Aqueous samples were manually extracted with

diethyl ether in a separatory funmel.

At the conclusion of the isolation phase, the process liquid and
XAD-8 resin samples were ready for analysis. The effluent water samples
remained to be concentrated. The XAD-2 resin and particulate samples were

further separated as described in the following section.

The organics in the Tenax tubes were thermally desorbed directly
into the GC/MS system by a Tekmar Liquid Sample Concentrator. This process

is an integrii part of the analysis itself.

Separation--Radian developed an acid-base-neutral (ABN) separatiom
strategy for the separation of complex environmental samples. This strategy
was used for the particulate and XAD-2 resin samples. It was based on a
series of liquid-liquid extractions that separate a sample into three

principal fractions:

A: organic acids whose salts partition into water at

a high pH,

B: organic bases whose salts partition into water at

a low pH, and

N: neutral hydrophobic compounds.

These principal fractions were then further subdivided into a total of

seven fractions to be analyzed by GC/MS.
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This separation scheme was not intended for the isolation of
every compound collected in a barticular sample; its purpose was to effect
a sufficient division of organic components so that those compounds of

primary interest could be identified and quantified.

The complete separation scheme is presented in Appendix A (Volume
2). 1In brief, the acidic and neutral components of the sample were
extracted from the basic component with acidic water. Basic components
were extracted from the aqueous phase with ether, concentrated, then
transferred to a hexane medium and reconcentrated. The hexane concentrate
was transferred to a silica gel column and divided into four fractions:
nonpolar neutrals, moderately polar neutrals, polar neutrals, and very
polar neutrals.

The acid/neutral component was basified. The extract containing
the neutral Speéies was dried and concentrated. The alkaline extract con-
taining the acidic compounds was methylated in two steps to convert
phenols to methyl ethers and carboxylic acids to methyl esters. Dimethyl
sulfate was used for the phenols and diazomethane for the carboxylic

acids.

Concentration--Each extract was concentrated with macro and micro

Kuderna-Danish (K-D) concentrators before analysis. Typically, a sample

was concentrated to 5-10 ml in a macro K-D, then to 1 ml in a micro K-D.
_Analysis—Each extract was analyzed by GC/MS in a Hewlett-Packard
Model 3982 or a Hewlett-Packard Model 5985 GC/MS computer system. Both

caplllary and packed column gas chromatography were used.

Chromatographic peaks were identified by analysis of individual

mass spectra. The three techniques used were:
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L4 Manual interpretation of an unknown mass

spectrum,

®  Comparison of the unknown mass spectrum against
the mass spectrum generated from the analysis of

a previouély analyzed standard.

® Computer search of the unknown mass spectrum

against libraries containing reference spectra.

Selected ion current profile (SICP) searches were used to identify
trace levels of selected organic species. This technique is based on the
appearance of key ions within a narrow retention time window. It was used
primarily to search for polynuclear aromatic hydrocarbons in the extracts.

Details of the analyses of the extracts are given in Appendix A
(Volume 2).

4.4.2 Semi-Quantitative Organic Analyses

Semi-quantitative analyses of the identified compounds were
achieved by measurement of the area under the selected ion current profile
for each compound. TFor a given compound, the area under the most abundant
ion was calculated with the use of the data system. The computed area was
then compared to the area found for the most abundant ion of the appropriate

internal standard, d,o=anthraceme or ds-~toluene.
Radian determined for many compounds the response factors relative

to digo—anthracene and dg-toluene. A value of 1.0 was used when the response

factor was not known.
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Electron impact (70 eV) ionization was used exclusively for
analyses. The mass spectral information obtained was stored on magnetic

discs for future interpretation and reference.

4.5 Quality Control

Numerous procedures were used to insure the quality of the data
obtained. Both accuracy and precision were considered vital to the success

of the program.

4.5.1 Screening

The Bacharach Instrument Company J-W Model TLV Sniffer was con-
sidered to be a reliable instrument for the screening of baggable sources.
To insure that all screening results were obtained on an equivalent basis,

the procedures listed below were followed.

L The battery pack for the instrument was fully

recharged each night.

bl The instrument and the dilution probe were
calibrated before the start of each sampling day.
Each concentration range on the instrument was

calibrated separately.

L4 The instrument was allowed to warm up for ten

minutes before screening began.
* The meter was zeroed before each screening.
L The meter was always held in an upright position;

meter position affects the distribution of heat

in the catalytic element.
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® The small orifice in the dilution probe, the small
diameter extension and the cotton filter chamber
sections of the probe were inspected and cleaned

frequently.

The TLV Sniffer was calibrated with several hexape-air standards according

to the procedure described in Appendix A (Volume 2).

4.5.2 Sampling

Several procedures were followed to assure that baggable samples

were representative of their sources:

L4 Mylar and Tedlar plastics were used as sample

bags because they do not adsorb hydrocarbonms.

® A cold trap in the sampling train trapped water
and hydrocarbons to prevent condensation in down-
stream equipment. The contents of the cold trap

‘were measured and the values recorded.

L Tent enclosures were kept as small as possible to
minimize or prevent condensation in downstream
equipment. The contents of the cold trap were

measured and the values racorded.
b Tent enclosures were kept as small as possible to
minimize or prevent condensation of heavy hydro-

carbons. Tents were sealed securely.

L Sampling was not begunm until equilibrium was

established throughout the sampling system. The
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stainless steel labware contacted the samples. All laboratory glassware
was cleaned with chromiec acid and, immediately before use, rinsed with an

organic solvent to remove any traces of organic material. Aqueous reagents

were presaturated with solvent before use.

As with other procedures in this program, only accepted and

approved methods were used.
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5.0 RESULTS OF REFINERY MEASUREMENTS AND SURVEYS

The results of measurements of atmospheric emissions at 13
petroleum refineries are summarized in this section of the report. Emission
data were obtained from baggable sources (valves, flanges, pump seals, com—
pressor seals, drains, and relief valves), nonbaggable sources (cooling
towers and wastewater treating units), and process stacks. "Also included
in this section are summaries of the species identification results aud the
results of the quality control activities. The refinery survey results are
also discussed. A more comprehensive presentation of the measurement data
and results is given in Appendix B (Volume 3). The statistical treatment

of the data is discussed in detail in Appendix C (Volume 4).

5.1 Baggable Source Measurements and Results

As previously described in Section 4 and in Appendix A (Volume 2),
all baggable sources were chosen on the basis of choice variables and were
selected in each refinery from process flow diagrams. The screening and
emissions measurement results, the statistical model development, the
valve maintenanee study results and the distribution of baggable sources

in refinery units are presented below.

5.1.1 Screening of Baggable Sources

The "screening values'" refer to the maximum hydrocarbon concen-
tration detected at selected baggable sources using the Bacharach TLV Sniffer
calibrated with hexane. These screening values are expressed as ppmv of
hydrocarbon. The results of screening baggable sources are presented in
this section. It was found that the emissions sources were most conveniently
grouped into twelve categories for anmalyses, presentation of results, and
emission factor development. These twelve categories are given in Table 5-1.
The total number of sources which were screened in each baggable source cate-

gory are also presented in Table 5-1.
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TABLE 5-1. CATEGORIES OF BAGGABLE SOURCES

.. Number of Sources
Category Source Description

Screened
1 Valves, Gas/Vapor Streams 563
2 | Valves, Light Liquid/Two-Phase Streams 913
3 Valves, Heavy Liquid Streams 485
4 Valves, Predominantly Hydrogen Streams 135
5 B Open—-ended Liﬁé;-gﬁii.%ﬁreagé). _ - 129
6 Pump Seals, Light Liquid Streams 470
7 Pump Seals, Heavy Liquid Streams 292
3 - Compressor Seals, Hydrocarbon Service 142
9 Compressor Seals, Hydrogen Service 83
10 Flanges (all streams) 2094
11 Drains (all.streams) 257
12 Relief Valves (venting to atmosphere) ' 148
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The volatility of the process streams associated with each of the
baggable source types was found to have a significant effect on the frequency
and rate of hydrocarbon emissions.. Three hydrocarbon stream classifications
were developed: gas/vapor streams, light liquid streams, and heavy liquid
streams. The ''gas/vapor'' group contains those hydrocarbons which are com-
pletely vaporized at the process conditions. Light hydrocarbon liquids with
boiling points below that of kerosene are included in the "light liquid"
category. This group contains material having a vapor pressure above 0.1

psia at 100°F.

Hydrocarbon liquids with boiling points equivalent to or above that
of kerosene are classified as "heavy liquid" streams. Those liquids with
vapor pressures equal to or below 0.1 psia at 100°F fall into this classifi-
cation. As a general rule, the most volatile stream component (or mixture
of components) present at a concentration of 20 percent or more determines

the stream classificatiom.

The results of the screening activity are summarized in Table 5-2.
The number and percentage of sources found to have a maximum screening value
of 200 ppmv or greater are given. A Bacharach TLV Sniffer calibrated with
hexane was used as the-séreening device., Both the screening instrument and

the techniques are described in Section 4 of this document.

The 95 percent confidence interval for the percentage of sources
screening # 200 ppmﬁ is also presented for each of the source categores. If
all the sources in each category in refinery service could be screened, the
percentage of sources found to screen 2 200 ppmv could be expected to fall

between the given upper and lower boundaries 95 percent of the time.

The distribution of maximum screening values among screened baggable
sources are presented in Table 5-3. They are given as functions of source

types and process stream classificatiom.
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TABLE 5-2. SUMMARY STATISTICS FOR SCREENING
OF BAGGABLE SOURCES

95% Confidence

Number Percent Interval for
Number Screening Screening Percent Screening
Source Type Screened 2200 ppmv 2200 ppmv Z 200 ppmv
> .
Valves
Gas-=Vapor Streams 563 154 27.4 (24, 31)
Light Liquid/Two=Phase 913 330 36.1 (33, 39)
Heavy Liquid 485 32 6.6 (4, B
Hydrogen 135 59 43.7 . (35, 52)
Open—Ended Valves _ 129 30 23.3 (16, 31)
Pump Seals
Light Liquid Streams 470 296 63.0 (59, 67)
Heavy LIquid Streams 292 66 22.6 (18, 27)
Drains 257 49 19.1 (14, 24)
Flanges 2094 62 3.0 (2, &
Relief Valves 148 58 39.2 (31, 47)
Compressor Seals
Hydrocarbon Service 142 102 71.8 (64, 79)
Hydrogen Service 83 69 - 83.1 (75, 91)
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TABLE 5-3. DISTRIBUTION OF MAXIMUM SCREENING
VALUES AMONG SCREENED SQURCES

Screening Range Screened Sources Within Range
(ppmv) Number Percent

Valves - Gas/Vapor Streams

Missinga 1 0.2
0 278 49.3
1-200 134 23.8
201-1000 33 5.8
1001-10,000 47 8.3
>10,000 71 12.6
564 100%
Valves - Light Liquid/Two-Phase Streams
Missinga 1 0.1
0 386 42.2
1-200 211 23.1
201-1000 - 70 7.7
1001-10,000 : 142 15.5
>10,000 104 11.4
914 : 100Z
Valves - Heavy Liquid Streams
0 335 69.1
1-200 ’ 121 25.0
201-1000 21 4.3 .
1001-10,000 7 - 1.4
>10,000 1 0.2
485 1007
Valves - Hydrogen Service
0 47 34.8
1-200 30 22.2
201-1000 8 5.9
1001-10,000 22 ) 16.3
>10,000 28 20.8
135 100%Z

Continued
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Table 5=3,

Continued

Screening Range

Screened Sources Within Range

(ppmv) Number Percent
Valves - Open~Ended (All Streams)
0 74 57.4
1-200 26 20.2
201-1000 7 5.4
1001-10,000 12 9.3
>10,000 10 7.7
129 1007
Flanges (All Streams)
Missing® 64 3.1
0 1748 83.5
1-200 225 10.7
201-1000 29 1.4
1001-10,000 17 0.8
>10,000 - 11 0.5
2094 100%
Pump Seals = Light Liquid Streams
0 67 14.3
1-200 107 22.8
201-1000 79 16.8
1001-10,000 ° 104 22.1
>10, 000 113 24.0
470 100%
Pump Seals = Heavy Liquid Streams
0 114 39.0
1-200 115 39.4
201-1000 24 8.2
1001-~10,000 28 9.6
>10,000 11 3.8
292 100%

100
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TABLE 5«3. Continued

Screening Range ' Screened Sources Within Range
(ppmv) Number Percent

Compressor Seals - Hydrocarbon Service

Missinga 16 . 11.3
0 23 16.2
1-200 7 4.9
201-1000 11 7.7
1001-10,000 13 9.2
>10,000 _72 50.7

142 1007

Compressor Seals - Hydrogen Service

Missing® 9 10.9
0 8 9.6
1-200 8 9.6
201-1000 8 9.6
1001-10,000° 17 20.5
>10,000 33 39.8

33 100%

Drains (All Streams)

Missinga 2 0.8
0 138 53.7
1-200 ' 73 28.4
201-1000 18 7.0
1001-10,000 14 5.4
>10, 000 12 4.7

257 100Z

Relief Valves (All Streams)

Missingb 112 44.4
0 ' ' 6l 24.2
1-200 33 13.1
201-1000 11 4.4
1001-10,000 23 9.1
>10,000 12 4.8

252 1007

aMissing TLV value - screening data are not available.

b .
Relief valves selected, but not venting to the atmosphere, were not
screened or sampled.
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The secreening values are not evenly distributed. TFor almest every
source and stream category, the majority of the sources have screening values
of 1000 ppmv or less (the only exceptions being compressor seal screening
values). The skewness of the screening results is even more evident when
the data are presented in graphical form. An example is Figure 5-1, where
the distribution of screening values is shown for valves in light liquid
stream service. The apparent 'spike' at 10,000 ppmv was due to the limita-
tions of the screening instrument. The Bacharach TLV Sniffer has an upper
detection limit of 10,000 ppmv. A dilution probe allows this limit to be
extended to 100,000 ppmv. However, this dilution probe was not used in the
early stages of this study. Thus, all sources which screened abbve 10,000

ppmv were given a screening value of 10,000 during this period.

5.1.2 Hydrocarbon Emissions from Baggable Sources

Nonmethane hydrocarbon emissions from baggable sources were
measured. Results and correlations of emission rates with -process and

equipment variables are discussed in this section of the report.

5.1.2.1 Distributiom of Hydrocarbon Emission Rates

The results of the baggable source emissions sampling are
summarized in Table 5-4. The distribution of nonmethane hydrocarbon leak
rates among leak rate ranges is shown for the various source and process
stream categories. As with the screening values, the emissions data are
highly skewed for all sources. It is obvious from Table 5-4 that the bulk
of emissions emanate from a small percentage of Ehe fittings. For example,
76 percent of the total measured emissioms from valves in light liquid/two-
phase streams came from 3.5 percent of sereened sources (or 9.7 percent of
the leaking sources). This distribution is clearly illustrated in
Figure 5-2 for nonmethane hydrocarbon emissions from valves in light liquid/

two=-phase stream service.

102



sueailg pinbyr 1y8171 - BAATEA
103 sanfep Surusaidg Jo uoriInqiaIstg 1-¢ sandyy

{wdd} AL

08

000001
0oo* 06
+ 000°0L
+ 00co‘09
=+ 000*0S
< 000*0%

+ 000

y

-0 5
-02

- 0F

- 09

- 001

103

- 021

- 01

- 091

AINZND3U4

- 00t

- 002

- 022

- Ok

- 092

- 082

- QDE




TABLE 5-4. DISTRIBUTION OF NONMETHANE LEAK
RATES FROM SAMPLED SOURCES

Leazking Sources - Total Leakage
Within Range Within Range
. 7z of % of Total Total
Leak Range Leaking Sources Leakage % of Total
(1b/kx) No. Sources Screened (1b/hr) Source of Leakage

Valves, Gas/Vapor Streams = 363 Sereened

>1.0 7 4.6 1.2 17.7656 70.0
0.1 - 1.0 18 11.7 3.2 5.9187 23.3
0.01 - .1 43 27.9 7.6 1.4867 5.5
0.001 ~ 0.01 49 3L.8 8.7 0.2052 0.8
0.00001 - 0.001 _37  24.0 5.6 0.0133  _0.1

15 1007 20.3% 25.3893 1007

Valves, Light Liquid/Two-Phase Streams = 913 Screemed

>1.0 1 0.3 0.1 2.2297 16.4
0.1 - 1.0 31 9.4 3.4 9.3351 §0.3
0.01 - .1 105 31.8 11.5 3.3877 21.9
0.001 - 0.01 121 36.7 13.3 0.5028 3.2
0.00001 - 0.001 _72 21,8 _1.8 0.0266 0.2

330 1007 36.1% 15.4819 1002

Valves, Heavy Liquid Streams = 4835 Screened

>1.0 0 0.0 0.0 0.0 0.0
0.1 - 1.0 0 0.0 0.0 0.0 0.0
0.01 - .1 s 15.6 1.9. 9.1773 74.1
0.001 - 0.01 13 40.6 2.7 0.0569 23.8
0.00001 - 0.001 _1¢ 43.8 2.9 0.0051 2.1
32 1002 ‘ 6.6% 0.2393 100%

Continued
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TABLE 5-4. Continued

Leaking Sources Total Leakage
Within Range Within Range
noof % of Total Total
Leak Pange : Leaking Sources Leakage % af Total
(1b/hr) No. Sources Screened (1b/hr) Source of Leakage

Valves, Predominantly Hydrogen Streams = 135 Screened

>1.0 0 0.0 0.0 0.0 2.0
0.1 - 1.0 3 5.1 2.2 0.3789 34.2
0.0L- .1 _ 19 32.2 14,1 0.6691 60.4
0.001 - 0.01 13 30.5 13.3 0.0532 4.8
0.00001 - 0.00L 1 32.2 14,1 0.0059 _0.6

39 1002 43,7% 1.1071

100%

Open—Ended Lines, All Streams = 129 Screened . R
>1.0 Q 0.0 0.0 0.0 0.0

0.1 - 1.0 1 3.3 0.8 0.1242 23.3
0.01 - .1 9 30.0 7.0 0.3475 65.3
0.001 - 0.01 12 40.0 9.3 0.0576 10.8
0.00001 - 0.001 - _ 8 26.7 6.2 0.0033 _0.6

30 100% 23.3% 0.35326 : 1007

Flanges = 2094 Sereened

>1.0 0 0.0 0.0 0.0 Q.0
0.1 - 1.0 & 6.4 0.19 0.8655 63.2
0.01 - .1 12 19.4 3.57 0.4117 30.1
0.001 - 0.01 28 45.2 1.33 0.0820 6.0
0.00001 - 0.001 18 29.0. _0.86 0.0096 0.7
62 1002 2.95% 1.3688 100%

Continued
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TABLE 5=4. Continued

Leaking Sources Total Leakage
Wichin Range Wichin Range
A of % af Total Total
Leak Range . Leaking Sources Leakage n of Total
(1b/hr) - No. Sources Screened (lb/hr) Source of Laakage

Pump Seals, Light Liquid Streams = 470 Screened

>1.0 19 6.4 4.0 63.1913 70.6
0.1 - 1.0 73 24.7 1525 22.0347 24.6
0.01 - .1 107 6.1 22.7 3.9430 bob
0.001 -~ 0.01 77 26.0 16.4 0.3274 0.4
0.00001 - 0.001 20  _6.8 . _&.3 0.0086 _0.0

296 100% 62.97% 89.5051 100%

Pump Seals, Heavy Liquid Streams = 292 Screened

51.0 0 0.0 0.0 0.0 0.0
0.1 - 1.0 16 24.2 5.5 4.3189 73.2
0.01 - .1 28 42.4 9.6 1.5089 25.6
0.001 - 0.01 17 25.8 5.8 0.0699 1.2
0.00001 - 0.001 _5  _7.6 1.7 0.00178 0.0

66 100% 22.6% 5.995 1002

Draing = 257 Screengd

>1.0 4 8.2 1.6 7.3958 61.6
0.1 - 1.0 12 24.5 4.7 3.9615 33.0
0.01L - .1 17 34.7 6.6 0.5939 4.9
0.001 - 0.01 13 26.5 5.1 0.0630 0.5
0.00001 - 0.001 _ 3  _6.1 1.1 0.0013 0.0
49 100% 19.12 12.0155 100%

Continued
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TABLE 5-4. Continued

Leaking Sources Total Laakage
Within Range Within Range
% of - % of Total Total
Leak PRange ' Leaking Sources Leakage %7 of Total
(1b/hr) No. Sources Screened (1b/hr) Source of Leakage

Relief Valves = 148 Screened

>1.0 5 8.6 3.4 15.5333 76.0
0.1 ~ 1.0 15 25.9 10.1 3.9313 19.2
0.01 - .1 22 37.9 14.7 0.9121 4.5
0.001 - 0.01 12 20.7 8.1 0.0530 0.3
0.00001 - 0.001 4 6.9 2.7 0.0022 0.0

58 100% 39.0% 20.4419 1002

Compressor Seals, Hydrocarbon Service = 142 Screemed

>1.0 : 23 21.9 16.2 67.9440 74.3
0.1 - 1.0 43 45.7 33.8 22.2482 264.3
0.01 - .1 24 22.9 16.9 1.3014 1.4
0.001 - 0.01 7 6.6 4.9 0.0224 0.0
0.00001 - 0.001 - _3 2.9 2.1 0.0013 0.0

105 100% 73.9% 91.5172 1002

Compressor Seals, Hydrogen Service = 83 Screened

>1.0 0 0.0 0.0 0.0 0.0
0.1 = 1.0 14 20.3 16.9 3.39564 75.6
0.01 - .1 22 31.9 26.5 1.0105 22.5
0.001 - 0.01 21 30.4 25.3 0.0794 1.8
0.00001 ~ 0.001 _12 17.4 14.5 0.0064 0.1

- 69 1003 83.2 4.£917 100%
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The frequency distributions of the screening values and the
leak rates are similarly skewed. This suggested a possible correlation
between the leak rates and screening values for the various baggable sources.
Such correlations were found to exist, and they are presented in the form of

nomographs in Section 5.1.3 of this report.

5.1.2.2 Statistical Treatment of-Baggable Source Emission Data

The high degree of skewness in the distribution of nonmethane leak
rates from baggable sources precluded a conventional statistical treatment
of the data. In addition to the skewness, a large percentage of the studied

sources were considered "non-leaking." The efficient estimation of emission
factors and their variances, as well as the inclusion of non-leaking sources,

required the development and use of sophisticated statistical procedures.

A lognormal distribution was used to model the distributiom of
leaking sources. This distribution has the property that when the original
data are transformed by taking natural logarithms, the transformed data will
follow a normal distribution. The lognormal distribution is often appropriate
when the standard error of an individual value is proportiomal to the magni-~

tude of the value. The form of the lognormal distribution is as follows:

-2
exp[_ (£n X u) ]

f(x) = for 0 > x > oo
X0V 2T
=0 for x €0
2
Mean = exp[u + %—]

Variance = exp[2u + 20%] - exp [2u + 0]
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To develop estimates for emission factors, the nonleaking sources
(leak rate assumed equal to zero) also had to be modeled. A mixed distribu=—
tion, specifically a lognormal distribution with a discrete probability mass
at zero, was used for this purpose. Letting p equal the fraction of non-
leaking sources in the population, this mixed-lognormal distribution has

the following form:

' _ N2
1 -p) exp [- Loz W]
f(x) = for 0 < x < o
%0V 2T
=p | ' for x = 0
= Q for x <0
o?

Mean = (1 - p) exp[u+T]

Variance = (1 ~ p) [exp(Ru + 02%)] [QXP(UZ) - (1 -p)]

Efficient estimates of the mean and variance of the population model by this

mixed distribution have been developed.za@h These estimates are as follows.

The best unbiased estimator of the population mean emission rate

is

. [(1 - %';-)exp [ (x)] g(‘g’z—z) ]

and the best unbiased estimator of the.population variance of the emission

rate is

v = (l - ﬁ) exp (2x) [g(zsz) - <l " n f l)g(i = z - i 52>]
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n = number of sources screened

r = number of sources screened 200 ppm or with
measured leak <103 1lb/hr

m=n-=7=T

= pnumber of "leaking'" sources

g(t) = infinite series
_ (m -t , (m-1)3 ¢?
Sl T I @
+ (m - 1)° ¢3
m>3! (m+ 1)(m + 3) et
X = average of logarithm of leaking sources
n-=T
= :z: Ln (nommethane leaks)/(n - r)
1
s? = variance of the logarithm of leaking sources
n-r
= :E: [fn (nonmethane leaks) - x ]%/(a - ¢ = 1)
1

The mean and variance formulas hold whenever there is more than
one leaking source (n - r > 1). When only one leaking source is identified,

the following estimates are appropriate:

Xl : xlz .
and variance = s

jol n

mean =
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where x is the single measured leak. If no leaks are found (r = n), then

the best estimate for both the mean and variance is zero.

Computer programs were developed for these estimators and the
estimator for the mean was used for all emission factors developed from the

emissions data.

Data distributed lognormally can be transformed to a normal dis-
tribution by taking natural logarithms of the data. The distribution assump-
tion for the leaking sources was tested by examining distributions of the
log~leak rates. Histograms displaying these distributions were constructed
for all important source type and process stream classifications. An example
is shown in Figure 5-3. The data for most sources appeared to adequately

approximate a normal distgribution after the transformation.

To statistically test the assumption of a normal distribution for
the log-leak rates, skewness and kurtosis statistics were computed for each
data group and tested for departures from their expected values of zero in

a normal distribution. Table 5=5 summarizes these statistics.

Only three of the twelve cases indicate.significant lack of
normality.

The development and refinement of the statistical procedures are
presented in greater detail in Appendix C (Volume 4). The emission factors:
developed with these procedures are presented in the following section 5.1.2.3
of this report. Also presented in Sectionm 5.1.2.3 are the effects of various

equipment and process variables on leak rates and emission factors.
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TABLE 5-5. SKEWNESS AND KURTOSIS STATISTICS

Source Type/ . Number of . A
Stream Group Leaking Sources Skewness Rurtosis
Valves

Gas/Vapor Streams ‘154 0.19 -0.33
Light Liquids/Two-Phase 330 -0.16 -0.18
.Heavy Liquids 32 0.28 -0.88
Hydrogen Streams 59 -0.18 =1.09*
Open~ended Valves 30 -0.01 -0.98
Pump Seals ®

Light Liquids 296 0.03 ~0.36

Heavy Liquids 66 =0.77% 0.06
Compressor Seals 2

Hydrocarbon Servicge 102 =0.99% 1.16%

Hydrocarbon Service 69 -0.29 0.69
Flanges - 62 0.39 0.20
Drains 49 -0.04 =0.47
Relief Valves . 58 -0.05 -0.21

* probability <.05 given a normal distributiom.

*All data needed to classify sources into stream type were not available
for all pump seals and valves. Those particular sources are not included

in this analysis.
2Compressor seals screening < 200 ppmv were not included in this analysis.
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5.1.2.3 Emission Factors for Baggable Sources in Refiperies

The estimated emission factors for nonmethane hydrocarbon emissions
for the six types of baggable sources are summarized in Table 5-6. Twelve
emission factors are presented representing the twelve categories of source
type and process stream group. Confidence intervals are given in each case
for the estimated emission factor. The confidence interval for the emission
factors represents the range of values which is expected with 95 percent con-
fidence to include the average emission rate for all sources of the particular
type in all U. S. refineries. The confidence intervals include comsideration
of both potential biases and random vaiiation as discussed in Appendix C
(Volume 4).

The emission factors listed in Table 5-6 are slightly different
than those published in a previous report (EPA 600/2-79-04;4).25 The results
given here are based on further refinements of the data base and the forma-
tion of emission factors for valves in hydrogen service which were previously

incorporated in other valve service categories.

The effect of process variables on emission factors was investi-
gated. Any discussion of the effect of process variables is complicated
by the confounding between variables in the data base. This confounding is
due to the lack of independence between process variables as they naturally
occur. In addition, all combinations of levels of many variables could not

be obtained in the study.

A fractional factorial experimental design was followed in select-
ing sources for screening and possible sampling. Selection was based on key
process variables. The design allowed the estimation of the‘main effects of
important variables, but not all variable interaction effects could be esti-
mated. Most second order interactions (e.g., stream type by line size by
source type) and higher order interactions are either confounded or there

are not enough replicate data to quantify their effects with any precision.
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TABLE 5-6. ESTIMATED VAPOR EMISSION FACTORS FOR NONMETHANE
HYDROCARBONS - FROM BAGGABLE SOURCES

Emission 957% Confidence
. Faetor Intarval for
Source Catagory Estimara Emission Factor
(1b/hr/source)a (lb/hr/seurce)d
Valves
Gas=-VYapor Streams _ 0.059 (0.030, 0.110)
Light Liquid/Two-Phase 0.024 (0.017, 0.0386)
Heavy Liquid _ 0.0005 (0.0002, 0.0015)
Hydrogen : 0.018 (0.007, 0Q.045)
Open-Ended Lines 0.005 (0.0015, 0.018)
Pump Seals
Light Liquid Streams 0.25 (0.1s, 0.37)
Heavy Liquid Streams 0.046 (0.019, 0.1L)
Drains _ 0.070 (0.023, 0.20)
Flanges 0.00056 (0.0002, 0.0025)
Reliaf Valves 0.19 (0.070, 0.49)
Compressor Seals ‘
Bydrocarbon Servica 1.4 (Q.686, 2.9)
Bydrogen Serrica Q.11 (0.0Qs, 0.23)

%The estimated mean level of emissioms from all sources of this type in
Uniced States rafiperies. This factor is an average and incorporatas tha
fact that a significant number of sourcas have no emissions while others
have emissions ranging from 10™* co 10 lbs/hz.

bThe statistical procedures used o construct those intervals account for
both systematic and random errors in experimental design, sampling, chemi-
cal analysis, and statiscical analysis. The procedures usad are such that
at least 95% of the intervals will include the time emission facror for a
particular source categery. '
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This means that it is difficult to break sources down by more than two

variables at a time to determine emission factors or effects.

Fmission factors and confidence intervals were developed for
selected classifications of the baggable sources (such as seal types for
pumps). The results are presented in Appendix B (Volume 3). Leak rates in
any category span three or more orders of magnitude. Because of this
phenomenon, it is impossible to precisely estimate the emission factors from
the relatively small number of sources that were screened and sampled. The
confidence intervals for the emission factors of selected classifications
of sources are very wide, and overlap in most cases. Thus, any apparent
differences between emission factors for the various categories of a source

may not be real.

5.1.3 Relationships Between Screening Values and Leak Rates

The results of the baggable source screening and-leak sampling
program were analyzed. It was found that relationships exist between the

screening values and the source leak rates.

Appendix C (Volume 4) of this report contains detailed descriptions
of the statistical techniques and models developed to correlate the emissions

data. Statistical analyses were performed to determine:

(a) The linear regression equations for each

baggable source and stream type combination.
(b) The possibility of combining some of the
equations found in (a) to reduce the total
number of necessary equations.
A linear equation of the form below was proposed.

lcgig L = Bo + B, logio M (3~-1)
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where

L = nonmethane hydrocarbon leak rate, lb/hr
Bo,B: = constants, intercept and slope respectively.
M = maximum screening (or rescreening) value, ppmv.

The regressions for each source type-process stream combination

are given in Table 5-7.

Analyses of covariance were performed to determine which source
and process stream types could be combined for prediction purposes. It
was found that the source and stream types could be grouped such that seven
equations were adequate for predicting leak rates from screened sources.

The seven groups are as follows:

L 4 Pumps in light liquid streams, compressors and

relief valves in gas/vapor streams.
d _ Valves and compressor seals in hydrogen service.
L4 Valves in gas/vapor streams.
. Valves in light liquid/two-phase streams.
L Flanges.
L Drains.

b Pump seals in heavy liquid streams.
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TABLE 5-7. REGRESSION OF LOG LEAK RATE ON LOG
MAXTMUM RESCREENING VALUE BY SOURCE
AND STREAM TYPE

. Pump Compressor Relief
Procass Stream l'ypea . Valves Flanges Seala Seals Drains Valves
Gas/Vapor Be -7.04 . -3.97 4. 41
_SE(Be) 0.56 0.74 0.45
B1 1.23 0.71 0.87
SE(B1) ‘0.12 0.16 0.10
R? 0.57 0.23 0.58
N 79 69 54
Light Liquid/. Bq -4.90 -2.93 -4,59 -2.38
Two=-Phasa SE(By ) 0.22 1.01 0.32 1.64
By 0.80 0.22 0.89 0.60
SE(Bv) . 0.06 0.31 0.08 - 0.35
B? 0.63 0.05 0.48 0.10
N 119 12 136 13.
Hydrogen Be -7.45 : -5.30
SE(Be) 0.90 . 0.72
B C1.14% 0.72
SE(B1) 0.20 0.36
- r? 0.51 ' 0.24
N 32 . 15
Hesvy Liquid Be -2.32 -3.08° -3.35
SE(Ba) 1.12 9.77 . 0.31
By 2.26 0.57 0.51
SE(B1) 0.346 0.23 0.11
R* 0.96 0.29 0.60
N 4 17 17
Stream By -5.68 =5.08 -4 .77
Information SE(Bs) 0.54 0.88 1.50
Missing B1 0.95 0.89 0.70
: SE(B1) 0.17 Q.24 0.43
R* 0.75 0.78 0.13
N 21 6 18

. Log1o(laak rate) = Bo + B1 logie(max rescreening value)
SE(Bo) = standard. arror of 3Bg
SE(B1) = standard arzor of B
N = gpumber of daca pairs
R} = coefficient of determipstion or corralation coefficient squared
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The resulting seven equations are summarized in Table 5-8. Also
included in this table are the correlation coefficients and the confidence
intervals for the slope and intercept values. The equations were used to
develop nomographs which relate the predicted leak rate to the screening
values for the various source and stream types. These ndmographs are shown
in Figures 5-4(A & B) through 5-10(A & B). Each nomograph gives the pre-
dicted mean leak rate as a function of the maximum TLV Sniffer screening

readings taken directly at the source of the leak.

Although the equations were developed on a logarithmic scale, the
nomographs are shown on an arithmetic scale for ease in reading and

interpolation.

_ The 90 percent confidence intervals shown on the nomographs are
for the mean leak rate. They should not be confused with confidence
intervals for individual leak rates for given screening values. There is a
substantial difference between the two leak rates. The differences are
illustrated in Table 5-9. For example, the mean leak rate for a valve (gas/
vapor stream) with a screening value of 10,000 ppmv is predicted to be
0.038 lb/hf. Any single valve with this screening value would be expected
to have a leak rate between 0.0019 and 0.75 1lb/hr 90 percent of the time:.

On the other hand, a large number of valves with a screening value of 10,000
ppuv should have a mean leak rate falling between 0.025 and 0.057 lb/hr.
There is an order-of-magnitude difference between the two types of confidence

intervals. This difference can be seen clearly in Figure 5-11.

The results of the baggable source screening and sampling can be
presented and displayed in other useful ways. Nomographs have been prepared
relating screening values to the percentage of each source type expected to
have screening values above any selected value. Other nomographs have been
prepared relating screening values to the percentage of total mass emissions
which can be expected from sources with screening values greater than any
given value. A discussion of nomograph development is presented in

Appendix C (Volume 4),
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Nomograph for Predicting Total Nonmethane
Hydrocarbon Leak Rates from Maximum Screening
Values - Valves, Light Liquid/Two-Phase Streams
(Part I: Screening Values from 0 - 10,000 ppm) .
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Figure 5-7B. Nomograph for Predicting Total Nonmethane
Hydrocarbon Leak Rates from Maximum Screening
Values - Valves, Light Liquid/Two-Phase Streams
(Part II: Screening Values from 0 - 100,000 ppm) .
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Figure 5-8. Nomograph for Predicting Total Nonmethane
Hydrocarbon Leak Rates from Maximum Screening
Values - Drains.
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Logie (MM Leak Rate) = -3.2 + 0.588 Logns (Max Screening value)
Correlation Coafficient = Q.77 .
Munber of Jata Pairs = 52

Standard Error of Estiate = 0.52 Logys (MM Leak Rate)
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Using J.N. Bacharach TLY Spiffer at the Source.

Figure -3-9. Nomograph for Predicting Total Nonmethane
Hydrocarbon Leak Rates from Maximum Screening
Values - Flanges.
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Figure 5-10A.

Nomograph for Predicting Total Nonmethane
Hydrocarbon Leak Rates from Maximum Screening
Values ~ Pumps, Heavy Liquid Streams (Part I:

Screening Values from 0 - 10,000 ppm).
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Logys (MM Leak Rate) = -5,1 + 1.04 Logys {Max Sereening valye) .
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Figure 3-10B. Nomograph for Predicting Total Nonmethane
Hydrocarbon Leak Rates from Maximum Screening
Values - Pumps, Heavy Liquid Streams (Part II:
Sereening Values from 0 - 100,000 ppm).
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TABLE 5-9. CONFIDENCE INTERVALS FOR MEAN AND INDIVIDUAL
LEAK RATES - VALVES (GAS/VAPOR STREAMS)

. - S
Predicted - ‘
Mean 90% Confidence Intarval
Value Leak Rate Mean Leak Individual Leak
(ppmv) (1b/hr) (1b/hr) (1b/hr)
1 4%10”7 (1077,  3.6x107°) (0.0, 1.67x107%)
200 0.00030 (0.00010, 0.00089) (1.3z107%, 0.0071)
500 " 0.00094 (0.00038, 0.00023) (6.3%107°, 0.021)
1 000 0.0022 (0.0010, 0.0048) (0.00010, 0.047)
3,000 0.0085 (0.0048, 0.015) (0.00042, 0.17)
5,000 0.016. (0.0097, 0.026) (0.00080, 0.32)
10,000 0.038 (0.025, 0.057) (0.0019, 0.75)
20,000 0.089 (0.063, 0.13) (0.0045, 1.75)
50,000 0.27 (0.19, 0.39) (0.014, 5.4)
100,000 0.64 (0.43,  0.96) - (0.032, 13.0)
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Logas (MM Leak Rate) = -4.9 + 0.30 Logus (Max Screening Yalue
Correlation Coefficient » 0.79 -
Nusber of Data Pairms = 119 .
Standard Errer of Estimate = 0.50 Logas (MM Leak Rata}

Seale Bias Correction Factor =2.33
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+—1nterval for Individual values

10,000 50,000 100,000

0.5

Figure 5-11. Yomograph for Predicting Total Nonmethane
Hydrocarbon Leak Rates from Maximum Screening
Values - Valves, Light Liquid/Two-Phase Streams
(Part II: Screeming Values from O - 100,000 ppm).
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These nomographs for the six source types (and stream groups for
valves, compressors, and pump seals) are presented in Figures 5-12 (A & B)
through 5-22(A & B). The "A" figures relate the percent of total mass emis~
sions for a given source category to screening values; the "B" figures relate

the percent of sources to screening values.

Confidence intervals are included on each of these nomographs. The
statistical procedures used to develop these intervals are discussed in
Appendix C (Volume 4). The confidence intervals for both types of nomographs
indicate how well the cumulative function has been estimated from the data

collected in this program.

| The 95 percent confidence intervals for the cumulative percent of
sources can be interpreted as ranges of values which contain the actual

percent from the population of sources studied.

The 90 percent confidence interval for the cumulative percent of
total emissions function has a similar interpretation. These intervals
describe how well the function has been estimated for the entire population
and are not directly applicable to a particular refinery situation with a
finite number of sources. The variation of the function for a particular
sample: of sources is a complex function of the number of sgurces. DBecause
of the mature of the function, however, the confidence intervals will be
approximately valid any time z random sample of greater than 100 sources

is being considered.

The nomographs are useful in evaluating the potential effectiveness
of maintaining and repairing sources for reduciug.emissions. For example,
approximately five percent of valves in gas vapor stream service can be
expected to have screening values above 50,000 ppmv (Figure 5-124). However,
these five percent of the valves are responsible for an estimated 95 percent
of the mass emissions (Figure 5-12B). Similarly, for a screening value of
10,000 ppmv, the percent of sources and percent of emissions are nine per- -

cent and 99 percent, respectively,
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Sereening Value (ppmv) (Logyg Scale)

Percent of Sourcas - indicatas the percent of sources with screening
values greater than the selected value.

Figure 5-12A. Cumulative Distribution of Sources and Total
Emissions by Screening Values for Valves -
Gas/Vapor Streams,
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greater than the sslected value.

Figure 5-12B. Cumulative Distribution of Source and Total
Emissions by Screening Values for Valves -
Gas/Vapor Streams.
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Figure 5-13A.

values greater than the salected valua.

Cumulative Distribution of Source and Total
Emissions by Screening Values for Valves -
Light Liquid/Two-Phase Streams.
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Cumulative Distribution of Source and Total
Emissions by Screening Values for Valves -
Light Liquid/Two~Phase Streams.
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Figure 5-14B. Cumulative Distribution of Source and Total
Emissions by Screening Values for Valves -
Heavy Liquid Streams.
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Figure 5~15B. Cumulative Distribution of Source and Total
Emissions by Screening Values for Valves -
Hydrogen Service.
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Figure 5-16A. Cumulative Distribution of Sources and Total
Emissions by Screening Values for Pump Seals -
Light Liquid Streams.
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Figure 5-18A. Cumulative Distribution of Sources and Total
Emissions by Screening Values for Flanges.
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TABLE 8-4. SUMMARY OF EMISSIONS FROM THE MODEL REFINERY

Emissions in Tons/Year

Pollutant Point Sources! Fugitives? _Storage Total
Particulates 1,425 -— — 1,425
S0, 14,650 —— - ‘ 14,650
co 1,247 - - 1,247
NO_ 12,693 ——; — 12,693
Nonmethane
Hydrocarbons 364 8,767 3,308 12,439

-

Includes combustion sources, fluid catalytic cracker, CO boiler,
sulfur recovery complex, and flares.

Includes process fittings (pumps, valves, flanges, compressors,

drains, and relief valves), cooling towers, oil/water separators, and
other wastewater treating units.
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Figure 5-19A. Cumulative Distribution of Sources and Total
Emissions by Screening Values for Compressor
Seals - Hydrocarbon Service.
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Seals - Hydrogen Service.
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155



Percent of Tota) Hass Emissions

90 = S
Upper Limit of 90%
0~ Confidenca Interval
0=
Estimatad Percent of
60 = Total Mass Emissions
50 =
40 pu—
Lower Limit of the \
902 ConfMdence Intarval \
20 = \
\
10.p= \
\
L1y [ ] ] A ]
1 2 345 10 8¢ 100 1,000 10,000 100,000 1,000,000

Sereening. Value- (ppav) (Logyg. Scala)

Percent of Total Mass Eaissions - indicates the percent of total emissions
T attr{butable to sources with screening values
greater than the sslectad value.

Figure 5-21B. Cumulative Distribution of Source and Total
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Analyses, using the nomographs, can also be done for other

sources and process streams. For example, Table 5-10 shows the percent of
emissions for various sources and process streams when the upper 10 percent
of screened sources are considered. Confidence intervals are also shown.
Table 5-10 is presented only to illustrate the use of the nomographs and to
emphasize the fact that a small fraction of the sources within any one source
category account for the majority of emissions in that category. There is

no intent here to prejudge that a reasonable level of control is 10 percent
of sources, or any other specific number. Ultimately, the decision regarding
reasonable control will be based on relative levels of emission reduction

and the cost of achieving these levels. Therefore, percentage reduction

goals for each source category may be different.

5.1.4 Correlation of Leak Rates with Process and Equipment
Varisbles

The relationships of various continuous process variables and
other discrete variables with leak rates were investigated. The variables
which were considered in this investigation are listed in Table 5-11. The
results of the study are summarized in the discussion below. A more detailed

discussion is. given in Appendix B (Volume 3) of this report.

Correlation of Leak Rate with Continuous Variables--The correlation

studies were complicated by three factors:

(a) The degree of skewness in the leak rate data and the

inherent variability of the measured leak rates.

(b) The dominating effect of process stream composition

on the leak rate.

(¢) Inaccuracies or missing values when determining the

values of variables.
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TABLE 5-11. CONTINUOUS AND DISCRETE VARIABLES CONSIDERED

IN THIS STUDY

Variable

Source Types Considered

Continuous:

Temperature

Pressure

Age

Size
Speed
Capacity
Load

Stroke Length

Discrete:

Manufacturer

Seal Type, Number
Pump Type

Valve Type

Valve Service
Stem Movement
Vibration

Location on Line (In-line,
End-of~-1ine)

In/Out of Service
Lubricant
Attitude

Materials of Construction

Gland Type

All Source Types

Valves, Flanges, Pump Seals, Compressor
Seals, Relief Valves

A1l Source Types

All Source Types

Pump Seals, Compressor Seals
Pump Seals, Compressor Seals
Compressors

Pump ‘Seals, Compressor Seals

Valves, Flanges, Pump Seals, Compressor
Seals, Relief Valves

Pump Seals, Compressor Seals
Pump Seals

Valves

Valves

Valves

Valves, Flanges

Valves.

Valves, Pump Seals, Compressor Seals
Pump Seals, Compressor Seals

Pump Seals

Valves, Flanges, Pump Seals, Compressor .
Seals, Relief Valves

Pump Seals, Compressor Seals

lel



The logarithm (base 10) of the leak rate (lb/hr) was related to
the variables to reduce the effect of skewness and variability of leak rate
data. The data were grouped by the important process stream classifications
to minimize the effect of the Stream composition. Table 5=12 contains the
simple correlation coefficients between the log leak rate and the appropriate
independent variable for each source type and stream classification. The
simple correlation coefficient, r, is a statistical measure of the linear
relationship between two variables. Values of r fall between - 1 and + 1.
Values of r near + 1 mean that one variable increases propertionally to the
other. Negative values of r indicate that one variable decreases as the
other increases. The value of r will be zero if the data are randomly

scattered.

The value of r® indicates the approximate percentage of the total
variation in the log leak rate that is accounted for by the.relétionship of
the leak rate with the correlating variable. For instance if r = 0.50,
then r?® = 0.25 and about 25 percent of the variation im the leak rate is
attributable to the relationship with the process variable. The remaining

75 percent of the variation is due to other variables and random variation.

The statistically significant correlation coefficients are indicated
with an asterisk in Table 5-12. A clearer indication of the significance of
the correlations can be seen from a scatter plot of the data. Scatter plots

for all correlations are given in Appendix B (Volume 3).

Relationships Between Discrete Variables and Leak Rates--Unlike

céntinuous variables, correlation coefficients are not easily interpreted

for discrete variables, i.e., manufacturer, material, and seal type versus
leak rate. A visual method for comparing the relationships between levels

of the discrete variables and leak rates is the schematic plot. Schematic
plots show the mean, median, upper/lower quartile and range of leak rate
values. Schematic plots are contained in Appendix B (Volume 3). The results

can be briefly summarized.
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When sample size is taken into congideration, there appears to
be no significant correlation of valve leak rates with any of the discrete
variables. For pumps in heavy liquid service, a small difference can be
seen between single and double seals. However, the small sample size pre-

vents any firm conclusions from being drawn regarding this difference.

Effect of Process Variables on Percent of Sources Leaking--Previous

analyses have shown that the percent of leaking sources varies with the
source type and process stream volatility. ‘The effect of other process
variables on the percent of leaking sources was examined. The results of

this examination are presented in detail in Appendix B (Volume 3).

Some significant differences in percent leaking were noted for
valves due ta age and unit type and vibration. Valves less than one year
old have a higher percent leaking for gas/vapor and iight liquid streams,
but not for heavy streams. The percentage of leaking valves increases with
increasing line size. No significant differences were noted for the

different valve manmufacturers.

For pump seals in light liquid service, the percent of seals
leaking appeared to increase as the pressure and temperature increased. No
significant differences were noted for the discrete variables, including
manufacturer. Single seals had a higher percent leaking than double seals
for both light and heavy liquid streams, although the confidence intervals .

did overlap.

For compressors in hydrocarbon service, significant differences
in the percent of seals leaking were noted for gland type and seal type.

The percent leaking also appeared to be increasing as discharge pressure

increased,
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5.1.5 Effect of Maintenance Procedures on Valve Emissions

A study to define the short term effect of maintenance on valve
emissions was conducted. The study was performed on 86 valves at four
refineries. Routine maintenance, such as tightening the packing gland ot
adding grease, was performed on the selected valves. Maintenance is
described as "directed" or "undirected.'" Directed maintenance involved
similtaneous maintenance and screening of the valve until no further reduc-
tion in hydrocarbon detector reading could be achieved. Undirected mainte-
nance was not monitored with a hydrocarbon detector during the performance

of maintenance.

The screening value and emission rate for each valve was determined
before and after maintenance. The percentage reduction in leak rates after

maintenance was calculated with the following equation:

Leak Rate Before Maintenance - Leak Rate After Maintenance
Leak Rate Before Maintenance

% Reduction =

The effects of the valve maintenance studies are summarized in
Table 5-13. Two results are noteworthy. The percentage leak reduction for
those valves that were subjected to directed maintenance is. considerably
greater than that of the valves that had undirected maintenance. It is also
apparent that the level of the initial leak rate has a marked effect on the
percentage reduction in emission rate for both directed and undirected
maintenance. The percentage reduction achieved by maintenance is lower for
the initially small leak rates. In the very low initial leak range, €0.001
pounds per hour, the average and weight percent reduction was actually nega-

tive for undirected maintenance.

A statistical summary of the maintenance results is presented in
Table 5-14. For directed maintenance, the median percent reduction is
approximately constant across the screening value range. However, for the.

undirected maintenance group the median percent reduction increases
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dramatically with increasing screening values. Within the low screening
value range the median percent reduction is very low, only 28.9 percent.
This may indicate that undirected maintenance at this screening level is not

effective at all.

5.1.6 Number and Distribution of Baggable Sources

The analyses of the emission rate data showed that the emission
rates of hydrocarbons from valves, pump seals, and compressor seals were
functions of the process stream properties. To estimate total hydrocarbon
emissions from these sources in a complete refinery or in individual process
units within refineries, the distribution and number of the sources in the

various types of process stream services must be available.

As part of the refinery assessment program, individual fugitive
emission sources were physically counted in a number of process units within
five different refineries. Valves, flanges, pumps, compressors, drains, and
relief valves (only those venting directly to the atmosphere) were counted.
The counted sources are listed in Table 5-15. The capacities of each unit

in which sources were counted are also presented.

Some sources are not included in this tabulatiom. Only those
valves in hydrocarbon service om process, vent, or fuel lines were counted.
Valves in auxiliary services such as steam, air, compressor lubrication,
pump seal flushing, and sight glass shut-off were not included in the source
numbers listed in Table 5-15.

Pumps and compressors operating on non-hydrocarbon streams such as
water and air were not counted. Only those relief valves that were venting
directly to the atmosphere were included as emission sources. Those relief
valves venting into blowdown and flare systems were not included in the

numbers given in Table 5-15. All drains in a unit were counted.
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All the sources were counted only within the battery limits of

each process unit.

The visual source counts were used as a basis for estimating the
total source populations in some of the major types of refinery process units.
These estimated source populations are presented in Table 5-16. Sources were
not counted in some types of process units including vacuum distillation,
aromatics extraction, delayed coking, hydrodealkylation, and sulfur recovery
units. The number of sources in these units were estimated from source

counts obtained in other types of units.

An estimate of the number of valves, pump seals, and compressor
seals in various process stream services is required to develop total hydro-
carbon emission rates from refinery process units. These source distribu-
tions were determined for pumps and compressors during the field sampling
program in refineries., Stream service distributions were not established
for valves, however. Thus, the valve distributions were estimated by

indirect means. The method is described in Appendix B (Volume 3).

The estimated distribution of pump seals and valves in selected

refinery process units is given in Table 5-17.

5.2 Nonbaggable Source Measurements and Results

The nonbaggable sources that were sampled included cooling towers,
API separators, corrugated plate interceptors, and dissolved air flotation
units. Other potential nonbaggable emission activities such as spills,
turnarounds, blind changing, coking operations, and air blowing were not
sampled. The emission potentials of some of these activities were evaluated

by surveys. The results are summarized in Section 6 of this report.
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5.2.1 Cooling Tower Emissions Measurements

Hydrocarbon emissions from cooling towers were determined from
.hydrocarbon material balances around each tower. The hydrocarbon content of
the incoming and outgoing water streams were determined by a total organic
carbon (TOC) analysis and/or by a volatile organic purging proéedure. Both
of these methods are described in Section 4 of thisg report. A more detailed
description of the sampling and analytical techniques are included in
Appendix A (Volume 2). Calculation methods and complete measurement data

are contained in Appendix B (Volume 3).

Thirty-one cooling towers were sampled. Eight of these had statis-
tically significant emissions. The estimated emissions from the individual
cooling towers are presented in Table 5-18. Streams from five towers were
analyzed by both TOC and purge amalyses. Thus, streams from a total of 21
towers were analyzed by TOC and streams from 15 towers were analyzed with
the purging technique. An analysis of the results from both these analytical
methods indicated that the purging technique was more accurate and precise
than the TOC analysis. Where both amalytical techniques were used, the

results with the purging technique were chosen for calculation purposes.

The results of the cooling tower sampling program are presented
in Table 5-19. Because the purge method of analysis was found to be the
more precise method, an emission factor of 0.00011 1b/1000 gallons of _
circulating cooling water was developed using only the purge method results
from the fifteen towers. A 95 percent confidence interval for this factor
ranges from negligible to 0.0004 1b/1000 gallons.

5.2.2 Wastewater Systems

APT separators, corrugated plate interceptors, and dissolved air
flotation (DAF) units were sampled to determine atmospheric emissions of

hydrocarbon. The emissions were estimated from a hydrocarbon material
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TABLE 5-18. ESTIMATED EMISSIONS FOR INDIVIDUAL TOWERS

/ Tower Apalysis Average Standard Scudeat Cirgulation  Blowdown Epigaiona
Number Machod A PEM Deviacion t Tast () (GF™) (1b/hr)
1 Purge 0.002  0.020 0.26 1,000
2 Furga 0.018 0.015 -2.00. 5,000
3 TOC 0.35 2.49 0.26 54,000 155.0
Purge 0.061 0.139 0.87 58,000 135.0
4 ¢ 2,14 1.63 2.63%n 5,250  28.53 6.47%4 .44
5 T0C 1.25 1.53 1.82% 5,000 10.0 3.73£3.27
6 TOC -1.17 1.82 -1.43 5,500 15.7
7 T0C 1.61 2,12 1.36%n 5,900 12.5 5.5625.26
8 T0C .61 1.46 1.03 6,900 24.8
9 TOC 0.38 3.69 0.23 9,000
10 ™o¢ -5.03 7.53 -1.16 1,800 10-0
Pozge -0.008 0.046 -0.35 1,800 0.0
11 TOC 10.09 10.49 2.35% 714 1.4 4.30£3.20
12 TOC 0.29 2.19 9.32 6,200 23.3
13 TO0C 1.94 1.83 4,83% . 3,597 9.7 8.46£3.15
14 Puzze 0.015 0.035 Q.34 2,850
13 Purge 0.034 0.015 4.36%% 21,150 0.36%0.18
16 TOC -0.14 1.37 -0.20 25,000
17 ToC 0.83 1.57 1.19 5,700 14.3
18 Purge 9.013
13 ™C -0.03 0.72 -0.10 3,900 15.4
20 T0C 2.22 3.79 1.17 48,000 131.7
Purge 0.13L 0.090 2.92%% 48,000 131.7 3.1652.32
21 TOC 1.45 .70 3.61%% 3,500 3.03%1.56
22 Purge 0.019
Ph] TOC 1.46 2.68 1.09 5,000 50.0
Purge -0.155 0.326 -0.96 5,000 50.0
2% ¢ -0.30 1.26 ~1.42 10,000 16-3
TOC 1.45 4.96 1.20 15,000 - 106.7
26 Purge -0.025 0.045 -0.94 15,000 106.7
26 Purge 0.016 0.037 0.88 29,500
27 Purgs 0.006
23 Purge 0.011
29 Pazge 0.324
30 T0C -2.09 3.05 ~1.67 3,370 7.1
3 T0C -3.24 1.64 -0.36 8,300 106.0

**kGtatistically significant
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balance around each unit. The methods used to determine the hydrocarbon
content of the o0il and water streams are described in Section 4 of this

report. The methods are described in greater detail in Appendix A (Volume 2).

The results of the sampling program are presented in Table 5-20.
There is a great deal of scatter and uncertainty in the data and results,
particularly in the determination of emissions from the oil phase of the
oil-water separators. Negative values are even indicated for some emissions.
The one conclusion that can be made regarding these results is that the
material balance approach, as implemented in this program, is inadequate for
defining emission rates from oil-water separators. The composition of the
incoming stream varies widely, and grab samples are not generally representa-
tive., For this reason, emission factors for oil-water separators were not

developed from experimental results.

Fmission measurements for dissolved air flotation (DAF) units were
obtained from four different units using a material balance on the water
phase only. The oily froth was not considered in the material balance.
Emissions from the four water-phase units averaged 0.05 1b/1000 gallons of
wastewater. The 95 percent confidence interval about the average value was
from negligible to 0.24 1b/1000 gallons of wastewater. The DAF data were
insufficient to allow the development of an emission factor which can be

used with confidence.

5.3 Stack Emissiouns

The results of sampling FCCU regenerator stacks, heater stacks,
sulfur recovery/tail gas treating unit stacks, and other miscellaneous stacks

are summarized in the sections below.
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5.3.1 FCCU Regenerator Stack Measurements

A total of seven stacks from five different FCCU's were sampled
for criteria pollutants and individual organic species. The results of
the sampling are presented in Tables 5-21 through 5-23. The FCCU regenerator
stacks included in Table 5-21 were all equipped with electrostatic precipita-
tors and CO boilers. Stacks No. 13 and 18 were from separate CO boilers omn
the same FCCU.

The results shown in Table 5-22 were obtained from an FCCU whose
flue gases passed through a CO boiler and then through a scrubber. Two
scrubber units each handled approximately one-half of the flue gas. Both

particulates and SO, were removed in the scrubbers,

In only one case were samples obtained upstream of the CO boiler
and/or ESP. The results are shown in Table 5-23. Only grab samples could be
be taken upstream of the control devices. The CO boiler was effective in

removing the organic species such as aldehydes and HCN.

In Table 5-24, the FCCU regenerator emissions are expressed as
functions of the fresh feed rate to the FCC units. Although data are limited
on the effectiveness of the scrubbers, they appeared to be somewhat more
effective than electrostatic precipitators in reducing particulate emissions.
The level of S0, in the flue gases was quite low in the two FCCU scrubber

stacks.

5.3.2 Crude Unit Process Heater Stack Measurements

Process heater stacks from five crude oil distillation units were
sampled. The results are summarized in Tables 5-25 and 5-26. Detailed data

are given in Appendix B (Volume 3).
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The process heaters were fired with mixed refinery fuel gas-fuel
oil. No external emission controls were in use during any of the sampling

activities.

5.3.3 Emissions From Tail Gas Treating Units

The stack gases from the tail gas treating processes of two sulfur
recovery units were sampled and amalyzed. The compositions of these gases
are given in Table 5-27. The accuracy of the hydrocarbon and 50, analyses
of the gas from Stack No. 7 is uncertain. The concentration of hydrocarbons
in the gas is very high. At the same time alnost no $0; was found. No

satisfactory explanation of these results has been put forward.

5.3.4 Miscellaneous Source Emissions

Several miscellaneous source stacks were sampled. The results are
summarized in Table 5-28. The flue gas from a fluid coker was sampled up-
stream and downstream of the control devices, a scrubber and a CO boiler.
The effectiveness of the controls can be seen in Table 5-28. The table also
contains data on a resin fume oxidationm unit, a TCC regenmerator and FCCU

compressor engine (intermal combustion) exhausts.

5.4 Identification of Emitted Species

The characterization and measurement of organic emissions from
controlled and uncontrolled sources were conducted at several petroleum
refineries. The controlled sources from which samples were taken and analyzed
include FCCU CO boiler stacks, TCC €O boiler stacks, fluid coker’ CO boiler

stack and a fume oxidation unit.

Uncontrolled sources included valves, flanges, pump seals, com-
pressor seals, and drains. Fugitive vapor emission samples and corresponding
liquid samples were obtained in many cases. Vapor samples were obtained from

leaking valves and pump seals. Corresponding liquid samples were obtained
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TABLE 5-27. COMPOSITION OF STACK GAS FROM SULFUR
RECOVERY TAIL GAS TREATING UNITS

Species Concn. in Flue Gas,'ppmva

Stack ' Stack
Species No. 7 No. 8
Aldehydes (as Formaldehyde) o® 4.0
Methane Hydrogarbons 3870 0.8
Nonmechane Hydrocarbons(as Hexans) 2080 5.7
S0, 0.2 _ 480
S0, U 0.7
Ba$ T Wt
cos 6.4 8.3
CSy 9.0 1.9
NO, (as NOs) 15.0 16.7
HCN U < 0.001
NH, U < 0.03
TOTAL Gas Flow, SCRM T (2.02x 10%)°¢

aDry Basis

b

U = undetarmined

“Provided by plamt persommel

dND = pot detectad
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from liquid process streams at locations as near as possible to the vapor
sample point. Both the liquid and vapor samples were analyzed. Details of
the sampling and analyses procgdures are described in detail in Appendix A

(Volume 2). They are summarized in Section 4 of this report.

The collection and analysis of vapor samples is time consuming.
The collection and analysis of liquid samples is much simpler. Laboratory
experiments were conducted to determine the relationship between fugitive
vapor composition and the corresponding process liquid composition. These
experiments indicated that the composition of fugitive emissions from
refinery equipment is identical to the composition of the liquid within the
leaking source. (See Appendix B, Volume 3.) As a result of these experi-
ments, liquid stream samples were preferentially analyzed, wherever possible,

instead of the corresponding vapor samples.

The analyses were done by GC-MS. The analytical emphasis was
placed on the identification and quantitation of aromatic and polynuclear
aromatic compounds. The detailed results of these analyses are presented

in Appendix B (Volume 3). For brevity, the results are only summarized here.

5.4.1 Species Present in FCCU Regenerator Flue Gas

Particulate matter in the flue gas was collected by cyclones in a
Source Assessment Sampling System (SASS) train. Fine particulates were
collected on a filter downstream of the cyclones. The sampled gas also
passed through a cannister packed with adsorbent to collect volatile organic
compounds. The organic material present on or in the particulate matter was
extracted and subjected to GC-MS analysis. The organic material on the

adsorbent was similarly analyzed.
Individual species found and identified in particulate matter

and/or adsorbed material are listed in Table 5-29. A total of seven particu-~

late and seven adsorbed vapor samples were analyzed. Those species other
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TABLE 5-29. ORGANIC SPECIES FOUND IN FCCU
FLUE GAS SAMPLES2,b

Organie Compoundsc Present at Concentrations >0.1 ppb

Anthracene/phenanthrene
Methylanthracene/phénanthrene
Naphthalene
Methylnaphthalenes
Cz=-naphthalenes

Benzoic acid

‘Biphenyl

Cresol

Cyclohexane diol ,
Cyclohexanol

Cyclohexanone

Cyclohexene oxide
Methylcyclohexanone
Benzaldehyde

Acenaphthene
Acenaphthylene
Benz(a)anthracene/chrysene
Cz-alkylphenols
Ci=alkylphenols
Dibenzofuran

Fluorene
" Fluoranthene

Indanol

Methylﬁhenols

Nonylphenol

Octylphenol

aSpecies found in particulate matter and/or vapor samples.
Cq-C31 alkanes detected but not listed.
All samples were taken downstream of CO boilers and ESP or scrubber.
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than alkanes which were found in any of the samples at concentrations

above 0.1 ppb are listed. Alkanes were present, but they are not listed.

Particulate samples from two FCCU were subjected to an elemental

analysis. The results are shown in Tables-5-30 and 5—31.

5.4.2 Identification of Organic Compounds in Fugitive Vapor
Samples

Some samples of hydrocarbon vapors from leaking valves and pump
seals were collected in canisters packed with adsorbent. However, laboratory
experiments indicated that the composition of liquid streams inside a leaking
source was the same as that of the emitted vapor. The analysis of liquid
samples was less time-consuming and more economical. Thus, most of the

sampled material is liquid from process lines.

The sampled stream types are listed im Table 5-32. The organic
compounds which were detected in the vapor samples or which were found in

concentrations above 10 ppm in liquid samples are listed in Table 5=33.

5.4.3 Potentially Hazardous Organic Species in Sampled Refinery
Streams

The results of the detailed analyses of vapor and liquid samples
taken from refinery process streams and emission points are summarized in
this section. Only those organic species which are potentially the most
hazardous. of those which might be present in refinery streams are considered.
These species and their concentration ranges which were found in process
streams are presented in Tables 5-34 and 5-36. The stream identification

numbers and descriptions are given in Table 5-35.
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TABLE 5-32. SAMPLED REFINERY HYDROCARBON STREAMS

Gas Streams
Reformer Recycle Hydrogen

Artmospheric Crude Distillationm: Ovérhead Gas
FCCU Low Pressure Separator Gas

Liquid Streams

Atmospheric Crude Distillation: Intermediate Naphtha
Full Range SR Gasoline
Virgin Distillate
Atmospheric Gas 0il

Vacuum Distillation: Light Vacuum Gas 0il
Vacuum Gas 0il
Heavy Vacuum Gas 0il
Vacuum Residuum

Reforming: Naphtha to Feed Hydrotreating
Naphtha to Reformer
Reformate
FCCU: Reflux Accumulator Bottoms
Separator Bottoms
Main Fractionator Overhead Liquid
Light Cycle Gas 0il
Heavy Cycle Gas 0il
Desulfurized Naphtha
Desulfurized Gas 0il

Alkylation: Reactor Product
Crude Alkylate

TCC: Heavy Cycle Gas 0Qil
Absorber Lean Qil

Slack Wax from Dewaxing
APT Separator: Inlet 0il

Surface 01l
Skimmed 0il
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TABLE 5-33. ORGANIC SPECIES PRESENT IN REFINERY LIQUID
STREAMS AND EMITTED VAPORSZ

Cn—ng alkanes

Benzene

Toluene

Xylenes

Ethylbenzene

Trimethylbenzene
Diethylbenzene
Dimethylethylbenzene
Tetramethylbenzene
sec-butylbenzene

Naphthalene
Methylnaphthalenes

Biphenyl )
Cz=alkylnaphthalenes
Cs;-naphthalenes
Phenanthrene/anthracene
Methylphenanthrene/anthracene
Cz-alkylphenanthrene/anthracene
Ci-alkylphenanthrene/anthracene
Propylbenzene

Ethyltoluene
Methylisopropylbenzene
Methylpropylbenzene
Diethylbenzene
Dimethylethylbenzene

~ Indan

Methyl indan

Cs=alkylbenzene

Tectralin

Biphenyl

Methylbiphenyl
C2-alkylbiphenyls

Fluorene

Methylfluorene
C;—-alkylfluorenes
‘Acenaphthene
Methylacenaphthene
Cy—alkylacenaphthene
C,=alkylnaphthalenes
Dibenzothiophene
Methyvldibenzothiophene
Cy;-alkyldibenzothiophene
Cy-alkyldibenzothiophene
Cy=alkyldibenzothiophene
Cs-alkyldibenzothiophene
Fluoranthene

Pyrene
Methylfluoranthene/pyrene
Cs=-alkylfluoranthene/pyrene
Ci;-alkylfluoranthene/pyrene
Cy-alkylfluoranthene/pyrene
Naphthabenzothiophene
Cs-phenanthrene/anthracene

Ci-alkylehrysene/benzanthracenes

a'LJ'.st:ed. compounds were detected in vapor samples or were present in liquid

streams at concentrations of 10 ppm or greater.
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TABLE 5-34, POTENTTIALLY HAZARDOUS SPECIES IN VAPOR?
SAMPLES FROM REFINERY STREAMS

Potentially Hazardous Species Concentration in
Vapor Samples From ThebVarious Sampled

Streams
0.01 - 0.1 ppb 0.1 - 1.0 ppb > 1.0 ppb

Banzene _— R o
Isapropylbenzene _— —_ —
Trimethyl benzenes ’ e —_ _—
Naphchalene 1, 4 1, 2 1
Anthracene/Phenanthrene 1, 2, 1, &

Biphenyl 1, 3, 1, 2 -—
Methyl faphthalene 2, 1 ——
Perylene - — —
Benzo(a)=-pyTrena 1l — —
Benzo(e)-pyrenas — — —e
Methylcholanthrene — —_ -
Benzanthraceaes — —-— —
Pyrene l, 2, 3, &4 1 —_—
Fluorantheme 1, 2, 4 — —
Bemzofluorenes 1 -— ——
Benzo(ghi)-pervlane 1l - —
Acenaphthene 1 1 —
Fluorens 1, 2 — —
Phensl 1l —
0, @, p~cresel 1, & 1 -

aSamples-taken from leaking vapor or present om particulate matter from FCCU
regenerator flue gas.

bSee Table 5=35 for stcream type identificationm.
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TABLE 5-35. VAPOR AND LIQUID STREAM IDENTIFICATION NUMBER

Stream
Nuiger' i;iiif Stream Type Descriptiom
1 Vapor FCCU CO Boiler Flue Gas
2 Vapor Fluid Coker CO Beiler Flue Gas
3 Vapor Resin Fume Oxidation Unit Flue Gas
4 Vapor TCC CO Boiler Flue Gas '
5 Liquid APT Separator = Inlst 0il
& Liquid APT Separator - Surfaca Qil
7 Liquid API Separator - Skimmed 0il
8 Liquid .Crude 0il Desalter Water
9 Liquid Sour Watar Stripper Feed (Wate:f
10 Liquid- Desulfurized Napntha (frﬁm.hydrodesulfurization)
11 Liquid Intermediace range Naphcha f{rom Atmospheric
" Distillacion )
12 Liquid Napntha to Hydrotreating (for Reformer Feed)
13 Liquid Naphtha to Reforming
14 Liquid Straight Run Gasoline from Atmospheric Distillatiom
15 Liquid FCCU Reflux Accumulator Bottoms
16 Liquid FCCU Separator Bottoms
17 Liquid FCCU Main Fractiomator Overhead
18 Liquid Reformate ‘
13 Ligquid Absorber Lean Qil
20 Liquid Crude Alkylate (Alkylatiomn Unic)
21 Liquid Virgin Distillate-f:cm Atmospheric Distillation
22 Liquid Desulfurized Gas 0il
23 Liquid Atmospheric Gas 0il
2 Liquid Light Vacuum Gas 0il
25 Liquid TCCU Light Cycle Gas 0Qil
26 Liquid ¥CCU Hesvy Cycle Gas 0il
27 Liquid TCC Unit Heavy Cycle Gas 0Qil
28 Liquid Flashed Crude
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The species listed in Tables 5-34 and 5-36 met one or more of the

following criteria:
. Threshold limit value (TLV) € 5.0 ppmv

b Acute local inhalationm rating of 3 (Materials which om a-
single exposure lasting seconds or minutes cause injury to
mucous membranes of sufficient severity to threaten life or

. . . . 26
cause permanent physical impairment or disfigurement).

. Acute systemic inhalation rating of 3 (Materials which can
be absorbed into the body by inhalation and which can cause
injury of sufficient severity to threaten life following a

. . 26
single exposure lasting seconds, minutes, or hours)f
o Known or suspected  carcinogen.
. Detected by analyses in at least one sample.
The stream identification numbers may appear in more than one
concentration range for a given species. Many stream types were sampled
at several different refineries. The resulting analyses showed different

concentration ranges for some species.

5.5 Quality Control

A comprehensive quality assurance program was an integral part of
this program. The quality assurance program for the sampling and analysis

activities included the following elements:

L Formatted data collection forms for direct

keypunching of data recorded in the field.
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. Repeated sampling of individual sources with the
same and different sampling teams and sampling

equipment.

L Sampling and subsequent analysis of standard

gas mixtures.

e Continuous sample runs over an eight-houyr period.

& Daily testing of screening devices on the same
sources,

o Multiple screenings of the same devices by different
engineers,

® Replicate sample analysis and blind standard

analysis in the laboratory.

Some of the more important results of the quality assurance effort
are summarized in this section of the report. A much more detailed descrip-
tion of the quality assurance program is presented in Appendix C (Volume 4)

of this report.

5.5.1 Quality Control for Baggable Source Hydrocarbon Meagurements

The quality control precedures for baggable source hydrocarbon
emissions measurement include laboratory analyses of blind standards,
repeated total hydrocarbon (THC) analyses, recovery studies of the sampling

train, and reproducibility of the sampling/analysis from a given source.
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5.5.1.1 Laboratory Standard Analyses

Regularly scheduled analyses of blind standards were used to
evaluate the dailly calibration of the Byron THC analyzer as well as the
stability of the calibration. The percent differences between the known
and the measured concentrations ranged from - 55 percent to + 13 percent.
The average difference was - 1.75 percent with a standard deviation of
10 percent. The 95 percent confidence interval for the mean difference

was - 4.7 percent to + 1.4 percent.

5.5.1.2 Replicate Analyses for Total Hydrocarbons

The precision of the nonmethane hydrocarbon analysis as determined
with the Byron THC analyzer were determined from a statistical analysis of
duplicate analyses made at each refinery. The following statistics summarize

the results of the duplicate analyses:
Number of replicate pairs: 130
Pooled standard deviation: 2.4
Repeatability - maximum difference
expected between 2 readings 957

of the time: 6.2%

95 % confidence interval for mean

reading based on a single analysis: t4.87

957 ‘confidence interval for mean

reading based on the average of

1+

two analyses: 3.47
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Since the average of two analyses was used in computing leak rates
for all sources, the * 3.4 percent interval best describes the precision of

the THC analysis.

5.5.1.3 Results of Recovery Studies

The overall accuracy of the baggable source sampling and analysis
procedure was evaluated. Known leak rates were generated and measured. The
percentage of the leaking material which was recovered in the sampling train
was used as a measure of overall accuracy. Sixty-three recovery studies were
made at nine of the visited refineries. The induced leak rates ranged from
0.007 to 2.93 1b/hr. The recoveries ranged from 44 to 161 percent. The
average recovery was 98.7 percent with a standard deviation of 17 percent,
The 95 percent confidence interval for the average recovery was 94.5 to

102.9 percent.

5.5.1.4 Repeatability of Individual Source Sampling

Repeated sampling of leaking sources was donme to determine the
variability of the measured leak rate. This variability is due to sampling
procedures, sampling teams, process (leak) changes, and variations in the
actual leak rate. Approximately 16 percent of the sampled sources were

resampled at least one time.

Table 5-37 summarizes the statistical analysis of the repeat QC
samples. The variability for drains is significantly higher than the other
sources while the variability for relief valves is significantly less. The
other séurces have a standard deviation averaging about 40 percent or a 95

percent confidence limit based on a single test of * 80 percent.
This standard deviation of 40 percent is composed of variation due

to analysis, sampling train components, sampling team effect, and variability

in the actual leak rate. The standard deviation for the THC analysig was
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about 2.4 percent, and the standard deviation for sampling and analysis
of standard gases was about 17 percent. No significant differences between
sampling teams or sampling carts were found, therefore a significant portion
of the variability in the measured leak rates is apparently due to real

variations in the leak rate.

3.5.2 Quality Control for Hydrocarbon Screening Devices

The Bacharach TLV Sniffer was the principal device used for
screening baggable sources in this study. The Century Model OVA-108 was
also used for some screening activities. Each was calibrated on a daily
schedule. Two concentrations of standard gases were used. Daily calibration
at two concentration levels with standard gases gave consistent, unbiased
readings.

The repeatability of the screening procedure (including vari-
ability of the leak rate) was investigated by performing repeated screenings
on the same source by the same operators. The percent difference between
duplicate readings were less than 75 percent with the TLV Sniffer and below
40 percent for the QVA-108,

5.5.3 ~ Quality Control for Nonbaggable Sources

Quality control for nonbaggable sources (cooling towers, waste-
water systems, and process stacks) involved an evaluation of the accuracy
and repeatability of all analytical procedures. Sampling procedures usually
do not lend themselves to accuracy evaluations although day-to-day variations

give an indication of sampling repeatability.

5.5.3.1 Cooling Towers

The total organic carbon (TOC) content of cooling tower water was
determined with a Dohrmann DC 52D TOC analyzer. However, the average

differences for 48 comparisons of the inlet and outlet cooling water gave a
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standard deviation of 4.2 ppm for the analytical method. This deviation
is greater than desired, and a purge~and-trap method was developed to obtain

better accuracy.

An evaluation of the purge method showed that an average of 78
to 93 percent of volatile organics in standard mixtures was recovered. These
standard mixtures contained less than 10 ppm volatile organics. The purge
method was preferentially used to estimate losses of hydrocarbons from

cooling towers.

5.5.3.2 Wastewater Systems

The purge and trap method was used to estimate losses of hydro-
carbon from water passing through the wastewater treatment system. Volatile
organic content of inlet and outlet 0il layer samples was determined by
gravimetric means. Standard mixtures of volatile hydrocarbons in a base
oil were prepared. The average percent recovery of volatile hydrocarbons
from these standards was 98.3 percent. The 95 percent confidence interval

for the average recovery is 98.3 % 3.5 percent.

5.5.3.3. Process Stack Emissions

The major emphasis on quality control for stack samples was om
strict calibration of metering and temperature control devices, leak testing,

and laboratory standard analysis.

Upon arrival at each refinery site and before setting up on a
stack, all equipment was examined, set up, and the operation of all
thermometers/thermocouples, pumps, and flow meters was checked. All measure-
ment devices were calibrated. All fittings and equipment were checked for

leaks both on the ground and when set up on the stack.
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Quality control procedures during the analyses of the stack
samples were primarily analyses of standards. Blind standards were analyzed

for aldehydes, sulfur gases, and NOX.

The percent differences for the 28 aldehyde standard analyses
averaged 0.9 percent with a standard deviation of 5.2 percent. The wvari-
ability appears greater at the lower comcentration levels (about % 12 percent)
than for the higher concentratiom standards (about % 6 percent). The aldehyde
analysis procedure is concluded to be unbiagsed with a precision averaging

about * 10 percent.

The percent differences for the 18 sulfur analyses averaged 0.5
percent with a standard deviation of 14.6 percent. Only two standards above
100 ppm were tested. The percent differences ranged from -~ 39 percent to
+ 20 percent, but only three of the 18 analyses were low. The overall

accuracy of the method for concentrations below 100 ppm is about * 30 percent.

The three standard analyses for NO,, ranged from 21 percent to 73

percent low, indicating potential inaccuracies in the method.

5.6 Survey Information

There are many factors in a refinery which might contribute
directly to the fugitive emission load or indirectly affect the overall
emission level. However, they do not lend themselves to direct sampling.
Among these factors are maintenance practices, laboratory techniques, unit
shutdown procedures, blind changing procedures and blending operations. In
order to evaluate these items, a general survey form for each of them was

submitted to the refiner. The results are summarized below.
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5.6.1 Maintenance Practices

Genmerally speaking, the refineries used combinations of in-house
and contract maintenance personnel. The in-house maintenance people did much
of the routine maintenance, and supplemental contract labor was used during
turnarounds and larger maintenance projects.

>

Some form of preventive maintenance program was in force at five
of six refineries. In one refinery an inspection of each unit is performed
once a yeaf. Piping, furnace tubes, etc. are replaced if it is felt that
they might fail during the following year. Pumps, valves, flanges, etc. are

inspected and adjusted/replaced only when a problem is reported.

At -another refinery, however, a preventive maintenance program is
practiced on instrumentation, electric motors and pumps. This includes a
prescribed maintenance schedule for each piece of equipment. The packing
and seals of pumps, valves, etc. are routinely inspected by operating
personnel. Some minor adjustments may be made when the need is observed.

More extensive work is dome by maintenance personnel.

In five of the six refineries, equipment files are kept on pumps
and compressors. Seal failures and packing leaks are recorded. However,
valve maintenance records were kept at only one refinery included in this

summary Treport.

Three of the six refineries reported that 17 percent, 18 percent
and 20 percent of the operating budget is devoted to maintenance. One

reported that 44 percent of its manpower was devoted to maintenance.
Significant differences in emission rates were not found among the

refineries. This would indicate that the variations in maintenance programs

found do not affect the emissions rates.
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5.6.2 Process Unit Turnaround Procedures

Most normal maintenance in a refinery can be performed while
running, but some major items require that the unit be shut down and opened.
The entire unit must be purged of all hydrocarbons and tested to insure that
it is "gas free." This large scale overhaul of a processing unit is called

a "turnaround."

The following purging procedure is typical of industry practice.
The unit is shut down and process gases are vented to a VAPOT recovery
system, if available, or to the flare. Then steém.is charged to the unit
to strip out the remaining hydrocarbons. Most of this steam is vented to a
closed blowdown system which will remove condensed water and route the gases
to the flare. A few "high-point" vents are opened to the atmosphere during
the latter stages of steaming out. The amount of hydroearbons lost at this
point is not known. However, the concentration of hydrocarbon in the unit
should be low by that time. At that point, the steam flow is stopped and
the unit is cocled, thus condensing the steam. The condensate is drained
off. Then the vessel manways are opened and the interiors are gas tested,
This procedure is thorough and effective, and its overall impact on fugitive
emissions is negligible, especially in light of the infrequent nature of its

occurrence.

The frequency of shutdowns for various units at one refinery is

presented in Table 5-39.

5.6.3 Blind Changing

Only when handling very expensive and exotic materials, such as °
some lube 0il stocks, would the use of blinds be warranted as a means of
controlling direction of flow to prevent any cross-contamination. The

refineries reported that they do not routinely change any significant number
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TABLE 5-38. SHUTDOWN FREQUENCY

Times Down in
Last 12 Months

Scheduled Period
Between Turnarounds

Crude Unit

Crude Unit

Catalytic Cracker

Fuel Reformer

Naphtha HDS

Alkylation

Aromatics Reformer

Aromatics Extraction

1l year

1 year

1 year

1l year

3 vears

1 year

1 year

3 years
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of blinds. Most blind changing‘takes place;during the startup or shutdown
of a unit, and at these times, the unit has generally been purged of

hydrocarbons.

5.6.4 Sampling Procedures

Quality control sampling of light ends and volatile hydrocarbons
in refineries has the potential for adding to the overall fugitive emission
rate. General surveys were made of sampling, flushing and sample waste

disposal procedures.

At one large refinery, laboratory personnel were observed while
drawing routine liquid samples in the field. Line flushings were routed to
a covered oily water drain system with a maximum of 18 inches free fall and
minimum exposed retention time (i.e., less than two minutes). Readings were
taken with the J. W. Bacharach "TLV Sniffer" at the drain entrance immedi-
ately before and after sampling. No significant difference in readings was
discernible, and the absolute parts per million readings were below the
selected sampling limit of 200 ppm. These procedures were typical of those
ﬁerformed at visited refineries. However, hydrocarbon screening during

sample collection was not done at any other refinery.

The overall sample load at one large refinery was approximately
200 samples per day. Of these, about 40 percent were gas samples for
chromatographic analysis, about 24 percent were volatile liquids (naphtha
or lighter), and about 36 percent were nonvolatile liquids. Sample wastes
were emptied into one of two slop oil collection systems, one for naphtha

and one for heavier materials.

Daily sample loads of 50 to 200 samples per day were reported by

four refineries.
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PART B

REFINERY TECHNOLOGY REVIEW AND ENVIRONMENTAL ASSESSMENT

The results of the field measurement program were combined with
data from other sources (literature, government agencies, vendors, ete.) to
develop refinery control technology reviews/evaluations, refinery techmnology
characterizations, and an environmental assessment of refineries. Section
6 describes potentially hazardous compounds which were found in selected
refinery streams or which might be present in refinery emissions. Refinery
process technology is characterized and control technology is reviewed in
Section 7. An environmental assessment of petroleum refineries is contained

in Seetion 8.
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6.0 POTENTIALLY HAZARDOUS SUBSTANCES

The objective of this section is to present an overview of
potentially hazardous substances which are found in refinery feed,
intermediate, product, and waste streams. Since the potential for fugitive
emissions exists for a wide variety of process equipment, all materials

utilized in refining operations can be emitted to the atmosphere.

The term hazardous is used here to describe a compound which has
shown the potential to cause adverse human health effects. The use of the
term hazardous does not necessarily indicate that the chemical compound
has been: designated as hazardous, in a regulatory sense, by EPA, A few
compounds (e.g., benzene) do fall within this legal definition of
"hazardous". TFor these reasons, the term '"potentially hazardous' is
used in many instances to indicate that while the substance has the
pocential for causing adverse health impact, it may not be classifled by

EPA as hazardous, in a legal sense.

The origin of potentially hazardous substances is discussed in
Section 6.1. Included are substances or classes of substances which

| enter the refinery as raw materials. Raw materials include the crude

0il as well as numerous other chemicals required for processing. Also

included in this section are substances which are formed or concentrated

within refinery processes.

Section 6.2 contains a discussion of potentially hazardous
substances leaving the refinery as constituents of the product streams
or of solid and liquid waste streams. Also included in this section is

information on the destruction of certain substances during processing.
Section 6.3 contains information on atmospheric emissions of

potentially hazardous substances. Emissions from both point sources and

fugitive sources are included. This section concludes with a discussion
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of factors which affect atmospheric emissions of potentially hazardous
substances. These factors include the type of refining, the processing

scheme, and the oroperties of the incoming crude oil.

6.1 Origin of Potentially Hazardous Substances

Many hazardous substances enter the refinery with the raw
materials. Others are produced within various process units. Particular
compounds or groups of compounds which enter via the above mechanisms are

discussed below.

6.1.1 Potentially Hazardous Substances in Refinery Raw Materials

Many of the potentially hazardous substances found within

petroleum refineries enter the refinery as constituents of crude oil.
Classes of potentially hazardous materials include hydrocarbens, sulfur

compounds, nitrogen compounds, and trace elements.

Hydrocarbons--A list of potentially hazardous hydrocarboms which

have been identified in crude oil is given in Table 6-1. The compounds
included in the table have been assigned either a threshold limit value (TLV)
by the American Conference of Governmental Industrial Hygienists or a

rating of 2 or 3 (capable of causing permanent damage to humans) by Irving

Sax in Dangerous Properties of Industrial Materials, 1975 editiom.?28

A complete listing of all potentially hazardous substances of
crude oil would be nearly impossible since there can be more than 3,000

compounds in any one crude.?’
One group of hydrocarbons, commonly called polynuclear

aromatics (PNA's), has received considerable attention due to their

hazardous nature. These compounds are composed of fused aromatic rings and
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TABLE 6-1. POTENTIALLY HAZARDOUSZ HYDROCARBONS

IN CRUDE QIL

Compound

Concentrationb

Methane

Ethane

Propane

Methylpropane

Butane .

Methylbutane

n-Pentane
2,2=Dimethylpropane .
n-Hexane
2-Methylpentane
3-Methylpentane
2,2=Dimethylbutane

2, 3-Dimechylbutane
n~Heptane
2,3-Dimethylpentane
2,4-Dimethylpentane
n=-Octane
2-Methylheptane
2,3-Dimethylhexane
2,3-Dimethylhexane
2,3,4=Trimethylpentane
n-Dodecane
Cyclopentane
Cyclohexane
Methylcyclohexane
Cycloheptane

Benzene

Toluene

Ethylbenzene
Dimethylbenzene (Xylene)
n-Propylbenzene
Isopropylbenzene (Cumene)
1,2,3-Trimethylbenzene
1,3,4=-Trimethylbenzene
1,3,5-Trimethylbenzene
Isobutylbenzene
sec~Butylbenzene .
tert-Butylbenzene
1-Methyl-5-Isopropylbenzene
1,2-Diethylbenzene
1,3-Diethylbenzene

lBBBEEHBBBHBHH
=

¥
=

BHEEBPBEEEEABEYAHHE B HHEpREEHEERH
¥ b+ o4 '
BEBEAS
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TABLE 6-1. Continued

Compound Concentrationb

1,4~Diethylbenzene
1-Methyl~-4=tert-butylbenzene
l-Methylnaphthalene
2-Methylnaphthalene

Pyrene

Coronene

Benzo (a,e)pyrene
1,2,3,4-Tetrahydronaphthalene
Biphenyl

Acenaphthene

Benzofluorenes

Phenanthrene
Benzophenanthrene-
Naphthenophenanthrenes
Dinaphthenophenanthrenes
Trinaphthenophenanthrenes
Tetranaphthenophenanthrenes
Pentanaphthenophenanthrenes
Fluoranthrenes

Perylene

Phenyleneperylene
Dibenzoperylene

Chrysene

Benzo(g)chrysene
3=Methylchrysene
Naphthenochrysenes
Anthracene

Benzanthracene

l—ir-li—]r-iHHHHHHHHHHHHHHHHHHHHKHHB

Sources: References 28,29,30,31,32,33,34,35,36.
% The compounds included in this list have either been assigned a
Threshold Limit Value (TLV) by the American Conference of Governmental
Industrial Hygienists or assigned a rating of 2 or 3 (capable of causing
permanent damage) by Irving Sax in Dangerous Properties of Industrial
Materials, 1975 edition. ’

Key to concentrations: T trace: <100 ppm

m = minor: 100 ppm to 2.99%

=
]

major: >3.0%
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are found in crude oils at levels of up to 0.1 percent.37 Several of

these materials are known carcinogens.

Sulfur Compounds--The sulfur content of crude oil can vary
38

from 0.06 to 8.0 weight percent. Sulfur is incorporated into the
structure of a variety of hydrocarbons and tends to concentrate in

compounds of higher molecular weight.

Potentially hazardous sulfur compounds in crude oil include
trace quantities of 48 thiols, almost 200 sulfides, and a number of
sulfites, sulfonates, and sulfones. In lower boiling point fractioms
(up to 400°F), mercaptans (thiols) appear to predominate. Cyclic
mercaptans appear in the kerosene range; thio-ethers and cyclic sulfides
in the naphthenes. In higher boiling fractions, there is a tendency

toward sulfur substitution in saturated rings.

Vitrogen Compounds--The nitrogen content of most crude oils

is less than 1 percent.’® Approximately one-=fourth to one-third of this
nitrogen is contained in basic compounds including alkyl-substituted
quinolines and pyridines. All of these alkyl quinoliﬁes_and some of the
pyridines have been designated potentially hazardous by the criteria in
Table 6-1. Other hazardous nitrogen compounds in crude oil include

indole and the carbazoles.

Oxygen Compounds--Crude oil generally contains less than 2 percent

oxygen. The oxygen compounds designated as potentially hazardous by the
criteria in Table 6-1 include the lower molecular weight carboxylic

acids and alkyl ketones, and some cyclic ketones and phenols.

Trace Metals--Trace quantities of a number of metals have been

found in crude oil. Twenty-eight metals, most of which are considered
potentially hazardous, are listed in Table 6=«2. Of the metals listed,

vanadium, nickel, and iron are usually present in the gréatest quantities.
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TABLE 6-2. TRACE METALS FOUND BY SPECTROGRAPHIC
ANALYSIS OF ASH FROM CRUDE OIL

Ag Ba Ca K Mo Pb v
Al Ce Cu La Na Sn Zr
As Co . Fe Mg Nd Sr In
B Cr Ga Mn Ni T1 U

Source: Reference 39.

In addition to crude 0il, a variety of other raw materials
enters the refinery. These materials, many of which are considered
potentially hazardous, are used as treating agents, solvents, catalysts

or additives.

Catalysts--Both solid and liquid catalysts are used in a wide
range of petroleum proceésing operations. The hazardous nature of liquid
catalysts such as hydrofluoric, sulfuric, and hydrochloric acids is well-
known. Many of the solid catalysts contain metals listed as hazardous
in Table 6-2.

Catalyst fines are emitted to the atmosphere during catalyst
regeneration. Most catalysts are regenerated only a few times a year;
therefore, the escaping catalyst fines are considered insignificant.
Fluid catalytic cracking catalysts, on the other hand, are regenerated
continuously. 1In this case, particle collection devices are used
extensively to control the emissions, both for environmental protection
and for economic reasons. Table 6-3 lists some of the commonly used

catalysts and the processes in which they are used.
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Gagoline Additives--Gasoline is the primary product in many

refineries. Additives are introduced to improve the burning characteristics

and other qualities of the gasoline. These additives include:

® Antiknock compounds such as tetraethyl lead or

similar alkyl-lead compounds.
® Metal deactivators.
® Anti-corrosion additives.

® Antistall additives including light alcohols, polyalkylene

glycols, and alkyl phosphates or amines.
® Antipreignition agents containing phosphorus compounds.
® Lubricants.

Many of these materials are potentially hazardous and some can

form hazardous combustion products.

Other chemicals--Numerous other chemicals are utilized during

the refining process. And, many are considered hazardous. Some of the
major chemicals used in refining are listed with their principle uses
in Table 6-4.

6.1.2 Potentially Hazardous Materials Produced in Refining Processes

Many of the potentially hazardous materials found in refinery
process streams are produced within the process units rather than entering
with various raw materials., Altermatively, certain other processes serve

to concentrate hazardous materials, either as product or intermediate
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TABLE 6-4.

MAJOR CHEMICALS USED IN REFINING AND
THEIR PRINCIPAL USES

Chemical

Uses

Acetic Acid

Acetone

Aluminum Chloride

Aluminum Oxide (Bauxite)
Aluminum Naphthenates
Aluminum Phenates
Aluminum Scaps

Aluminum Stearate

Barium Hydroxide

Barium Salts

Break up emulsions

Increase treating of sulfuric acid

Reduce sulfur content

Extract polymers from cracked
distillates

Separate waxes

Regenerate clays

Isolate benzene in azeotropic
distillation

Solvent in determining oil content
of waxes

Cracking, alkylation, and iso-
nerization catalyst

Cracking catalyst

Detergent additive for lubricating
oils

Treat gpent caustic solutions

Neutralize acid-treated oils

Precipitate naphthenic acids

Prevent foaming before caustic soda
treating for mercaptan removal

Remove inorganic salts from furfural
before refining

Oxidation inhibitors, detergent
additives in lube oils

(Continued)
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TABLE 6-~4. Continued

Chemical Uses

Benzene Solvent extraction to improve viscosity
index of lube o0ils and remove waxes

Bone Char Decolorize oil

Cadmium—~Ammonium
Chloride

Cadmium Hydroxide

Distillate Desulfurizing
Cadmium Chloride

Cadmium Sulfide

Cadmium Oleate ‘
Oxidation inhibitor in lube oil

Cadmium Naphthenate

Cadmium Dithiocarbamate
Detergent additive
Cadmium Sulfonate
Calcium Oxide
Neutralize acid-treated oils
Calcium Hydroxide Remove hydrogen sulfide and organic
_ acids from oils
Calecium Carbonate '

Calcium Chloride Desgicant
Calcium Hypochlorite Oxidize sulfideé and mercaptans in oils
Chlorine , Oxidize disulfides to sulfonyl halides

and to remove mercaptans
Regenerate Bentonite clay
Regenerate sodium plumbite "doctor
solution"
Prepare calcium and sodium hydroxide
Improve cetane number of fuels

(Continued)
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TABLE 6-4. Continued

Chemical Uses

Clays Adsorbents to improve color, odor, and
stability of waxes and lube oils
Cracking catalysts

Cupric Chloride Convert mercaptans to insoluble
’ disulfides
Cresol Extraction of high-viscosity-index,

light-color, low-carbon-residue
lubricants from residual or
distillate base stock

Dichloreethyl Ether Solvent in chlorex extraction to
improve viscosity index and yields
of paraffinic oils

Ethanolamines Removal or recovery of water, hydrogen
- (MEA, DEA, TEA) sulfide, or carbon dioxide from
gaseous streams
Ethylene Dichloride Removing wax from lube oil
Ethylene Glycol Selective recovery of benzene, toluene,

and xylenes from petroleum stocks
Formaldehyde Laboratory reagent and solvent

Furfural Extraction of diesel fuels, burning

oils, cracking stocks, and crude oils

Removal of low-cetane materials,
unstable and acidic materials, sulfur,
organometallic and aitrogen
compounds

Extraction of aromatic, naphthene,
olefinic, and unstable hydrocarbons
from lube oils

Hydrogen ‘ Hydrotreating
Hydrocracking
Hydroalkylation

(Continued)
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TABLE 6-4. Continued

Chemical

Uses

Hydrogen Fluoride
Methyl Ethyl Ketone (MEK)

Methyl Isobutyl Ketone
(MIBK)

Natural Oils

Nitrobenzene

Phenol

Phosphorous Compounds
Phosphorous Pentoxide
Potassium Hydroxide
Potassium Phosphate

Propane

Sodium Carbonate (Soda Ash)

Sodium Hydroxide
(Caustic Soda)

Sodium Hypochlorite

Alkylation Catalyst
Remove wax from oils

Deoiling high-quality waxes

Production of lubes and greases

Extract carbon and sludge-forming
compounds from lube oils

Extraction of high-viscosity-index,
high-color, low-carbon-residue
lubricants from residual or
distillate base stock

Improve viscosity index, color and
‘oxidation resistance, and to reduce
carbon and sludge-forming tendencies
of lube oils

Polymerization catalysts

Catalyst for air-blowing of asphalt

Remove acids from petroleum

Remove hydrogen sulfide from gas

Solvent extractions—deasphalting,
- dewaxing, and decarbonizing

Neutralize acids in processing streams

Remove acidic substances

Sweeten gasoline

(Continued)
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TABLE 6=4. Continued

Chemicals

Uses

Sodium Phenclate

Sodium Plumbite

Sulfur Chlorides

Sulfur Dioxide

Sulfuric Acid

Toluene

Trichloroethylene

Remove hydrogen sulfide from gasoline
Stabilize color of gasoline

"Doctor sweetening'' agent to comvert
mercaptans to disulfides

Solvents

Extract aromatic hydrocarbons and
sulfur-bearing cowmpounds from
paraffins and naphthenes

Improve viscosity index and remove
waxes from lube oils

Remove aromatics from kerosene
Remove or dissolve resinous and
asphaltic materials and sulfur

Remove waxes from lube oils
Extract carbon-~ and sludge-forming

constituents of lube oils and
increase their viscosity index

Source: Reference 40.
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streams, or as waste streams. -Examples of hazardous materials production

or concentration are discussed in this section.

Hydrogen Sulfide--Hydrogen sulfide is an extremely toxic gas.
It is found in small quantities in crude oil and is produced in a variety
of refining operatioms including reforming, desulfurization processes,

coking, catalytic cracking, and hydrocracking.

The H,S from these processes is usually concentrated in acid-gas
absorption processes for use as sulfur plant feed. Common absorption
processes utilize aqueous solutions containing an alkanolamine such as

monethanolamine (MEA) or diethanolamine (DEA) as the absorbing agent.

Mono-aromatic Hydrocarbons=-A variety of mono-aromatic hydro-

carbons are considered potentially hazardous. The simplest component
in this group, benzene, is suspected of being carcinogenic and has been
officially designated by EPA as a hazardous compound. These compounds
are produced and purified for use in gasoline, petrochemicals, plastics,

and synthetic fibers.

A refinery's major source of aromatics is usually the catalytic
reforming unit. Here, hydrocarbon molecules containing six or more
carbon atoms are converted to aromatics. This type of processing is useful
in increasing the octane rating of certain naphthas. Products from these
processes include benzene, toluene, xylenes, and other substituted

aromatics, _ .

Aromatic hydrocarbons are found in varying concentrations in a
large number of refinery streams. The results of analyses conducted during
this program for aromatics in 60 refinery streams are given in Appendix B

(Volume 3) of this report.
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Polynuclear Aromatic Hydrocarbons--As was previously discussed,

polynuclear aromatic hydrocarbons are found in abundance in coal tar and
ara minor counstituents of crude oil. Environmental concern over these
compounds centers on the carcinogenic activity of certain PNA compounds.
Several, most notably benzo(a)pyrene, have been shown to induce cancer,
while others are suspected carcinogens or may inhibit or accelerate

the activity of benzo(a)pyfene?1 Hazardous PNA's have been identified or

are suspected to be in the following refinery streams .’

® (Catalyst regeneration gases from fixed-bed desulfurizationm,

hydroecracking, and sweetening processes.
® TFluid catalytic cracker regenerator off gases.
® Fluid catalytic cracker cycle oil streams.
® Fluid coking off gases.
® Asphalt blowing off gases.
® Decoking operations.
® (Qil-fired heater flue gas.
® (Certain brines and sour water condensates.
® Tlare combustion gases.

® Heavy o0il sludges, wastewater system sludges, and

gpent catalysts.

The above list represents potential sources of atmospheric

emissions of PNA's. PNA's have also been identified in other refinery
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streams in samples analyzed during this program. The results of these

analyses are given in Appendix B (Volume 3) of this report.

Carbon Monoxide-~Carbon monoxide is formed as a result of

incomplete combustion. It is found in process heater flue gas and in
the off gas formed during catalyst regeneration. By far, the largast
source of CO in refining operations is FCC catalyst regeneration. The
flue gas contains CO in concentrations ranging from 5-10 percent. This
gas 1s usually burned in a CO boiler to recover the energy content of

the off gas.

Other Potentially Hazardous Materialg—-A list of potentially

hazardous materials has been provided in Table 6-5. For each material,
a list of processes is given in which that material has been identified
or is suspected present. These processes are listed as numbers and may be

identified by referring to Table 6-6.

6.2 In-Line Fate of Potentially Hazardous Substances

Potentially hazardous materials present in refining streams
must.eVentually leave the refinery. Many of these materials leave as
components of the final products. Examples of this are discussed in

Section 6.2.1.

Additional hazardous materials exit as components of the numerous
waste streams generated during refining. Some of these waste streams
require additional treatment or careful disposal to minimize environmental
danger. Potentially hazardous constituents of various waste streams are

discussed in Section 6.2.2.
Other hazardous materials may be destroyed prior to leaving the

refinery. This may occur as a by-product of a refining process, or as

a result of specific efforts to remove the material in question. Examples
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TABLE 6-5.

HAZARDOUS CHEMICALS POTENTIALLY EMITTED
FROM PROCESS UNITS
Potential Emission Source
Chewical Process Module Numbers
Maleie Acid 1,2,3.4,7,16,17,18,19,20,22,23,24,25,26.27 .28, 30
Benzotc Acid: T 1.2,
Cresylic Acid 3,7,16,17,18; IQ.ZG.ZZ.ZJ.ZI.ZSJS.H £L8,30
Acetic Acid .JO
Formie Acid 4,30
Sulfuric Actd 21,30
Diethylamine 4,5,30
Petiylethylamine 4.,5,20
Arcratic Amines 1a 19.25
Mwenia 3,5,7.16,12,18,19,20,22,23,24,25.26,27,30
Mhilorides 1,2.30
Sulfates 27,30
Chromates 30
Letones. 1.2.3,7,16,17,18,19,20,22 .23 ,2%,25,26,27 ,)0
Aldehydes- 1.2.3,7.16,17,18,19,20,22,23, 20.25 26,27,30,32
Form ldehyde -18,19,26 .
Acetaldehyde 18,19,26 .
Carbon. Monoxide §,9,10,12,13,16.17,18,19,20,22,24,25,26,27,32
Sulfur Oxides 5,10,13,16, 17 18.19,20,22,24,25,26,27 .12
Nitrogen Oxides n.xn
Pyridines 1.2,3,7,16.17.18,19,20,22,23,24,25,26,27.28,30
Pyrroles. 1,2,3,7.16,12,18,19,20,22 .23 24,25 ,26,27 28,30
Quinolines 24,30
Indoles 18.19,26,30
Furans. 28,27,
Senzene 1,2,3,7,10,12,14,16,17,18,19,20,21,22,23,24,25.26 .27 .28,29, 30
Toluene 1.2,3.7,10,13,14,16,17 18, 19.20.21 22,23,24,25,26,27,28,29,30
Iylene 1,2.3,7,10,13,14,16,17,18,19,20.21,22,23,24,25,26,27 28.29 Jo
Phenol 1.2.7,18,19,25,26,28,30
Oimethylphenol 1,2,27
1s 1.2,7,18,19,25,27.,28,32
Iylenals 7,18,19,25,26,27,28,30
hiophenols 26.30
Carsazoles 1.2,28.3
Anthracenes 1,2,18, 19 26,28,32
Benzo(a)pyrens 18,19 25 23.32
Pyrene. 18,19,26 .30
Benzo(e)pyrene 18,19.26
Perylene 18,19.26,30
Benzo(ghi Jperyiene 13,19
Coronene 18,19,26
Phananthrens 18,19.26-
Fluoranthrens 18.19.26
Vetallaporphring 1.2,30
Nickel Carbonyl 10,16,17,20,22,2¢,27
Cobalt Carbonyl - 10,16,17,29,22.,24,27

Tetrasthyl Lead
Sulfides
Sulfates
Sulfonates

Sul fones
Mercaptans
Thioms“
Hydrw?.n 1fide
Mechy loercaptan
Carton 011sulfide
Cartony) Sulfide
Thiosulfide
Ditenzothiophene
Alkyl Sulfide
Yanadium

Rickel

Lead

Tine

Cobalt.

"ol ybdenum

Conpar

Strontiue

Barium

Sulfur Particulates
Catalyst Fines
Coke Fines
Cyanides

14,21
367 ,15,16,17,18,19,20.22,23,24,25,26,27 ,28,29.30
3.7,16,17,18,19,20,22,23,24,25,26,27,28,29,30

,26.30 -
16,17,18,19,20,22,23,25.25,26.27.28,30
10,13,15,16,17,18,19,20,22,23,24,25,26,27
.17,13,19,20.22.,23,24,25,26 .27

6 17, 18 19.20 22.24.27
3,16,17.,18,19,20,22,24,27

an-os
ot

Mlﬂ’
FECEE)

10,16,17,18,19,20,22,26.25.26,27,28,30,32
12'.16.17.18.19.2ﬁ.22.24 ,26,26,27,28,30,32
8

3
18,19,25,26,28,30
6,17,29,22,24,27
10,16,17,20,22,24,27
2.19.25.25.28.2&28

23

I

.-..-.-—n..u.u..au—a—-—a

- v ¢ ¢

» PR

H)

9.10,12,16,17,12,19,25,22 ,24.27
10,16,17,20,27.24,25,26,27 .32
4,5,18,19,26,30

Source:

Reference 42.
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TABLE 6-6. LIST OF PROCESS UNITS FOR TABLE 6=5

Crude storage
Desalting
Atmospheric distillation

Acid gas removal

1

2

3

4

5  Sulfur recovery
6 Gas processing

7  Vacuum distillatiom

8 Hydrogen production

9 Polymerization

10  Naphtha HDS?

11  Alkylatiom

12 Isomerization

13  Catalytic reforming

14  Light hydrocarbon storage & blending
15 -Chemical sweetening

16 Kerosene HDS

17 Gas oil HDS

18 Fluid bed catalytic cracking

19 Moving bed catalytic cracking

20 Catalytic hydrocracking

21 Middle distillate storage & blending
22 Lube oil HDS

23  Deasphalting

24  Residual oil HDS

25 Visbreaking

26 Coking

27  Lube oil processing

28  Asphalt blowing

29  Heavy hydrocarbon storage & blending
30 Wastewater treating

31 Steam production

32 Process heaters

® HDS = hydrodesulfurization



illustrating the destruction of certain hazardous materials are included

in Section 6.2.3.

6.2.1 Potentially Hazardous Substances Present in Refinery Products

Refinery Gases--Refinery gases consist of saturated and

unsaturated hydrocarbons in the C; to Cs5 range along with varying amounts of
inert gases such as Np, Hy0, and CO,. Also, gases such as H; and

HyS may be present. These gases might have been part of the original

crude, or they might be by=-products of certain process units. Process

units producing refinery gases include atmospheric distillation, catalytic
reforming, fluid catalytic cracking, hydrocracking, hydrorefining, and

coking.

Hydrogen sulfide is often a constituent of raw refinery gases.
It is produced from heavier sulfur compounds during hydrotreating and
hydrocracking processes and is extremely hazardous. In addition to
hydrogen sulfide, many of the hydrocarbons in refinery gases are considered

potentially hazardous.

Aviation Gasolines--Aviation gasolines consist of high octane

hydrocarbons with a boiling range of 85 to 300°F. In general, these fuels
contain a high percentage of isoparaffins and smaller percentages of
naphthenes and aromatics. Although most of the components of aviation
gasoline are not extrémely toxic, many are considered potentially hazardous.

In addition, tetraethyl lead is added to prevent knocking.
Jet Fuelg--Jet fuels consist of hydrocarbons with a boiling
range of 300 to 460°F. The aromatic content of these fuels is limirted

to reduce smoke formation during combustion.

Additives are added to the fuel to control oxidation, to

chelate any copper remaining after refining, to ensure that any water
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dissolved in the fuel will not freeze, to inhibit corrosion, and to
increase conductivity and thus reduce static electricity. Most

constituents of jet fuel are considered potentially hazardous.

Automobile Gasoline--Gasoline is defined as a petroleum fuel

for use in reciprocating, spark-ignition, internal combustion engines. It
is a complex mixture of hydrocaébons, mostly in the Cy to C;; range,

which distill between 85°F and 410°F. Gasolines from different refineries
may vary widely in exact composition according to the processes used at
the refipnery. A summary of the main components of gasoline and their

sources is given in Table 6-7.

Gasoline contains a relatively high proportiom of aromatics,
supplied maiﬁly by the catalytic reforming process. Gasoline also
contains a variety of additives including anti~knock compounds, anti-icing
additives, anti-oxidants, metal deactivators, carburetor detergents, and

anti-corrosion additives.

Distillate and Residual Fuels--A variety of heavier fuels are

manufactured by refineries. These include diesel fuels, heating oils,
gas oils, and fuel oils. Some of these fuels contain PNA's and PNA's
have also been found in their combustion products. Heavier fuel oils
also contain other potentially hazardous materials, including sulfur

and nitrogen compounds.

Solvents (Industrial Naphtha)-- A variety of solvents are

produced by refineries. These range from pure hydrocarbons such as
benzene, toluene, xyleme, ethylbenzene, hexane, and cyclohexane, to
blends consisting of varying proportions of paraffins, cycloparaffing,

and aromatics.

Asphalt--~Asphalt cement is the material remaining after the

removal of light and heavy distillates from asphaltic crudes. It is
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usually mixed with distillates .in varying proportions to obtain materials

for specific purposes.

Cutback asphalts contain lighter distillates such as naphthas,
gasoline or kerosene. They may be medium— or rapid-curing. Emulsified

asphalts are emulsions of asphalt cement with chemically treated water.

"Blown asphalt" may be produced by Elowing air through a
residual oil at temperatures usually ranging from 400 to 600°F.2%° Asphalt
blowing operations have been identified as a source of polynuclear
aromatics. Compounds detected in one study included pyrene, anthracene,
and trace amounts of phenanthrene and fluoranthene.® Asphalt also contains

heavier PNA's which apparently are not volatilized at air blowing temperatures.

6.2.2 Potentially Hazardous Materials in Refinery Waste Streams

Potentially hazardous materials in solid or liquid refinery waste
way find their way into ground waters or the atmosphere if improperly
disposed of. Hazardous materials in the more common refinery waste

streams are discussed bhelow.

Storage Tank Bottoms--Crude oil storage tanks contain solid

sediment which accumulates on the tank bottom. This sludge is usually
composed of iron rust, ironm sulfides, clay, sand, water, and oil.
Hazardous materials contained in the sludge include various organics

and organc-metallic compounds, and heavy metals found in incoming crude oil.
Tanks containing refinery products will also accumulate sludges
over a period of time. Tanks with leaded products will produce sludges

containing lead residues,

Wastewater Processing Sludges--Wastewater processing siudges

are produced by operations including primary separation, chemical
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TABLE 7-27. TYPICAL EMISSIONS FROM HYDROTREATING
UNIT PROCESS HEATERS

EPA Emission Factor® Total Emissionsb
(1b/103 gal-oil fired)  (1b/10% bbl of
(1b/10% scf-gas fired) fresh feed)
0il Fired Begters
Particulates
- Distillate oil 2 1.1 -
- Regidual oil . _
Grade &4 7 3.8
Grade 5 10 5.4
~ Grade 6 10(S)+3 5.4(8)+1.6
Sulfur Dioxidec

- Distillate oil 142(5) 76.1(8)

- Residual oil 157(S) . 84.1(S)
Sulfur Trioxide® 2(8) 1.1(8)
Carbon Honoxided : 5 2.7
HBvdrocarbons (as CHq)d 1 0.54
Nitrogen Oxides
(as NO3)

- Distillate oil 22 9 12 2

- Residual o0il® 224400 (V) 124214 (N)

Gas Fired Heaters _
Particulates 5-15 0.36-1.1
Sulfur Okides (as $05)T 0.6 0.043
Carbon Monoxide - 17 1.2
Rydrocarbons (as CHy) 3 0.21
Nitrogea Oxides (as NOp) 120-230 8.6-16.4

a
Source: Reference 7.

bBased on a heat input of 75,000 Bru/bbl of fresh feed with the following
fuel heating values: 0il - 140,000 Bru/gal; Gas - 1050 Btu/scf '

(=4 . .
5 = wt 7 sulfur in the oil

d . A . ) s
Irproper combustion may causeé a significant increase in emissions

e . : . . . o .

Use this emission factor for vresidual oils with less than 0.57 (X<.5) nitro-
ger. content. TFor oil with higher nitrogen content (N>0.5), use emission
factor of 120 1b/10° gzl

fBased on sulfur content of 2000 gr/106 sef
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The feedstock to the.coking unit is usually atmospheric or
vacuum resid. Heavy metals present in the feed will concentrate within

. bl
the coke product.

Spent Clay—-Filter clays are used in removing color bodies,
chemical treatment residues, and trace moisture from gasoline, kerosene,
jet fuel, light fuel oil and lube o0il. The spent filter clay forms a

sludge or cake which contains traces of oil and heavy metals.

Spent Catalysts and Catalyst Fines-—Solid catalysts are used in

a number of processes. These catalysts are deactivated by contaminants
within the process and must eventually be replaced. These spent catalysts
can countain heavy metals plus organics absorbed from process feedstocks.
In some cases, the spent catalysts are reprocessed to recover their

metals content.

Catalyst fines are produced by attrition within fluid—béd catalytic
cracking units. These fines contain vanadium and nickel and are emitted
from the catalyst regenerator. The emission of fines from this source
is reduced by passing the regenerator flue gas through a series of cyclomes.

Further reductions are obtained using electrostatic precipitators.

Foul or Sour Water--Distillation products are often stabilized by

steam stripping. The resulting condensate can contain sulfides, ammonia,
mercaptans, phenolics, organic acids, nitrogen bases, and cyanides. Foul
water from the catalytic cracking unit, often high in phenolics, is
occasionally used as raw desalter water. In the desalter, the phenolics are
absorbed by the crude oil resulting in lower phenolic loading at the

45
wastewater treatment plant.
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6.2.3 Destruction of Potentially Hazardous Compounds

Several compounds, or groups of compounds which are suspected
to be hazardous are not contained in either the product or waste streams.
Instead these compounds are chemically converted to less toxic materials
during processing. Often, the destruction of these materials is not the
primary purpose of the processing step. In other cases, units are designed
for specific removal of a particular contaminant. Other hazardous compounds
may be eliminated by pollutiom abatement equipment. Examples of the

destruction of hazardous materials are described below.

Hydrogenation Processes--A variety of hydrogenation processes are

utilized by refiners. In most of these processes, potentially hazardous
sulfur compounds are converted to H»S. And, the products of these processes
are often low in residual sulfur. Higher severity hydroprocessing can

also lead to a reductiomn in the niérogen content. In this case, potentially

hazardous nitrogen compounds are converted to ammonia.

Hydrogen sulfide and, under certain circumstances, ammonia can
be removed in a Claus sulfur planc. Tail gas from the Claus plant contains
significant quantities of sulfur compounds including HpS, S0,, COS, and
CS;. This tail gas is either treated further to remove sulfur compounds or

flared to produce S0,, the least toxic of these sulfur compounds.

Degtruction of Potentially Hazardous Materials by Combustion--A

variety of potentially hazardous materials may be destroyed by combustion.

These materials include:

® Hydrocarbons (mono-aromatics, PNA's, other hazardous

hydrocarbons)

® Organic chemicals
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® Hazardous gases (GO, Ho8)

® Hazardous solid wastes

The most common. - types of combustion equipment for waste disposal

include flares, CO boilers, process heaters, and incinerators.

Flares--Flare systems are common to all crude oil refineries,
The use of flares, or any other combustion sources, will result in the
.discharge of combustion pollutants such as 50, and NO . Incomplete
combustion can result in carbon monoxide, unburned hydrgcarbons, and smoke

emissions.

Combustion is improved by injecting steam into the combustion
zone. Steam improves combustion by increasing turbulence, by reacting
with the fuel to form oxygenated compounds that burn readily, and by
retarding full polymerization that results in heavier and more difficult

w6
to burn hydrocarbons.,

CO Boilers--CO Boilers are commonly used to burn CO in the
catalyst regenerator gas from fluid~bed catalytic cracking units and flue
gas from fluid cokers. Additionally, the CO boiler is also effective
in reducing the levels of aldehydes, cyanides, and hydrocarbons, including

PNA's generated during catalyst regemeration.*!

Incineration~-Incineration is a disposal technique used to minimize
the volume of combustible wastes. It has been used successfully on
streams such as API separator bottoms, DAF float, waste biosludge, and slop
0il emulsion solids. The resulting product comnsists of non-combustible
material which occupies only 10 to 20 percent volume of the original waste.*’
Incineration can be quite effective in destroying hazardous hydrocarbons and

other organic chemicals.
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6.3 Atmospheric Emissions of Potentially Hazardous Substances

This section contains informacion on atmospheric emissions of
potentially hazardous substances. Sources of atmospheric pollutants can
be divided into two groups. The first group, discussed in Section 6.3.1,
consists of process emission sources (point sources). The second group of
sources of atmospheric emissions are fugitive sources. In contrast to
point sources, the emission rates of pollutants from individual fugitive
sources are quite low. However, there are thousands of fugitive sources in
refineries, and fugitive emissions constitute a large portion of the total
emissions from the refinery. In additiom, fugitive emissions can occur
on lines containing nearly any process fluid. Hence, the potential exists
for atmospheric emissions of nearly every hazardous material in the
refinery. Fugitive emissions of hazardous materials are discussed in

Section 6.3.2.

Section 6.3.3 councludes with a discussion of miscellaneous
factors affecting emissions of potentially hazardous substances. The
various factors considered include the type of refinery, the type of

processing units, and the type of crude o0il processed.

6.3.1 Point Sources

There are several operations within the refinery which produce
a waste gas stream for discharge to the atmosphere. Most of these point
sources emit potentially hazardous materials. The quantity of emissions
depends on the size of the unit and the degree to which control methods

have been adopted for the source.

Atmospheric emissions point sources discussed in this section

inelude:

® FCC catalyst regemerator flue gas
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® (Claus sulfur plant tail gas

® Asphalt blowing emissions

® Process heater flue gas

® Flare emissions

A brief discussion of the mechanism for pollutant formation and
the types of hazardous materials generated is included for each source.
In addition, emission factors or estimates of the quantity of emissions

generated by each source are included where possible.

FCC Catalyst Regemerator Flue Gas--Coke is deposited on cracking

catalysts during processing, and it must be removed to restore catalytic
activity and selectivity. This is accomplished by introducing air into
the regenerator and burning the coke to CO and CO,. In conventional
operation, the conversion of CO to CO, is minimized to avoid high tempera-
tures which might damage internal regenerator materials. The resulting
flue gas contains from 5-10 percent CO. Many refiners utilize CO-burning
waste heat boiler to recover the energy contained in the flue gas and to

reduce CO emissions.

Emissions from the FCC regenerator, with and without the use of
a CO boiler, are listed in Section 5. . Also given in that section are
the results of sampling conducted during this program. The section contains
a summary of data obtained from five FCC unit CO boiler stacks. Detailed
information on these sampling results is given in Appendix B (Volume 3)

of this report.
Aromatic species from cracking catalyst regeneration operations

were also identified during this study. These compounds are listed in

Tables B3-1 through B3-8 in Appendix B (Volume 3) of this report.
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Claus Sulfur Plant Tail Gas~-Claus sulfur plants are unable to
remove all the sulfur from the acid gas feed stream. Table 6-8 shows the
typical composition of a sour gas feed, the Claus unit tail gas, and the

thermally incinerated tail gas.

Asphalt Blowing Unit Tajl Gas--Air blowing is used to improve the

hardness and increase the melting point of asphalt., Available data
indicate that uncontrolled emissions amount to 60 pounds per ton of
asphalt.’ The operating conditions are favorable for the production of
extremely hazardous polynuclear aromatics. The PNA's identified in one
study include pyrene, anthracene, and traces of phenanthrene and

w1
fluoranthene..

Process Heater Flue Gas--Potentially hazardous compounds in the

flue gas of fired heaters and boilers include various sulfur and nitrogen
compounds, carbon monoxide, and unburned hydrocarbons. Sulfur emissions
generally ocecur as SO, and are dependent on the amount of sulfur in the
fuel. Nitrogen oxide (NOX) emissions depend on the nitrogen content of the
fuel but are alsco influenced by the combustion conditions. Carbon monoxide
and unburned hydrocarbon emissions are usually quite low. However, improper
firing condition can cause a significant increase in emissions of both

carbon monoxide and hydrocarbons.

EPA emission factors for process heaters are listed in Section 7

of this report.

Flares--Flares are used as final disposal method for hydro-
carbon gases and other waste gas streams. In general, emissions of carbon
monoxide and hydrocarbons from flares are higher than those from process
heaters of boilers. Factors which may account for less effective combustion

in flares include:
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TABLE 6-8. TYPICAL CLAUS TAIL GAS COMPOSITIONS?

Thermally Incinerated

Component Sour Gas Feed, Claus Tail Gas, Tail Gas,
Volume-2 " Volume 2P , Volume 28
Hz S 89.9 . 0.85 ‘ 0.001
50z ' 0.0 : 0.42 0.89
Se vapor | 0.0 0.10 as S, 0.00
Ss aerosol 0.0 0.30 as 5, 0.00
cos 0.0 - . 0.05 - 0.02
cs; 0.0 10.05 0.01
co _ 0.0 0.22 : 0.10
02 4.6 2.37 ' 1.45
02 _ 0.0 0.00 7.39°
Ny - 0.0 61.04 71.07.
Ha 0.0 1.60 0.50
H20 3.5 33.00 18.57
H.C. 0.0 0.00 £.00
100.0 , 100.00 \ 100. 00
Temperature, °C 40 | 140 400
Préésure, arm. 1.45 1.1 1
Tocal gas volume? -_— . 3.0 x"feed 5.8 x fead
zas volume 2as volume

¢ Two catalytic reactors - overall efficiency of 94%.
Gas volumes compared at standard conditions.

Source: Reference 48.
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Variable firing rates which make control of steam and

combustion air flow rates difficult.

~ Variable heat values for fuel which may also contain

gsignificant quantities of olefins or arcomatics.

Relatively low combustion temperatures with short

residence times compared to process heaters and boilers.

Emission factors for smokeless flares are listed in Section 7.
The emissions listed are given as pounds of pollutant per thousand

barrels of refinery capacity.

6.3.2 Fugitive Sources

To quantify fugitive emissions of a particular component, the
emission rate of each type of source emitting that component'must_be
known. In addition, knowledge of the total number of each source type
and the concentration of the component within the leaking process stream

is also required.

During the course of this program, Radian has accumulated much of
the information required for such an anlysis. Estimates of total fugitive
emissions of a particular component may be estimated in a direct manner
using that data. For example, the following procedure can be used to
estimate the emissions of any hazardous substance from a refinery process
unit. The first step consists of identifying different process streams
characteristic to the unit. Then, the fugitive emission sources, developed
from source counts taken during this program, are divided between the

available process streams.

Finally, the component analyses can be applied to these process

stream emissions. That is, total stream emissions are multiplied by the
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weight fraction of each component in the process stream. And, total
emissions of a particular component will be the sum of emissions from

all refinery streams containing that component.

Radian has performed this analysis for a number of pure components.
Other components have been consolidated into groups containing compounds
with similar chemical properties. The results of this analysis, given in
Table 6-9, show total fugitive emissions from a large existing refinery
model (see Appendix D, Volume 4) om a component basis. This procedure is

discussed in detail in Appendix D (Volume 4) of this report.

6.3.3 Miscellaneous Factors Affecting Emissions of Hazardous Substances

The characteristics of the crude oil and the type of processing
utilized by a refinery can have a marked effect onm the quantity of various
hazardous materials emitted to the atmosphere. Factors influencing

emissions of hazardous substances are discussed below.

Characteristics of Crude 0il--Fugitive emissions sources include

equipment located in every process unit in the refinery. Hence, it is
likely that all materials contained in the crude oil feed to the refinery

will be emitted to the atmosphere to some extnet.

The concentration in crude oil of several groups of potentially
hazardous materials can vary widely. These groups include sulfur and
nitrogen containing compounds, aromatics, and heavy metals. Sulfur and
nitrogen are incorporated into the structures of a wide variety of compounds,
many of which are potentially hazardous. High sulfur crudes may require
substantial hydrodesulfurization to meet product specifications. This
increases the quantity of hydrogen sulfide fed to the sulfur recovery unit

and results in increased emissions of sulfur compounds with the tail gas.
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AXA

TABLE 6-9.

SUMMARY OF HYDROCARBON SPECIES EMISSIONS FROM

FUGITIVE SOURCES IN A LARGE EXISTING REFINERY
MODEL (SEE APPENDIX D, VOLUME &)

Source
3 A .
Companent v, P, C, F, b, CT Reliod Valves AP1 Separators Totals
prome kg/he ppuw kgihe ppme kg/hr ppmw kg/fhx
Benzene’ 7,200 2.8 23,000 0.4 100 0.4 3,900 3.6
Tolucne 21,000 8.2 24,000 0.4 2,200 1.1 11,000 9.7
Ethiylbenzene 5,600 2.2 4,500 0.1 590 0.3 2,600 2.6
Xylencs 31,000 12.1 26,000 0.4 2,100 1.1 15,000 13.6
Other Alkylbenzenes 42,000 16.6 35,000 0.6 1,500 4.1 23,000 21.3
Haphthalena v, 200 0.7 1,400 0,02 2,900 1.5 2,400 2.2
Anthracene 20 0.01 1 6.0 390 0.2 220 0.2
Bipheuy} 230 0.1 110 0.0 1,800 6.9 1,100 1.0
Other PHA's 7,700 3.0 3,300 0.05 1,500 0.8 4,209 3.9
n-llexane 16,000 6.3 9,100 0.2 AL i 7,100 6.5
other Alkanes 654,000  255.9 676,000 11.3 980,000  502.4 840,000  769.6
Olefing 46,000 14.1 30,000 0.5 i i 20,000 18.6
Cycloalkanes 135,000 52.9 82,000 1.4 i i 59,000 54.3
;
_ llydrogen 31,000 12.3 82,000 1.4 4 i 15,000 13.7
TOTALS 391.2 16.8 512.8 920,8

*

*% Componcnts marked with "

woere available.

\

Fugitive emissions from valves, pumps, compressors, flanges, drains, and cooling towers.

A" are indicated present, but no quantifiable concentration data
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7.0 REFINERY CHARACTERIZATION AND CONTROL TECHNOLOGY

The individual refinery technologies are described in Section 7.l.
Refinery control technology.is discussed in Section 7.2, Existing and
available control techniques are included for fugitive and process emission

sources.

7.1 Refinery Technology Characterization

This section contains a brief description of each of the major
refinery processes and a description of their respective emissioms. Emis-—
sion factors for fugitive emission sources were determined as a part of the

refinery assessment program.

The estimated fugitive nonmethane hydrocarbon emissions from each
source type and stream category as well as an estimate of emissions from
the entire unit are included for most processes. Many of these estimates
are listed as a range because of variations in the estimated sources and
source distributions. In addition to the source counts and estimates
developed by Radian, a second set of source counts is given for most process
units. These counts were based on information contained in a study by

Pacific Environmental Services (_PES)..L‘9

In this study, process flow dia-
grams were used to determine the number of pumps and compressors within

the unit. Other sources were estimated from pump counts.

It must be emphasized that all of the source counts and stream
service distributions given in this report are, at best, rough estimates.
Even those values based on actual sourée count data should be considered
rough estimates since only a small number of process units were counted.
In addition, source counts for similar types of process units showed large
variaricns. Therefore, reliable estimates for emissions source counts and

distributions should be obtained for the particular process unit in

246




question rather than using the estimates which are designed to characterize

typical refinery operation.

Additional information concerning the emissions estimates is con-
tained in Appendix B (Volume 3) and Appendices C and D (Volume 4) of thls
report. More detailed process descrlptlons are included 1n Appendlx F
(Volume 5).

7.1.1 Separations

Crude 0il is separated by distillation into a variety of inter-
mediate products which are used as feedstocks for downstream processing
units. Boiling ranges of each fractiom vary with the intended use for

the fractions.

Higher efficiencies and lower costs are achieved if crude oil
separation is accomplished in two steps: - (1) fractionating the total crude
Stream at atmospheric¢ pressure, then (2) fractionating under a high vacuum
the high boiling bottoms fraction (topped crude) from the first fractiona-
tion. A third separation in petroleum refineries is the extraction of
aromatic compounds from reformate streams. These aromatiecs are then used

in gasoline blending or petrochemical operations.

7.1.1.1 Atmospheric Distillation

Nearly all crude oil feed must pass through a refinery's atmo-
spheric distillation unit before it can be further processed. Atmospheric
distillation separates the hydrocarbon components of the crude into frac-

tions by distillation and steam stripping.

Process Conditions--Typical operating parameters and utility
requirements for an atmospheric distillation unit with a capacity of

24,000 bbl/day are listed below:

247




L Pressure: Atmospheric

L Temperature: 250°F - at top of fractionator

700°F - at bottom of‘fractionator
f Electricity: 4.1 kW(bbl
L] Thermal Energy: 10° Btu/bbl
. Steam: 50 1b/bbl
. Process Water: 50 gal/bbl

Potentially Hazardous Atmospheric Emissions--Emissions from atmo-

spheric distillation operations include process heater flue gas emissions and
fugitive emissions. These emissions are summarized in Tables 7-1 and 7-2.

Table 7-3 provides information on the composition of the fugitive emissions.

7.1.1.2 Vacuum Distillation

Vacuum distillation is used to fractionate topped crude from the
atmospheric distillation unit into a heavy residual oil and one or more
heavy gas oil streams. A vacuum distillation unit is an integral part of

most refineries.

Process Conditions—-Typical operating parameters and utility

requirements for a vacuum distillation unit are listed below:
o Temperature: 750 to 830°F.
L Pressure: 0.4 to 0.7 psia.

hd Thermal Energy: 74,900 Btu/bbl.
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TABLE 7-1. TYPICAL EMISSIONS FROM ATMOSPHERIC
DISTILLATION UNIT PROCESS HEATERS

E®A Emission Faczor® Tocal E.m:l.ssiansb
(1b/10% gal—oil Sired) (1b/103 56l of
- (1b/10% scf-gas firmd) crude oil faed)
01l Fired Beaters .
Particulates
- Diseillate odil 2 1.4
= Residual oil
Grade 4 .7 5.0
Grade 3 10 7.1
Grade & 10(8)+3 7.1(3)+2.1
Sulfur Dioxide® .
= Digrillate oil 1462(8) 101(3)
= Residual oil 157(8) 112(s)
Sulfur Trioxide® 2(8) 1.4(8)
Carhon Hnnaxided 5 3.6
Hydrocarbens (as CHu)d 1 0.71
Nicrogen Oxides '
(a= No-z)
-~ Distillate oil 22 5 16 2
- Residual o0il® 224400 () 16+286(N)
Gas Tired FBeatars
Particularas 513 0.48-1.43
Sulfur Oxides (as 50;)° 0.6 0.057
Carhon Monoxide N 17 1.6
dvdrocarsens (as CH,) 3 0.29
Nitzogen Oxides (as NO4) 120-230 11.4-21.9

a. . -
3ource: Rafarence 7,

bBased on 2 hear izput of L.0xI0% Bru/bbl of Stash faed wicth che followizg

fuel heating values: 011 - 140,000 3tu/gal; Gas - 1050 Stu/sef.

e -
5 " Wt % suliur in che fuel oil

d

Ioproper combustion @ay cause 3 siznificant incrmase in axissions

®Use this amtssion factor far sesidual ails with Less chan 0.3% (Qe.3) zit=o=
gen courenz. Tor oil «ich Zigher aitTogea coutant (N»9Q.5), usa emissien

faczor of 120 15/103 gza1

“3ased om sulfur comzaac of 2000 g=/108 sci
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* Electrieity: 0.10 to 0.20 kW/bbl.
] Steam: 8 1b/bbl.

Atmospheric Em1551ons--Emlssions from vacuum dlstlllatlon unlts

include emissions from steam eJectors and barometrlc condensers, process

heater flue gas emissions, and fugitive emissions.

The size and number of éjectors and condensers used are determined
by the vacuum needed and the vapor load. To maintain a fractionator pres-—
sure of no more than 0.4 psia, three ejector stages are usually required.
Process hydrocarbﬁn emissions from steam ejectors have been estimated at
50 1b/10° bbl charge. If barometric condensers are used, emissions may be
as much as 1,060 1b/10% bbl charge. Noncondensable hydrocarbon vapors
removed by the ejector system are released to the atmosphere unless com-—
busted in a furnace firebox or other combustion device., Fugitive emissions

and emissions from process heaters are summarized in Tables 7-4 and 7-5.

7.1.1.3 Aromatics Extraction

Aromatics are extracted from reformate streams by a liquid/liquid
solvent extraction process. There are a number of proprietary commercial
extraction processes. The Sulfolane and Udex processes account for the -
majority of commercial installations for aromatics extraction: each is in
use in more than 50 refineries throughout the world. The Tetra process is
installed in more than 35 refineries. Sulfolane, originally developed by
Royal Dutch/Shell, is licensed by the UOP Process Division of UOP, Inc.,
as Udex. The Tetra licensor is Union Carbide Corporation. Most of the
remaining commercial installations are processes licensed by Howe-Baker
Engineers (Aromex), Snamprogetti S.p.A. (Formex), and the Institute

Francais due Petrole (IFP).
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TABLE 7-4.

TYPICAL EMISSIONS FROM VACUUM DISTILLATION

UNIT PROCESS HEATERS

EPA Emission Factor®

(1b/103, gal~-o01l fired)
(1b/106 scf-gas fired)

b

Total Emissicns

(16/103 bbl . of
crude oil feed)

0il Fired Be;ters
" Particulates

= Distillate oil

- Residual oil
Grade 4
Grade 5
Grade 6

Sulfur Dioxide®

- Distillate oil
= Residual oil

Sulfur Trioxide® -
Carbon Monoxided
Hydrocarbons (as CHq)d

Ritrogen Oxides
(as NO5)

- Distillate oil
- Residual 0il®
Gas Fired Heaters
Particulates
Sulfur Oxides (as SOZ)f )
Carbon Monoxide
Bydrocarbons (as CHy)

Nitrogen Oxides (as NO;)

2

7
10
10(S)+3

- 142(8)
157(s)

2(8)
5
1

22

22+400(N)2

5~15

120-230

16 9
le+286 (N)

0.48-1.43

0.057

1.6

0.29
11.4-21.9

a
Source: Reference 7.

®Besed on a heat input of 1.0x10° Btu/bbl of

fresh feed with the following

fuel hearing values: 0il - 140,000 Bru/gal; Gas - 1050 Btu/scf.

S = W: % sulfur in the fuel oil

r

d - ' AN . ; .
Ioproper cozbustion may cause 2 significant increase in emissiens

e . o . . . .
Use this emission facter for residuasl oils with less than 0.57 (¥<.5) nitro-
gen coatent. For oil with higher nitrogen content (¥>0,5), use emiscion

factor of 120 15/10% ga1

fBased on sulfur content of 2000 gr/10% scf
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Tetraethylene glycol, mixtures of several glycols, dimethyl-
sulfoxide, formul-morpholine, and tetrahydrothiophene-dioxide are some of

the solvents used.

Process Conditions--Typical operating parameters for the most'

widely used processes are given in Table 7-6.

Atmospheric Emissions--Since aromatics extraction is a closed

Process, the only significant emissions are fugitive hydrocarbon emissions.

These emissions are summarized in Tables 7-7 and 7-8.

7.1.2 Thermal Qperations

Thermal operations are noncatalytic processes used to convert
large hydrocarbon molecules into smaller molecules at high temperatures.
These processes convert low value stocks such as heavy gas oil into lighter,
more valuable products. The thermal operations currently used b§ U.s.
refineries include delayed coking, fluid coking, visbreaking, and thermal

cracking.

7i.1.2.1 Visbreaking

Visbreaking (viscosity breaking) is a mild thermal cracking
oberation_used to reduce the viscosity of materials such as atmospheric or
vacuum residuals and pitch. This procedure reduces the amount of wvaluable
light heating oil which must be biended with the residuum to produce a fuel

0il of acceptable viscosity.

Process Conditions--Typical operating parameters and utility

requirements for a visbreaking operation are given below, 3%,39
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TABLE 7-6. OPERATING PARAMETERS AND UTILITY REQUIREMENTS
FOR THREE AROMATICS EXTRACTION PROCESSES
Process
Condition — _
Udex Sulfolaﬁe " Tetra. .

Stripping Steam

Ratio, wt/wt 0.6 0.13 ——
Stripper Bottom

Temperature, °F 290 375 _—
Extractor Top

Temperature, °F 290 212 —
Extractor Pressure,

psig 110 15 _—
Feed Temperature, °F 240 240 ———
Utilities, per barrel

of feed
Steam, lb 400 2.5 125
Fuel, 10° btu S—— 190 —
Cooling Water, gal. 1,200 530 650
Electricity, kWh 1.3 0.8 0.3
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L Temperature: -850 to 950°F.

L4 Pressure: 50 to 300 psig.

e Electricity: 0,47 kWh/bbl.

® Steam (300 psig): 8.7 1b/bbl.

L Fuel: 88 x 10° Btu/bbl.

Atmospheric Emissions--Emissions from visbreaking operations

include process heater flue gas and fugitive emissions. A typical vis-
breaking unit will have one heater. Emissions from this heater are

summarized in Table 7-9. Fugitive emissions are summarized in Table 7-10.

7.1.2.2 Delaved Coking

Delayed coking is a semicontinuous process in which the heated
charge (heavy gas 0il or residuum) is transferred to large coking drums.
The coking drums provide sufficient residence time for the cracking reac-
tions to proceed to completion. During the reaction, coke is produced and
deposited within the coke drum. Delayed coking is likely to remain an
important-refining process since it simultaneously converts low-value
materials to lighter, more valuable products while producing coke as a

valuable by-product.

In many cases, the coker is mounted over a railroad track so that
the coke can be discharged directly into railroad cars. The coke is
retained in the cars while water and coke fines drain off and flow to a

sump. Alternatively, the coke can be directed to a concrete apron or pit.

Process Conditions--Temperature and pressure influence the rate

of cracking and coking reactioms. At higher heater outlet temperatures
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TABLE 7-9.

UNIT PROCESS HEATERS

TYPICAL EMISSIONS FROM VISBREAKING

EPA Emission Factor~

(1b/103 gal-oil fired)
(1b/108 scf-gas fired)

Total Emissionsb

(167103 bbl of
fresh feed)

. 0il Fired Begters

Particulates

- Distillate oil

= Residual oil
Grade 4
Grade 5
Grade 6

Sulfur Dioxide®

~ Distillate oil
- Residual oil

Sulfur Trioxide®
Carbon Monoxided
Hydrocarbons (as CHM)d

Nitrogen Oxides
(as NO»)

- Distillate oil
~ Residual oil®
Fired Beaters

Parriculates

Sulfur Oxdides (as SO;a)-f

Carbon Monoxide

Hydrocarbons (as CHy)

Nitrogen Oxides (as NOs)

2

7
10
10(8)+3

142(s)
157(8)

2(8)
5
1

22 5
22+400 ()

5~15
0.6
17
3
120-230

1.3

4.5
6.4
6.4(S)+1.9

91.3(S)
101(8)

1.3(8)
3.2
0.64

14
144257 (02

0.43-1.29

0.051

1.5

0.26
10.3-19.7

gen content.

a
Source: Reference 7.

bBased on 2 heat input of 9.0x10“ Btu/bbl of fresh feed with the following

fuel heating values: O0il - 140,000 Bru/gal; Gas - 1050 Btu/scf.

Wt % sulfur ip the oil

factor of 120 15/10% gal

fBased on sulfur content of 2000 gr/lOG scf
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pAaIEmyIRg

[T S
00 0 tri0y, CILES
00 10 i} vaorpAn aoasa1duog)
” 00 R | o noqananapig riognatduos
A0 | 610 w? TV BoATUR JajiTa
09°0 95000°0 . 2101 v nduyaarg
. g Aafuwrg
19°1 9L0°0 o elZ 1TV FuyeLq
960 w(ZT)6 im0y,
9%°0 9400 {on)i (2,0m 3 =fed 1°0 5 aA}
pinhy £avon
05°0 <z 0 {(t )2 (4.001 A PISA 1D < 4A) (symosg
riokry 3ayd dung) adong
ARA T
001°0 <000 g 11y “ {apueg)
pui-uadp
967 w00E 1miog,
D0 10°¢ 0 aapatrag unfoapiy
Itio $000°0 LA A (4.000 # ™1*d 1°0 3 an)
Pioby) Aamap
ot 1 %700 7% (400 & "1 170 < dA)
_ pinbyy a4dr
{t°1 650°0 or Iodup fenn ABATOA
mJjay afqr *aoroeg AU ARIDOLY U RATINOG JO IAunp NOTINOFJIANRD L1 atanog
‘BUOFRBTUR uoTERyMY BAFAIDG WMEAIG AUCTRR U
1vI0l pRITULIRG [2AN0g LEERL S|

LINN DONIAVEUUSTA TVILJAL ¥V HOHA
SNOTISSTWH NOHEVOOIAAH INVHLIWNON TALLIDNA

THLVHLS

0i-¢ HTHVA

261



and/or increased drum pressure, the yield of gas, naphtha and coke is

increased at the expense of a lower gas oil yield. Typical operating

- . "38,50,51,52
parameters for delayed coking are shown below.™ """ *""°

bl Heater outlet temperature: 900 to.975°F.
. Coke drum pressure: 20 to 100 psig.

. Recyele ratio: 0.1 to 1.0.

Atmospheric Emissions-—Emissions from delayed coking operations
include emissionms from decoking operations, process heater flue gas, and

fugitive emissions.

The steam injected into the drum as part of the decoking operation
is condensed and the remaining vapors usually flared. During the removal of
the coke from the drum, particulates are released, as are hydrocérbon vapors
entrained in the coke. A water quench is often used to minimize particulate
emissions. This water contains sulfur components and it may be a source of
objectionable odors. Emission factors for the decoking operation were not
available; Process heater_ and fugitive emissions are summarized in Tables

7-11, 7-12, and 7-13.

.3 Fluid Coking

~I
b
[

Fluid coking, like delayed coking, was developed to convert
residuals, tars, and resins produced during certain refining operations
to lighter, more valuable liquid products and coke. Yields are similar
to those from delayed coking, except that coke production is significantly
lower. Also, the coke produced is usually of insufficient quality for

) . 38,53
industrial use. °
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TABLE 7-11. TYPICAL EMISSIONS FROM DELAYED COKING
UNIT PROCESS HEATERS

EPA Emission Factor® Total Emissionsb
(16/103 gal-oil fired)  (1b/10% bbl of
(1b/105 scf-gas fired) coker feed)
0il Fired Héaters |
Particulates
- Distillate oil . 2 3.4
- Residual oil
Grade 4 7 12
Grade 5 10 17
Grade 6 10(8) + 3 17¢s) + 5.1
Sulfur Dioxide®

- Distillate oil 142(s) - 243(s)

- Residual oil _ ' 157(s) 269(8)
Sulfur Trioxide® _ 2(s) 3.4(S)
Carbon Honoxided 5 8.6
Eydrocarbons (as CHq)d 1 1.7
Nitrogen Oxides
(as NOj3)

-~ Distillate oil .22 2 38 5

-~ Resicdual 0il® 22+400(N) 38+686 (M)

Gas Tired Heaters
Particulates 5-15 1.1-3.4
Sulfur Oxides (as SOz}f 0.6 0.14
Carbon Monoxide - 17 3.9
Hydrocarbons (as CHy) 3 0.69
Nitrogen Oxides (as NOj) 120-230 27-53

a
Scurce: Reference 7,

bBased on a heat input of 2.4x10° Btu/bbl of fresh feed with the following
fuel heating wvalues: 0il - 140,000 Btu/gal; Gas - 1050 Btu/scf,

®s = Wt % sulfur in the fuel oil

d ) . . eca . . .
Ioproper combustion may cause 2 significant increase in emissions

e . G : . ;
Use this ezission factor for residual oils with less than 0.5% (¥<.5) nitro-
gen content. Fer oil with higher nitrogen coatent (X>0.,5), use emission
factor of 120 1b/103 gal

fBased on sulfur contenﬁ of 2000 gr/10% scf
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Flexicoking is a relatively recent integration of conventional
" fluid coking and coke gasification. The coke gas produced may be sub-
stituted for refining fuel gas or natural gas. The nét coke production 1is
1- 2 weight percent of the feed, as compared to 10 - 20 percent for con-
ventional fluid coking. No commercial flexicokers_have been installed in

: - .
the U.S., but extensive commercial experience has been accrued abroad. *

Process Conditions—-Fluid coking and flexicoking operating condi-

tions are summarized in Table 7-14.

Potentially Hazardous Atmospheric Emissions--Emissions from fluid

coking include burner vessel flue gas and fugitive emissions. No process

heaters are needed, because heat is supplied by the coke.

Combustion of the coke produces a flue gas containing substantial

quantities of carbon monoxide with lesser amounts of 50 NO organics,

x? x?

and particulates. CO emission rates. have been estimated at 30 pounds per
barrel of feed.'° €O boilers are used to recover the substantial energy

in this gas and to reduce the concentrations of CO and other combustibles.
However, high combustion temperatures may cause an increase in NO, emissions.

Both SO>< and NO_ concentrations will increase if auxiliary fuel is used.
Fugitive emissions are summarized in Table 7-15.

7.1.3 Cracking Operations

Cracking operations convert heavy petrocleum fractioms into lighter,
more valuable products. Two processes, catalytic cracking and hydrocracking,
provide a substantial portion of the cracking capacity in the United 3States.
Although these processes are similar in that they crack heavy fractioms to
produce lighter products, there are considerable differences between them
in both the operating principles and the pollution potential. The choice

of one process over the other is wsually an economic one.
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TABLE 7-14. PROCESS CONDITIONS FOR FLUID COKING
AND FLEXICOKING

Fluid Coking- =~  Flexicoking

Temperature, °F

Reactor 950 950

Burner 1,150 : 1,150

Gasifier -— | 1,300-1,800
Pressure, psig

Reactor 10 10

Burner 11 - 11

Gasifier ——— 24-45
Utilities -~ per barrel feed

Electric Power, kWh 5.5 13

Fuel, MM Btu 0 _ 0

Source: References 38,50,54,56.
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7.1.3.1 Catalytic Cracking

Several types of catalytic cracking pProcesses have been developed:
fluid-bed catalytic cracking (FCC) units, and moving bed designs such as
Thermofor (TCC) and Houdriflow (HCC) cracking units. With the advent of
new catalysts, major design and operational changes have béenvincbrporatédf
in FCC unit operation. By contrast, no major changes in movipg bed type

units have been observed and these units are being phased out.
In a typical FCC unit the reactor contains a bed of powdered
catalyst which is kept in a fluidized state by the flow of vaﬁorized feed

material and steam.

Thermofor and Houdriflow catalytic cracking units use beaded or

pelleted catalysts.

Process Conditions--Typical operating conditions for a conven-—

tional FCC unit and for one with high teﬁperature regeneration (HTR) are

given in Table 7-16.

Atmospheric Emissions--Emissions from catalytic cracking units

include catalyst regeneration emissions, process heater flue gas emissions,

and fugitive emissions.

Many refiners use a CO-burning waste heat boiler to recover the
energy contained in the flue gas from the regenerator. This boiler also
significantly reduces the emission of CO and other combustible contaminants.
Increased emissions of "thermal NOX" may occur, however, along with the
production of 50, from sulfur in the auxiliary fuel. Typical emission
levels for regenerator flue gas with and without a CO boiler are given in
Table 7-17. This table also lists results of sampling conducted during
this program. Detailed information on these sampling results is given in

Appendix B (Volume 3 of this report).
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CATALYTIC CRACKING

TABLE 7-16. TYPICAL OPERATING CONDITIONS FOR FLUID:

Reactor Temperature, °F

Regenerator Temperature, °F
Conventional Regeneration

HTR

Coke Content of Spent Catalyst, Wt %
Conventional Regeneration

HTR

Coke Content omn RegeneratedlCatalyst, Wt %
.Conventional Regeneration

HTR

885 - 1,025

1,000

1,100

0.2

1,100

1,350

0.3

0.1

Source: References 57,58.
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High temperature regéneration or combustion promotion catalysts

" can reduce the level of CO in the regenerator flue gas to 200~ 2,000 ppm,
usually < 500 ppm.s8 Because the temperatures involved are lower than those
in a CO boiler, thermal NO>< emissions are somewhat lower>® Fugitive emis-
sions and emissionms from process heaters are summarized in Tables 7-18,

7-19 and 7-20.

7.1.3.2 Hydrocracking

Hydrocracking is a high-témperature, high-pressure process for
converting heavy feedstocks into lighter products in the preseﬁcé of
hydrogen and a catalyst or series of catalysts. The process is highly
flexible and produces low-sulfur, low-nitrogen products. A hydrocracker

38,51,59,60
may be single-stage or two .stage. '~ > 7?7

Process Conditions--The severity of the process conditions

required for hydrocracking depends on the type of feedstock and the degree
of cracking desired. The primary reaction variables are the reactor
temperature and pressure and the nitrogen and sulfur contenﬁ of the feed

and off-gases. A summary of typical operating conditions and utility data

ig given below: 39,80

L4 Pressure: 1,000 to 4,000 psig.

‘ Temperature: 400 to 850°F.

L Hydrogen recycle: 8,000 to 15,000 scf/bbl feed.

e Hydrogen consumption: 1,500 to 2,500 scf/bbl feed.

) Fuel: 100 to 250 x 10% Btu/bbl feed.
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TABLE 7-18. TYPICAL EMISSIONS FROM CATALYTIC CRACKING
UNIT PROCESS HEATERS

Iotal‘Emissionsb

(16/10% bbl of
fresh feed)

EPA Emission Factor>

(1b/103 gal-oil fired)
(1b/10% scf-gas fired)

0il Fired Eeaters

Particulates

- Distillate o0il 2 ' 2

- Residual o0il .

Grade 4 7 7

Grade 5 10 10

Grade 6 10(S)+3 10(s)+3
Sulfur Dioxi@ec

- Distillate oil 142(8) 145(8S)

- Regidual oil 157 (8) 160(S)
Sulfur Trioxide® 2(8) 2(8)
Carbon Honoxided 5 5
Bydrocarbons (as Cﬁq)d 1 1
Nitrogen Oxides
(as N02>

- Distillate oil 22 5 22 2

- Residual oil® 224400 (N) 22+409 (W)

Gas Fired Reaters
Parrticulates 5-15 0.7-2.0
Sulfur Oxdides (as 502)f 0.6 0.08
Carbon Momoxide 17 2.3
Hydrocarbong (as CHy) 3 0.41
Nitrogen Oxides (as NO;) . 120-230 16-31

a
Source: Reference 7.

bBased cn a heat inpur of 100,000 Bru/bbl of fresh feed with the following
fuel heating values: 0il - 140,000 Btu/gal; Gas - 1050 Btu/scf
s = W¢ Z sulfur in cthe oil

d ' . g . s
Improper combustion may cause 2 significant increase in emissions

“Use this emission factor for residuzl oils with less tham 0.5% (x<.5) nitro-
gen content. For eoil with higher nitrogen contant (N»0.5), use emission
factor of 120 1b/10° gal

fBased oa sulfur content of 2000 gr/108 scf
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L] Power: 6 to 15 kWh/bbl feed.
° Space velocity: 0.2 to 1.0 v/hr/v.

Atmospheric Emissions--Emissions from hydrocracking include emis-

sions during periodic catalyst regeneration, process heater flue gas emis-

sions, and fugitive emissions.

During regeneration large quantities of carbon monoxide and other
pollutants may be released, but, because regeneration may only be required
after several months or years of operation, total averaged emissions from

this source are generally insignificant.

Process heater and fugitive emissions are summarized in Tables

7-21 and 7-22.

7.1.4 Hydroprocessing

Hydroprocessing refers to those processes in which hydrogen is
mixed with a variety of feedstocks and passed over a catalyst at elevated
temperature and pressure., The hydrogen reacts with sulfur and nitrogen
containing compounds in the feedstock to form hydrogen sulfide and ammonia.
Heavy metals, oxygen and halides are also removed via hydroprocéssing.
Hvdroprocessing mav also be used to stabilize unsaturated hydrocarbons

such as olefins by converting them to saturated materials.

Hydroprocessing operations may be divided into three categories,
according to the severity of the process: (1) hydrocracking, in which 50
percent or more of the feed is reduced in molecular weight; (2) hydro-
refining, in which 10 percent or less of the feed is reduced in molecular
weight; and (3) hydrotreating, in which essentially no reduction in molecu-

lar weight occurs.
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TABLE 7-21.

TYPICAL EMISSIONS FROM HYDROCRACKING
UNIT PROCESS HEATERS

EPA Emission Factor™

(1b/103 gal-o0il fired)
(1b/108 sef-gas fired)

‘Total Emissionsb

(1b/10% bbl of
fresh feed)

0il Fired Hegters

Gas

Particulates

=~ Distillate oil 2

- Residual oil ,
Grade 4 7
Grade 5 10
Grade 6 10(s)+3

Sulfur Dioxide®

- Distillate o0il 142 (8)

- Regidual oil 157(8)
Sulfur Trioxide® 2(35)
Carbon Honoxidéd : 5
Bydroearbons (as CHq)d 1
Nitrogen Oxides -

(E.S NOz)

- Distillate oil 22 5

- Residual 0il® 224400 (N)
Yired Heaters
Particunlzates 5-1%
Sulfur Oxides (as 502)f 0.6
Carbon Monoxide | 17
Eydrocarbons (as CHy) 3
Nitrogen Oxides (as NO;) 120-230

2.9

10
14
14(8)+4.3

- 203(s)
224(8)

2.9(5)
7.1
1.4

31 .
314571 (N)°

0.95-2.9

0.11

3.2

0.57
22.9-43.8

2
Source: Reference 7,

bBased on a heat input of 200,000 Btu/bbl of fresh feed with the fellowing

fuel heating wvalues:

0il - 140,000 Btu/gal; Gas - 1050 Btu/scf

€s = Wt % sulfur in the oil

d e e . ) .
IEPIODE: combustion may caunse a s:.gnln.cant increase 1n enmissions

e .
Use this
gen cootent.

emission factor for residuzl oils

factor of 120 1b/103% gal

f . 5
Based on sulfur conrent of 2000 gr/10° scf
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Hydrocracking is discussed in Section 7.1.3. The following

‘'sections -describe hydrorefining and hydrotreating processes.

7.1.4.1 Hydrorefining

- Hydrorefining is used primarily for'reduc@ng.the_sdifu;,'nitrogen,
or metal content of heavy feedstocks for further processing, blending, or
direct use. Hydrodesulfurization is particularly important for catalytic

cracking feeds.

The mechanism of the hydrorefining process is essentially the same
as that for one-stage hydrocracking, discussed in Section 7.1.3.2, except
that the emphasis is on removal of H28 and NHs and cracking conditions are

much less severe.

Process Conditions--Process conditions for hydrorefining vary with

the feedstock and the desired products. A range of typical conditions and

utility requirements is given below.
L Tgmperature: 390 to 800°F.
e Pressure: 500 to 800 psig.
o Elec&ricit_y: 19 to- 365 kWh/bbl.
o Heater Fuel: O to 70,000 Btu/bbl.
hd Steam: 1 to 10 1lb/bbl.

o Cooling Water: 160 gal/bbl.
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Atmospheric Emissions--Emissions from hydrorefining operations

‘include emissions during catalyst regemeration, process heater flue gas

emissions, and fugitive emissions.

During catalyst regeneration, large quantities of carbon monoxide
and other pollutants may be released. Howevér, tegeneration'may_be required
only after several months or years of operation. Therefore, total averaged

emissions from this source are generally considered insignificant.

Fugitive emissions and those from process heaters are summarized

in Tables 7-23, 7-24 and 7-25.

7.1.4.2 szrotreating-

Hydrotreating operations are less severe than hydrorefining
processes. As in hydrorefining, hydrotreating is used to remove sulfur,
nitrogen, and metallic compounds from the feed. It is also used to saturate

olefins and aromatics and to polish and dewax lube o0il stocks.

The mechanism of hvdrotreating processes is essentially the same
as that for one-stage hydrocracking, discussed in Section 7.1.3.2, except
that cracking conditions a%e even less severe than those for hyvdrorefining.
The product may be fractionated or steam=-stripped to remove H:S, NHs, and

light hydrocarbons.

Process Conditions—--Operating conditions for hydrotreating vary

with the feedstock and with the desired product. Typical operating condi-
tions and utility requirements for three types of hydrotreating are given

in Table 7-26.

Atmospheric Emissions--Emissions from hydrotreating include emis-

sions during catalyst regeneration, process heater flue gas emissions, and

fugitive emissions.
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TABLE 7-23. TYPICAL EMISSIONS FROM GAS OIL HYDRO-
DESULFURIZATION UNIT PROCESS HEATERS

Tota; Emissionsb

(1b/103 bbl of
fresh feed)

EPA Emission Factora

(1b/10% gal-o0il fired)
(1b/10% scf-gas fired)

0il Fired Heaters

Particulates’
- Distillate oil 2 0.86
= Residual oil
Grade &4 7 3.0
Grade 5 10 4.3
Grade 6 10(5)+3 4.3(5)+1.3
Sulfur Dioxide®
- Distillate oil 142(8) 60.9(8)
~ Residual oil 157(5) 67.3(8)
Sulfur Trioxide® 2(s)" 0.86(S)
Carbon Honoxided 5 2.1
Bydrocarbons (as CHJ.*)d 1 0.43
Nitrogen Oxides
(as NO3)
~ Distillate o0il 22 2 9.4 9
- Residual o0il® 22+400 (N) 9, 4+171 (N)
Gas Fired Heaters_
Particulatas 5=15 0.29-0.86
Sulfur Oxides (as 802)f 0.6 0.034
Carbon Monoxide 17 0.97
HEvdrocarbons (as CHy) 3 0.17
Nitrogen Oxides (as NO3) 120-230 6.86-13.1

a
Source: Reference 7.

bBasec’. on a heat input of 60,000 Bru/bbl of fresh feed with the following
fuel heating vazlues:

s & wr ¥ seliur in the oil

0il -~ 140,000 Bru/gal; Gas - 1050 Btu/sef

d . ; P
Ingroper combustion may cause a significant increase in emissions

e L . .. . . . .
Use tnis emission factor for residual oils with less tham 0.5% (3¥<.5) nitro-

gen coatent,
factor of 120 1b/103 gal

fBased on sulfur content of 2000 gr/10% scf
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During regeneration, large quantities of carbon monoxide and
-other pollutants may be released. However, regeneration may be required
only ‘after several months or years of operation. Therefore, total averaged

emissions from this source are generally considered insignificant.

Fugitive emissions and emissions from process hgatets are
summarized in Tables 7-27, 7-28 and 7-29.

7.1.5 Conversion Processes

Conversion processes use catalyzed chemical reactions to upgrade
certain refinery streams or to produce valuable products from less valuable
materials. Conversion processes include alkylatlon isomerizationm,

catalytlc reforming, and hydrodealkylation.

7.1.5.1 Alkylation

Alkylation is the chemical combination of an olefin and an
isoparaffin, usually isobutane, to produce higher molecular weight isopar-
arfins. The alkylate product is usually used to upgrade the octane rating

of gasoline. Almost all alkylation units use H;S50. or HF as a catalyst.

Process Conditions=--The most important variables in alkylation

are reactor temperature, acid strength, isobutane concentration, and, in
sulfuric acid alkylation, the olefin space velocity. Ranges for these

and other variables are included in Table 7-30.
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TABLE 7-27. TYPICAL EMISSIONS FROM HYDROTREATING
UNIT PROCESS HEATERS

EPA Emission Factor® Total Emissionsb
(1b/103 gal-oil fired)  (1b/10% bbl of
(1b/10% scf-gas fired) fresh feed)
0il Fired Begters
Particulates
- Distillate oil 2 1.1 -
- Regidual oil . _
Grade &4 7 3.8
Grade 5 10 5.4
~ Grade 6 10(S)+3 5.4(8)+1.6
Sulfur Dioxidec

- Distillate oil 142(5) 76.1(8)

- Residual oil 157(S) . 84.1(S)
Sulfur Trioxide® 2(8) 1.1(8)
Carbon Honoxided : 5 2.7
HBvdrocarbons (as CHq)d 1 0.54
Nitrogen Oxides
(as NO3)

- Distillate oil 22 9 12 2

- Residual o0il® 224400 (V) 124214 (N)

Gas Fired Heaters _
Particulates 5-15 0.36-1.1
Sulfur Okides (as $05)T 0.6 0.043
Carbon Monoxide - 17 1.2
Rydrocarbons (as CHy) 3 0.21
Nitrogea Oxides (as NOp) 120-230 8.6-16.4

a
Source: Reference 7.

bBased on a heat input of 75,000 Bru/bbl of fresh feed with the following
fuel heating values: 0il - 140,000 Bru/gal; Gas - 1050 Btu/scf '

(=4 . .
5 = wt 7 sulfur in the oil

d . A . ) s
Irproper combustion may causeé a significant increase in emissions

e . : . . . o .

Use this emission factor for vresidual oils with less than 0.57 (X<.5) nitro-
ger. content. TFor oil with higher nitrogen content (N>0.5), use emission
factor of 120 1b/10° gzl

fBased on sulfur content of 2000 gr/106 sef
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TABLE 7-30. TYPICAL OPERATING CONDITIONS FOR ALKYLATION OPERATIONS

Process
H,50, . HF
Condition Alkylation Alkylation
Reactor Temperature, °F _ | 35 - EQ o . 60'-'120
Acid Stremgth, We. % 88 - 95 . 83 - 92
Acid in Emulsion, Wt. % 40 - 60 ' 25 - 80
Olefin Space Velocity, v/hr/v 0.1 - 0.6 -—=
Isobutane Concentration, Vol 2 3 40 - 80 30 - 80
Steam, 1b/bbl alkylate 300 - 400 ) —
Power, kWh/bbl alkylate 2.5 -5 3 -7
Fuel, 10° Btu/bbl alkylate e 0.3 - 1.1

Source: References 38,50,51,61.

Potentially Hazardous Atmospheric Emissions--The alkylétion process

is a closed system; therefore, the only emissions are those associated with
process heating and fugitive emissions. These emissions are summarized in

Tables 7-31, 7-32 and 7-33.

7.1.5.2 Isomerization

Isomerization processes convert normal paraffins into isopar-
affins. In general, octane numbers are much higher for isoparaffins than
for normal paraffins. The process is also used to produce isobutane for

use in alkvlation units.

Process Conditions--Temperature is a critical factor in isomeri-

zation reactions. In general, equilibrium concentrations of isoparaffins
are increased by reducing the reaction temperature, Typical process condi-
tions and utility requirements for both the vapor phase-solid catalyst

system described earlier and the liquid phase system are given in Table 7-34.

289



TABLE 7-31.

UNIT PROCESS HEATERS

TYPICAL EMISSIONS FROM ALKYLATION

EPA Emission Factora

(1b/103 gal-oil fired)
(1b/108 scf-gas fired)

Total Emissionsb

(1b/10% bbl of
total alkylate)

0il Fired Hegters
Particulates

- bistillate oil

- Residual oil
Grade 4
Grade 5
Grade 6

Sulfur Dioxide®

- Distillate oil

- Residual oil

Sulfur Trioxide®
Carbon Honcxided
Bydrocarbons (as CHJ,,)d

Nitrogen Oxides
(as NOz)

- Distillate oil
- Residual o0il®

Gas TFired Heaters
Particulates
Sulfur Oxides (as SOz)f
Carbon Monoxide
Hydrocarbons (as CHy)

Nitrogen Oxides (as NO,)

2

7
10
10(5)+3

142 (8)
157(8)

2(8)
5
1

22

224400 (N)

5=~15
0.6
17
3
120-230

5.1

18
26
26(8)+7.7

365(8)
404 (5)

5.1(8)
13
2.6

57 5
57+1030(N)

1.7-5.1

0.21

5.8

1.0
41.1-78.9

a
Source: Reference 7

bBased on a heat input of 360,000 Btu/bbl of total aikylate with the following

fuel heating values:

S = wt % sulfur in the oil

0il - 140,000 Btu/gal; Gas - 1050 Btu/sef

d ’ . e e . . L.
Inproper combustion may cause a significent increase in emissions

e . . . .
Use this exission factor for residval oils

gen conCent.
facter of 120 1b/10% gal

“Based on sulfur content of 2000.gr/106 scf
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TABLE 7~34. OPERATING CONDTTIONS AND UTILITY REQUIREMENTS
FOR PARAFFINS ISOMERIZATION PROCESSES

So0lid Bed Liquid Phase

Systems Systems
Reactor Temperature, °F 200 - 600 ~ 150 - 250
Reactor Pressure, psig ' " 200 - 1,000 . 300 ~ 500
Liquid Space Velocity, v/hr/v 1-4 . 2-3
Fuel, 10° Btu/bbl feed 10 - 50 Na?
Electricity, kWh/bbl feed | 1-2 Na?

Source: References 38,50,51,61,62,63.

8NA = not available

Atmospheric FEmissiongs--An isomerization unit is a closed system.

The emission sources for this process are process heater flue gas and fugi-
tive emissions. Emissions from process heaters are summarized in Table

7-35. Fugitive emissions are estimated in Table 7-36.

7.1.5.3 Catalytic Reforming

Caralytic reforming is one of the most important of all refinery
processes. In catalytic reforming, relatively low octane naphthas are con-
verted to highly aromatic, high octane gasoline blending stocks. The
reforming operation consists basically of contacting oil and hydrogen with
a catalyst in a series of three to six reactors. Because the overall
reaction is endothermic, the mixture must be heated before it is charged to

each reacctor.

A number of reactions occur simultaneously during the reforming
process including dehydrogenmation, isomerization, and hydrocracking.
Dehydrogenation reactions which result in the formation of aromatics are

the most important.
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TABLE 7-35. TYPICAL EMISSIONS FROM ISOMERIZATION
UNIT PROCESS HEATERS

EPA Emission Factor® Total EmiSSionsb
(167103 gal-oil fired) (1b/10% bbl of
(1b/106 scf-gas fired) " fresh feed)
0il Fired Heaters
Particulates
- Distillate oil 2 0.71"
- Regidual oil _
Grade 4 7 2.5
Grade 5 10 3.6
Grade & 10(5)+3 3.6(5)+1.1
Sulfur Dioxide®

- Distillate oil 142(8) 50.7(5)

- Residual oil 157(8) 56.1(8)
Sulfur Trioxide® 2(8) 0.71(8)
Carbon Honoxided 5 1.8
Bydrocarbons (as CHu)d 1 0.36
Ritrogen Oxides
(2s NOjy)

- Distillate oil 22 2 7.9 )

~ Residual 0il® | 224400 (N) 7.5+143 (N)

Gas Fired Heaters .
Particulates 5-15 0.24-0.71
Suifur Oxides (as 50)° 0.6 0.029
Carbon Monmoxide ) 17 0.81
HEvdrocarbons (as ChH,) . : 3 0.14
Nitrogen Oxides (as NO) 120-230 5.71-11.0

.
Source: Refayence 7.

bBased on a2 heat ioput of 50,700 Btu/bbl of fresh feed with the following
fuel heating values: 0il - 140,000 Bzu/gal; Gas - 1050 Bru/sef

€ = vt % sulfur in the oil

d i . . ees . . L
Ioproper combustion may cause a significant increase in emissicns

Bge this emission factor for residual oils with less than 0.5%2 (¥<.5) nitro-
gen ccutent. For oil with nigher nitrogen content (»>0,5), use exission
factor of 120 1b/103 gal

F
‘Based on sulfur content of 2000 gr/10% scf
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Catalytic reforming processes are categorized by the method or
frequency of catalyst regeneration. Catalyst beds may be regenerated
continuously, all at once at the end of a 3 to 24-month cycle (semi-
regeneration), or one at a time while an alternate ''swing" reactor is in
use (cyclic regeneration). The method of regeneration affects the choice

of catalyst and the product yields obtainable,.

Process Conditioms--A summary of typical operating conditions and
38,50 51

utility requirements for catalytic reforming is given below.

L Reactor temperature: 850 to 1,000°F.

. Reactor pressures .
Semi-regeneration: 150 to 500 psig.
Cyclic regeneration: 90 to 200 psig.
Continuous regeneration: 90 to 200 psig.

L Space velocity: 1.5 to 3.G v/hr/v.

. Power: 5 to 7 kWh/bbl.

. Fuel: 0.15 to 0.32 x 10° Btu/bbl feed.

Atmospheric Fmissions--Emissions from catalytic reforming include

emissions from catalyst regeneration, process heater flue gas, and fugitive
emissions. During the reforming operation, coke is deposited on the
catalvst. The rate of coke formation is a function of the type of feed-
stock and the severity of the operating conditioms. During regeneration

a flue gas stream is generated which contains carbon monoxide and low con-=

cencrations of sulfur and nitrogen oxides.

Total averaged emissions from catalyst regeneration are quite low

because only small amounts of coke are produced and the frequency of
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regeneration may be low. These emissions are highest for continuous
operations because more severe operating conditions can be used. Carbon
monoxide emissions from continuous reformers have been estimated at 0.002

to 0.02 pounds per barrel of fresh feed, a relatively small amount.

Emissions from process heaters and fugitive emissions are

summarized in Tables 7-37, 7-38, and 7-39.

7.1.5.4 Hydrodealkylation

Hydrodealkylation removes alkyl groups from aromatic rings at
elevated temperatures in the presence of hydrogen. The reaction can be

conducted either thermally or in the presence of a catalyst.

Since hydrodealkylation is a closed process, the only emissions
are fugitive emissions and emissions from process heaters. These emissions
are summarized in Tables 7-40 and 7-41.

- 4
7.1.6 Gas Processing °*»%%,56,67,68,89

Gas processing recovers various hydrocarbons as pure products or
as mixtures of specified compositions. The products of gas processing may
be fuel gas, methane, ethane, prdpane, propylene, normal and iscbutane,

outvlenes, normal and isopentane, amylene, and/or a light naphtha.

The feed to gas processing units comes from crude distillation,
catalytic reforming, catalytic cracking, hydrocracking, thermal cracking,
and to a lesser extent, hydrodesulfurization. Major units include acid

gas removal, dehydration, and separation.
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TABLE 7-37. TYPICAL.EMISSIONS FROM CATALYTIC
REFORMING UNIT PROCESS HEATERS

EPA Emission Factoré Total Emissions’
(1b/103, ga1-0il fired) (1b/10° bbl of
(1b/10% scf-gas fired) fresh feed)
011 Fired Heaters
Particulatres
~ Distillate oil . 2 2.9
- Residual oil )
Grade 4 o 7 10
Grade 5 10 14
Grade 6 : 10(5)+3 14(8)+4.3
Sulfur Dioxide® )

—~ Distillate oil 142(5) 203(8)

- Residual oil _ 157(%) 224(S)
Sulfur Trioxide® ' 2(8) - 2.9(5)
Carbon Honoxided 5 7.1
Hydrocarbons (as CH;,)d 1 1.4
Nitrogen Oxides
(as NO3)

- Distillate oil 22 s 31 2

- Residual 0il® 224400 (N) 314571 (N)

Gas Fired Heaters
Particulates - ' 5-15 0.95-2.9
Sulfur Oxides (as 502)f 0.6 0.11
Carbon Meonoxide 17 3.2
Hydrocarbons {(as CHy) 3 0.57
Nitrogen Cxides (as W03) _ 120-230 22.9-43.8

a -
Source: Reference 7.

bBased on a heat input of 200,000 Btu/bbl of fresh feed with the following'
fuel heating values: 0il - 140,000 Btu/gal; Gas - 1050 Btu/scf.

€¢ = wt ¥ sulfur in the oil

d : . cea -
Improper combustion may cavse a significant increase in emissions

®Use this emission factor for residual oils with less than 0.5% (N<.5) nitro-
gen content. TFcr oil with higher nitrogen content (N~1.5), use emissionm
factor of 120 1b/103% gal

N

fBased on sulfur content of 2000 gr/10% scf
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TABLE 7-40. TYPICAL EMISSIONS FROM HYDRODEALKYLATION
UNIT PROCESS HEATERS

EPA Emission Factor? Total Emissionsb
(1b/103 gal-oil fired) (1b/103 bbl of
(1b/105 scf-gas fired) fresh feed)
0il Fired Heaters
Particulates .
= Distillate oil ' : 2 4.1
=« Residual oil
Grade & ' 7 ; 15
. Grade 5 10 21
~ Grade 6 10(8)+3 21(8)+6.2
Sulfur Dioxidec :

- Distillate oil 142(8) 294(8)

- Residual oil 157(s8) ) 325(8)
Sulfur Trioxide® 2(8) 4.1(8)
Carbon Memoxided 5 10
Hydrocarbons (as CHy)¢ 1 2.1
Nitrogen Oxides ”; I
(as NOz)

~ Distillate oil 22 - 2 46 2

- Residual o0il® 224400 (N) 46+829 (N)

Gas Fired Heaters
Particulates 5-15 ) 1.4-4.1
Sulfur Oxides (as 502)f 0.6 0.17
Carbon Monoxide ' 17 4,7
Hydrocarbons (as CH,) ‘ 3 0.83
Nitrogen Oxides (as NO5) 120-230 33.1-63.5

a
Source: Reference 7.

bBased on a heat input of 290,000 Btu/bbl of freszh feed with the following
fuel heating values: 0il -~ 140,000 Btu/gal; Gas - 1050 Btu/sef,

€5 = vt % sulfur in the oil

d R , , s
Improper ceombustion may cause a significant increase in emissions

®Use this smission factor for residual oils with less than 0,5% (N<.5) nitro-
gen content. For oil with higher nitrogen content (4>0,5), use emission
factor of 120 1b/103 gal

~

fpased on sulfur content of 2000 gr/10% scf
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7.1.6.1 Acid Gas Removal

The acid gas removal unit removes hydrogen sulfide from hydro-
carbon gases, usually by absorption in an aqueous, regenerative sorbent.

CO, and/or mercaptans may also be removed, depending on the process used.

A number of acid gas removal processes are available, distin-
guished primarily by the regenerative sorbent used. Amine-based sorbents

are most commonly used.

The feed to a typical unit is contacted with the sorbent, such
as diethanolamine, in an absorption column to selectively absorb H,S from
the hydrocarbon gases. Hydrogen sulfide is then removed from the sorbent
in a regeneration step. The products are a sweet hydrocarbon gas and a
concentrated hydrogen sulfide stream. The hydrogen sulfide stream is
normally routed to a sulfur plant for recovery of its sulfur content.
Altefnatively, the sulfide gas may be flared to produce the less_toxic

sulfur oxides.

Process Conditions--A typical absorber operates at a pressure of

about 150 psi and a temperature of about 100°F. Pressure and temperature

may, in some instances, be significantly higher.

Atmospheric Fmissions——1f a regenerative sorbent system is used

in conjunction with a sulfur recovery unit, only fugitive emissions are
produced. If the hydrogen sulfide stream is flared, sulfur oxide emissions
are produced.

7.1.6.2 Dehydration

Dehydration removes water from the gas after the acid gas removal

Step. Excess water may be removed by refrigeration, absorption, or
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adsorption. Refrigeration processes decrease the temperature to below the

required dew point; condensed moisture is collected for disposal.

Absorption processes allow the moist gas to flow over a hygro-
scopic material such as di- or triethyleme glycol. Solid dissicants such
as silica gel or alumina are used in adsorption processes. Beds are

regenerated with hot gas.

Process Conditions-~Temperature and pressure are interdependent

in condensation processes. For example, if the required dew point is 50°F
at 135 psig and the best available cooling is 90°F, the pressure will be

460 psig.

For absorption processes using di--or'triethylene glycol, absorp-
tion temperatures must be kept below the glycol's decomposition temperature
(327°F for DEG, 405°F for TEG). Temperatures in the regenerator, where
water is separated from the glycol, usually range from 375° to 400°F .

Regeneration temperatures for solid dessicants are 480° to 500°F.

Utilities=-=A glycol absorption process requires about 0.1 percent

of the fuel produced.

Atmospheric Emissions--An estimated 0.1 gallon of triéthylene

glycol per 10 ft® of gas processed is emitted by a glycol absorption unit
in vented water vapor. Water contaminated with glycol may be vented as
steam or it may be disposed cf as a liquid. Hydrocarbons may also be

emitred from fugitive sources.

7.1.6.3 Product Separation/LPG Production

Refinery gas is often separated into its components in a gas

separation plant. This separation is usually accomplished by contacting
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the gas with an absorber oil. Refrigerated absorptionm, refrigeration, or

adsorption may be used when a separate methane stream is desired.

In the oil absorption process, the gas is contacted with an
absorber oil in a packed or bubble tray column. Propane and heavier hydro-
carbons are absorbed by the o0il while most.of the methane and ethane pass
through the absorber. The enriched absorber oil is théﬁ téken to a stripper

where the absorbed propane and heavier compounds are stripped from the oil.

In the refrigeration process, the gas is first dried with molecu-
lar sieve beds. It is then cooled in a heat exchanger to - 25°F. Condensed
hydrocarbons are removed in a gas-liquid separator. The gas from this
separator is passed through a second separator at - 135°F. Liquids from
the separators are fed to a series of distillation columns where methane,

ethane, propane, butane, and other products are recovered.

An activated carbon bed adsorbs all hydrocarbons except methane,
The bed is regenerated with heat and steam; the resulting hydrocarbon vapor
i1s condensed and the water separated. The resulting hydrocarbon product is

then fractionmated into its various components.

Process Conditions--Pressure in an oil absorber may be as high as

400 psi, but is usually lower. Inlet gas and oil temperatures are 90° to -

100°F.

Emissions--Fugitive emissions from leaking pumps, valves, com-

pressors, and other fittings are the only emissions from product separatiom.
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7.1.7 Other Processes

7.1.7.1. Asphalt Procegsing/Production

Asphalt is produced as the bottoms from vacuum distillation,
discussed in Section.7.l.l;2. The removal of lube Qil by-deasphalting'

is ‘discussed in Section 7.1.7.4.

The quality of asphalt is improved by blowing air through it (air-
blowing) to increase its melting temperature and hardness. Both batch and
continuous processes are used. Catalysts such as ferric chloride or

phosphorus pentoxide are sometimes used,

Because asphalt is distilled befbre it reaches the air-blowing
process, hydrocarbon emissions from the process are relatively minor.
Available data indicate that uncontrolled emissions from air-blowing of
asphalt are about 60 pounds per ton of asphalt.70 The operating conditions
are favorable for the production of extremely undesirable polynuclear

aromatics.

In some refineries, air-blown units have been replaced with
vessels packed with solid absorbents. These vessels have no emissions

other than fugitive emissioms.

7.1.7.2 Blending

Products with desired characteristics are often made by the wmix-
ing of various components. The most common blending operation in petroleum

refining is the manufacture cf gasoline.

Blending may be by batch or in-line. Batch blending takes place

in a blending tank to which components are added individually. Agitation
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may be either by an external circulation loop or by internal impellers

powered by external motors.

In-line blending may be partial or continuous. Partial blending
involves simultaneous combination of stock compopents in a miking manifold.
Final additions are made downstream or in a storage‘pank; Continuous
blending is the simultaneous blending of all coﬁponents in a ﬁiking

manifold.

Fugitive emissions from batch blending tanks are often more than
from similar storage tanks because of the agitation. Fugitive emissions
from in-line blending are limited to fugitive leaks from valves, flanges,

and other process equipment.
Control technology for batch blending operations includes float-
ing roofs-on blending tanks and replacement of batch operations with in-

line blending operatioms.

7.1.7.3 Hydrogen Production

A refinery with a large distillate hydrotreater or gas o0il hydro-
cracker requires more high-purity hydrogen than is supplied by other
refinery processes. It is estimated that by 1980, slightly less than 40
percent of tﬁe hydrogen used in refineries will be manufactured within the

refineries,’?

Steam-hydrocarbon reforming is commonly used for hydrogen pro-
duction, but because it uses valuable light hydrocarbons, it will probably
be gradually replaced by partial oxidation of heavy oils. The choice
between the two prodesses depends on the cost and availability of raw

materials,’?
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Emissions from steam-hydrocarbon reforming are limited to those
from process heaters and fugitive emissions. No specific information was
available on emissions from partial oxidation. It is assumed they are con-
fined to process heater emissions and fugitive emissions. Emissions from
steam-hydrocarbon reforming are summarized in Tables 7-42 and 7-43. These
emissions are more appropriate for units using liduid féédstoéké; 'Thbse

units utilizing natural gas as feed should have low emissions of nonmethane -

hydrocarbons.

7.1.7.4 Lube 0il Processing/Production

Lube o0il stock is produced as the 700 to 1,000°F fractionm of the
residuum from vacuum distillation. Procedures for processing the lube oil
stock into specific products vary greatly, but they can be divided into four

groups: deasphalting, treating, dewaxing, and finishing.

Each of these processes is closed to the atmosphere. Except for
hvdrotreating, there are no emissions except for fugitive emissions and
emissions from process heaters. With hydrotreating, there are emissions,

particularly CO, associated with periodic catalyst regeneration.

Deasphalting-—-A éery heavy o0il (brightstock) can be produced from

vacuum residues by extraction with propane at temperatures from 104 to 140°F.
At these temperatures, paraffins are quite soluble in propamne, but high

molecular weight asphaltic and resinous compounds precipitate.

Propane can also be used to separate a lighter oil fraction (SAE

50), a very heavy o0il, and hard asphalt by fractiomation.

Treating--Several methods are used to improve the viscosity index,
the color, and the carbon residue content of lube o0il. The two most common
treating methods are phase extraction and furfural treating. Hydrotreating

has also been used.
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Dewaxing--Dewaxing is the most difficult part of lube o0il
manufacture. The oil is contaéted with solvent and chilled, causing the
wax to precipitafe. The precipitated wax is separated from the mixture
by filtration or centrifugation. The dewaxed oil and solvent are separated
by distillation and steam stripping. The wax is solvent treated again under

different conditions to obtain a deoiled wax product.

Finishing--Finishing processes remove traces of resinous materials
and chemically active compounds which can deteriorate the color of the
product. The compounds can be absorbed by contacting the o0il with variOus
types of clay, activated earfh, or artificial absorbents. Hydrotreating
(hydrofinishing) can also be used to effectively remove nitrogen compounds
which cause the 0il to darken and'become unstable. Sulfur and oxygen con-

tent are also effectively reduced by hydrofinishing.

7.1.7.5 Sulfur Recovery

A sulfur recovery plant converts hydrogen sulfide to elemental
sulfur. The Claus process is assumed to be used for sulfur recovery by all

major refiners.

Process types and process flow diagrams for the Claus proéess are
given in Appendix E (Volume 4). The amount of sulfur reaching the sulfur .
recovery unit varies with the percent sulfur in the crude and the extent of
desulfurization. Typically, 60 percent of the sulfur in the crude reaches

the sulfur recovery plant.

Process Conditions--A Claus plant operates at about 470°F and one

to two atmospheres. About 20 Btu of heat are required per pound of sulfur
produced. However, approximately four pounds of steam per pound of sulfur
are produced in a waste heat boiler. This steam can provide from five to

thirty percent of the total refining steam requirements.
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Atmospheric Emissions--Process emissions from Claus plants are

discussed in Appendix E (Volume 4). A 100,000 bpd refinery with a one
percent sulfur crude and a 95 percent efficient sulfur plant will produce
5 - 6 tons/day of sulfur emissions. Sulfur is emitted as S50,, H»S, COS,

CS,, and mercaptans.

It is estimated that there are 200 valQes, 800 flahgés, nine -
pump seals, 20 drains, and four relief valves on a typical Claus unit.
These can be sources of fugitive emissions of various sulfur compounds
from the Claus unit. However, because sulfur compounds such as H,S are
present in streams, safety practices dictate careful attention ‘to

maintenance,

7.1.8 Waste Treatment

7.1.8.1 Blowdown/Flare

Blowdown/flare systems are common to all crude oil refineries.
A blowdown system consists of pressure relief devices, manual bypass valves,
blowdown headers, knockout vessels, and holding tanks. Compressors and
vapor surge vessels may also be included. A flare is used for final

disposal of noncondensable combustible gases.

A pressure relief valve is an automatic pressure-relieving device
activated by the static pressure upstream of the valve. There are three
types of pressure relief valves: relief valves, safety valves and safety-
relief valves. Relief valves, used primarily for liquid service, open in
proportion to the increase in pressure. Safety valves, used in the
petroleum industry primarily for steam or air service, pop fully open at a
set pressure. Safety-relief valves may be used as either safety valves or

relief valves, depending on application.
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Another pressure relief device, the rupture disk, consists of a
thin metal diaphragm held between flanges. Rupture disks are sometimes
instdlled upstream of pressure relief valves to prevent hydrocarbon leakage

from valve seals.

Flares may be designed for emergency or'routine'use., These may.

be burning pits, elevated flares, or ground-level flares. .

Burning pits are normally used only for emergency burning of
large quantities of gases. A typical pit is simply an excavation 4 to 6
feet'deep and 30 to 40 feet square with burners mounted on one wall.
These are not commonly used in modern refineries. Elevated flares allow
gases to be burned safely from the top of a stack. Ground flares are

installed in a large open area for safety and fire protection.us

Smoke emissions from flares are avoided whenever possible. For
smokeless operation, three combustion Principles are followed: ﬁaintenance
of eritical combustion temperatures, adeduate combustion air, and adequate
mixing of air and fuel. Steam is often injected to provide turbulence
which promotes mixing. Air and water have also been used. Further dis—
cussion of the use of steam in flares is provided in Appendix E (Volume &)

and Appendix F (Volume 5). Emissions from blowdown/flares include:
®  Combustion pfoducts from flares,
L Fugitive emissions.
Emission factors for smokeless flares are given in Table 7-44. It should
be noted that these flare emission factors may not be applicable to specific

flares due to variatioms in off-gas composition, flow rate, and désign

configuration.
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TABLE 7-44. EMISSIONS FROM SMOKELESS FLARES

_ | Emissionsa
Component (1b/10% bbl total refinery capacity)
Particulates Negligible
50, _ 26.9
co 4.3
Hydrocarbons 0.8
NO_ 18.9
NH» Negligible
Aldehydes _ Negligible

a
Source: Reference 7.

b . ,
Varies with fuel sulfur comntent.

7.1.8.2 Wastewater Treatment

A tremendous quantity of water is used in a refinery. A substan-
tial portion of this water is reused before discharge. However, it must

normally be treated to remove contaminants before discharge.

Refinery wastewater treatment is of two types: inplant treatment
(pretreatment) and end-of-pipe tréatment. Inplant treatment 1is the use of
procedures which can (1) reduce the amount of pollutants Sent to the waste-
water system, (2) reduce the amount of water discharged, and (3) make sub-
sequent end-of-pipe treatment more effective. End=of-pipe treatment
processes are classified as primary, intermediate, sacondary, or tertiary

processes, depending on their function.
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High concentrations of hydrogen sulfide and ammonia are often
reduced by Steam-stripping before water is sent to the wastewater system.
Phenol may be removed by using phenolic waters as desalter water: a portion
of the phenol is absorbed by the crude 0il."® any technique which limits

contact between oil"énd“water also reduces the waste load.

A number of procedures have been developed to reduce the amount
of wastewater. Among these are recirculation, use of air coolers and cool-
ing towers to eliminate once-through cooling, and chemical treatment to

Prevent corrosion or scaling.

Pretreatment techniques which improve the efficiency of end-of-
pPipe treatment include stream segregation,. preaeration of the water to meet
immediate oxygen demand, and surge ponds to smooth the flow of wastewater.
An example of refinery stream segregation in a modern refinery is given in
Appendix F (Volume 5). Older refineries may be able to Segregate only

sanitary wastes.

A classification of end-of-pipe wastewater treatment pProcesses is
given in Table 7-45. Each refinery has its own particular scheme based on
the type of refinery, the water use pattern, and applicable pollution

regulations.

- Primary treatment is often the only treatment required of a
refinery. APIL separators remove oil which floats and coalesces on the
surface of the water and s$ludge which settles to the bottom of the separa-
tor. Parallel plate separators are a relatively new method for removing
0il and sludge which reduce the distance the oil droplets must travel

before collection.

Intermediate treatment removes materials such as emulsions and

suspended or colloidal solids, which neither float nor settle within the
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TABLE 7-45. CLASSIFICATION OF END-OF-PIPE REFINERY
WASTEWATER TREATMENT PROCESSES

Treatment Objectives Processes
Primary ’ Free 0il and Suspended APT Separators
Treatment Solids Removal Parallel Plate
: ’ ’ Separators
Intermediate Emulsified 0il, Suspended Dissolved Air
Treatment Solids, and Colloidal Flotation :
Solids Removal Coagulation-Flotation
’ Coagulation-Precipita-
tion )
Filtration
Equalization
Secondary Dissolved Organics Activated Sludge
Treatment Removal Reduction in Trickling Filters
BOD and COD Aerated Lagoons

Oxidation Pomnds
Rotating Biological

Discs
Tertiary Variable Objectives Filtration
Treatment Air Flotation
Coagulation

Activated Carbomn
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residence time provided in primary-treatment. Removal may be by dissolved

air flotation (DAF), chemical coagulation and sedimentation, or filtration.

Secondary treatment involves physical, biological, or chemical
treatment for the removal of dissolved organics. Physical and chemical
treatments are considered advanced treatment processes which follow

biological treatment.

All of the biological methods for secondary wastewater treatment
involve oxidative decomposition by micro-organisms. These processes——
activated sludge, trickling filters, aérated lagoons, oxidation ponds, and

rotating biological discs -~ are discussed in Appendix F (Volume 5).

Some refineries Provide additionél tertiary treatment downstream
of biological treatment units. This polishing treatment may be necessitated
by changes in refinery effluent water quality or by government regulations
on effluent quality. Tertiary treatment commonly involves the reduction of

suspended solids and carbon adsorption for removal of organic pollutants.

Fugitive emissions are released from all of the above operatioms.
The extent of these emissions is a function of the amount and volatilicty
of hvdrocarbons entering a hnit, emission controls used, and other factors.
The greatest opportunities for emissions are at the front end of the waste~
water system, 1l.e., sewers, open.ditches, holding ponds prior to the API
separator, and the API separator itself. Since the API separator removes
most of the hydrocarboms with the skimmed oil, units downstream of it
release substantially fewer fugitive hydrocarbons. Emission factors for
API separators are given in Table 7-46. Emission rates could not be deter-
mined accurately emough to warrant the development of emission factors in
this study. Data to update these factors will be collected as part of an

EPA research program on petroleum refinery wastewater system emissions.
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TABLE 7-46. API SEPARATOR EMISSION FACTORS

Emissions
1b/10° gal 1b/10% bbl
Wastewater Refinery Feed
APT separators - . :
. (uncontrolled) - 5 : . 200
APT separators
(controlled by fixed
or floating roof) 0.2 10

Source: Reference 7.

7.1.8.3 Sludge/Solids Treating/Disposal

Many of the solid wastes generated by petroleum refineries comn-
tain toxic hydrocarbons or metallic compounds. The wastes may be generated

continuously or intermittently.

Solid wastes have historically been sent directly to landfills
or open pits for disposal. C0Oily wastes, although sometimes incinerated,

have usually been sent to an oily waste disposal pit.

More stringent solid waste disposal regulations have forced the
adoption of more advanced disposal practices. Landfilling is still the
most commonly used method, but landfills must now be constructed to allow

no direct contact between the waste and surface or groundwater.

Landfarming involves the use of soil bacteria to biodegrade
organic materials in solid wastes. Little is known about the nature of
the degradation products or about the fate of heavy metals or toxic organic

compounds in the waste. ®
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Incineration is a relatively expensive method for solid waste
treatment. Supplemental fuel, pollution controls, and dewatering of the
waste may be required. And, although the waste volume is reduced, the

incinerator ash must still be disposed.
Chemical fixation involves the addition of certain chemicals to a
waste to form an insoluble solid which can be laﬁdfilled. ‘Little leaching

of heavy metals and organic compounds results from chemically'fixed-waste.7u

7.2 Control Technolopgy

Refinery control technolegy includes all types of equipment,
processes, operating practices, monitoring, maintenance, and raw material/
fuel modifications which result in a net decrease in air emissions within
the reasonable and practical constraints imposed by capital, operating and
energy costs. This section includes discussions of the state-of-the-art of
petroleum refinery fugitive and process emission controls; the need for
additional controls for some Sources; emission control technology used in
related industries and its applicability to refining; and the economics

of control.

Detailed descriptions of emission sources and control technologies
are presented in Appendix E.(Volume 4). Emissions from transfer facilities/

operations, storage vessels, or other auxiliary processes are not included.

Controls for fugitive emissions are discussed in Section 7.2.1.
Included in this discussion are work practice and equipment controls.
Equipment controls for process (stack/vent) emissions are described in
Section 7.2.2. Section 7.2.3 includes discussiomns of process, fuel, and

feedstock controls for process emissions.

Controls for fugitive emission sources are generally applicable

to a particular source type (valve, pump, etec.) and are not unique to any
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type of process unit. Fugitive emission controls are, therefore, discussed
by source type. Process emission controls are discussed on the basis of
the type of process unit, because of the differences in emissions and con-

trols between processes.

7.2.1° Control of Fugitive Emissions

In this section the descriptions of fugitive emission control
technology are presented for each type of emission source (valve, pump ,
etc.). The order of presentation is such that sources with similar types
of controls are discussed in sequence. The relative contribution of source
types for a hypothetical refinery is presented in Section 2.7.3 of Appendix

B (Volume 3) of this report.

Three levels of control are described for most sources. Existing
controls are those in general refinery use, although the extent of appli-
cation may be variable. Available control technology may be used in some
areas of the refining industry due to regulatory or other requirements.
Control technology transfer includes any types of emission controls thét

have been applied to similar types of emission sources in other industries.
7.2.1.1 Valves

Valves can leak hydrocarbons through the junction where the
accivating stem penetrates the valve body. Excessive leakage from this
junction is generally prevented by a packing gland or a pressurized grease
seal. If a valve is operated with one side of the valve seat open to the
atmosphere, such as for draining or sampling operations, hydrocarbons may

also leak through the valve seat,
Table 7-47 contains the approximate distribution of refinery

valves screened by Radian within the battery limits of major process units

during the thirteen refinery sampling programs. The distribution of each
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TABLE 7-47,

APPROXIMATE DISTRIBUTION OF REFINERY PROCESS
'VALVES® BY TYPE AND SERVICE

Valve Type Distribution
by Service, %

Type Total Type
Valve Manual Control Distribution, %
Gate 64.7 0.0 64.7
Globe 3.8 23.3 27.0
Plug 5.7 0.0 5.7
Butterfly 0.6 ' 1.8 2.5
Diaphragm 0.0 0.1 0.1
Total ;ZTE ;;T; 100.0

Check and sample system valves excluded. No dry-service slide valves were

surveved.,
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type of valve is shown for manually operated and automatically comtrolled
service categories. Approximately 88 percent of all the screened refimery
valves were either manual gate valves (65 percént) or control globe valves

(23 percent).

Existing Controls for Valves--These controls include the valve

stem seal, inspection and maintenance practices, and closure of the

atmospheric side of open-ended valves.

Valve Stem Seals—-The valve stem seal is designed to prevent

leakage of the contained fluid and is therefore a fugitive emission control.
All gate, globe, and butterfly valves screened by Radian had a packed gland
stem seal. These packed stem valves represent approximately 94 percent of
all refinery valves. Plug valves typically have a grease-lubricated,
tapered plug to prevent leakage. Grease may be added periodically to pre-

vent leakage and to assure proper operation of the plug valve.

Packed stem sesls comsist of a stuffing box that surrounds the
stem, rings of compliant packing material in the annular space, and a gland
or follower that is used to compress the packing against the stem to form
a seal. Figure 7-1 is a simplified diagram of the type of packed seal used

in valve stems.

Stuffing
Box
‘ Packing
Gland
) | or
Working Follower
Fluid ( “\seal face” )
- - - O___ Valve
Stem
Possible
Leak
Packing Areas

Figure 7-1. Simple Packed Seal
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The fluid may be further prevented from diffusing through standard
type packing by dispersion of lubricant through the packing. The lubricant
also .alleviates galling, heating, and scoring of the stem or shaft. In
most cases, a lubricant must be compatible with the packing and the working
fluid. In refining, this lubricant might be a silicone oil, a petroleum

grease, or a TFE or graphite dispersion in an oil or grease. .

Lubricants may be present in the coils or rings of packing as
received. They may also be introduced into the gland through a '"grease"

fitting which passes lubricant into the stuffing box.

Table 7-48 shows the diversity of valve packing materials used

> Most of these materials may be purchased in

alone or in combinationm.’
coils or in preformed rings. They may beVSOlid or stranded and may have

a round, square, "U," or chevron cross-section.

All refineries have operating practices that require repair of
any detected leaks. These practices are primarily aimed at preventing
fires or other safety hazards that could result from large amounts of hydro-
carbon leakage. Visual methods or odor are génerally relied upon to detect
leaks, However, man§ leaks from valves and other sources may not be
detected by sight, hearing, or smell. It is also a common refinery

practice to lubricate valves and tighten packing glands periodically.76’77

Open-ended valves may‘be used for draining, venting, or sampling
operations. In addition to fugitive emissions from the stem seal, the
valve seat may be a source of fugitive emissions. To prevent emissions
through the seat, the open-end can be sealed with a cap, plug, blind
flange, or a second valve. Two valves in series (double block and bleed)
~ can also be installed on sampling connection. This provides a second valve

seat to resist emissions of the process fluid to the atmosphere.
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Effectiveness of Existing Controls--The overall effectlveness of

existing controls is reflected in the emission factors given in Section 5
of this report. These emission factors were derived from test data collec-
ted from a broad cross~section of thirteen refineries. All levels of the
types of control existing at the time of the field sampling (1977-1979)
were included., The effectiveness of individual types of ex1sting controls
(type of packing, maintenance schedule) could not be determined-from- the

available data.

Available Control Technology for Valves--Leak detection and fepair

programs are the available contreols for valves. Programs of this type are
already a regulatory requirement in some areas. They will probably become
more common as additional regulatory requirements are promulgated and value

of the products lost as fugitive emissions increases.

Leak detection and leak repair programs consist of strategies to
identify significant fugitive hydrocarbon emission sources combined with
methods to reduce or eliminate the leakage. At a specified interval, each
valve would be checked with a portable hydrocarbon detector. TIf a pre-
determined hvdrocarbon concentration limit (action level) were exceeded,
the valve would be repaired. The repair could consist of tightening the
packing, injecting grease,-replacing the packing, or replacing the valve,.
During repairs such as tightening or greasing, the hydrocarbon detector
should be used to permit assessment of the effect of the repair attempt.

This type.of repair is called "directed" maintenance.

Effectiveness——In the limited valve repair study conducted by

Radian, the average weight percent emission reduction immediately after

"directed" maintenance was 91 percent. The detailed results of the main-
tenance study are shown in Section 6 of Appendix B (Volume 3). They are
summarized in Section 5 of this report. Data on the long-term effects of

maintenance are not available.
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In some cases injection 6f sealing fluids into the packing area
of the valve may be used to reduce fugitive emissions. The effects on
emission reduction and valve operability have not been réported. For some
control valves, operating procedures may prohibit excessive in-service

adjustment to prevent malfunction of vital process control valves.

The required frequency of leak detectioﬁ is dépendent on the
rate of recurrence of repaired leaks and the rate of occurrence of néw
leaks. The selection of an appropriate action level is dependent on the
demonstrated ability to repair leaks of a given magnitude. Radian test
results indicated that the smaller the initial leak rate, the more likely

it is that repair efforts will be ineffective.

Because of the sparseness of data on long-term effectiveness of
leak repair, frequency of occurrence of leaks, and the fraction of leaking
valves which are unrepairable while in service, no quantitative estimate of

the overall emission reduction can be defined.

The major costs for leak detection and repair are for labor
expenses. The hydrocarbon detector cam cost up to $4,250 per instrument,7B
and if leak surveys were conducted as frequently as once per month each
process unit would probablf need one instrument. Actual labor costs ére
dependent on the wage rate of the persons performing the leak survey and
leak repairs. Estimates have been made for the time needed to conduct
leak survevs. One petroleum refining company has estimated that one minute
per valve is the average time required for leak detection.79 The time
needed to repair a leak will be dependent on the type of repair attempted.
Simple tightening of packing by refinery employees would obviously be much
~cheaper than injection of a sealing fluid by leak repair contractors. The
total cost of a leak detection and repair program would be reduced by the
value of the product that was prevented from leaving the process as an

emission. The emission reduction would also represent an energy saving.
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Control Technology Transfer for Valves—Fugitive emissions of

some process flqids may be hazardous or toxic. In industries with these
constraints, valves with isolated stem seals méy be used. The diaphragm
and bellows=-sealed valve are two types of these valves, Because the
pProcess fluid.is prevented from contacting the stem/body junction by a
bellows or diaphragm, the potential for fugitivé-leakage is reduced. ' These
valves are not generally applicable to refinery-uée, héﬁever, because of

several limitations.

The diaphragm mate;ial in the diaphragm valve limits operatiom to
about 50 psi pressure differential.®? This type valve has definite limita-~
tions in refinery -use. It can fail catastrophically upon overheating of
the elastomer diaphragm, so it should not;be used in hydrocarbon service
where a fire could be fed by its failure. *The bellows-sealed valve,
because of the corrosion and fatigue failure potential of the bellows, is
subject to combined temperature-pressure-corrosivity stress, Its usage is
best defined by the valve manufacturer. Bellows-sealed valves should have

stem seal packing as back-up protection against bellows failure.

Because use of these special valve sStem seals will probably be
limited, the impact of their use on emission control should also be‘limited,
as would any economic impact. No primary energy cost would result from
substitution of a very limited number of packless valves for conventional -

packed-stem, bonnet-sealed valves.

Diaphragm and bellows valves are approximately 1.5 to 3.7 times as’
expensive as gate valves according to the CARB report.al Another source
estimated that bellows valves might cost 10 to 20 times as much as packed-

stem valves, but would have a lower cost multiple if purchased in volume.®?
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7.2.1.2 Flanges

Flanges are paired junctions between sections of pipe and pieces
of equipment. They are sealed against leakage by the tightening of bolts
or studs which compress a flat gasket between thg flat faces of the mating
flanges, or compress an '"o' ring set in the groovéd faces of special
flanges. The most common flanges have raised fates‘éb accommodate tighten-
ing of the bolt and centering of the gasket. Typical gasket materials are
asbestos composition or spiral, metal strip-reinforced asbestos or TFE.

"0" rings may be made of neoprene, TFE or soft metals, depending upon -

temperature and pressure limits.

The results of the refinery sampling program showed that flanges
have a very low emission factor, and even.though there are many of them,
their overall contribution is small. The only real controls available for
flanges are leak detection and repair programs. If a leak is found, the
only repair options are tightening the flange bolts or imjection-of a seal-
ing fluid, since most flanges cannot be isolated from the process in order

to permit gasket replacement.

A large amount of time would be required to inspect all flanges
with hvdrocarbon detectors. The expenditure of this time and manpower does

not appear justified given the low average emission rate for flanges.

~1
.
(=]

:1.3 Pump Seals

Pump seals prevent the escape of process liquid from the area
between the rotating pump shaft and the stationary pump housing. There are
two basic types of seals, the packed seal and the mechanical seal. The
packed seal can be used on pumps with reciprocating or rotating shaft

motion, and mechanical seals are applicable only to rotating shafts.
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Existing Control Technology--This study indicated refinery

pump-seal combinations fall élmost exclusively into one of three broad
categories: centrifugal pump - mechanical seal (82.1 percent), centri-
fugal pump - packed seal (11.5 percent), and reciprocating pump - packed
seal (6.4 percent).

The two types of existing controls for‘pumﬁs are the pump seal
itself, and inspection and maintenance of the pump seal. The packed seal
and mechanical seal resist leakage of the pumped fluid by different

mechanisms, and are described separately.

The packed seal is used to seal both rotary and reciprocating
shafts against leakage of liquid from the_"working fluid" end of the shafts
to the atmosphere. Compressed packing in‘the stuffiné box forms a contact
seal against the moving drive shaft. Friction resulting from this contact
requires that either the working fluid be allowed to leak from the stuffing
box housing the packed shaft, or a supplementary liquid be introduced to

remove frictiomal heat.

Packings for the compression-type packed seals may be solid or
braided, twisted or ribbon-form (the latter form in graphite only). They
may be obtained in continuous rolls or preformed rings. Packing materials
include asbestos/TFE, TFE (lubed), asbestos/graphite, graphite-fiber,
graphite-ribbon, lead, aluminum, and Inconel-reinforced asbestos over

resilient case.

Under moderate conditions, the trend in braided backings is away
from asbestos and toward TFE because of the latter's low coefficient of

friction and its chemical inertness.
The mechanical seal in its many forms is the predominant pump seal

today. Contrary to the broader application of packed seals to both rotating

and reciprocating shafts, however, mechanical seals are used only on rotary
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shafts. Mechanical seals may be used to seal both pump and compressor
shafts, but are more universally applied to pumps, specifically centrifugal

pumps,

Mechanical seals are prefabricated assemblies which shift thel
point of wear from the drive sﬁaft, as with packed seals, to easily--
replaced pairs of rings. One of the ringé is attached-to the:pﬁmb shaft,
and. the other to the gland plate or its equivalent. Seal faces are per-
pendicular to the shaft and are typically lapped to a flatness of two light
bands. This precise flatmess accounts for their typically low leak rate

when carefully installed and started up.

Single mechanical seals will generally serve to limit emissions
in the majority of applications, but double mechanical seals provide an
added margin of protection against seal failure. Double seals normally
have a barrier liquid circulating between the seals. If the inner seal
should fail, the outer seal will prevent escaping fluid from reaching the

atmosphere.

Mechanical seals are used in the majority of refinery pumps. The
American Petroleum Institute (API) recommends mechanical seals as particu-
larlv advantageous for hydrocarbon emission contrel in the following cases:
(1) ". . .more-or-less continuous pumping of products having a Reid Vapor
Pressure of five pounds [ per square inch (author's note)] or greater.. ."
and (2)'";. .when fluids are under substantial pressure and when the pump
or compressor is in continuous service. For pumps operating on stand-by

service either packed or mechanical seals may be used.""®

At the time of the Los Angeles County, California, study twenty
vears ago, mechanical seals made up only 42 percent of the seals in the use

332

there. In the current refinery study, the percentage was 82 percent.

The Radian survey showed this percentage to be further subdivided into
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approximately 67 percent single mechanical seals and 15 percent double

-mechanical seals.,

Visual inspections are generally used to detect significant pump
emissions. In some cases pressure gauges/alarms are usad to detect build-
up of pressure in barrier fluids of double mechanical seals Such.a pres-

sure buildup indicates failure of the inner seal.

Packed seal emissions can generally be reduced by tightening the
packing gland. This can be accomplished while the pump is in service.
Emissions from a mechanical seal, however, indicate a mechanical failure
in the seal assembly. The pump must be taken out of service, and the

mechanical seal can then be replaced.

Frequency of Application, Effectiveness, and Cost of Pump Seals——

Application of the types of pump seals is relatively uniform within the
refining industry. This may be the result of a greater uniformiéy of
feedstocks and products in the refining industry than in the chemical
industry. The application of standards published‘by the American Petroleum
Institute (API) has also undoubtedly led to uniformity among devices used
to control fugitive emissions, not only from pumps, but aiso from some of

the other devices tested in this program.

The frequency of application of types of punp seals that was
observed in the Radian sampling program is shown in Table 7-49. Sufficient
data are not available to compare the relative control effectiveness of

the various types of seals.
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TABLE 7-49. DISTRIBUTION OF PUMP SEALS IN RADIAN REFINERY STUDY

Percent of

Pump Type ) Population
A. Centrifugal Pump - Mechanical Seal 82.1
B. Centrifugal Pump - Packed seal - . . 11.5
C. Reciprocating Pump — Packed Seal _ 6.4

TOTAL 100.0

Table 7-50 presents a cost breakdown of pump system elements for
systems rated at 3 - 200 horsepower. May, 1980 costs were rolled back to
mid~1979. Cost estimates of packed and meéhanical seals are shown in part
(5) of the table in mid-1979 dollars, and in part (6) as percentage add-on
costs to bare, uninstalled pump costs [ subtotal (4)]. These add-on costs
for seals range from 1.2 to 3.0 percent for packed seals to 14.2 to 36.4
percent for double mechanical seals for the most common shaft size of

1.875 inches diameter.

Table 7-51 contains a comparison of seal friction losses and
hvdrocarbon leak estimates for packed seals and three basic types of
mechanical seals. Friction losses and hydrocarbon losses are known to
vary widelv with the fluid properties of the sealed liquid, the seal face
materials, the condition of the seal, bearings and shaft, and seal design,
so these figures are presented only as approximations of expected

performance.

Inspection and Maintenance-—All refineries practice inspection

and maintenance of pump seals to prevent fire hazards resulting from
complete seal failure. Pump seals are usually inspected visually once
per dav or per shift. Packed seals can te adjusted while in service to

reduce leakage, but mechanical seals usually require removal for repair.
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TABLE 7-50. CENTRIFUGAL PUMP SEALS - COST CONTRIBUTION TO TOTAL

PUMP COST*
Pump Horsepower 3.0 100. - 100. 200,
Shaft Diameter, Inches 1.875 1.875 2.375 2.375

1. Pump, including shaft, coupling,
bore plate, seal/bush hardware as
required. (Installation costs

not included)? - 2830 * 4670 4810 6370
2. Switchgear - Switch, enclosure ] '

lighted push botton.D 620 1940 1940 4110
3. Driver - Electric® ' 230 2850 2850 8750

4. Subtotal - 3680 9460 9600 19230

5. Seal Alternatives
d

a. Packed Seal 110 110 130 130
b. Single Mechanical Seal® 860 860 1000 1000
c. Double Mechanical Sealf 1340 1340 - -

6. Seal Costs - Percentage of Subtotal (4)

- a. Packed Seal . 3.0 1.2 1.4 0.68
b. Single Mechanical Seal 23.4 - 9.1 10.4 5.2

c. Double Mechanical Seal 36.4 14.2 - -

*Mid-1979 Costs = May, 1980 Dollars x 0.921
Bases:
: ' : 85
®Reference 84. Pump built te API Specificationm 610, and upon the following
conditions: 1) Low corrosion--steel pump casing, cast iron/steel impeller
2) Seazl gland pressure——-200 psig (~1/3 of discharge pressure
maxinum)
3) Pumped Fluid--light gasoline

- 4) Pumped Fluid Temperature-- < 350°F
5) Shaft Speed--3500 RPM

bReference 86. sSwiteh gear—-explosion-proof, locally-mounted push button
stop-start with red light for "ON" indicarion.

CRefereﬁce 84. Electric Driver=--Three phase, 400 volt, explosion proof.
dReference 87. Packed Seal--Cost of packing materials approximate,

Refererze 88. Single Mechanical Seal--Crane Packing Co. #8-B-]1 with throttle
bushing as back-up.

fReference 87. Double Meghanical Seal--Chesterton Seal No. 241.
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TABLE 7-51. ESTIMATED ENERGY LOSSES - PUMP SEALS

Hydrocarbon Leak Estimates, lb/hr

Seal Power Open . S
Seal Type Consumption, kW Literature - . This Study
Packed 1.16 0.264°
Single mechanical, e
unbalanced 0.422 >0.0044 d
0.16-0.37,
Single mechanical, e all pumps
balanced 0.19%4 >0.0044
Double mechanical, £
balanced 0.287 =0.00

SReference 89.

bSee Appendix B (Volume 3), p. 2—263,_pump§, light liquids.

“Based upon 60 drops/min of hexane @ 20 drops/mf. Reference 90.

dRange based upon 95% confidence intérval.

®pased upon as little as 1 drop/min. of hexane @ 20 drops)ml. Reference 91.
fReference 91.

Bases: Pump shaft dia.--1.875 in.; stuffing box pressure--200 psig; barrier

fluid pressure--175 psig (double mechanical seal only); pump speed-~-
3500 rpm; pump horsepower range (tvpical)=--3-100 h.p.
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The effectiveness of these inspection and maintenance programs is reflected

- in the emission factors presented in Sectionm 5 of this report.

Available Control Technology for Pumps--Leak detection and repair

strategies are the available controls for pumps. The procedures for find-
ing leaks requiring repair are the same as those described previously for

valves.

No data are available to quantify the effectiveness or cost of
leak detection and repair for pumps. Effectiveness would be dependent‘on
initial leak rates, the ability to repair the leaks, and the length of
time before the leaks reoccurred. Costs would be dependent on iabor rates,
~labor requirements, and the value of the product saved. Average leak
detection time required for pumps has been estimated to be five minutes
per seal, and the average leak repair time has been estimated to be 80

81
hours per seal.

Technology Transfer for Pumps--Sealless pumps are used in other

industries in cases where the pumped fluid is toxic or otherwise hazardous
and leakage cannot be tolerated. Sealless pumps include diaphragm pumps,
nermetically sealed 'canned" pumps, and magnetically coupled pumps. Since
these pumps do not have a shaft/casing seal, their emission potential is

much lower. Emissions may result from diaphragm failure or case failure.

Sealless pumps are not covered by API Standard 610%° for pumps,
which may explain why no sealless pumps were found in the 13 refinery
survey. If sealless pumps are to be used in the refining industry, they
must be proven performers in terms of leak-tightness, reliability, main-
tainability, useful life and safety.

The original cost of a "canned" pump may be approximately 110 to
115 percent of the cost of a centrifugal pump with conventional seals.®?

No data are available to discern differences among the other true costs of
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running conventionally-sealed versus sealless pumps. Sealless pumps also
have a more limited range of applicability due to limitations on tempera-

ture, throughput, and horsepower.

7.2.1.4 Compressor Seals

A number of types of compressor seals reduce emissions of the
compressed gas from the compressor housing. The five basic types are
packed (reciprocating shaft), labyrinth (rotating shaft), restrictive ring
(rotating shaft), liquid film/bushing (rotating shaft), and mechanical

contact (rotating shaft).

The basic principle of packed compressor seals is similar to
packed pump seals. However, cooling of friction-type compressor seals
differs from cooling of pump seals of similar construction in that the
gaseous compressor working fluid provides negligible lubrication and has
a lower heat capacity than does liquid. For these reasons most, but not
all, contact-type compressor seals use some form of liquid seal coolant

which may also serve to reduce gas emissions.
The various types.of nonpacked seals differ substantially from
each other and from mechanical pump seals. Both the packed and mechanical

tvpes of compressor seals are described in detail in Appendix E (Volume 4).

‘Existing Control Technology--The five basic types of compressor

seals are applied in refinery service. The API has estimated that 60- 70
percent of refinery compressors have packed seals, 10 percent have

. . . 93,94
mechanical contact seals, and about five percent have labyrinth seals. ~’

Radian found that approximately 80 percent of the compressors

surveved in the current study had reciprocating shafts with packed seals.

About 60 percent of the compressors process gas which contains less than
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50 percent hydrogen. The remaining 40 percent compress streams which are

.predominantly hydrogen,

The various types of compressor seals cannot be universally
applied in any or all refinery operations. Because of lubrication and
cooling limitations, packed seals are rarely.ﬁsed'around rdta;inglshafts.
The labyrinth seal allows some gas to continually escape. Nelson®® states-
that the loss rate or recycle rate from this type of seal is not generally
acceptable today for energy and environmental reasons. For this reasom,
labyrinths are now more often seen in butboard seals in combination with

other sealing devices.

The restrictive ring seal is superior to the labyrinth seal
alone, but is limited to about 200 psi and relatively clean gas service.??,9%5
Sealing and scavenging ports may be used for labyrinth seals and for

restrictive ring seals.

The 1liquid-film seal is relatively simple, and is not subject
to significant wear. It is capable of operating at pressures of up to
5,000 psi in a multiple seal configuration, but has, in all configurationms,

. . . . 95
a relatively complicated piping and control system.

The mechanical contact seal differs significantly from a mechani-
cal pump seal, but utilizes the identical concept of zero clearance at
closelyv~lapped wear surfaces to limit leakage. This type of seal is
limited to pressures of about 500 psi. Its leak rate is the lowest for
the seals described, but, like mechanical seals for pumps, mechanical
contact seals are subject to catastrophic failure. Their oil supply
systems, where used, are simpler than oil supply systems for liquid-film
seals. ’ Mechanical contact seals form a nearly perfect seal when at
res_t95 in contrast to pump mechanical seals which are believed to seal

. 7
better when the faces are rotating.
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Many compressors have enélosed seal areas which are vented to
the atmosphere from "high-point'” vents for safety reasons. Compressors
are often housed in semi-enclosed or completely enclosed buildings. Many
handle gases which contain toxic or hazardous components such as hydrogen
sulfide. Venﬁing the seal area to a high-point vent reduces the potential

for a buildup of toxic or explosive gases in the compressor area.

Sealant or lubricating oil is circulated through and around com-
pressor seal mechanisms., This oil is under pressure and will contain the
components of the compressed gas. The o0il must be depressured and/or
treated to remove these gases. The vapor from the degassing of the seal

oil is generally vented to a blowdown/flare system.

Gases from the seal enclosures or seal oil degassing are some-

times drawn off by vacuum educators and sent to flare/blowdown systems.

Effectiveness of Compressor Seals=--Table 7-52 shows a comparison

of seal leakage. The worst, the straight pass labyrinth, is given a gas
leakage index of 100. It is not clear from the table, which includes both
dry and lubricated seals, where the 0il film seal fits in according to the
gas leakage index. The liquid film seal is shown, however, to lose more
lubricant than the lubricated mechanical contact seal by a factor of 55.
It is not clear if this refers to oil loss into the compressed gas stream -

or if it refers to loss of oil (and dissolved gas) to the atmosphere.

_ The packed seal is the only seal available for a reciprocating
compressor application. The mechanical contact seal, wet or dry depénding
upbn design needs, would appear to rank the best among centrifugal com-

pressor seals for pressures up to about 500 psi. However, these seals are
said to be fragile and prone to failure, as well as complex and difficult

to install correctly.
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TABLE 7-52. COMPRESSOR SEAL. LEAKAGE .

Compressor Seal

Dry-Types | | Gas Leakage Index
Straight Pass Labyrinth 100 -
Staggered Labyrinth 56
Honeycomb Labyrinth 40
Restrictive Ring : n 20
Mechanical Contact (Running Dry) ‘ 2

0il Types 0il Loss
Mechanical Contact 0.03 gal/hr

6%, in. Face Diameter
30 psi Differential

500 rpm
Lubricant Loss
Liquid Film or Bushing 1.75 gal/hr or
51, in. Bore Diameter - 55 times the
0.007 in. Clearance ' contact Lype
5000 rpm '

60°F 0il Rise

Source: Reference 95.
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A more flexible device in terms of broad pressure range
application (to 5,000 psi) and suitability for dirty gas service is the
liquid film seal. The complexity of its external circulation and control
system would be perhaps its most costly feature. Acid gas stripping from
circulating seal oil is a must with the use of liquid film sedls if the
working gas is sour. The oil reservoir degassing'vgnt may be a source -of

hydrocarbqn emissions.

Seal Energy Requirements and Cost—-Compressor seal design is

traditionally an integral part of overall compressor design. As a result,
data are not available to allow independent seal energy usage and cost

analysis.

Inspection and Maintenance-—-Existing inspection and maintenance

procedures for compressors are similar to those described for pumps. Leak-
age may be more difficult to detect because some compressors have enclosed
seal areas that transport leakage to an elevated vent pipe. The ‘effective-
ness of these procedures is reflected in the emission factors for com—

pressors shown in Section 5 of this report.

Available Controls for Compressors—--Closed vent systems and leak

detection and repair programs are the available controls for compressors.
A closed vent system consists of piping and, if necessary, flow inducing
devices that transport compressor seal leakage to a control device. Con-
troi devices could include fired heaters or boilers, incinerators, flares,
or vapor recovery systems. For compressors with seal oil systems, the
closed vent system can be connected to the seal oil reservoir degassing
unit. For other compressor seals, the seal area itself could be enclosed

and comnected to the closed vent system.
Leak detection and repair for compressors is similar to the

program described for pumps. A hydrocarbon detector can be used to detect

seal leaks. These areas would include the seal itself (if accessible),
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the seal vent pipe, and the seal o0il resexrvoir vent depending on the
physical configuration of the compressor. No data are available to

quantify effectiveness of the leak detection and repair for compressors.

Effectiveness and cost would be dependent .on the same factors discussed
for pumps. Average leak detection time required for compfessors has been
estimated as 10 minutes per seal, and repair time has been estimated as 40
hours per seal.! One major difference between rebair‘of pump and compfeésor
sealé is that most refinery pumps have Spareé, but many compressoré do not.
Therefore,any repair that required compressor shutdown might also require
shutdown of the process unit. Depending on the type of process unit, the
unit shutdown could cause more emissions than allowing the compressor seal

to leak until repair can be effected during the next turnaround or shutdown.

Technology Transfer for Compressors-~-No other controls were

identified for compressor seal leakage. Sealless compressors are not
available in the capacity range that would be required in almost any

refinery application.

7.2.1.5 Agitators

Agitators may leak hydrocarbons at the junction of the vessel and
the rotating agitator shaft. The agitator seal may be in liquid service if
the agitator is located at the side of a storage tank, or the seal may be
in vapor service if the agitator is located at the top of reactor vessels.
In some types of refinery operations, in-line blending has replaced the

use of agitated mixing vessels.

Existing Controls for Agitators--The four basic types of agitator

seals are listed in Table 7-53. Some of the seals are similar to pump seals
(packed and mechanical). The limitations of the four seal types are shown
in Table 7-533. No data are available to establish the magnitude of leakage
from agitator seals. The seals are listed in Table 7-53 in order of

increasing cost.
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TABLE 7-53. BASIC AGITATOR SEALS

[

Seal Type

Limitations

Comments

a. Hydraulic

b. Lip

Low pressure and
temperature

2-3 psi;

- unlubricated

¢. Packing Gland

d. Mechanical Face

150 psi

0 psia to 5,000 psia
if housed and
pressured to working
fluid pressure

Least-used agitator seal.

Dust or vapor seal only;
temperature limited by
elastomer lip melting point.

Six packing rings and lantern
ring required for 150 psi
capability.

Externally lubricated so as to
leak in if inboard seal fails
(double seal configuration).
Single seals also used.

Source:

Reference 96.
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Available Controls for Agitators--Leak detection and repair

. strategies for agitators should be similar to those described for pumps
and compressors. The time requifed to detect leaks is probably about the
same as for pumps and compressors. The time requirements for repair are

not quantified.

7.2.1.6 Safety Relief Valves

Safety relief valves (SRV) are installed on any refinery equip-
ment that could be subjected to overpressuring with subsequent safety
hazards and equipment damage.. The various types of SRV's in hydrocarbon
service are described in detail in Appendix E (Volume 4). Emissions to
the atmosphere occur through the valve seat due to improper seating, which

can be a result of wear, corrosion, or foréign matter.

Existing Controls for Safety Relief Valves—-Inspection and main-

tenance is one existing control for SRV's. The main objective of most
~inspection and maintenance programs is to make sure the SRV will provide
Proper over-pressure protection. Some companies remove and test SRV's
after every over-pressure release.®! This Procedure requires that a means
pbe provided to install a spare SRV while the other one is tested. Although
this testing is primarily to check the set pressure of the SRV, it may

also detect fugitive leakage. The other existing control for SRV's is
discharge header systems that transport over-pressure releases (and fugi-

tive leakage) to a flare,

Available Controls for Pressure Relief Devices——Leak detection

and repair programs and upstream rupture disks are the available controls
for SRV's. Leak detection would require periodic¢ testing of SRV's that
discharge to the atmosphere. A hydrocarbon detector can be used to detect
hydrocarbon concentrations at the exit of the discharge "horn" or at the
weep hole at the bottom of the 'horn." Repair of the SRV would probably

require removal of the SRV, and therefore a means of replacing the SRV
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while the process unit was operatiﬁg would be needed. Data on costs and

effectiveness of leak detection and repair for SRV's are not available.

Although most SRV's are used alore or in pressure-stepped com-
binations, soﬁe are used with rupture disks mounted under them (i.e.,
between the process fluid and the SRV). Rupturg disks (RD's) - are somewﬁat
prone to age-induced fatigue or corrosion failure; and therefore are mot
ordinarily used alone except where complete loss of process fluild is
acceptable ecomomically and environmentally. Such acceptable cases
probably no longer exist in any organic chemicals or fuels manufacturing

facility.

Alternatively, rupture disks may be positioned downstream of SRV's
to protect working parts from weather or other corrosive atmosphere, as
when connected to a relief header.

Ty

Rupture disk leaks may be detected by 'tell-tale' bubbIers or
pressure gauges, and by excess flow valves connected to the inside piping
space between the RD and the SRV. This arrangement is covered by ASME
code.’’” 1If small RD leaks are not monitored, there is a chance that the
pressure between the RD and SRV might build to system pressure. Then,
with a rapid rise in pressure, as in an emergency, working pressure would

almost double before the disk and SRV would release, depending upon the

rate of increase and size of the RD leak.

‘ As long as the integrity of the rupture disk is maintained,
fugitive emissions are completely eliminated. The disk would requiré
reblacement after over-pressure release, and therefore a means for replac-
ing it while the process unit was in service would be needed. Although

-there is controversy within the industry concerning the use of rTupture
disk-safetyv relief valve combinations, some feel that the combination may
be coperated Safely.97 Others consider RD use upstream or downstream of

the SRV only as necessary for either (1) added isolation of particularly
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toxic materials from the air, or (2) as a means of isolating the SRV from
a corrosive atmosphere. This atmosphere might be, for example,. a header

) . . - 98
with -sulfur compounds present, or simply salt air near the ocean.

Costs--The addition of an inlet or outlet side Tupture disk to
an SRV adds between three percent and 50 percent to the materials cost of
the SRV, depending on size and service. Materials costs for SRV and RD
assemblies (excluding piping) are shown in Table 7-54. The net cost of
the system would take into account a value for the product saved by

eliminating fugitive emissionms.

Technology Transfer for Pressure Relief Devices--Fugitive leakage

~caused by improper reseating after over-pressure release may be minimized
by using pilot operated SRV's with resilient (0O-ring) seats. No data are
available to quantify the effectiveness of this type of control. Another
potential improvement in SRV design would be to install parallel SRV's

in all applications. This would allow an SRV to be in service with the
other blocked off as a spare. Tne SRV could then be removed for testing

and rupture disk replacement after over-pressure releases.

7.2.1.7 Sampling Comnections

Fugitive emissions from sampling connections are primarily due to
purging the sample line to obtain a Tepresentative sample. Atmospheric
exposure of the purged fluid can result in evaporative hydrocarbon

emissions.

Existing Controls for Sampling Connections=--Existing practices

for obtaining process samples vary considerably. They may range from
draining process fluid onto the ground to collection of the purge in slop
0il systems. All existing practices result in some atmospheric exposure

and emissions, but the magnitude has not been quantified.
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TABLE 7-54.

DISK (RD) ASSEMBLY COSTS

SAFETY RELIEF VALVE (SRV) AND RUPTURE

May 1980 Dollars

"RD Assembly

System Size, SRV
Inlet X Outlet
diameter, inches 150 psi flanges 300 psi flanges Inlet Qutlet
1x2 . 650 700 320 120
3 x4 1,050 1,150 520 160
8 x 10 5,900 7,800 1,100 220%
Basis: Materials only; piping excluded. May, 1980 prices.

RD assembly includes cost of safety head and one disk.

a . . -
Interpolated from 4 inch and 12 inch diameter RD costs,

Source: Reference 99.
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Available Controls for Sampling Connections--Closed loop sampling

- systems are the primary control available to reduce sample purge emissions.
A closed loop sampling system consists of a network of piping and valves
that either returns the purged material directly to the process, or that

transports the purge to a closed collection system for recycle.

‘Technology Transfer for Sampling Connections—-The main innova-

tions that are likely to reduce sample purge emissions are the increasing
availability of on-line continuous analytical instruments that do not

require discrete samples.

7.2.1.8 Wastewater Systems

Refinery wastewater systems have evolved over the years as
awareness of water pollution problems has grown, and as various treatment
systems have been developed. There are four basic treatment steps.100 The
first is primary separation, where 0il is removed by gravity separationm.
Normally, an API or a CPI-type separator is used. These separators
effectively remove free oil from water, but will not separate substances
in solution or break up emulsions.101 The second step is intermediate
separation where suspended solids and additional oil are removed by
chemical sedimentation or air flotatiom. Secondary treatment is the third
step. It involved the reduction of the biological oxygen demand (BOD)
with some type of biochemical oxidation. Finally, in the tertiary treat-
ment step, dissolved organics which will not degrade with biological
treatment methods are removed. Carbon adsorption is the most common form

of tertiary treatment.
The treatment processes for these steps are shown below.!02
L4 Primary--API Separators, Tilted-Plate Separators

(CPL), Filtration for 0il Removal, pH contrel,

and Stripping Processes.
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L Intermediate--Dissolved Air Flotation, Coagulation-

Precipitation, and Equalization.

L Secondary~-Tertiary--Carbon Adsorption, Activated
Sludge, Aerated Lagoomns, Trickling Filters,
Waste Stabilization Ponds, Cooling Tower Oxida- '

tion, Chemical Oxidation, and Filtration.

In addition, there is a wastewater collectiom system which consists of

process drains, sewers, holding basin, and pumps.

Existing Controls for Wastewater Systems--Table 7-55 gives an

estimate of the degree of adoption of_various wastewater treatment pro-—-
cesses for 1950, 1963, 1967, 1972, and 1977. While this table utilizes
the author's judgment in many areas due to the "dearth of usable informa-
tion," the data on API separators are reliable and confirm that by 1977
nearly all refineries had an oil and water separator of the API or the
CPI type.103 The table also shows an increasing use of intermediate,
secondary and tertiary treatment methods. This trend is a result, in

part, of governmental scrutiny and control in the area of water pollution.

Covered oil/water separators and trapped drain systems are two
tvpes of emission controls used in some refineries. Some state regulations
require covers for separators. As of January 1977, 80 percent of the U.S.
refining capacity was located in states where covers are required.lou The
extent of application of trapped drain systems is not known. Because of
the lack of emission data, effectiveness of those controls cannot be

assessed. Costs would vary widely, depending on site specific conditionms.

The current AP-42 emission factors for drains and oil/water
separators, uncovered versus covered, imply a 95 percent fugitive hydro-
carbon emission reduction. The original data upon which the AP-42 emis-

1053

sions are based are no longer available. Thus, the validity of the
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TABLE 7-55. DEGREE OF AbOPTION OF VARIOUS WASTEWATER

TREATMENT PROCESSES

Processes and Subprocesses

Percent of Refineries Using the Processes

1950 1963 1967 1972 1977
AP Separaters 40 50 &0 70- - 80
Earthen Basin Separators 60 50 40 3b 20
Evaporation 0-1 0-1 1 1-2 - 2=5
Air Flotation _ 0-1 10 15 18 20
Neutralization (Total Wastewater) 0=1 0-1 0-1 0-1 0-1
Chemical Coagulation and Precipitatien 1-5 1-5 5~10 10-15 10-15
Activated Sludge 0 5 10 40 55
Aerated Lagoons 0 5 10 25 30
Trickling Filters 1-2 7 10 10 10
Oxidation Ponds 10 25 25 25 20
Activated Carbon 0 0.5 0.5 3
QOzonacion 0 1 1
Ballast Water Treatment - Physical 9 9 8 .5
Ballast Water Treatment - Chemical 1 1l 2
Slop Qil - Vacywm Filtration 0 5 7 12 15
Slop 0il - Centrifugation 0 2 3 10 13
Slop O0il - Separation 100 93 .90 80 70
Sour Water - Steam Stripping
= Flue Gas Strippers 60 70 83 90 90
~ Natural Gas
Sour Water - Air Oxidation 0 3 3-5 7 10
Sour Water - Vaporizaticn 1l 1-2 1 0 0
Sour Water - Incineration® 35-40 40 50 30 20
Neutralization of Spent Causties . ‘
Flue Gas 20 30 35 20 20
Spent Acid (ineluding 15 25 30 25 20
sprioging and stripping)
Oxidation 0 3 5 5 5
Incineration 40 50 20 15

23

a . . . . . : L
Incineration includes flaring, boiler furnaces., and separate incinerators
used only in conjunction with stripping and vaporization.

Source:

Reference 103.



indicated effectiveness cannot be assessed. In a laboratory study using
a simulated API separator, the covered separator provided 89 percent

emission reduction.'®®

The data from Radian's oil-water separator emission measurements
are discussed in Appendix B (Volume 3). The results are poor and cannot be

used to develop emission factors for oil-water se@aratbfs.

It is evident that further study of evaporative losses from
oil-water separators is needed and justified. Actual emission rates for
uncovered separators probably fall between 13 and 200 1b/1,000 bbl refinery
feed. Similarly, average losses from covered separators can be expected

to be between 1.5 and 20 1b/1,000 bbl refinery feed.

Available Controls for the Wastewater System~-In general, avail-

able controls for reducing fugitive emissions from existing process and
storm sewers and collection systems consist of minor modifications such
as sealing open sewer systems, altering pump bases, recurbing some process

areas, and improving housekeeping.

Changes which involve substantial capital outlays (ot which may
be nearly infeasible from a construction standpoint), such as major
revisions to existing underground sewer systems or installation of vapor
recovery Systems may not be practical. Techniques which can be used to

reduce emissions from the collection system are listed below.

L] Open drains, sewers, or holding basins (which
regularly receive water containing significant
quantities of volatile organic compounds) up-
stream of the oil and water separator should be
eliminated where practical. These sources of
emissions in the U.S. refining industry are now

fairly rare. The evaporation of significant
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volumes of o0il at current world scale prices is
~a readily apparent financial burden. Process
drains and sewers should be covered or vented

through liquid seals wherever safe and practical.

Pump bases which do not drain completely by

" gravity should be altered. Many-puﬁp bases

are designed so that a slight level of oil
(from a leaking seal) must build up before the
base drains to the sewer. When new pumps are
to be installed, bases should be selected which,
allow proper drainage. Existing pump bases

can be modified.

Segregation of procéss water from storm water and
minimization of oily water volumes should be
practiced wherever practical. Curbing should

be installed so that only those areas which are
subject to o0il spills drain intq the oily water
sewer system. Storm sewers should be sized so that

overflow into process sewers during peak runoff is

avoided. In many cases, however, substantial revi-
sions to the sewer systems of older Plants can be very

expensive,

General housekeeping can be improved. An undefined
but, in some cases, significant source of emissions
is the lack of good housekeeping practices concern-
ing oil spills and leaks. A quantitative control

technique in the area of oil spills and leaks could
- probably not be formulated, but an awareness of the

problem would be beneficial.
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Adequate data are not available for a definitive evaluation of
the effectiveness of coﬁers on oil-water separators for reducing atmospheric
emissions. It seems reasonable to presume that covers will reduce emissions
to some degree. The cost-effectiveness of this control option can only
be determined after its control efficiency has been defined through test-
ing. There can be safety and operational problemé'aSSOCiated with cover-

ing the separators. These must be evaluated on anh individual basis.

API separators can be covered by a number of methods including
floating pontoons or double-deck-type covers which are sealed against the
outer walls of each bay. A CPI separator normally has a fixed roof

104
cover.

Cost of Controls—--The cost of installing covers on API separators

can be substantial. The area of required coverage has been variously
estimated at 0.028 ft? per bpd wastewater flow and at 0.050 £t® per bpd

106,107 . .
4 These same sources have cited costs for

covers of $14.40/ft? (mid-1978) and $12.50/ft*> (mid-1977), respectively.

crude oil to the refinery.

These costs can be escalated to current prices by using the M&S equipment

108 The current cost of covers

cost index reported in Chemical Engineering.
then becomes $15.84/ft* and $14.85/ft?*, respectively. If a cost of
$16.00/ft? and a cover size of 0.050 ft?/bpd crude oil charge are used,
the capital cost alone is $265,000 for covers for the 330,000 bpd hypo-

thetical refinery.

7.2.1.9 Cooling Towers

Hydrocarbons can be found at very low levels in nearly all water
used for refinery process cooling. If significant leaks occur in process.
heat exchanges, the level of hydrocarbons present in the circulating
cooling water can increase substantially. Some of these hydrocarboms can

be vaporized and emitted to the atmosphere in the cooling tower.
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Existing Control Technology-~Existing controls of hydrocarbon

. emissions from cooling towers consist primarily of heat exchanger inspec-
tion and maintenance, These Practices minimize the leakage of hydrocarbons
into the cooling water. Monitoring for total organic carbon (TOC) in cool-
ing water is commonly practiced in refineries.‘ This procedure detects
small increases in the hydrocarbon concentration and pfovides an early
indication of small leaks. These leaks can often be'foundjand fépaired

before they become large and while the air emissions are still small.

Emission factors determined during this study were based on t&o
analytical methods: Total Organic Carbon (TOC) analysis and a. purging
technique. These emission factors are shown in Table 7-56. The emission
factor for uncontrolled cooling tower emissions currently included in
AP-427 is 6 1b/10° gallon of circulating cooling water. In Radian's
study of cooling tower emissions, the purge method of analysis was found
to be much more precise than the TOC technique. Therefore, the emission
factor of 0.11 1b. nommethane hydrocarbons per 10° gallon cooling water

is recommended for controlled emission.

TABLE 7-56. RADIAN-GENERATED COOLING TOWER EMISSION FACTORS

Emission Factor,

Analytical Technique - 1b HC/10% gal C.W.
TOC : 12.4
Purge ' . 0.11

available Controls for Cooling Towers~--The best control for cool-

ing towers is to minimize the amount of hydrocarbons entering the tower,
One method to achieve this goal is to eliminate the use of contaminated
process water as cooling tower make-up. This may be difficult, since

efforts to reduce water discharges may require the use of process water
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for cooling towers. Another control option is to monitor the hydrocarbon
content of the cooling tower input. If elevated concentrations are
detected, a leak in the process equipment is indicated. "The problem then

is to identify the specific leak and to repair it.

7.2.1.10 8olid Waste System Alternatives’

Petroleum refineries generate numerous solid waste streams.
These streams may contain many substances, including volatile hydrocarbons.

Nonmethane hydrocarbons may be emitted to the air during disposal operationms.

Most solid wastes are residuals from wastewater treatment. The
exceptions to this are some spent catalysts which are recovered in segre-
gated containers, spent acids and caustic,vand other spills and sediments
which can be segregated. Normally these exceptioms are handled separately

from other solid wastes.

The five general categories of solid waste disposal alternatives
are landfarming, incineration (with landfilling of the ash), landfilling,
deep-well injection, solidification (producing relatively inert sub-
stances which chemically or .physically isolate the pollutant), or surround-
ing the pollutant by encapsulation.!’® Landfarming, incineration, and
landfilling, which are the most common methods of disposal for refinery

solid wastes, can create emissions to the atmosphere.

Existing Controls and Their Effectivemess--There are no specif-

icallv recommended emissiom control technologies for applicationm in land-
farming and landfilling. The disposal problems are individualized and
depend on the type of solid waste, the solids content, and the properties
of the earth at the disposal sites. In general, solid wastes in landfills
should be dewatered and/or contained if necessary, and covered with a
quaﬁtity of earth sufficient to minimize vapor loss and cdor problems.

Landfarmed materials should be covered or plowed into the earth
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as soon as possible after application. The solid waste loading capacity

_of the particular disposal areas should not be exceeded.

A number of types of incineration systems, including multiple-
hearth and fluidized bed systems, are available to burn refinery sludges.
Control devices will generally be required tq'reduce particulate §Miséions
from incinerators. Effective particulate controls are-vedturi¢sdrubbers,
impingement scrubbers, bag filters and ESP's, but these devices ére mucﬁ

more expensive than scrubbers.

Landfarming and landfilling are economically attractive alter-

natives to incinerationm. .

7.2.2 Control of Stack and Other,Proceés Emissions

In general, the major sources of atmospheric process emissions
are sulfur recovery, fluid catalytic cracking catalyst regeneration, and
process heaters/boilers. Other sources include vacuum distillation, coking,
air blowing, chemical sweetening, acid treating, blowdown systems, and com-

pressor engine exhaust.

7.2.2.1 Sulfur Recovery

Any crude.oil with more than 0.5 weight percent sulfur is
generally considered sour and its products are subjected to sulfur removal

5L If not removed, the sulfur can cause corrosion, pollution,

processing.
and catalysis problems during refining or when the products are used as

fuel or as petrochemical feedstocks.

, . 119
Sulfur removal from whole crude is not generally economical.
Various intermediate stock streams are, however, routinely subjected to
sulfur removal. The sulfur components in rhese streams are converted to

hyvdrogen sulfide by contact with hydrogen over a nickel-molybdenum catalyst
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at an elevated temperature. The resulting H;S may be removed from the
. stream and concentrated by one of several means, the most common of which

is absorption.

At one time this H.S was simply burned with other light gases as
refinery fuel. In recent years, to minimize SO* emigsions and to produée
elemental sulfur for sale to other industries, Ehé Claus process has been
used. The tail gas from a Claus unit is the main source of SO emissions
in a refinery teday; it contains H;S, 502, CS,, COS, Sx, and also CO formed

from small amounts of hydrocarbons and CO; in the feed stream.

The Claus Process--Because of its economic advantages, a Claus

unit for the conversion of H:S5 to glemental sulfur is often considered as
simply part of normal refining operations. . However, because the process
by itself is not totally efficient in producing elemental sulfur, the tail
gas from the unit can be a major source of emissions. But it mdst be

recognized as a very effective control device.

The Claus process works best for gas streams containing greater
than 20 volume percent H,S and less than 5 volume percent hydrocarbons.51
There are several flow schemes available according to the H.S content of
the feed stream to the unift. In any case, the overall Claus reactioﬁ'is

as follows:

1. .1
HiS + 5 02 S5+ HaO ,

where n represents the various molecular forms of sulfur vapor.
CS, and COS are produced in side reactions, and usually pass

"unchanged to the tail gas. They can account for 0.25 to 2.5 percent of

. 111 .
the sulfur content of the tail gas. However, with proper design,

358



including the use of the cobalt molybdenum catalyst and a higher inlet
temperature in the first reactor, the €S, and the COS concentrations in

the tail gas can be minimized,'!!'?

A Claus unit with one catalytic reactor can convert 80 to 86 _
percent of thg HaS to elemental sulft.u:.‘“’113 Ihis_effi;iency'can'be great;y
enhanced by repeating the‘catalytié stage one or more times.- Conversion
is ultimately limited by the reverse reaction. Recovery rates for various

feed compositions are given in Table 7-57.

These efficiencies, once considered sufficient, do not meet new

regulations. Further treatment of the Claus unit tail gas 1s required.

Claus plant costs are sensitive to the flow rate aﬁd composition
of the input stream as well as the sulfur removal efficiency. It is diffi-
cult to generalize the costs. As an example, however, the capital invest-
ment costs for a Claus plant having a capacity of 250 x 10° ft®/day of gas
are $14 x 10° (comstruction period is 4th quarter 1979 through 4th quarter

1980). This plant has a sulfur removal efficiency of about 95 percent.

Existing Control Technology for Sulfur Recoverv--The tail gas

from the Claus unit is oftén incinerated before it passes to the atmosphere.
Some tail gas treating processes require that the tail gas be incinerated

prior to Creatment.

More than 70 methods have been proposed for treatment of the

Claus unit tail gas.llu

These methods may be continuations of the Claus
reaction or-add—on processes with chemistry quite different from that of
the Claus reaction. The six tail gas clean~up methods listed in Table
7-58 are those considered the most viable at present in light of energy
demands, economics, and effectiveness. Amoco's CBA Process, the Sulfreen

Process, and the IFP Process are continuations of the Claus reaction under
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TABLE 7-57. TYPICAL COMPOSITIONS OF FEED STREAM AND
TAIL GAS FOR A 94 PERCENT EFFICIENT

CLAUS UNIT
Sour Gas Feed Claus Tail Gas

Component : : Volume % - o Volume %
HaS : 89.9 ©o0.85
S0, 0.0 0.42°
Ss vapor ‘ 0.0 0.10 as 5,
Se aerosol 0.0 0.30 as S,
CoS 0.0 "0.05
Cs, 0.0 0.05
co 0.0 - 0.22
CO,q 4.6 2.37
0, 0.0 0.00
N, _ 0.0 61.04
H: 0.0 . 1.60
H,0 5.5 33.00
H.C. 0.0 0.00

100.0 100.00

Temperature, °F 104 284
Pressure, psig 6.6 1.5
Total Gas Volume™ -- : 3.0 x feed

gas volume

a s
Gas volumes compared at standard conditions.

bNSPS requires an emission of less than 250 ppmv (0.025%) S0., zero percent
0z, dry basis if Claus Unit Tail Gas is oxidized as the last control step,
or, 300 ppmv S0, equivalent reduced compounds (H,S, COS, CS.) and only

10 ppm H:;S as SO0, zero percent 0., dry basis, if the Tail Gas is reduced
as the last control step.

Source: Reference 48,

360



*I92FTTRIEA2D
J1o3viodead uj paieia
-ua8a1 fggiey *EQSHEN wio)

9183842 o3 fpgley Yiyma paloeiuad 14 pio
20<T-0€7 Sostey/hosten igs amdd goz> sed 1c3m12ujsuj uyp Qs 1am04 uBEIIaN —urnyTaM
sNBI) gne1) 03 parofoea
o] . ST YdIfym gZj 03 paanp
X00T-SL pasd sty amdd 0p5-00Z ~21 epunodwod inyins [1V TI2ys 1098
*3pun .
) : p1oj32135 ¥ uj pasgadord BIUICITIv) 3O
- "BS3’T 30 8T Yojym SIH o1 padnp ‘03 110 uwojupn %
root °s s udd oGz - -21 spunodwmod anjyns [1y suosieg 'W ydrey ause
afeayag np
‘JUIATOE ¥ sfsouelg
2[q¥javA g s wdd QOOZ-0001 Uy BINDDO UGYIIEIL BNBTYH nijaIsu] 00ST-4d41
+uaforytu Jo0y
s wdd 0007~00ST Yiys peiviauadal pog ‘yad
Uy e® 3injwradwal mol 31®
T0ST-06 *g paNUTIUCD UO[IDEIL ENBTY T9anTfVaNS uaz1jIng
*IFun Sne() woay svd
Joy Yy polerauaBai peag
‘UOTIIWB1 BIAFIP inj
s amdd gpsgt -[{n8 p3jsuapuod Jo Twaou
. -31 !ainjeradmal mol 1¥
Y0s1-0¢ ‘s pP2Nujjuod uoyloeal snUi) oJoury V'L o)
(ene1) o 3909 ) Ionpolg ~WoplexjuaIuc) § uogydyaseag xadotanag dwey

1m0y

§89 TTel T9UL4

S¥D TIVL SOVID HO¥A d410S J0 TVYAOWIYE dOd SUOHLIW HNILSIXA *8S—{ HAT9VI

361



more favorable conditions, while the Beavon Process, the SCOT Process, and
the Wellman-Lord Process are add-on units with higher efficiencies than the

first three.

Additional tail gas treatment methods are described in detail in

Appendix E (Volume 4).

Alternate Tail-Gas Treatment Methods--An alternate to the Claus

unit and a modification of the unit are also being tested. The alternate,
the UOP Sulfox Process, would produce no objectionable tail gas stream.

115

The Mineral and Chemical Resource Company (MCRC) is a modified improve-

ment of the Claus process.

The UOP Sulfox Process' '2-The UOP Sulfox process is an alterna-

tive to the Claus process. In this process, aqueous ammonia, instead of
an amine solution, is used to scrub H,S from refinery streams. Ammonia

is then scrubbed from the gas with purified water.

Hydrogen sulfide content in the treated gas is 10 to 100 ppm. It
is possible, at increased cost, to design a Sulfox unit which can achieve
1 ppm H,S$ in the tail gas. However, NSPS requires less than 250 ppmv 50,
from a final oxidizing step, which in this case would probably be inter-

preted as 'SO, or its equivalent as reduced sulfur compounds ."

.It mav be possible to convert an existing Claus system to a
Sulfox System with a minimum of expense. It is probable that the existing
amine absorber could be used as the ammonia absorber and that the existing

amine stripper could be used in the Sulfox unit proper.
Cost of a Sulfox system is considered about equal to that of a

Claus unit, not including the cost of tail-gas cleaning. Utility costs

are estimated to be about 60 percent of those of a Claus unit.
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The Mineral and Chemical Resource Company (MCRC)'!3-The MCRC

Sulfur Recovery process is actually a modifiéd improvement of the Claus
process.l A proprietary scrubber is -used to improve sulfur recovery and
also to remove any ammonium sulfate which forms in a Claus unit if the
feed contains ammonia. A 98 percent sulfur recovery efficiency can be
obtained with a three converter design; greatér than 99 percent ef?iciency
can be obtained with four converters. Two MCRC sulfur fecbver§ plants

have been operating since 1976.

Control Technology for Sulfur Recovery in Other Industries--Some

FGD processes developed by the electric utility industry may be applicable
to the flue gas from a Claus incinerator. These processes are summarized

in Table 7-59.

7.2,2.2 Catalyst Regeneration

Catalysts are used in several petroleum refining operations,
namely, fluid catalytic cracking (FCC), moving bed catalytic cracking
(TCC), catalytic hydrocracking, reforming, and various oil desulfuriza-
tions. These catalysts become coated with carbon and metals and must be
regenerated to restore their activity. During regeneration, the carbon

is oxidized to CO and CO,.- Hydrocarbons may be incompletely burned.

In most applications, a catalyst must be regenerated only a few
times a year. Emissions during thése episodes may include catalyst fumes,
0il mist, hydrocarbons, ammonia, SOX, chlorides, cyanides, NOX, CO, and
aerosols. Though there may be significant emissions during the regenera-
tion of some of these catalysts, the total emissions over the course of a

vear are probably not significant.

Catalytic cracking catalyst regeneration is a continuous process.

Uncontrolled cracking catalyst regeneration can be a major source of air
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pollution in a petroleum refinery. Flue gases from catalytic cracker
regenerators contain particulates, SOX, carbon monoxide, hydrocarbons,

NOX,-aldehydes and ammonia.

Existing Control Technology for Catalyst Regeneration--The

existing method for controlling CO em1331ons from catalyst regeneratlon
in catalytic cracklng units is combustion in CO b01lers The CO in the;
regenerator flue gas is burmed to CO;, and the heat is recovered as steam
in a waste heat boiler. Particulate emissions can be controlled by

cyclones followed by either electrostatic precipitators or scrubbers.

The effectiveness of combined CO combustion and particulate
removal in controlling emissions from catalyst regeneration are presented
in Section 7.1. The amount of CO is reduced, of course. However, another
noticeable result is the substantiél reduction in emissions of hydrocarbons,
ammonia, and aldehydes. The exiting flue gas temperature is much lower

after passing through the CO boiler.

Control Technology in Other Industries for Catalyst Regeneration--

Several FGD methods used by the utility industry have been proposed for use

on FCC regenerators.'!’

They are discussed below. In addition, some of the
regenerable processes discussed in this section for treatment of the Claus
unit tail gas may also be applicable. One of the processes described

below simultaneously removes SOx and particulates from the flue gas.

The Lime/Limestone FGD Process’'%-Lime or limestone FGD processes
P

are the most widely used FGD systems. The systems are very similar; they
consume large quantities of feed material and produce large quantities of
waste sludge, but have relatively low operating costs and are highly

reliable. An 50, removal efficiency of greater than 90 percent has been

demonstrated.
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A major design option is the choice of lime or limestone.
Limestone is less expensive than lime, but it is not used as efficiently
by the process; therefore, there is more feed material consumption and niore
waste sludge production. Procedures which improve limestone utilization

also increase capital and operating costs.

Lime systeﬁs are usually more expensive to operate,.héwevéf,.
because of the high cost of lime. Lime systems may be preferfed where
space is limited for feed material processing and/or waste sludge disposal.
Capital and utility costs are also lower for a lime system. The choice
between lime and limestone is also influenced by the availability of raw

materials.

Costs of raw materials and utilities for lime/limestonme systems
are generally lower than for regenerable processes, although more raw
materials are required. Annual operating costs of a lime system are

about seven percent higher than those of a limestone system.

The Dual Alkali FGD Process’ '%-The dual alkali (or double alkali)

FGD process can be used to overcome the scaling problem inherent in lime/
limestone FGD systems, while retaining the convenience of solid waste
disposal. There are 53 Opérating dual alkali systems in the United States

and Japan; several more are under construction.

‘These systems can achieve 50, removal efficiencies of greater
than 90 percent. The capability for more than 99 percent removal of SO0,
has been demonstrated. The dual alkali process itself is capable of

greater than 98 percent particle removal.

Absorption of S0; from the flue gas takes place in a tray tower,
or a venturi scrubber if simultaneous particle removal is desired. The
S0, in the flue gas rTeacts primarily with sodium sulfite (Na.50s) to form

sodium bisulfite (NaHSQs3). Some sulfite and bisulfite oxidize to sulfate.
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The desulfurized flue gas is reheated if necessary and released to a stack.
A bleed stream of the scrubbing liquor is withdrawn continuously from the

absorber and regenerated.

Loss of soluble sodium and nonsulfur calcium salts can create
water pollution problems and also a loss of rameéterials._ Therefore, -
water can be added tb the system oﬁly to replace that lost“thréugh evapor-
ation or in the solid waste producﬁ.. Also, retention of soluble salts by

the solid waste must be minimized.

Sludge from the dual alkali process must be fixed chemically to
decrease its permeability and leachability, or it must be disposed of in
well-designed lined ponds. The thixotropic nature of the calcium sulfite
may make land reclamation difficult. A larger disposal area will be

required then for a lime/limestone system.

Dual alkali systems are economically competitive with Ilime/

limestone systems.

7.2.2.3 Boilers and Process Heaters!??

Most refineries use steam boilers to provide steam for direct
use in various processes, for heating and for driving steam turbines.
Process heaters are used extensively in refining operations. They are the
largest combustion source of hydrocarbons in a refinery. Refinery boilers

and heaters are fired with most avéilable fuel.

- Existing Control Technology for Heaters and Boilers-~Emissions

from boilers and process heaters depend on the operating parameters of the
unit and the fuel burned. Emission factors for burning natural gas and

residual fuel oil are given in Section 7.1.
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In addition to the combdstion emissions, there are also emissions
asséciated with the decoking of the heaters. At iﬂtervals of about six
months to three years, each heater must be flﬁshed with a steam—-air mixture
to remove interior coke deposits. Emissions are similar to those from

decoking the delayed coking unit, but they are smaller and more infreqqent.

Control Technoiogies Available in Refinéries‘for Heaters and

Boilers—-Emissions of 50, from boilers and process heaters can be minimized
by routing the flue gas to an integrated sulfur removal facility such as
the IFP-150 and the Agquaclaus. However, there are substantial problems to

this approach. This is discussed further in Appendix E (Volume 4).

NO, _Removal--NO emissions can be reduced by several tail-gas
cleaning methods, but this is inherently more difficult than controlling
NOx by combustion modification techniques. The principal difficulties are
the large amount of hot gas to be handled, the dilute concentration of NO,,
interferences by other pollutants and the high power consumption. Three
mathods for removal of NOx from stack gases are gas scrubbing, catalytic
reduction and thermal reduction with added ammonia. Because of economic
considerations, only thermal reduction with added ammonia appears promising.
'This process is more expensive than combustion modifications but can

supplement these modifications when stricter control of NOX is required.

As with SOx controls, . substantial problems associated with flue

gas collection exist in refineries.

Control Technology Available in Other Industries for Heaters and

Bbilers——Processes described previously in Section 7.2.2.2 for control of
S0, emissions from FCCU regenerators may also be applicable to the flue
gases from boilers and process heaters. Another process, the Shell Flue

Gas Desulfurization process (SFGD) can be used to simultaneously remove

S0 and NO from process heater flue gas, fluid catalytic cracking regenera-

tion, and Claus units. However, these flue gases would have to be .
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collected and sent to one or two SFGD units. There are serious safety and

economic obstacles to such a collection systém.

The SFGD process has demonstrated SO; and NOx removal efficiencies
of greater than 90 percent. The efficiency of the system is not affected
by variations in the S0, or NO_ concentrationm- The primary'prqduct of.the
process is $50., which may be sold, processed into elémeﬁtai sulfuf or _
sulfuric acid, or routed to the front of the Claus unit. The primary waste
from the process is water generated during the recycle step. It generally
containg 30 to 50 ppm dissolved SO;. The SFGD process requires approxi-
mately two moles of hydrogen per mole of $0; removed and one mole of
ammonia per mole of NOX removed. A heat credit may be realized by the
process. Actual costs for an integrated SFGD system are not available
because such a system has not yet been built at a U.S. installation. Due
to the complexity of the process, space requirements are expected to be
high. Retrofit application of the SFGD process might be difficult because

of the duct work required.

7.2.2.4 Vacuum Distillation

Certain control methods can virtually eliminate the process
emissions from vacuum distillation. Emissions of noncondensable vapors
are controlled by venting into a blowdown system or by incineration,. The
vapors. may be used as supplemental fuel in process heaters and boilers.
Oily condensate emissions can be eliminated by the use of mechanical
vacuum pumps or surface condensers which discharge to a closed drainage
system. Both noncondensable and condensable emissions can be minimized
by the installation of a lean-oil absorption unit between the vacuum tower

and the first stage vacuum jet.
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7.2.2.5 Coking

There are two accepted methods for coking: fluid coking and

delayed coking. Delayed coking is the more widely used method.

In the deléyed éoking process, the feed stréam-is hea;ed‘and
transferred to a coke drum which provides the pfoper residence time,
pressure, and temperatufe for coking. When the coke drum has been filled
to capacity, the coke is cut from the walls with high~pressure water;

hydrocarbons and particulates are emitted when coke is removed.

Particulate emissions from the delayed coking process can be
minimized by wetting down the coke during the removal procedure. Hydro-
" carbon emissions can be minimized by venting the quenching steam to a
vapor recovery or blowdown system. Once the drum has cooled to 212°F,
the steam purge can be replaced by a water flood. Further cooling will

minimize steam and hydrocarbon vaporization when the drum is opened.

Fluid coking is a continuous process in which the feed is
injected into a fluidized bed of hot coke particles. Approximately 30
pounds of carbon monoxide and about 520 pounds of particulates per 1,000
barrels of feed are emitted from an uncontrolled fluid coking unit,’»12?
There are- often additionalnpollutants.from coke combustion. Emissions
can be contrdlled by the use of a scrubber or electrostatic precipitator

and a CO boiler (either a separate one or the boiler which serves the

catalytic cracking unit).

Significant particulate emissions often occur during the loading
of coke into rail cars or trucks. An induced draft particulate control
svstem using bag filters could reduce these emissions, but would be expen-
sive to design, install, and maintain., A more reascnable approach is to
spray the coke with a small amount of heavy crude o0il or coker gas oil as

it. leaves the coker.
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7.2.2.6 Air Blowing

Blowing air through a material may serve to oxidize, remove
moisture, strip spent chemicals or mix the material. The amount of emis-
sions produced by air blowing depends on the amount of air used per ton
of charge, the volatility of the charge, and the temperature of the
operation. In all of its uses, uncontrolled air blowing produées noxious

odors.

Air is sometimes blowﬁ through asphalt to oxidize it and there-
fore increase its melting temperature and its hardness. Emissions from
asphalt blowing are lessened by the fact that asphalt material is distilled
at high temperatures before it is subjected to asphalt blowing. Available
data indicate uncontrolled emissions from ésphalt blowing to be 40 to 80

pounds of hydrocarbons per ton of asphalt treated.70

Emissions from asphélt blowing can be reduced by vapor_scrubbing,
incineration, or a combination of both. Vapor scrubbers condense steam,
aerosols, and essentially all of the hydrocarben vapors. Incineration may
be accomplished in process heaters, boilers, or flares. Hydrocarbon

emissions from a controlled asphalt-blowing unit are negligible.l

Air blowing of gas oil products to remove moisture takes place
in a packed tower or vessel. The exhausted air does contain some lighter

nydrocarbon components of the gas oil.
In many refineries, air-blown brightening units have been replaced

. s . 120 , )
with packed vessels containing solid adsorbents. These units have slight

potential for process hydrocarbon emissions.
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7.2.2.7 Chemical Sweetening

Chemical sweetening rids hydrocarboms of odorous mercaptans.
Only low-sulfur (sweet) materials are subjected to this treatment; more
drastic sulfur removal methods such as hydrodesulfurization are used for

high sulfur (sour) materials.

In extractive sweetening, an aqueous NaOH or KOH solution
extracts the sulfur. Before disposal, hydrocarbons are removed from the
aqueous solution by inmert-gas stripping, which may be a source of hydro-

carbon emissions.

Catalysts are used to promote oxidative sweetening. Air is the

oxidizing agent and is also used to regenerate the catalyst. Hydrocarbon

emissions may result from both the oxidation and the regeneration steps.

Emissions from the inert gas stripping of spent caustic¢ can be

prevented by venting the gases to a flare or a furnace firebox.

Emissions from air blowing regeneration of spent oxidative

sweetening solutions can be reduced by steam-stripping the spent solutions

to recover hvdrocarbons before air-blowing. The gaseous effluent from air

blowing can then be incinerated to dispose of residual hydrocarbons.

7.2.2.8 -~ Acid Treating

Hydrocarbon streams may be treated with acid to remove or dis-
solve undesirable materials. The‘use of sulfuric acid results in a
hvdrocarbon/acid sludge which is removed by clay filtration. To recover
the acid, the sludge may be incinerated and the resultant S50, used to
produce more sulfuric acid. Alternatively the hydrolysis-concentration

process may be used; hot gases from the combustion of oil or gas are
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bubbled through the sludge to volatilize the hydrocarbon diluent and to
- concentrate the acid. Off-gases pass through a mist eliminator to the

atmosphere. These gases may contain hydrocarbons and S0,.

If the acid concentration process is. used, the off-gases from
the mist eliminator can be vented to caustic scrubbers for S0, and odorant

removal, and then to an 1nc1nerator or a flare.

Hydrocarbons escaping from acid recovery operations can be
eliminated by using acid regeneration. Regeneration involves sludge
incineration to produce S0, which can be converted to H;S0.. -Control
methods are available for control of SO, emissions from acid sludge

incineration.

7.2.2.9 Blowdown Systems

All units and equipment subject to shutdowns, upsets, emergency
venting, or purging are manifolded into a multi-pressure collection system.
Because the blowdown system receives materials from all processing units
within the plant, any volatile material found inp any process Stream may
be emitted from an uncontrolled blowdown system. It is estimated that 580
pounds of hydrocarbons per 1,000 barrels of refinery feed are emitted from

7
an uncontrolled blowdown system.

Blowdown emissions can be effectively controlled by venting into
an integrated vapor-liquid recovery system. A series of flash drums and
condensers arranged in descending operating pressures separate the blowdown
into vapor pressure cuts. The liquid cuts are recycled to the refinery;

the gaseous cuts are recycled or flared.

Emissions from a controlled blowdown system have been estimated

to be 0.8 1b per 1,000 barrels of refinery feed, compared to 580 1b per
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1,000 barrels for uncontrolled, The control is estimated to be 99.9

percent effective.7

7.2.2.10 Compressor Engines

Reciprocating and gas turbine engines fired with natural gas or
refinery fuel gas are often used in older refineries to run high-pressure

compressors. Their use is expected to decline.'??

The exhaust emissions from these engines include carbon monoxide,
hydrocarbons, nitrogen oxides, aldehydes, and depending on the sulfur con-
tent of the fuel, -sulfur compounds. Emission factors for reciprocating and
gas turbine compressor engines fired with natural gas are given in Table

7-60. Particulate values were not available.

No pollution control devices for refinery compressor engines are
. 7 . R - , . . - .
in current use, Combustion modification is discussed in the following

section.

7.2.3 Emission Reduction Through Process Modification

A reduction in emissions can sometimes be achieved as a result of
process modifications made in the refinery. Changes in operating practices,
the use of alternate fuels, and .the hydroprocessing of refinery feedstocks

can result in net reductions in emissions.

7.2.3.1 Alternative Operating Practices and Conditions

) . . 123 124 125 12 7
Regeneration of Catalytic Cracking Catalysts ’ ,125,128,12

Older FCC regenerators were designed for operation at temperatures up to
1150°F; the introduction of newer, more coke-sensitive catalysts necessi-
tated higher temperatures. By 1976, 30 percent of all FCC regenerators

were operating at 1300°F. High-temperature conversion of CO to CO:
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generally occurs at 1,400 to 1,500°F. With high-temperature regenerationm,
the CO level in the exit gas from the regenerator can be reduced to well
below 500 ppm. Thus, a CO boiler is mo longer necessary for CO emission

control.

Complete combustion of CO within the regenerator offers other’
emissions benmefits in addition to reducing CO to less than- 500 ppm: for
example, elimination of the need for CO boiler reduces other emissions
since auxiliary fuel burning is not required and NO -producing CO boiler
temperatures are avoided. Recovery of additional heat in the regenerator
reduces (and in some cases eliminates) the need for a FCC preheater and

its associated emissions.

Several new catalysts, or promotérs, have been introduced in the
last several years to promote the combustion of CO to CO;. A promoter may
be chosen to promote complete combustion or partial combustion where

metallurgy cannot withstand the higher temperatures.

In 1975, the cost of converting a relatively modern FCCU with
stainless steel cyclomes to high-temperature regeneration was $50,000 to
$300,000. Cost of a CO boiler for the unit was perhaps $2 million to $3

million.

Other FCC operations which affect regenerator emissions are the
amount of recycle and the stripping steam rate. Higher recvcle rates
produce more flue gas, but the net effect is negligible when compared to
the impact of recycle on yields and operating costs. Similarly, insuffi-
cient stripping steam allows hydrocarbons to enter the regenerator to pro-—
duce more flue gas and possible unstable operatiom. In this case, the
impact of stripping steam rate on the entire unit's performance provides

incentives for the reduction of emissions.
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18,112 .Amoco has developed a

SO, _Removal in the FCC Regenerators
catalyst which reduces the amount of sulfur leaving the regenerator as S$0,.
The catalyst holds the sulfur until it is returned to fhé reactor, where
it is released énd converted to H,S. The H,S leaves the reactor with the
cracked product and is later converted to sulfur in the Claus plant; the

regenerated catalyst returns to the regenerator. - )

Cost for the 60 to 75 percent reduction in 50, emissions with
this method in a new facility is estimated at 3¢/bbl, compared to 22¢ to
24¢/bbl for stack-gas scrubbing and up to 27¢/bbl for feed hydrosulfuriza-
tion. The use of the catalyst for S0, control is also less expensive than

other methods of retrofit applications.

Combustion Modification for Comtrol of NOU“6=126a121~In combus-~

tion sources, NO may be produced either by the fixation of atmospheric
nitrogen in the flame (thermal NOX) or by the oxidation of a portion of
the nitrogen in the fuel (fuel NO ). NO; from combustion sources is pro-

duced ‘as the NO combines with oxygen in the atmosphere.

Boilers, Furnaces, and Process Heaters—-Combustion modifications

for NOX control on boilers, furnaces, and process heaters are of three
general types: lowering the flame temperature, limiting the amount of
excess air, and limiting the residence time within the flame. Control of
NG, is often- counter to a high thermal efficiencv and contributes to the
emission of other undesirable substances. As a result, compromises must

often be made.
A number of specific combustion modifications for NOx control
have been devised. The effectiveness of some of the individual methods

and some combinations at different boiler loads are shown in Table 7-61.

Internal Combustion Engines--There are several modifications for

controlling NO_ emissions from internal combustion engines. The percent
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NO  reduction and the limitations for each of these modifications are given
. in Table 7-62. These methods are described in more detail in Appendix E
(Volume 4).

7.2.3.2 Alternative Fuels ’

Refiners traditionally have had a choice of natural gas, refinery
gas, or distillate or residual fuel oils as fuel for refinery boilers and
Process heaters. The present trend is toward the heavier oils, both for
economic reasons and because lighter oils are being reserved for smaller
consumers with fewer emissions controls. This trend, however, results in

higher emissions from refinery boilers and heaters.

Emissions factors for the use of natural gas and fuel o0ils in
industrial boilers have beén presented previously in Section 7.1. Accord-
ing to these factors, particulate emissions from natural gas and No. 2 oil
are independent of sulfur content, but increased with sulfur content for
No. &4 oil and heavier oil. Sulfur dioxide emissions are, of course,

directly related to sulfur content of the fuel gas or oil.

Table 7-63 presents comparative emissions for natural gas and
fuel oils for 10° Btu heat.release. The AP-42-based "average" natural
gas contains only about 22 percent of the sulfur equivalent allowed by
NSPS (0.10 grain/10 ft> gas) (Column 1). Fuel oils containing 0.3 to 2.0
weight percent sulfur, which represent the broad range of sulfur levels
in fuels, emit from 500 to 3,600 times as much SO)< as the "average' natural

gas.
Overall, the substitution of fuel oils for natural gas without

instituting additional controls will have a detrimental impact on the

environment.
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TABLE 7-63. REFINERY FUEL EMISSIONS AT EQUIVALENT

a .

HEAT RELEASE
Fuel Type Natural Gas® “#2 F.0.°% - #6 F.0.°
Gross Heating Value 1012 Btu/ft3b 19,460 Btu/lb™ 18,200 Btu/lb
Specific Gravity '0.55/Adr 0.856/water 0.972/water ®
Amount Equivalent to
10% Btu heat release 988 ft3 7.20 gal 6.78 gal
Emissions 1b per 10
Btu: _
SO,: NSPS 2.66 x 10°3°€
S05: (av) 5.9 x 1074 0.306 2.13
Particulates (av) 9.9 x 1073 0.014 0.16
co 1.68 x 10 3 0.036 0.034
HC 3.0 x 1073 7.2 x 10 3 6.8 x 10 3
NO_ (av) 0.17 0.16 0.41
Sulfur wWcZ% 0.3 2.0 d
(0oils only) (typical) (high)
aReference 7.
bAcceptad value for pure methane,
C‘NSPS emission limit of SC, = 0.1 gr HpS x 64 1b S0p 1 _1b

10 ftJ nat. gas = 34 1b HyS © 7000 gr

1b 502

6
2.69 x 10 ft3 nat. gas

1

dResidual fuel oil sulfur levels range from 0.3 Wt. percent (N.Y. City)

to 2.0 percent (Midwest) according to sales data as regularly published
in Qil and Gas Jourmal
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7.2.3.3 Hydroprocessing as Feedstock Pretreatment

Hydroprocessing includes those processes in which hydrogen is
combined with a feedstock and passed over a catalyst at elevated tempera-

ture and pressure. Some examples are:

b Hydrodesulfurization of residual feedstock to
be used in fuel oil broduction or catalytic

cracking.

® Hydrodesulfurization of heavy gas oils and middle
distillates to be used in the production of jet

fuels, diesel fuels, and heating oils.

hd Hydrodesulfurization of heavy gas oils to be used

as high-quality catalytic cracking feed.

b Hydrodesulfurization and hydrodenitrogenation of
naphtha and straight-run crude distillate streams to
be used as primary feeds for the isomerization and’

catalytic reforming units.

These and other uses of hydroprocessing are discussed more thoroughly in

Section 4.4 of Appendix F (volume 5).

Hydroprocessing removes sulfur and nitrogen-containing compounds,
the heavy metals, oxygen, and halides. Hydrotreating also stabilizes

unsaturated hydrocarbons by saturating the double bonds.
The overall impact of hydroprocessing is generally beneficial

for reducing emissions. Removal of objectionable materials, besides reduc-

ing emissions from subsequent processes, can significantly reduce catalyst
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poisoning and equipment corrosion and can also increase yields. Hydro-
desulfurization of catalytic cracking unit feeds is a very effective method

for reducing sulfur emissions from catalytic cracking catalyst regeneration.
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8.0 ENVIRONMENTAL ASSESSMENT

An environmental assessment was performed to examine the effects
of refinery emissions on the surrounding atmosphere. The large volumes
of emission rate data generated in this program wgre_used_;o p;edic; .
ambient pollutant levels. Environmental and public healﬁh effeﬁ;s of‘;hé
predicted pollutant concentrations wefe also examined. Finally, a brief
survey of the effects of existing and potential regulatory policies and

developing technology was made.

The primary objective of the environmental assessment is to
provide guidance in identifying potential problem areas. For instance,
it can provide insight into which sources and which pollutants appear to
pose potentiél hazards. The results are semi-quantitative in nature, which
allows a relative ranking of such problem areas. This can help to focus
attention on those areas needing further research. The environmental
assessment is only a tool to aid in the relative evaluation of pofential
environmental impacts, not a method for making precise and accurate
predictions of such impacts. The results should not be regarded as an
absolute value which can be used to predict violations of standards,
public health hazards, requirements for additional pollution control

technology, or regulatory requirements.

The complete environmental assessment of petroleum refineries is
presented\in Appendix D (Volume 4) of this report. The methodology used in
performing the environmental assessment is described in Sections 8.1
through 8.3. Section 8.1 describes the hypothetical refinery model used
in the assessment. The calculations used are shown in Section 8.2. The
workings of the atmospheric dispersion model are described in Section 8.3.
Section 8.4 conveys the predictive results of the model applied to the air
quality surrounding the hypothetical refinery. LIffects of existing and
potential environmental regulations and policies on refineries and their

surrounding environments are discussed in Section 8.5.
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The environmental assessment performed in this study included

~the following steps:

® Definition of a model refinery.
. Calculation of emissions from the model refinery.-
L Calculation of ground level concentrations outside the

boundaries of the refinery using atmospheric dispersion

modeling.

b Comparison of those ground level concentrations to some

acceptable concentration.

The parameter which is used to quantify envirommental impacts is
called source severity. This concept was developed by Monsanto Research

. : 130
Corporation under contract to the EPA:

A source severity factor is defined as the ratio of the maximum

round level concentration of a pollutant in a "standard receiving
g P

atmosphere" to the "acceptable pollutant concentration,'" as shown below:

where

w
]

the source severity factor,

the maximum ground level concentration of the

Xnax

pollutant, and

3
It

the acceptable pollutant concentration.
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This écceptable concentration is dérived from either Nationmal Ambient Air
Quality Standards (NAAQS) or from Threshold Limit Values (TLV's). If the
resulting ratilo is greater than 1.0, then emission reducfion is probably
needed. If the ratio is below about 0.01, then further reduction is

probably not ﬁeeded. Emission reduction requirements for pollutants with

source severity factors between 0.0l .and 1.0 are uncertain.

8.1 Definition of the Refinery Model

The first element to be examined is the development of the
model refinery. Both the refinery processing arrangement and its physical
configuration must. be characterized. There is ample documentation of the
difficulties involved in trying to.synthesize a "typical representative
refinery." Refineries are very diverse, and only a very rough approxi-
mation can be achieved with a single model. Therefore, it should be noted
throughout this discussion that this is not a model that attempts to
represent the total industry, but rather a model of one hypotheti&al

refinery that reflects the '"real world" as much as possible.

The source for the model refinery is an EPA report prepared by
Pacific Envirommental Services.® The "Large Existing Refinery" case
was chosen as the model for this study because it is essentially a worst
case. If the results show minimal environmental impact for this type
of refinery, then smaller, less complex, or more efficient grass roots

refineries should create an even lesser impact,

g8.1.1 Refinery Process Configuration

Figure 8-1 shows the basic processing configuration of the
-model refinery. All of the normal refinery unit operations are represented.
Approximately 350,000 barrels per day of crude can be processed in the model
refinery. It is a reasonable example of a moderm fuels refinery supplying

low sulfur products.
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8.1.2 Refinery Layout

The plot plan of the refinmery is shown in Figure 8-2. The
functions of the various refinery modules are detailed in Table 8-1.
This environmental assessment does not include the effects of emissions
from storage tanks (This is discussed further in Section 8.4.3). It
includes only emissions from the refinery processes. The ﬁrbqess areas
tend to form two clusters, probably the result of a stage-wise expansion
over a period of many years. Considerable detail has been included in -
the physicai model. All of the appropriate vital functions have been

accounted for and distributed in a realistic manner.

8.2 Emission Calculations

This section describes the estimation of losses using emission
factors and fitting counts. Also included are the hydrocarbon emissions

broken down into their component compounds.

8.2.1 Emission Factors and Fitting Counts

The emission factors required for the calculations were derived
primarily from the results éf testing on this program, but they were
supplemented by emigsion factors from other sources (such as AP-427) as
needed. Fugitive emission factors for valves, pumps, compressors, flanges,
relief valves, drains, and cooling towers were developed in this program.
Estimated fitting counts and emission factors for fugitive sources in
the model refinery are presented in Table 8-2. Emission factors for
process sources and the corresponding source capacities are given in

Table 8-3.

The estimate of the population of each type of fitting is as
important as the emission factor in determining total emissions. The

PES model contained estimates of fitting populations, but they were not
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TABLE 8-1. LARGE.CAPACITY.EXISTING.REFINERY.MODULE.KEY *?

Hodule No. Dascription Module No. Description
Ll Buffar lLome L6 Cacalycic Reformer
L2 Fasdstock Scorage L37 Aromarics: Exctractiom
L Crude 041 Stcorage LM Catalyecie Cracking
Lé Feadstock Storage - L3 - Para=Xylene Plant
LS Fesdstock StoTage L&0 Delayed Coker .
Lé Crude 01l Storage L4l Barrel Storage
L7 Fesdsrock and Product - 142 Barrel Recendicioning
Storage L3 Fesdsrock Storage
LB . Crude, Feedstock, and Lk Storo Water lmpound
Product Storage Basin .
L9 Crude, Feedstock, and LS Warehouse B
Product SctoTase . Lée Gas Holder/Blewdown
L1 Oil-Wacer Separator Stack
L1l Product Storage L47 Gas Holder/Blowdown
L12 Product StoTage : Scack
L13 Piscillation ahd Gas L48 Fire Preveatioo Train-
Recovery Uanit ing Fasility
Ll4 Jet Hydrofiner/Catalytic L49 0ll-Water SepaTator
Reformer 150 Asphale Plant )
- Ls1 Solvent Treating Plamt/
s Naphtha Hydrotreater B . Boiler House
L1é HBvdrotreater (Lt Cycle .L52 50y Trearing Plant/
oLl) Tanks
7z Hydrogen Manufasruring LSy - Lube 011 Packaging
L18 Partial Oxidation Unic LS4 Coke Storage
L19 Future Expansion LSS Crude 0il Storage
120 Cooling Tower L56 Feedstock Storage. .
L21 Flares 157 Tanks/I=pound Basin
122 Feadstock and Product L58 Admizistration
’ Storage L5% 0i}=Katey Separator
123 Naphtha Bydrotraater L60 Gasoline Sweerener/
L4 Vacuum Gas Q11 Unir Crude Digrillation
125 Benzene Fracticnation LEL Crude Distillacisn/
126 Steam Rerun Stills Crude Desaliter
L27 Fururs Expansion L&2 Specialry Crude
L28 Crude Discillarien Distillacion
L29 Catalytic Reforver L&l Specialiry Crude Dis=~
130 Vacuum Residuz De- tillacion/Condenser
sulfurizer Box
L1 Bydrogea Manufasturinsg Lé4 Gasoline Fractiomating
132 Alkylation : Onic
Li3 Distillate Bvdrodesul- 165 Tank Loadicg/Iruck
furization (Hvy Gas Loading/Vapor Re
0il) covery
L34 Sulfur Recovery 166 Buildings
L3s Tanks/Cooling Tovers L&? LPG Scorage and Blending
L68 Vapor Recovery/Gasoline
Rectifier/Tanks
L&9 Main FPump House
L70 Product Stcorage
L7l Vastewater Treataent
L72 Building
L73 Product Scorage
L74 Shops and Warehouse
75 Crude 01l Storage
L76 Crude, Fesdstock, aad

Product Siorage
The oil/water geparator in Module L10 treats aqueous discharge from
Modules [1-12),

The separatar located is Medule 159 treats aqueous streams from Modules
L5&-L60, L70, L71, and L73=L76.

The vastevater separator in Module L49 trears discharges from the Temaliz-
ing modules.
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TABLE 8-2, FUGLTIVE.SQURCES. AND EMISSION FACTORS

 ESTIMATED POPULATION SERVICE NON-METHANE HYDROCARBON
SOURCE (OR CAPACITY) CATEGORY (NMHC) EMISSTON TACTORS
Pump Seals! 313 Light Liquid 0.25 _1b/hr./source
340 Beavy Liquid 0.046
Valves! 1714 Hydrogen 0.018
4198 HC Gas 0.059
7422 Light Liquid 0.024
8442 Heavy Liquid 0.0003 N
Compressor Seals! - 82 Hydrogen 0.11
48 g3C Gas 1.40
Flanges® 84346 ' NA 0.00056
Relief Valves! 171 NA 0.19.
Process Drains’ 1105 NA 0.070 Y
Cooling Towers® (10,668 x 10° gal/hr) NA 0.006 1b/107 gal,
Oil/wacer Separators® (160.3 x 10° gzal/nr) Uncontrolled 5.0 1b/10? gal.
(1719 x 10’ gal/hr) Controlled 0.2 1p/10% gal.
Dissolved Air 5 3 . . . 3 3‘
flotation! (220.5 x 10° gai/hr) NA (0.01 1b/10% gal)

! Emission factors based on Radian testing.
2 Emission factors based on AP-42.°

3 . :
This value is a rough average of a very few test results.
It should not be comstrued as an emission factor for broad application.
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broken down into the service categories corresponding to the emission
-factors.. Radian data on fitting_counté were generated during the field
testing phase (see Tables 5-16 and 5~17 im Section 5). lThese unit
configurations did not necessarily match those from the model refinery.
The detailed procedure developed to generate fitting counts compa;ible
with emission factor service classes and to represent. the model refinery

as closely as possible is described in Appendix D (Volume 4).

Although emissiouns ffom storage tanks were not within the scope
of this study, they were estimated to provide a basis of comparison to
other hydrocarbon emission sources. The PES report49 contained a detailed
breakdown of the Storage'facilities, their service, capacities, and
annual turnover. Emission factors were tgken from AP-42° and applied to
these facilities to estimate total emissions. The PES data indicated
the use of floating roofs to control emissions on all tanks containing

liquids with Reid wvapor pressures greater than 0.5 psia.

8.2.2 Emissions of Criteria Pollutants and Total Hydrocarbons

Applying all of these factors, a slate of refinery emissions

was generated. Table 8-4 is a summary of those emissions by pollutant type.

8.2.3_ Emissions of Selected Hydrocarbon Components

The emissions estimates given in Table 8«4 are sufficient to
estimate the ambient concentrations of criteria pollutants, but a species
breakdown is necessary to evaluate individual hydrocarbon concentrations.
Analyses of the components in various process streams were made in this
program and supplemented by literature sources. The application of these

stream analyses is not straightforward, however, since the emissions were
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TABLE 8-4. SUMMARY OF EMISSIONS FROM THE MODEL REFINERY

Emissions in Tons/Year

Pollutant Point Sources! Fugitives? _Storage Total
Particulates 1,425 -— — 1,425
S0, 14,650 —— - ‘ 14,650
co 1,247 - - 1,247
NO_ 12,693 ——; — 12,693
Nonmethane
Hydrocarbons 364 8,767 3,308 12,439

-

Includes combustion sources, fluid catalytic cracker, CO boiler,
sulfur recovery complex, and flares.

Includes process fittings (pumps, valves, flanges, compressors,

drains, and relief valves), cooling towers, oil/water separators, and
other wastewater treating units.
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calculated on a unit basis. The necessary approach involves three

steps:

(L)

).

(3)

Identification of the major product and intermediate

streams in each unit. Total unit emissions were

distributed among each stream. . - B

Application of stream analyses to estimate coﬁponent
emissions for each stream. Component analyses were
obtained from samples taken during this program and were
supplemented where necessary with data from a previous
Radian literature survey}>lan APT medical research

report,?? and engineering estimates.

Sumnmation of the stream component emissions to get unit
component emissions. In this assessment, some components
were consolidated into groups if either discrete con-
centration data or .quantifiable toxicity data were

unavailable.

An example of the distribution of emissions between each process

stream for valves in an FCC unit is given in Table 8-5. The estimated

nercentage of fittings on each stream is multiplied by the welghted

average emission factor for fittings in that service. The result is the

percentage of the total unit fugitive emissions attributed to each process

stream. The welghted average emissions factor used in Table 8-5 may be

a combination of the gas-light liquid, or the gas—heavy liquid emission

factors if the particular process stream is present in the unit as both

a4 gas and a liquid.

A summary of stream quality data is given in Table 8~6. This

table shows the estimated component analysis for numerous refinery

streams.
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The stream breakdown is combined with the stream analyses to
get a component analysis of unit emissions, An example of this process
is shown for an estimate of fugitive emissions from an FCC unit in
Table 8-7.

A similar operation was performed separately on reliéf.valVeé,
since they are not distributed uniformly across the streams. Relief
valves are usually placed at the top of a fractionating column or
reactor vessel, and, thus, are'exposed primarily to lighter streams.
Table 8-8 shows the allocation of relief valves for the Aromatics
Fractionation unit. The number of relief valves in each stream service
was totaled, and the stream analyses were applied to the emissions,
as shown in Table 8-9. All relief valves in the model refinery were

assumed to vent to the atmosphere.

Still a different procedure was required to characterize the
hydrocarbons emitted from the APT separators. Analyses were available
for the inlet oil to the separator and for the recovered oil. A hydro-
carbon material balance was made to estimate the composition of the
evaporative emissions from the separator, as shown in Table 8-10. The
available analyses showed only the aromatics components, so the balance

of the oil was assumed to fall in the alkane family.

This material balance approach assumes that any component lost
from the oil phase is lost as evaporative emissions. This neglects the
slight solubility of certain components which could result in mass transfer
to the water phase (or eventually even the sludge phase). Thus, this
approach results in a conservativelv high, worst case assumption of the

emission rate of individual species from the APT separators.

Summary of Hydrocarbon Species Emissions—-The emissions of

selected hydrocarbon species were calculated by the above methods. The

results are summarized in Table 8-11. These figures represent only
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TABLE 8-8. RELIEF VALVE DISTRIBUTION

Example: Aromatics Fractionmation Unit

Total Relief Valves = 6

Steam : No. of Relief Valves
Benzene | 4
Toluene 2
Xylenes 0
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TABLE 8-10. ESTIMATED COMPOSITION OF INLET OIL,
: HYDROCARBON VAPOR, AND QUTLET OIL
STREAMS AROUND AN API SEPARATOR

Estimated Composition of Streams (Wt %)

Vapor Qutlet
. _ Inlect From (Skimmed)
Component 0il Separator 0il
Benzene 0.03 0.07 0.01
Toluene 0.22 0.22 0.22
Ethylbenzene 0.06 0.06 0.06
Xylenes 0.21 0.21 0.21
Alkylbenzenes 0.80 0.80 0.80
Napnthalene 0.29 0.29 0.29
Anthracene 0.04 0.04 0.04
3iprenyl 0.18 0.18 0.18
Poslvnuclear Aromatics (PNA's) 2.04 0.13 2.98
Alkanes 96.13 97.98 95.21
100.00 100.00 lO0.00

Yapor Lost Irom Separator = 333 1b./1000 1lb. inlet oil
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fugitive hydrocarbon emissions and not the point.source emissions from
sources such as process heaters and fluid catalytic cracking regeneration.
The stack hydrocarbon emissions did not significantly affect any of the
critical emigssion points for hydrocarbon species becauée of the effects

of height of release and plume rise.

8.3 Atmospheric Dispersion Modeling

Ground level concentrations of the various pollutants can be
estimated using any one of a large variety of computer modeling techniques.
The choice of the model and the details of its application to the refinery

model are discussed in the following sections.

8.3.1 Choice of the Dispersion Model

There were several guidelines considered in choosing a model.
First it should be an established, well accepted model. It ghould have
the capacity to handle a large number of Eoth point sources and area
sources., It must be able to give not only the total concentration of the
pollutant at any given point, but also the relative contribution of each

source to that total.

Although not alone in satisfying these requirements, the EPA
guideline modél RaM!3? ig certainly the most well-known. It has been
extensively used and, at the time of this study, was accepted by regulatory
agencies for flat terrain modeling. There are two versions of RAM, the
rural and urban versions. The urban version has slightly higher dispersion
coefficients to account for the numerous heat sources typical of an urban

environment. As with other unconstrained choices, the worst case was

chosen, which means the rural version of RAM.

The RAM model was not calibrated in this study. Raw predictions

were used in evaluating the refinery impact. The use of raw predictions
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can result in amblent concentrations that are overestimated by as much

as a factor of two.

8.3.2 Application of the Dispersion Model to the Hypothetical Refinery

The RAM dispersion model!?? is capable of. predicting a 1- to
24-hour average concentration of relatively unreactive pollutants.
A maximum of 250 point and 100 area sources can be modeled. Concentrations

are predicted at a maximum of 150 selected locations (receptors).

RAM uses Gaussian steady-state dispersion algorithms for areas
where one wind vector for each hour is a good approximation. Concentrations
are calculated hour by hour as if the atmosphere had achieved a steady-

state conditionm,.

Meteorological parameters utilized by the model include wind
speed, wind direction, temperature, atmospheric stability class, and
mixing height. The parameters are set by the "standard receiving
atmosphere” as defined by Monsanto in their source severity work.! 39
The worst case wind direction was determined by comparing the results of
modeling for wind blowing for one hour from each of 16 different directions.
After determining the worsﬁ case wind direction, a repeating sequence
of 3 wind directions (1 hour from the worst case direction and 1 hour
each from 5 degrees on either side of the worst case direction) was used
to obtain mean concentrations for short averaging times. It is
recognized that the persistance of these conditions for a 24-hour period
is quite improbable. This assumption again results in a worst case

approximation of "

real world" conditions. The source severity methodology
is specific in requiring that these conditions be used, and no provisions
are given to incorporate variations when modeling for longer averaging

times.
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Annual concentrations (for comparison with NO, NAAQS) can be

. . N . ERY
predicted with Larsen statistics!

Using empirically determined ratios,
the méximum annual concentration can be determined from mean concentrations
for shorter averaging times. These ratios are functions of the standard

geometric means (SGM) of the shorter averaging times.

The dispersion coefficients are empirically-determined as
functions of atmospheric turbulence, distance from the source and the
concentration averaging time. Thus, the spread of the plume is dependent
on these three factors. The atmospheric turbulence is defined by stability
classes. These classes, which range from very umnstable to neuﬁral to
very stable atmospheres, are determined by wind speed and insolation
during the day, or wind speed and cloud cover during the night. The most
unstable class is A. Class F the most stable. The C stability class

. . 135
used here 1s comsidered neutral.

RAM can accept both point source and area source inputs. The
data required to characterize a point source includes source coordinate,
emission rate, physical height, stack diameter, stack gas exit velocity,
and stack gas temperature. Area source parameters consist of coordinates
of the southwest corner, side length, total area emission rate, and

effective height.

Stacks, flares, etc., were modeled as point sources, Fugitive

emissions were modeled by three different methods.

(1) As a single point source originating in the center

of the process unit plot.

(2) As a pseudo-area source (where the single point source
was divided into three point sources distributed across
the unit in a plane perpendicular to the worst-case

wind direction).



(3) As area sources.

The point source approach gave very unreallstlc boundary llne conditions
with large concentration peaks directly downwind of the unit centerlines
and very low concentrations elsewhere. The pseudo-area approach had
some smoothing effect, but only the rlgorous area source approach gave

satisfactory results.

Concentrations from the point sources are a function of the
distance downwind and crosswind from the source to the receptor,
Concentrations due to area sources are calculated using the narrow
plume approximation. This neglects diffusion in the crosswind dlrectlon
and assumes that an area source consists of many narrow plumed point
sources. As a result, any receptor that has no area sources directly
upwind receives no contribution to its predicted concentration from area
sources. This approximation is good when modeling large urban area

136

sources. The five degree variation in wind persistence did add some

dispersion outside the worst-case wind direction streamline.

The locations of a series of pérmanent receptor sites were also
input to the model. The locations consisted of a grid placed in the area
of greatest impact as predicted by the worst case wind direction. The
model then calculated the 24-hour average concentration at each receptor.
From these data, maximum concentrations were determined. Also, isopletﬁs
(lines of equal concentration) were plotted. Not only were the total
ambient concentrations displaved for each receptor, but these concentrations

were broken up into their component contributions from each of the sources.
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8.4 Impacts on Ambient Air Quality

8.4.11 Criteria Pollutants and Total Hydrocarbons

The modeling results for criteria pollutants and topal hydro-.
carbons are summarized in Table 8-12. Four of:the-prg@icted'pollutaﬁt
concentrations do not exceed the NAAQS, those being particulates, oxides
of sulfur, oxides of nitrogen, and carbon monoxide. The maximum
ground level concentration of particulates was 68 pg/m® as compared to
the NAAQS of 260 ug/ms. These values include only process particulates
which result primarily from the FCC and oil fired heaters, and do not

include fugitive dust from unpaved roads, construction activities, or

coke handling. The point of maximum concentration occurred due west of

the refinery center at a distance of 1.5 kilometers from the fence line.

The maximum concentrations of SOx was found to-be 233 pg/m3 as
compared to the NAAQS of 365 ug/m3. The maximum point was due west of
the sulfur recovery complex and occurred at one-half kilometer from the

refinery boundary.

The maximum l-hour concentration of CO was predicted to be
17 ug/m? as compared to an NAAQS of 10,000 ug/m3. The maximum point
occurred due west of the refinery center and at a distance of 1.25

kilometers from the boundary line.

The maximum 24-hour average NO; concentration was estimated to
be 269 ug/m*®. By applying Larsen statistics as discussed in Appendix D
(Volume 4), the predicted annual average NO. concentration at the point of
‘maximum concentration was estimated to be 55 ug/m®. This figure is well
below the NAAQS value of 100 ug/m® as a maximum annual average. This pre-
dictive estimate has been based on the assumption that all of the NO_ is
emitted as NOp. Actual NO. concentrations are likely to be significantly

lower than the predicted value.
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TABLE 8~12. SOURCE SEVERITY FACTORS FOR CRITERIA.

POLLUTANTS :
F— , A gttt
Pollutant ug/m3 ug/m3 S ‘
Particulates 68 _ 260 0.26
50, | 288 365 0.78
co 16 10,000 0.0016-
NO, | 55 100 ~0.55
Nonmethane hydro- 9644 160 60.3
carbons* '
+iﬁax is the maximum ground level concentration.

+TF is the acceptable pollutant concentrarion (which is the NAAQS for
criteria pollutants).

s is the source severity, with the following decision levels.
if S > 1: Additional Emission Reduction Probably Required

if 0.1%* < § < 1.0: May or May Not Require Additional Emission Reduction

if § < 0.1**: Additional Emission Reduction Probably Not Required

* The nonmethane hydrocarbon standard is a guideline standard based on the
estimated contributions of hydrocarbons to oxidant formation.

** The lower critical value may need to be as low as 0.01 where large
uncertainties are involved.
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An analysis of the source severity factors indicates that none
of the criteria pollutants has a high probability of causing a public
hazard (as indicated by S > 1). On the other hand, only_CO has a source
severity factor low enough to have confidence that it does not create a
hazard. The others are in the area of uncertainty where no cléar decision

can be made.

The total hydrocarbon concentration was found to exéee@ the
federal guideline for 3-hour maximum (6-9 AM) nommethane hydrocarbon
concentration of 160 pg/m®, with a maximum concentration of 9644 ug/m3,
The point of maximum concentration was located on the refinery boundary,
due west of the main processing area, Although the concentrations fell
off rapidly from the maximum, the 160 ng/m3 isopleth extends about 3.5
kilometers downwind and encompasses about four square kilometers, as
shown in Figure 8-3. The source severity factor for total hydrocarbons
is quite high. However, the NAAQS guideline for hydrocarbons is based
on the prevention of the formation of photochemical oxidants rather than
on primary toxicity data. It should be noted that this guideline is
no longer widely accepted or used because the relationship between ozone

formation and ambient hydrocarbon concentrations is not adequately defined.

8.4.2 Selected Hydrocarbon Components

, The ambient concentration of any given hydrocarbon species can
be determined by summing the contribution of the component from all
modeled sources. The RAM model is capable of performing this analysis
with the assumption that all species will disperse at the same rate; that
is, atmospheric turbulence outweighs any differences in molecular diffusion

between species.
The first point of interest is the receptor showing the largest

total hydrocarbon concentration. Table 8-13 shows the component breakdown

at that point. This maximum point is located directly downwind of the API
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TABLE 8-13. HYDROCARBON SPECIES AMRIENT CONCENTRATION AT THE
POINT OF MAXTMUM TOTAL HYDROCARBON CONCENTRATION

Location: On the west boundary line at a point 1650 meters from the north-
west corner; directly downwind of source L49 (an API separator).

Component ‘ Concentration, ug/m3 Concentration, ppmv
Benzene 6.6 0.0019
Toluene 21.2 0.0051
Ethylbenzene 5.7 0.0012
Xylenes 19.8 0.004
Other Alkylbenzenes 102.2 0.017
Naphthalene 27.5 0.0047
Anthracene 3.6 0.0005
Biphenyl 16.5 0.0025
Other Polynuclear Aromatics 22.7 0.0030
n-Hexane ) 2.8 0.0007
Other Alkanes ) 9380.0 1.876
Olefins 0.0 0.0
Cvcloalkanes : 33.7 0.009
Hs ’ 1.8 0.020
Total Hydrocarbons ' 9644 .0 ug/m? 1.95 ppav
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separator (Source L-49), and 97.8 percent of the hydrocarbon species at
that point came from the separator. The bulk of the hydrocarbons'are
from the alkane family (9380 ug/m3 or 1.9 ppmﬁ), but both the aromatics
and polynuclear aromatics species are present at the part per-billion
level (PPB).

It is also desirable to find the point of maximum concentration
for each hazardous component. A limited search was carried out to find
these species maximum points by finding the maximum points for uﬁits
with high concentrations of the subject species. Resulting maximum

concentrations are summarized in Table 8-14.

All of the species maximum concentrations were found at the
two points having the highest concentration of total hydrocarbons. Five
species (including benzene, naphthalene, anthracene, biphenyl, and the
general polynuclear aromatics family) had maximum concentrations adjacent
to the API separator. The maximum concentrations of other species weré
found at a receptor on the west boundary about 1380 meters from the
northwest corner. The largest contributor to this point was the crude
distillation unit (L28~1). Other significant contributing units included
the two catalytic reformers (L36-1 and 29-1), aromatics extraction (L37-1),
alxvlation (L32-1), fluid catalytic cracking (L38-1), delayed coking
(L40-1), hydrogen plant (L31-1), and resid hydrodesulfurization (L30-1).
The largest concentration for any single component examined was found to

be hexane at a concentration of 15 ppbv.

To assess the impact of a given concentration of a pollutant
species, quantifiable toxicity data must be available. The Monsanto
approach uses the term "acceptable pollutant concentration" as the level
at which there is a very low probability of adverse impacts on the general
public. For criteria pollutants, the Primary Ambient Air Quality

Standards (PAAQS) were used as the acceptable pollutant concentrations.
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For other species, the acceptable éoncentration can be defined from the
Threshold Limit Value (TLV) as shown below:

F = TLV(G)
where
C = (8/24) (1/100) = 1/300,
S0
F = TLV/300.

The factor "G" is defined as a conversion factor to express TLV values as

"equivalent PAAQS." G is defined as 1/300. This comes from two factors:

® The ratio (8/24) comverts the TLV from an 8-hour per day

basis to a 24-hour basis.

® The factor (1/100) is a safety factor to account for the
fact that the general public is more susceptible to illness

than the industrial work force (for whom the TLV was set).

Table 8-15 shows a summary of the acceptable pollutant
concentrations that result from this operation. The values in parentheses
are values arbitrarily assigned to a family of chemicals, some of whose
members have TLV's that average out to the assigned value. These values
should be used with caution. Not all of the members of such a family are
equally toxic, nor is it certain that their effects would be additive.

-If the source severity factors based on these vaiues are low, then it can
be said with some confidence that no damage will be done by those com=-

pounds. If the values are high, however, no conclusions can be drawn.

417




TABLE 8-15.

SUMMARY OF "F" VALUES

Pollutant F ug/u3 "Based on

Benzene 114 TLV = 10 PPM
Toluene 1,388 TLV = 100 PPM
Ethylbenzene l,586 TLV = 100 PPM

Xylenes 1,586 TLV = 100 PPM
Other Alkylbenzenes (488)**% TLV = (25 PPM)
Naphthalene 194 TLV = 10 PPM
Anthracene 0.66 TLV = 200 ug/m3*
Biphenyl L. 4 TLV = 0.2 PPM
Other Polvnuclear Aromatics (25) TLV = (1 PPM)
n—-Hexane 1,281 TLV = 100 PPM
Other Alkanes (16,665) TLV = (1,000 PPM)
Olefins (12,344) TLV = (1,000 PPM)
Cvloalkanes (4,937) TLV = (400 PPM)

* Based on "Coal Tar Pitch Volatiles' which anthracene is a major component.

#* TLV values arbitrarily assigned to a family of chemicals.

418




The whole process of basing an acceptable pollutant concentration
on TLV's should be criticallf appraised. These values were set for use
in industrial hygiene studies within plant boundaries, and the American
Conference of Governmental Industrlal Hygienists (ACGIH) spEC1f1cally

warns against their use:
® as a relative index of hazard or toxicity,
® in the evaluation of community air pollutiom, or

® in estimating the toxic potential of continuous,

uninterrupted exposure.

While such usage is discouraged, the fact remains that no other source of
quantifiable toxicity levels is available. Therefore, the use of TLV's

to estimate acceptable pollutant concentrations is used here in accordance
with the source severity methodology. It is felt that this compafison,
however tenuous it might be, is berter thén ignoring the problem. This is
especially true as long as the proper qualifications and limitations on

the results are explicitly stated.

Taking the maximum ambient concentrations presented in Table 8-14
and the acceptable pollutant concentrations shown in Table 8~-15, it is
straightforward to calculate source severity factors for each component.

Thesé factors are shown in Table 8-16.

Using Monsanto's recommended decision levels, it can be said that
there is a significant probability that anthracene and biphenyl need
further application of control technology. - Several things should be noted

in the context:

® The high concentrations of these species were contributed

by a covered API separator.
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TABLE 8-16. SOURCE SEVERITY FACTORS FOR SELECTED.
HYDROCARBON SPECIES

Component - fgégg ——E—;' s
P ug/m ug/m

Benzene 6.6 114 0.06
Toluene 26.3 1388 0.02
Ethylbenzene 10.7 1586 0.007
Xylenes 53.6 . 1586 0.03
Other Alkylbenzenes 105.5 (488)* (0.22)
Naphthalene 27.5 194 0.14
Anthracene 3.6 (0.66) (5.5)
Biphenyl 16.5 4.4 3.8
Other Polynuclear Aromatics 22.7 (25) (0.9)
n-Hexane 58.5 1281 0.05
Olefins 37.6 (12344) (0.003)
Cveloalkanes 365.8 (4937) (0.07)

*Values in parentheses are an average of the F values for several selected
members of the family group, and are not true F values for the entire
family.
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® That separator was located right on the plant boundary

line, which is quite unusual,

® There is a great deal of uncertainty in the emission factor
for separators. No conclusive results were obtained from _
limited testing of separators on thisg program, sQ;AP-&Q?'
factors were used in this analysis. The EPA has since’

begun a program to improve these factors.

® The emissions from an APT Seéparator are highly variable in
component breakdown (much more so than process unit emissions),
and the species breakdown for that unit is based on several
grab samples which may well not be reflective of "typical"

operation.

® These component emissions (calculated by an oil-phase volatile
hydrocarbpn balance) may be overstated due to solubiiity

effects.

It can also be stated that there is a very low probability of
the need for further control of ethylbenzene and the olefin family. All
other species fall into the range where no clear decision can be made.
The uncertainties involved in the calculation of these source severity
factors make it impossible to make clean cut decisions for the range

from 0.01 -to 0.99,

It should also be noted here that all of the quoted hydrocarbon
species maximum points occurred on the refinery boundary. Because they are
released close to the ground and with little velocity or thermal buoyancy,
the vapors tend to stay at ground level. Dispersion does proceed at a
relatively rapid pace when moving downwind. This establishes two inter-

esting points:
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® The sphere of influence for hydrocarbon species that were
noted as potential problems at the boundary line does not

extend more than a few hundred meters.
® This further suggests that buffering areas with a high
potential for fugitive-émissions could be effective in

reducing or eliminating high source severities.

8.4.3 Discussion of Results

The sensitivity of the source severity values to a number of
variables was estimated. The most significant variables include refinery
processing configuration, refinery layout, calculated emissions, type of
atmospheric dispersion model, meteorological conditions, hydrocarbon

component breakdown, and toxicity values.

Several of these variables can be considered in a group. A
change in the calculated emission rates will produce a proportional change
in the predicted maximum concentrations. These emissions will vary with
a change in refinery processing configuration, emission factors, or fitting

count.

Another point of uncertainty is the potential contribution of
storage emissions to the impacts'predicted for the refinery process area.
Total storage tank emissions were estimated to contribute about 27 percent
of all nonmethane hydrocarbon emissions. Since no layout information
within the module was available, each storage module was treated as an
area source. The specific emission rates (lb/hr/ftz) were calculated for
_each module and compared to the API separator and the process area which
contributed to the two highest points of nommethane hydrocarbom concentra-

tion. The following conclusions can be drawn:
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® The worst storage_tank module (L-22) had a specific emission
rate of 85.4 1b/hr/10® £t2. This figure is much lower than
21ther the covered API separator (L-49) with 1169 1b/hr/10® £t2
or the worst process area (near L-28) with 320 lb/hr/lO6 fr2,

Since all of these sources are'diréctly_adjacentftp the west
boundary line, the predicted impacts-shoui& be roughly
proportional to the specific emission rates. This is
actually somewhat conservative, since the height of release
of the storage tank emissions would be considerably higher
than for a separator or for process fugitives. Therefore,
it can be concluded that the specific impact of the worst
storage module would be significantly less severe than the

two worst points cited in this assessment,

® By examining the relative contributions of adjacent process
sources to the predicted maximum and applylng similar ratios
to adjacent storage modules, it was determined that the
inclusion of storage emissions in the modeling would not
have significantly increased the estimated maximum concentra-
tion. It would, however, have greatly increased the area of
impact in which relatively high concentrations of nonmethane

hydrocarbons would occur.

The refinery layout may be even more critical than the complexity
and ' the resulting overall emission rate, especially for the predicted
hydrocarbon species. Fugitive emissions are released near ground 1evél,
and, thus, are subject to much less dispersion than stack emissions. A

refinery layout with process units right on the boundary line (such as the
-model used here) will show much higher hydrocarbon concentrations outside
the refinery boundaries than one with a buffer zone around the pProcassing

ared.
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The choice of dispersion model type could affect the predicted
pollutant concentrations significantly. Nome of the available models is
perfeét, and predicted maximum concentrations may vary from half to
ten times (or more) the actual concentrations measured from a source. The
use of the rural version of RAM to model a refinery is a conservative
choice since the heat island effect of a refinery will tend to;increésé
atmospheric diffusion. o

The predicted impacté will vary with meteorological conditions
as illustrated by sensitivity runs on the model. A 22 percent decrease
in wind speed resulted in a 28 percent increase in predicted maximum
ground level concentrations for total hydrocarbons. Use of the more
stable atmospheric stability class D resulted in 3 percent higher predicted
concentrations. '

The hydrocarbon component breakdown is quite critical. Individual
component source severity factors will vary in direct proportion with the
predicted concentration of that component in the emitting source. There
are fairly wide confidence intervals that should be applied to those
component breakdowns. Component concentrations will vary from day to
day with changes in such things as feedstocks and operating conditions.
This effect is amplified by several orders of magnitude when discussing
API separator emissions. The smali number of samples on which the
component analyses are based is insufficient to confidently average out

such process variations.

There is a shortage of gquantifiable toxicity data for the many
organic compounds present in refinery processing. This makes it
difficult to prepare a comprehensive environmental assessment. The
accuracy of existing toxicity data is also questionable, and this effect
is compounded by the transformation from TLV to an "acceptable pollutant
concentration.” Dividing the TLV by three to account for the difference

between eight hours per day and continuous exposure assumes that the
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toxic effects are cumulative.. For some compounds that is certainly

true, but others require some ¢ritical concentration to be harmful and

are ea51ly assimilated by the body below that concentration. . The safety

factor of one hundred used to account for the greater susceptibility

of the general public is obviously arbitrary and therefore questlonable.

Any of these changes in the acceptable pollutant concentration Wlll

produce an-inversely proportional change in the calculated source severity.
Recognizing the high degree of uncertalnty in the results, the

following conclusions can be drawn:

® There is no certainty of public hazard resulting from the

emissions of this hypothetical refinery.

® Conversely, there is no certainty that it does not create

a hazard.

® If any hazard exists due to hydrocarbon species, the most
likely species to cause problems would be the poelynuclear

aromatics.

® This approach to an environmental assessment of a generalized
source is of limited value in providing specific information
on whether steps need to be taken to further reduce emissions

of a given pollutant.

® The results can be useful in indicating the relative impacts’
of various emission sources and species. For instance, APT
Separators appear to pose more of a potential hazard than
fluid caﬁalytic crackers; polynuclear aromatics emissions
appear to be more troublesome thanp benzene. Such relative
ranking of emission sources and species can be useful inp

directing emphasis towards potential problem areas.
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® If this approach were used to assess the impact of a
specific plant, it might yield more useful results. The
range of uncertainty would be much narrower because the input

factors could be more firmly defined.

8.5 Effects of Existing and Potential Regulétibns and Poiicieéf

This section contains an examination of the effects of- environ-
mental regulations and permit policies on the emissions from petroleum
refining. The first two subsections deal with state and federal regula-
tions, respectively. The final section addresses the effects of potential

new regulations.

8.5.1 State Regulations

Existing refineries are regulated by the states, rather than
by federal standards. Standards for the South Coast and Bay Area
regions of California are considered here with the state regulations.
Though some state regulations were amended as late as 1979, most were

adopted in the early 1970's.

There is disparity among the regulations in some categories;
the general trends which could be discerned are presented here along
with notable exceptions. No attempt is made to describe the regulations

of the individual states per se.

All states are included even if they presently have no refineries.
This should not be interpreted, however, teo mean that all states have
specific regulations for all the pollutant categories included here. Some
stares have regulations only for specific existing facilities; others have

ne regulations except those supporting federal standards.
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Particulate and Visible Emissions—--Most states have gpecific

standards for the maximum opacity and darkness of emissions. The
stricfest standard, and by far the most common, calls for a maximum
opacity of 20 percent and a maximum darkness of No. 1 on the Ringlemann
Chart. In some states these stricter standards apply only to new sources,
while existing sources are allowed an opaéity of 40 percéﬁﬁ andfa]dépkness
of No. 2 Ringlemann. IIn other states these more lenient stan&ards
apply to new and existing sources. One state allows 40 perceﬁt opacit&

for new sources and 60 percent for existing sources.

Some state standards specify either opacity or darkness, but
not both. Exception to the above standards is sometimes allowed for the
flue gases from catalytic cracking catalyst regeneration and fluid
coking: these gases may be allowed 25 to 40 percent opacity where other
gases are limited to 20 percent. 1Im all states with visibility standards,

provision is made for varying amounts of upset time.

Particulates are generally regulated by source. For process
emissions in general, Many state regulations incorporate a chart with
pounds per hour allowable emissions VEersus tons per hour process weight,

with all stacks being considered collectively.

Again, catalytic cracking catalyst regeneration is sometimes
considered separately, although ne exact comparison of the various
reagulations can be made because of widely varying formats. A one pound
rer won of coke burn-off regulation found in two states appears to be
the most stringent. When a CO boiler is installed op the regenerator,

an allowance is usually made for the added emissions from fuel-burning.

Particulate emissions from fuel-burning are also often considered
separately. The stipulation is generally made that all fuel-burning at
the facility is considered collectively. Regulations range from 0.1 to

2.5 pounds of particulates per million Btu of heat input; many of the
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regulations stipulate a maximum of 0.6 1b/10® Btu or less. Some
regulations have varying maximums for different size units. One state

regulation specifies that afterburners must be used.

Sulfur Emissions—-Several states limit SO, emissions from any

gource in a refimery to 500.ppmv; a common maximum is 2000 ppmv. One:
state limits total SO; emissions from the refinery to 10 percent of the
sulfur in the crude; another limits total S0z emissions to 0.3 ppunds per
barrel of oil processed. Many states, however, comsider separately the
sulfur emissions from fuel burning and sulfur recovery. One state limits

emissions of mercaptans specifically to 0.25 pounds per hour.

Most regulations for S0, emissions from fuel burning are of
two types. Some states limit the sulfur content of the fuel burned
while others specify a maximum amount of S0, that may be emitted per
million Btu of heat input. When the sulfur content of the fuel is limited,
allowance is usually made for equivalent alternate means of 50 emission

control.

Where the sulfur content of the fuel is limited, state
regulations stipulate maximums of up to 2.5 weight percent sulfur.
Most maximums are 1.0 weight percent sulfur or less. Sulfur content
of gaseous fuels (often specifically fuel gas) is expressed in grains of
H,S per dry standard cubic fool (gr/dscf). 1In this case the common

maximum is 0.1 gr/dscf.

Allowable SO, emissions from sulfur recovery units are some-
times expressed in pounds of S0; per pound of sulfur processed. These
allowances range from 0.004 to 0.12 1b $0;/1b S. Several state

'regulations contain a chart of allowablé emissions versus sulfur
input. One state allows up to 1000 pounds of SO, per hour. Limits of
500 to 2000 ppmv SO, are in some instances set specifically for sulfur

recovary units.

428




Hydrogen sulfide emissions from sulfur recovery units are
addressed by a few states. One state allows 0.3 pounds of H,S per hour.
One state allows 0.1 ppm H,S and two others allow 10 ppm H,S..

NO _Emissions«--State regulations for the control of NO emissions

from fuel burning are quite consistent. These regulatlons, which normally
apply only to unmits larger than 250 million Btu, allow gas- fueled units

to emit 0.20 pounds per milliom Btu and liquid-fueled units to emit 0.3
pounds per million Btu. Solid-fueled units are allowed 0.7 pounds per
million Btu. When different fuels are burned simultaneously, the

applicable regulation is determined by proration.

Carbon Monoxide Emissions--One state limits carbon monoxide

to 200 ppmv in fuel-burning units larger than 107 Btu. All other CO
regulations are for catalytic cracking catalyst regeneration and for
fluid coking. Some states limit CO emissions from these sources to

500 ppmv; in some instances this limit applies only to new sources. One
state allows existing sources to emit 20,000 ppmv CO; another allows the

emission of 5 tons of CO per year,

The control method for CO emissions from catalyst regeneration
and fluid coking is expressed specifically in several tegulations as
combustion at 1300°F for 0.3 second in a direct flame afterburner or
poiler with an indicating pyrometer located at eye level. Some, byt
not all, states with thig stipulation allow the use of equivalent control
measures. One state allows alternarive control methods which remove at

least 93 percent of the CO in the exiting gas.

Hydrocarbon Emissions--Some regulations stipulate that

ocill-water separators must be pressurized, have floating or double-deck
roofs, have vapor recovery, or have an equivalent vapor control method.
One sctate regulation specified 85 percent control for wastewater

Separators, another 95 percent..
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Most standards for .pumps and compressors state simply that these
must be equipped with mechanical seals or an equivalent control. Several
stateé specify mechanical seals for rotating pumps and compressors and
packing glands for reciprocating. Two states limit emissions from each
pump and compressor to 2 cubic inches of liquid per 15 minutes; one limits

leakage to 3 drops per minute.

A number of states specify that hydrocarbon waste frbm.the vapor
blowdown system be smokelessly flared or disposed of in an equivalent
manner. One state specifies that these emissions be controlled if chey
are more than 10 percent equivalent methane; another state sets a limit

of 50 pounds per day.

Hydrocarbon emissions from catalytic crackers and fluid cokers
are required by several states to be incinerated in a direct flame after-
burner or boiler. Onme state allows 100 ppm equivalent methane or 8 pounds
of hydrocarbons per hour before controls must be applied; another state

allows 5 tons of hydrocarbons per year.

Other sources of hydrocarbon emissions are mentioned infrequently
in state regulations. Several regulations specify that hydrocarbon
amissions from coundensers, hot wells and accumulators be incinerated,
compressed, or equivalently'contrdlled. One standard allows no hydro-
carbon emissions from fuel burning; another specifies 95 percent control
of hvdrocarbons from vacuum systems and from process unit turnarounds.

One regulation states that relief valves in pipes over one inch in

diameter must be vented to vapor recovery or disposal, be protected by a
rupture disc, or be maintained by an approved ingpection system. In one
regulation, emissions from air blowing must be incinerated at 1400°F for

0.3 second or equivalently controlled.

Effects of State Regulations on the Environmental Impacts of

Refineries--It is difficult to assess the effects of state regulations
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because of this great variety. There is no doubt that significant
emission reductions have been achieved over the last ten to fifteen
years by virtue of these regulations. The model refinerf used in this
environmental assessment, however, already reflects the control technology
required by the consensus of regulations for existlng sources. Some
reduction of the impacts could be expected if the refinery was located

1n one of the stricter states.

8.5.2 Federal Regulations and Policies '

Federal regulations apply primarily to new or modified sources.
These take the form of New Source Performance Standards (NSPS) and New

Source Reviews required for permitting,

New Source Performance Standards--NSPS specific to refineries are

contained in 40 CFR Part 60, Subpart J. These standards apply to fluid
catalytic cracking unit regenerators, fluid cokers, sulfur recovery units,
and fuel sulfur levels. Subpart D contains standards for fossil-fuel fired
steam generators with a heat input greater than 250 million Btu.

Subpart K includes standards for storage vessels containing petroleum

liquids, but these are outside the scope of this study.

Particulate and Visible Emissions--Federal standards state that

gases from fossil-fuel fired steam generators may not exhibit more than
20 pércent opacity except for one 20-minute period per hour of not more
than 27 percent opacity. These gases also may not contain more than 0.1
pound of particulate matter per million Btu of heat input from the

fossil~-fuel.

Gases from fluid catalytic cracking catalyst regeneration may
not exhibit mere than 30 percent opacity, except for one six-minute
average reading per hour. These gases also may not contain more than

1.0 pound of particulate matter per 1000 pounds of coke burn off.
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If the gases from the regenerator pass through an incinerator
or waste heat boiler in which auxiliary or supplemental liquid or solid
fuel is burned, excess particulate emissions may be allowed. -These -
excess emissions may be 0.1 pound or less per million Btu of heat input

attributable to the added fuel.

Sulfur Emissions--When liquid fuels are used for steam gemeration,

sulfur dioxide emissions must be no more than 0.8 pounds per miliion Btu
of heat input. Any fuel gas which is burmed in a combustion device must
contain no more than 0.10 grain of H,S per dry standard cubic foot or the
sulfur dioxide emissions from the combustion device must be controlled
in an equivalent manner. Flares for the combustion of process upset

gas or fuel gas from relief valve leakage are exempt from this standard.
Sulfur dioxide emissions from Claus plants must be limited to 0.025
percent (250 ppm) by volume on a dry basis at zero percent oxygen if
emissions are controlled by an oxidation system (one which converts
emissions to hydrogen sulfide) followed by incineratien. If emissions
are controlled by a reduction system not followed by incinerationm,
emissions from the unit may be 0.030 percent (300 ppm) reduced sulfur
compounds and 0.0010 percent (10 ppm) hydrogen sulfide calculated

as sulfur dioxide at zero pércent oxygen on a dry basis. Reduced sulfur

conpounds include hydrogen sulfide, carbonyl sulfide, and carbon disulfide.

Carbon Monoxide Fmissions--The standards for carbon monoxide

states simply that no gases which contain more than 0.050 percent by volume
(500 ppmv) carbon monoxide may be discharged to the atmosphere from a

fluid catalytic cracking catalyst regenerator.

NO_ Emissions--Allowable NO  emissions from fossil-fueled steam
generators vary with the type of fuel used. When gaseous fuel is used,
emissions are limited to 0.2 pounds per million Btu of heat imput. For

liquid fuels the limit is 0.3 1b/10% Btu and for solid fuels 0.7 1b/10% Btu.
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When different fuels are burned simultaneously, the applicable standard is

determined by proration.

New Source Review--The 1977 Amendments to the Clean Air Act

emphasize the control of atmospheric pollutants from new or modified
facilities by establishing a New Source Review (NSR) process. 'This is
essentially a federal permit to construct any major emission éource  The
review process can take one of two paths depending on whether or not the
source is to be built in an area in attaimment of the National Amblent
Air Quality Standards (NAAQS). 1If S0, the Prevention of S$ignificant
Deterioration (PSD) regulations apply. If not, then nonattainment
regulations apply. Frequently both paths must be followed, since attain-

ment is judged on a pollutant-by-pollutant‘basis.

Prevention of Significant Deterioration--The PSD review process

is a multilevel examination of the emission levels and air impacts of the
new source. The overall process can best be illustrated by the flowchart
shown in Figure 8-4. It would not be pertinent here to examine in detail
the many applicability criteria which determine the level of review
required. Suffice it to say that if a new or modified refinery (which

is one of the 28 major industry categories) has the potential to emit
more than 100 tons per year of any given atmospheric pollutant, and that
represents a net increase in emissions since 8/7/77, the new or modified

séction must demonstrate the use of Best Available Control Technology (BACT).

BACT is defined as the level of emission control which gives the
lowest emissions while taking into consideration the cost of control,
energy efficiency, and technical féasibility. BACT must, therefore, be
determined on a case-by~case basis to evaluate these effects. When an
NSP5 is available, this usually forms the minimum criteria for BACT. When
no NSPS exists, then all possible methods of emission reduction must be

catalogued. When one of these methods has been proposed ‘as BACT for the
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new source, all methods giving lower emissions must be shown to be

inappropriate in terms of cost, energy impact, or technical feasibility.

Nonattainment Requirements-—The requirements for permitting a

source which will emit significant levels of a pollutant for which the
area is not in attainment of the NAAQS are quite stringent. First, the
source must use the Lowest Achievable Emission Rate (LAER). It must then
offset the resulting emissions by reducing emissions from another source
in the area by a more than equivalent amount. There are additional ‘
requirements'relating to the other sources owned by the applicant and to
assuring a net positive air qﬁality improvement, but these are -not

pertinent to this discussion.

LAER is defined as the strictest control technology required
for this type of source by any State Implementation Plan (SIP), or the
lowest emiésions achieved by any operating source of the same type,
whichever is more stringent unless the owner or operator of the proposed
source demonstrates that such limitations are not achievable, This does
not take cost or any other side effects into account. It also recognizes
the transfer of control technology from one type of source to another, if

technically feasible.

The resulting emissions after LAER must be offset on a
pollutant-by~pollutant basig by reducing emissions from other sources in
the area. For nonreactive pcllutants the offset must be from another
source in the immediate vicinity. For NO, and hydrocarbons, however,
offsets.can be obtained over a broader area. The offsetting emission
reduction must be greater than the emissions from the new source, thus

causing a net positive air quality improvement.

Effects of New Source Reviews on the Environmental Impacts of

Refineries--The effects of the New Source Review process on the environ-

mental impacts of refineries should be significant. Any new refinery
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permitted under this system should have much lower emissions than existing
refineries. This would be particularly true in the area of hydrocarbon

emissions, but it would also occur for NOX and $0,.

The NSR process will also discourage expansion in nonattainment
areas, where the combined impacts of a heavily industrialized gfea have
alréady caused a deterioration in air quality. If an expaﬁsion were to
be made in such an area, it could only be done by achieving a greater
than equivalent offset. Thus,.the impetus to build new facilities can
provide the.impetus to clean up older facilities. The net effect of

these policies should be an improvement in existing air quality.

8.5.3 Potential Regulations and Policies

There are many standards and regulations currently under
consideration that would have a significant impact on refinery emissions.
It would be quite difficult to document all of these since many have not
even been published as proposals at this time. Several examples will be
discussed in this section to illustrate regulatory trends. Caution should
be used in interpreting or applying these regulations since they are only
proposed at this point, and they may be significantly modified before

being adopted.

State Regulations--Only the new and developing standards for

the Bay Area (San Francisco) and the South Coast (Los Angeles) regions of
California are summarized here. Other regulatory agencies may be similarly
updating their standards. Most of these new and proposed standards are

concerned with the emission of hydrocarbons from refineries.
Two levels of control for SO _ emissions from catalytic cracker

catalyst regeneration are being considered by the South Coast Region, one

of which is expected to become a standard by 1982. One proposed standard
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calls for replacement of the conventlonal catalyst with a newly developed
catalyst which can reduce SO em1331ons by 80 percent without additional
controls; the other proposed the addition of alkaline scrubbe:s for 90
percent control of S0,. The South Coast Region also proposes that the
allowable sulfur content of fuels be halved by 1982. '

Many of the proposed standards for the Bay Area and- South Coast
Reglons are concerned with fugitive emissions, an area not emphasized by
present standards. The South Goast Region proposes that by 1980, leak
rates, maintenance schedules, etc. for random hydrocarbon emissions be
established. Pumps and compressors within 3 miles of the control center

would be inspected every eight hours, all others every 24 hours.

The South Coast Region also proposes that natural gas-fired
control devices such as afterburners must have a stand-by fuel system for
use during natural gas curtailment. By 1980, all relief valves would be
vented to vapor recovery or disposal. By 1982, combustion modificarion
and/or ammonia injection for control of VO would be required on heaters

and b01lers

A Bay Area Region standard which went into effect in December 1979,
limits valve leakage to 10,000 ppm VOC measured ome centimeter from the

leak. It is proposed that this standard be applied also to flanges.

By March 1980, emissions from condensers or vacuum-producing
systems must be incinerated, compressed and added to fuel gas, or controlled
equivalently. It is proposed that emissions from steam ejectors be

similarly controlled.

Also by March 1980, hot wells and/or accumulators associated
with contact (barometric) condensers must be covered and the organic vapors
elther incinerated or contained and treated. It is proposed that this stan-

dard apply to the hot wells and/or accumulators associated with all condensers.




Emissions from process vessel depressurizing must, by 1980, be
passed through a knockout pot to remove condensable hydrocarbons, then
incinerated, flared, or compressed and added to the fuel gas. It is

proposed that emissions from process vessel purging be similarly controlled.

Another Bay Area Region standard effective March 1980, is similar
to those in several other states: oil/water separators must have a
solid cover, a floating pontoon or double-deck cover, 90 percent effective

vapor recovery, or other approved control equipment.

Federal Standards--Petroleum refineries are among thdse

industries for which New Source Performance Standards (NSPS) will be
formulated or updated in the near future. .It is expected that within
2-3 years additional standards will be added to Subpart J of 40 CFR
Part 60 and parts of the existing Subpart J may be revised. Additional
staendards may concern such emissions as SOX from catalytic cracking

catalyst regeneration and fugitive emissions.

Effects of Potential Regulations and Policies on the Environmental

Impacts of Refineries——These proposed regulations will tend to bring more

uniformity to the determination of BACT. They do not generally increase
the stringency of measures already required through the New Source Review
orocess. 1f other states follow California lead in upgrading their
SIP's, however, the allowable emissions from existing refineries could be
greatly.reduced, with a corresponding reduction in the environmental
impacrs of those refineries. Such stringency in state regulations mav

or may not be warranted, depending on the magnitude of any air quality

oroblems in the specific state.




8.6 Effects of New and Developing Technology

Although petroleum refining is con51dered a mature techrology
area, it is constantly undergoing a process of improvements. The
environmental impacts of refineries will be reduced in the future through

new developments in both process technology and em1531on control technology

8.6.1 Process Technology

Process technology in petroleum refining has continually evolved
to meet the demands of the end-use sector. Some of the current evolutionary
trends in refining include the shift to pProduce lead-free gasoline,
increased use of hydrodesulfurization to achieve lower fuel sulfur
contents, and a push for greater energy efficiency. Some of these trends

will tend to aggravate emissions while others will reduce them.

The production of lead-free gasoline requires significaﬁtly
more processing in units like catalytic reformers, alkylation units, and
isomerization units. While the units are not major emitters, they do
contribute to fugitive emissions and emissions from combustion sources.
Since there is a decrease in gasoline range yields with this type of
processing, more crude must be charged to maintain the same gasoline
production. This will cause slight increases in emissions across the
board. Much of this effect is now behind us, but a phase-down of gasoline .

pool lead content will cause continued emissions increases.

Sulfur levels in many fuels are being regulated downward. This
will require an increased use of hydrodesulfurization to achieve these low
sulfur levels, which will, in turn, increase the load on Claus plants and
tail gas treating units. The hydrogen demand will also begin to exceed
that provided by catalytic reforming, and thus require construction of
hydrogen plants. Both of these effects will tend to cause an increase in

refinery emissions unless countered by more effective control technology.
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The trend toward greater use of energy conservation will tend
to reduce the emissions from combustion sources. The recovery of process
heat and the use of intrinsically more efficient processes will reduce the
heat required from process heaters and steam boilers. Since the emissions
from combustion equipment are proportional to the fuel burning rate, this

should result in an emission reduction.

8.6.2 Emission Control Technology

New and improved emission control technology will continue to
appear in petroleum refining. Significant reductions may be achieved by
application of techmology, such as covers for API separators, scrubbers
for flue gas from fluid catalytic éracking; and combustion modifications
to reduce NO_. These effects could be complemented by progress on
developing technologies like the fluid cracking catalyst which adsorbs

S0, from the regenerator.

One area with great potential for improved technology is in
fugitive emission control. The manufacturers of seals, packing, and
gaskets for process equipment have designed their products to meet the
users needs. Up until now, -those needs have been to limit product loss
and maintain safe operation. No one was aware or concerned about "low
level" fugitive vapor leaks which could not be detected visibly.. Fugitive
emission regulations will provide the incentive to develop more effective
seals, packing, etc., and will result in lower emissions and lower costs

for monitoring and maintenance programs.
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10.0

CONVERSION FACTORS

To Convert From

Btu

bbl

gal

ton

1bs

o

fe?

psi

g/gal
Btu/bbl
kWh/bbl
1b/bbl
1b/10% Bru
grain/ft?
gal/10%¢¢?
£pm
1b/1000 gal

456

To ' . ‘Multiple By
keal 0.252
2 159.0
L C . 3.785
kg . - 907.2
kg ‘ 0.454
in 0.394
o’ _ 0.0283
kg /cm? 14.223
g/h 0.264
kcal/2 0.0016
KWh/% 0.0063
kg/2 0.0285
g/Mcal 18.0
g/m’ 2.29
2/10°%m® 133.7
m®/hr 0.227
mg /L ' 119.8









