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PREFACE

The initial objective of Contract 68-02-1865 was to obtain the most
religble emissions and source test data for each natural gas processing
facility in the United States which produces more thén 25 long tons of
sulfur per year. By-definition; the survéy was to be festricted to those
gas processing plants with sour gas feedstocks, to the exclusion oflall
sweet gas processing plants. These data were then to be used to supplement
and refine the information in the National Emissions Data System (NEDS), the
Source Test Data Sysfem (SOTDAT), the EPA publication AP-42, "Compilation
of Aif Pollutant Emission Factors", and for the proposal of ﬁew Source
Classification Codes for the gas processing industry.

However, the contract objectives were reinterpreted at a meeting of
all contract principals held at NADB in Durham on March 26, 1975. At that
meeting it was decided that the development of Source Classification Codes
for gas sweetening plants (for removal of “sour" hydrogen sulfide) should
have first priority, the development of emission factors for gas sweetening
should have second priority, and encoding NEDS and SOTDAT forms should have
last priority. The following contract chronology is presented in order to

describe the progression of work performed on this contract:

January 29, 1975 Contract signed. Due date 1 August 1975.
February 3, 1975 Work commenced.
March 26, 1975 Meeting of contract principals, all materials

to be provided by EPA delivered at conclusion
of meeting.

iv




April 12, 1975

May 6, 1975

May 21, 22, 23, 1975

June 2, 1975
June 9, 1975
June 9, 1975
June 11, 1975
June 24, 1975
July 2, 1975
July 22, 1975
_July 30, 1975
August 5, 1975

August 8, 1975
August 8, 1975

August 18, 1975
August 26, 1975

Computer printouts of current plants in NEDS
received from EPA. '

Sample NEDS forms submitted to EPA for review.
Data gathering trip to Texas Air Control

Board, Austin, Texas. _

James Southerland visited Ecology Audits and
reviewed progress. '

Sample SOTDAT forms submitted to EPA for review.
Permission requested to visit New Mexico
Environmental Improvement Agency - Air Quality
Division.

Extension of time period for contract requested
by Ecology Audits, Inc.

Preliminary Draft of SCC codes submitted to EPA
for review.

Preliminary Draft of Introduction to section
for AP-42 submitted to EPA for review.
Permission requested to visit state agencies

in Alabama, Arkansas, Louisiana and Oklahoma.
Permission granted to visit New Mexico state
agency.

Modification of contract time period extending
contract due date to 1 September 1975 received.
Revised SCC codes submitted to EPA.

Preliminary Draft of Emissions Factor for
publication AP-42 submitted to EPA.

All SOTDAT forms submitted to EPA.

Project Officer Butcher visited Ecology Audits
and surveyed the rough draft. A conducted tour
of a gas processing plant and sulfur recovery
unit was completed. Draft of final report
submitted to Project Officer for review.

Chapter II of this report is intended for inclusion in EPA publication

AP-42, "Compilation of Air Pollutant Emission Factor', and as such is
presented in the format of that publication rather than in the standard

format of research reports to EPA.




ACKNOWLEDGMENTS

The authors wish to express their appreciation to several persons who
made significant contributions to the success of the survey project: Mr.
Harry Butcher, EPA Project Officer, for his availability and willingness to
work out solutions to problems that were encountered; Mr. James Southerland,
EPA National Air Data Branch, for his review comments and answers to many
questions; Mr. Jim Anz; Consulting Engineer with Core Laboratories, Inc.
for his discussion and guidance in our pursuit of the data base and survey
approach; and Dr. Joe Pennington, Chief of Emissions Inventory Section,
Texas Air Control Board, for his gemerous help in our review of Texas'
Emissions Inventory. Additionally, we wish to thank all the people who

helped us in small ways, but whom are too numerous to mention individually.




FIGURE TITLES

. PAGE NO.

1. Flow Diagram of the Natural Gas Industry 2
A. Flow Diagram for a 3-Stage Wellhead Separation Unit 3
B. Flow Diagram of an Amine Gas Sweetening Plant 5
C. Flow Diagram of a 2-Stage Claus Sulfur Recovery Plant 6

D. Flow Diagram of a Typical Diethyleneglycol
Dehydration Plant _ .8
E. Schematic of a Gas Processing Plant 9
2. Flow Diagram of Basic Amine Process for Gas Sweetening 11
3. Flow Diagram of Conventional Hot Carbonate Process \ 16
4. Flow Diagram of a Typical Water Wash Absorption Unit 21
9.2-1 Flow Diagram of the Natural Gas Industry 28
9.2-2 Flow Diagram of the Amine Process for Gas Sweetening 29
5. Map of AQCRs in 16 States with Sour Gas Resources 43

vii




TABLE TITLES

PAGE NO.
9.2-1. Emission Factors for Gas Sweetening-Plants 31
9.2-2. Average Hydrogen Sulfide Concentrations in
Natural Gas by Air Quality Control Regions 32
1. Hydrocarbon Analysis of a Stack Gas Sample 37
2. Emissions Factors for Gas Sweetening Plants 38
3. Average Hydrogen Sulfide Concentrations in Natural
Gas by Air Quality Control Regions ' 39
4. List of Gas Processing Plants in 16 States that
have Sour Gas Resources 51

viii




SUMMARY

The natural gas industry is comprised of several discrete activities
including tﬁe drilling and completion of_wells, separating and dehydrating
the raw natural gas into its constituent parts, removing hydrogen sulfide if
present (called "sweetening'" the gas), recovering suifur from the gas, and
storing and distributing the various forms of.natural gas. Natural gas from
the well may contain many compounds including carbon diokide, carbon disul-
fide, carbonyl sulfide, mercaptans, water vapor, nitrogen and crude oil.

There are three major sources of emissions to the atmosphere from the
natural gas industry. They are compressor and pump engines, boilers for
process heating and solution regeneration,_and gas sweetening. Engine
exhausts and external combustion boilers are each the subject of separate
study in the EPA publication AP-42, "Compilation of Air Pollutant Emission
Factors". The emissions from gas sweetening operations are the combustion prod-
ucts of the waste acid gases following their removal from the raw natural gas.
Combustion oxidizes the waste acid gases to sulfur dioxide with negligible
emissions of particulates, nitrogen oxides, hydrocarbons and carbon monoxide.

There are four major categories of sweetening processes: 1) amine
eolutions 2) carbonate processes 3) physical absorption and 4) solid bed
sweetening, all of which accomplish removai of hydrogen sulfide. Each of 27
.different processes are briefly described and references made to their

4

special applications.
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A major objective of the project was to develop an emissions factor

for natural gas sweetening plants that could be included in the EPA

publication AP-42 "Compilation of Air Pollutant Emission Factors". Towards
this objective, content analysis of the technical literature was performed,

consultations with natural gas engineers and plant personnel, as well as

- with air pollution specialists, were pursued in order to develop a data base

for historic emissions and gas plant specificatidns. The survey was re-
stricted to only those states producing sour gas.

The major waste product from the gas sweetening processes. is an acid

containing H,S and CO,. This acid gas can be used by chemical plants or
_ 2 2 g _

sulfur recovery plants for commercial purposes, or ‘it may be disposéd of

by burning. The combustion of this acid gas results in emissiéns of sulfur
dioxide. Assuming the combustion of the acid gas is essentiaily 100 percent
complete and assuming that the sweetening process removes essentially 100
percent of the H,S present in the feedstock, then the SO, emissions from the
acid gas combustion are directly proportional to the mol percentage of HpS
in the sweetening plant intake stream. Therefore, when the HpS mol percent-
age of intake gas is known, the 50, emissions of the sweetening plant can
be calculated by multiplying the whole number representing the H,S mol
percent by the factor 1685 to get the pounds of SO, emitted per million
cubic feet of intake gas sweetened. The research and development leading
to the factor 1685 is presented.

. If the H,yS content of the intake gas stream is unknown, the above
direct calculations cannot be made. In order to allow some degree of
calculation of emissions, a geographical survey of sour gas fields was
compiled in order to_define an average mol percentage of H,5 produced by

various fields in the United States. These data were then presented by




e

Air Quality.Control Regibn._ Reference to the table of valugs for HZS by
AQCR will allow one to calculate estimated emissions for a plant within
the geographical region.

Another objective of the research project was to propose a new Source
Classification Code for gas sweetening, as none presently exist. The only
emissions from the gas sweetening process are the acid gas wastes containing
€Oy and st. This acid gas may be flared or incinerated, thereby generating
sulfur dioxide emissions, and negligible emissions of particulates, nitrogen
oxides, hydrocarbons and carbon monoxide. The acid gas is frequently used
by associated industries as feedstock, and when it is so utilized, there

are no emissions from the gas sweetening process. Five Source Classification

Codes were proposed to reflect the described situations; e.g., gas sweeten-

ing with a flare, with an incinerator, or with an associated industry
utilizing the waste acid gases.
The last objective of the project was to review the contents of the

National Emissions Data System (NEDS) and the Source Test Data System (SOTDAT).

“This was done by survey of the NEDS computer printouts from EPA, from plant

and emissions surveys by industry trade associations, and by review of the
research literature. The final result presented was an annotated list of
gas plants by state with comments on their coding status and emissions. The

authors believe the list to be one of the most comprehensive for all gas

plants in the 16 states surveyed, which represents almost all sour gas

production in the United States. Development of processing facilities
within ‘the last two years may not have been recorded, but this list should

be current up to 1973.




I. INTRODUCTION

The natural gas industry comprises several discrete activities
including the drilling and completion of wells, separating and dehydrating
the raw gas, femoving hydrogen sulfide (calied sweetening the gas), recov-
ering sulfur from gas that is rich in hydrogen sulfide, processing the gas
into its constituent parts, and transmission of the produced gas in pipe-
lines. Figure 1 is a diagram showing the activities involved in obtaining
natural gas for consumers. The involved legend for Figure 1 will serve to
explain the various processes and describe how the industry interacts with
the environment.

The three primary activities of preparing natural gas for consumption
are separating-dehydrating, sweetening, and processing. Separators and de-
hydrators themselves have no emissions to the atmosphere as their operation
is only concerned with the physical composition of the gas stream from the
well and all operations occur in a closed system. In case of emergencies,
venting or flaring of the gas may occur.

Similarly, gas processing itself has no emissions to the atmosphere

- because the processes involved occur in closed systems. The processes in-
volve changing the physical properties of natural gas and any emission to the

atmosphere is essentially a loss of product. Again, emergencies can cause

venting of gas to the atmosphere, but stringent safeguards are taken against

this occurring.
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LEGENDS FOR FIGURE 1

a Flare during well testing and completion, SIC 1311
SCC 3-06-009-01
The flared materials may include water vapor, HpS and/or
C0,, mercaptans, carbon disulfide and/or carbonyl sulfide.
Well-site flares are usually low temperature flames yield-
ing incomplete combustion products including 507 and
hydrocarbons.

I Separators - Dehydrators SIC 1311

Natural gas from gas wells passes through separators at
the well head to remove hydrocarbon condensates and water.
Motive power for the process is either natural pressure
in the well or by pump. Figure lA is a flow diagram of

a three stage wellhead separation unit.

_To Sweetening

- High Intermediate M oi t
Prgssure Pressure Low Pressure Gas arxe
_ Gas '
gas -
' Field
Condensate
vater ' Storage
nock . ' '
Out liquid '
qul <
H,0 - 1st ' 2nd - 3rd
Stage Absorber Stage Stage
Figure 1A

Flow diagram for a three-stage
wellhead separaticn unit




Legends (cont.)

b

I1

Lease exhaust

Exhaust emissions for lease operations are included in
various internal combustion SCC codes: reciprocating
natural gas engines, SCC 2-02-002-02; reciprocating
gasoline engines, SCC 2-02-003-01; or reciprocating
diesel engines, SCC 2-02-004-01. :

Flare, SCC 3-06-009-01

A flare operating on a separator/dehydrator at the well-
head would yield emissions of SO, and hydrocarbons from
incomplete combustion of water vapor, HyS and/or CO,.
Gas is normally dehydrated either by a di- or tri-
ethylene glycol absorption process oOr by passage over
solid desiccants such as alumina, silica gel or bauxite.
Other dehydrating processes such as direct cooling,
compression followed by cooling, and chemical reactions
are little used today.

Reinjection to reservoir, if sweet

In certain cases sweet natural gas is immediately
reinjected into the reservoir to maintain reservoir
pressures rather than marketing the gas. This is
referred to as a gas cycling operation.

Pipeline SIC 4922 Natural Gas Transmission, 4923
Natural Gas Transmission and Distribution,
4924 Natural Gas Distribution

Sweetened gas must meet rigid specifications before it
will be purchased by pipeline transporters. The generally
required specification for pipeline gas is an H,5 content
of '"no more than one-quarter grain H,S per 100 standard
cubic feet of gas'". This is approximately 4 X 10-% mole
fraction of H,S, or 4 parts per million by volume, or

6 mg of H,5 per normal cubic meter of gas.

Feedstock to Chemical Plants

Some chemical manufacturing processes use sour gas as a
starting material., The sour gas would be piped to nearby
chemical plants.

Gas Sweetening Plant - amine process SIC 1311

Proposed SCCs 3-06-014-01 Amine process w/smokeless
flare
3-06-014-02 Amine process w/incinerator
3-06-014-03 Amine process w/Claus plant
3-06-014-04 Amine process w/H;SO4 plant
3-06-014-05 Amine process w/well reinjection
3-06-014-99 Other/Not Classified
Figure 1B is a flow diagram of the amine sweetening process.
A detailed description follows in the text.

4




Legends (cont.)

Acid gos

' cooleig:fézf
ified
gl i

Lean gmine r—>]

solution 3}‘,
X 3
-
LX)
- . [~
13 §
]
Sour___| N
- gas reboiler

Rich amine
solution

heat exchanger
Figure 1B

: Flow diagram
of an amine gas sweetening plant

g Emergency flare

Flare would oxidize sour gas giving S50, emissions.
No SCC codes because of unpredictable nature.

h Reinjection to reservoir

In some cases after sour gas has been sweetened, it is
reinjected to maintain reservoir pressures rather than
being marketed. This optional use of sweet gas is dependent
on plant design and field operation.

j. Flare, SCC 3-06-014-01 (preposed)

Flared gas would contain CO,, HjS and CHy. Some raw
natural gas is usually fed to the flare to increase com-
bustion temperatures; combustion is usually 98 percent
complete and emissions are primarily SO,. Flares are
used only when an associated industry such as a sulfur

. recovery plant is not necessary or economically feasible.
Two basic types: (1) ambient condition flare with a
natural gas pilot, and (2) modern smokeless type with
fuel and steam injection.

Vent

No SCC code because venting is not allowed because of
the safety hazard of H,S5. Some venting might occur if
a flare were accidentally extinguished by winds.




Legends (cont.)
Incinerator, SCC 3-06-014-02 (proposed)

A tail gas incinerator is an elaborate flare. An
incinerator is a special combustion chamber with raw
gas and oxygen fed to it to optimize combustion.
Combustion of HZS and CO% is essentially complete
resulting in emissions 0 50,.

IIT Sulfur Recovery Plant
SCC 3-01-032-01  mod-claus 2 stage
3-01-032-02 mod-claus 3 stage
3-01-032-03 mod-claus 4 stage
3-01-032-99 other/not classified
SIC 2819

Figure 1C is a flow diagfam of a 2 stage claus sulfur
recovery plant.

IND HOT GAS BY-PASS
1ST HOT GAS BY-PASS

ACIG GAS
—

TAIL GAS
R ¢ R ¢
BIRC wHB L i 2 2
AR * ‘
5 L !
LEGEXRD
$ - BURNER - R, - SECOND CATALYTIC CONVERTER
RC - REACTION CMAMBER €} - FIRST CONDENSER
WHE - WASTE WEAT BOILER €; - SECOND CONDENSER
R; = FIRST CATALYTIC CONVERTER S, - LIQUID SULFUR
-

* SUFFICIENT AIR 1S ADDED 10 BUSK 1/3 OF T0TAL HaS TO 503 AND ALL HYDROCARBON T0 €02

Figure 1C

Flow diagram of a two-stage
claus sulfur recovery plant

j Flare, coded as control equipment

Flared gas would contain CO; and H,S. Combustion is
usually 98 percent complete and emissions are primarily
§0,. If combustion temperatures are low, then some HC
may be emitted.




Legends (cont.)
Incinerator, coded as control equipment

v

An incinerator is a flare with air premixing. An
jncinerator is a special combustion chamber with fuel
gas and air fed to it to maintain high combustion
temperatures with the resulting combustion of HjS

and hydrocarbons essentially complete. Emissions are
80,5, €Oy, Ny and H,0.

Elemental sulfur

The sulfur recovery plants burn gas streams rich in
H,8 with air over catalysts to convert the HyS to S07
and then condense the sulfur out of the gas stream.

The best known and most widely used system is the Claus
Process, with plants having either 1, 2 or 3 stages of
catalytic converters, depending on the HpS content of
the feed gas and/or the desired efficiency of recovery.
Three stage plants are most efficient, but still yield
minor emissions of 50,.

Gas Processing Plant - SIC 1311

Most gas wells contain enough natural gas, butane and

propane to warrant processing plants for recovery of
these liquifiable constituents. The natural gas is
then ready for the market unless H,S 'is present, in
which case the gas goes to a sweetening plant. The
most common method of recovery is a bubble plate column
with a gas-oil as an absorbent. This gas-oil is rich
in light HC, is stripped of propane, butane and natural
gasoline constituents, cooled and returned to the
absorber. Figure 1D illustrates dehydration of gas as
it enters a processing plant. Figure 1E is a schematic
flow diagram of a large volume gas processing installation.

Exhaust

These emissions are from engines which burn both natural
gas and gasoline and diesel fuel. SCC codes 2-02-002-01
2-02-002-02
2-02-003-01
2-02-004-01
2-02-004-02

Natural Gas

The lightest forms of natural gas are methane (CH4) and
ethane (CZ'H6)' This gas mixture is the end product
desired for storage and sale to pipelines and consumers.




Legends (cont.) dry
' gas
‘ Condensor
Accum-
ulator
. glycol
. cooler — Water
inlet
| r[
liquid
. Reboiler
surg
\‘/ tan J_

Figure 1D

_ Flow diagram of
a typical di-ethylene glycol dehydration plant

n Liquefied petroleum gas. (LPG)

Natural gases with three carbon atoms (propane) and four
carbon atoms (butane) are easily compressed and handled

as liquids. Liquified petroleum gases are stored and

sold to consumers as liquids which then vaporize when used.

o Higher hydrocarbons
Gas processing plants recover small amounts of hydrocarbons
with five or more carbon atoms and if quantities are
great enough, they are pipelined to petroleum refineries.




Legends (cont.)
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Figure 1E
Schematic of a gas processing plant
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There are many processes designed to sweeten gas ranging from the very
simple iron sponge process to the more complicated and more expensive
processes such-as the amine processes or the Selexol process. Twenty-seven

specific processes have been jdentified and are discussed in this report.

The bulk of the material is drawn from Maddox (1974), Gas and Liquid
Sweeténing. |

Of the processes meptioned, eleven can be described as out—dated,_
inefficiént, or good only for special applications; two others are effective
for H,S removal only when large amounts of CO, are present. The remaining
fourteen processes consist of twelve amine or amine-related methods and two
other effective processes. Although there is no listing of the number of
plants using each type of process, Maddox concurs with other experts in the
gas sweetening industry when he states that amine or amine-related processes
are the most widely used for the commercial removal of H,S from natural gas
streams.

Gas sweetening processes can best be divided into four major categories:
1) amine and amine-type processes; 2) carbonate and other chemical processes;
2) physical absorption methods and 4) solid bed sweetening processes. .
AMINE PROCESSES

The amine processes were developed to remove high concentrations of
HZS in large volumes of gas at high pressures. At the present time the
alkanolamines are the most generally accepted and widely used of the many
available solvents for the removal of H,S énd CO,. Primarily because of

their reactivity and availability at low cost the alkanolamines have

10




achieved a position of prominence in the gas sweetening induséry. (Maddox,
1974, p. 44). The three alkanolamines generally used in gas sweetening
are: monoethanolamine (MEA), diethanolémine (DEA) and triethanolamine
(TEA). Of these three MEA is usually preferred.

A diagram of the flow of a basic amine process system is shown in

Figure 2.

. acid
: cooler gas
sweet
gas *
d -]
lean
amine
solution
rich
amine
solution
cooler
4
sour
o steam
heat exchanger reboiler
Modified from Maddox 74

pump

. - Figure 2

Flow diagram of basic amine process
X for gas sweetening
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Monoethanolamine

MEA is the strongest base of the three amines and, therefore, reacts
most rapidly with the acid gases. MEA removes both hydrogen sulfide and
carbon dioxi&e; it is generally considered to‘be non-selective between
these two acid gases. With the lowest molecular weight of the common
amines, MEA has a greater carrying capacity for acid gases on a unit weight
or volume basis. This generally means less solution circulation is
necessary to remove a given amount of acid gases. ‘In addition, MEA is

chemically stable, which minimizes solution degradation; it can be separated
easily from the acid gas constituents by steam stripping.

MEA reacts irreversibly with carbonyl sulfide and carbon disulfide.
This results in solution loss and in the buildup of reacted solids in the
MEA solution. MEA has a higher vapor pressure than the other amines. This
can result in significant solution losses through vaporization. This
problem usually can be overcome by a simple water wash of the sweetened gas
stream. |

The rate of absorption of CO, in MEA is less than that of HS8. The
process is not considered selective, however, because carbon dioxide is
readily absorbed and essentially will be completely removed when treating
natural gas for HpS removal to pipeline specifications.

MEA will easily reduce acid gas concentrations to pipeline specifica-
tions (generally less than 0.25 grains per 100 cu ft). By proper design
and operation, the acid gas content can be reduced as low as 0.05 graiﬁs

per 100 cu ft (Maddox 1974, p. 49).

Diethanolamine

The DEA process is similar to the MEA process. The primary difference

is that DEA reacts either very slowly or not at all with carbonyl sulfide

12




and carbon disulfide. This characteristic renders DEA especially useful
for sweetening gas streams where these contaminants are prevalent. DEA is
also non-selective and will remove both‘HZS and-COz. In some instances,
utilizing thé DEA process, it is difficult to reduce HypS concentrations to
pipeline speéifications. DEA, however, is much less volatile than MEA and,
therefore, has lower losses of amine solution due to vaporization (Maddox
1974, p. 49).

Triethanolamine

‘Although TEA was the first commerically-applied amine sweetening
process, it has been largely displaced by MEA and bEA processes. TEA is
less reactive with acid gases and has less acid gas carrying capacity per

volume of solution. The TEA process is unable to reduce H,S content to

" general pipeline specifications. The principle advantage of TEA is its

_ selectivity for HZS' This selectivity is not significant, however, and
today TEA does not have widespread usage as an industrial sweetening agent
(Maddog 1974, p. 50).

Methyldiethanolamine

A fourth alkanolamine process exists utilizing methyldiethanolamine.
It is not commercially competitive with the MEA or DEA processes, but may
have some value in special applications (Maddox 1974, p. 49).

Glycol-Amine

The glycol-amine process ﬁtilizes MEA (or occasionally DEA) in combina-
tion with a glycol to simultaneously sweeten and dehydrate the gas stream
(Maddox 1974, p. 48). The solution consists of 10-30% MEA; 45-85% glycol
and 5-25% water by weight. This combined process unit costs less than

. separate MEA and glycol units.
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The main disadfantages of glycol-amine systems are: a) ‘high vapori-
zation losses of MEA due to high regeneration temperatures; b) intricate
corrosion problems; c) its best application is for gas streams not
requiring low water dewpoint control and d) reclaiming must be by vacuum
distillation.

New Amine-Type Processes

Several variations of amine processes are currently being used for
gas sweetening. Among these are the Shell Sulfinol process, diglycolamine,
and an SNPA-DEA process. Maddox (1974, p. 157) classifies these. as new
amine-type processes.

Diglycolamine (DGA)

The treating agent in the DGA process is 2(2-amino-ethoxy) ethanol.
Thé process is non-selective and will remove both H,S and/or CO2. DGA has
several advantages over MEA: DGA can be used in concentrations of 50 to 70
?ercent which results in approximatély twice as much acid gas pickup per
gallon as an MEA solution in the 15 to 20 percent range. Use of higher
concentrations results in decreased circulation rates, heat requirements
and horsepower. DGA can be used at lower temperatures without protection of
the exposed solution. This makes it suitable for cold weather areas.
Sulfinol

The Sulfinol process came into commercial use in 1964. It was
patented by Shell Development Company as a replacement for systems using
MEA. Sulfinol is a solveht composed of sulfolane, an alkanolamine, and
water, in varied amounts according to application (Kirk & Othmer 1951,
p. 384). Sulfinol is a unique process that involves both a physical sol-

vent and a chemically reactive agent in the sweetening‘solution, thereby,
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combining both the chemical and physical absorption methods often used
separately in gas sweetening.

Sulfinol is equivalent to MEA at lower partial pressures, but it is
superior to MEA at high partial pressures. The best application of this
process is in gas streams with relatively high ratios of HZS (HpS to CO,
ratios 1:1 or greater). Sulfinol absorbs more hydrocarbons than its MEA
equivalent; it also removes thiols and carbonyl sulfide. Special treatment
for the-removél of hydrocarbons from the acid gas stream will be necessary
prior to the sulfur plant if the content is too high for feed to a Claus
sulfur-recovery operation (Kirk § Othmer 1951, p. 384).

SNPA-DEA

Tﬁe SNPA-DEA process is similar to a conventional amine process but
utilizes a 20-30 percent by weight of DEA solution. Solution circulation
rate is set at 1.0 to 1.3 moles of DEA per mole of acid gas. Reboiler heat
duty ranges from 0.9 to 1.1 pounds of steam per U.S. gallon of solution.
The higher weight concentration of DEA solution is utilized so that the
number of moles of DEA per gallon of solution is essentially the same as
for a 15-20 percent by weight MEA solution. Because of the lower vapor
pressure of DEA the partial pressure of DEA over the 30 percent by weight
solution is actually less than the partial pressure of MEA over a 15 percent
by weight MEA solution,

The sweetened gas HZS content will normally iun from 0.15 to 0.05
grains per 100 scf. This is usually well within pipeline specifications
(0.25 grains per 100 scf). As with MEA units CO, is essentially quanti-
tatively removed. Unlike MEA units carbonyl sulfide is removed without

degradation of the DEA solution (Maddox 1974, p. 179).
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' CARBONATE AND OTHER CHEMICAL PROCESSES

Hot Potassium Carbonate (uncatalyzed)

There are some similarities between process flows for the hot
potassium carbonate process and the amine process, however, in the hot
potassium carbonate system the absorber operates at a high temperature.
This enables a considerable savings in heat exchange and heating equipment.
Use of high temperatures increases the solubility of potassium bicarbonate
in solution. This permits the use of a concentrated K,CO3 solution and
jncreases the carrying capacity for acid gases per gallon of solution
(Maddox 1974, p. 99).

The hot potassium carbonate system is very effective where 5 to 8
percent acid gases are present in large quantities. However, if no COy
is present potassium bisulfide is very difficult to regenerate. Therefore,
this process is not suitable for sweetening gas mixtures containing little

or no €02. The flow diagram for this process is shown in Figure 3.

acid
gas
cooler
lﬂj -
_ _ N
sweetened k= 2
gas é E
= pump “ :
~sour ) ’- Leon soluficn stbe%,;l
gas reboiler
- héat K{ ‘}_A \g/
: exchanger . ‘ X
Modified from Maddox 74 Rich solutign 4
Figure 3

Flow diagram of conventional
hot carbonate process
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Catacarb Process

This is a variation of the basic hot potassium carbonate process. The
Catacarb Process uses amine borates to increase the activity of the hot
potassium carbonate solution. A potassium carbonate solution is not highly
jonized and has few hydroxyl ions which can react directly with CO,.
Therefore, this process acts on the assumption that CO, must first react
with water or a hydrate to form carbonic acid. Neit, the carbonic acid
reacts with a carbonate ion to form two bicarbonate ionsl

These carbonate solutions frequently become contaminated by potassium
formate and potassium sulfate. These contaminants have a negative effect
on solution activity. They can be removed or maintained at a satisfactory
level in the solution, however, to do so is expensive and results in
_potassium carbonate losses (Maddox 1974, p. 112).

Benfield Process

This is a hot potassium carbonate process which uses diethanolamine as
the activation agent. The process flow and operating conditions for the
Benfield Process are essentially the same as those for the uncatalyzed hot
potassium carbonate process.

DEA-Carbonate

This process is a combination of the diethanolamine (DEA) and the hot
potassium carbonate processes. The DEA-Carbonate method requires a high
percentage of CO, to operate effectively. In certain applications this
process can save as much as 10 percent in operation costs over the DEA
process alone.

In the DEA-Carbonate process, gas entering the absorber first contacts

the activated potassium carbonate solution. Then it flows to the upper
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section where it ié treated with the DEA solution. This dual method
enables a more complete removal of the acid gases. The amine and carbonate
solutions are segregated in both.the absorber and regenerator., Spent DEA
from the absorber is preheated by the éarbonate.solution before being
introduced to the lower section of the regenerator. Because the potassium-
carbonate solution is cooled before it enters the regenerator, and to
maintain proper strippiﬁg steam distribution in the regenerator, both thg
potassium carbonate section and the DEA section are reboiled. (Maddox 1974,
p. 116).

Giammarco-Vetrocoke (G-V) Process

The G-V process uses a catalyst to increase the rate of absorption of
CO, in alkali carbonate solutions. The G-V process is really a multiple
process which can be used to accomplish three objectives: 1) as a CO,
temoval process; 2) as a highly selective removal of H,5 and 3) as a
process with which modifications enable the removal of CO, and HpS

similtaneously (Maddox 1974, p. 117).

Seaboard Process

.This process was developed by the Koppers Company in 1920. It is
essentially a regenerative process without recovery of the product removed.
The Seaboard method uses an aqueous solution with 3.0 to 3.5 percent sodium
carbonate for absorbing H,S in a bubble tray or packed tower. The foul
solution is pumped to a second tower where it is regenerated by blowing air
through it to obtain release of the absorbed H,S, which is emitted to the

atmosphere (Kirk & Othmer 1951, p. 384).
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The Seaboard process was the first regenerative-liquid process for.
' HZS removal used commercially on a large scale. It is no longer of major -
industrial significance (Maddox 1975, p. 121).

Vacuum Carbonate Process

This is a modification of the Seaboard process which also used 3.0 to
3.5 percent sodium carbonate as an absorbent. The process is especially
adapted.to the recovery of H,S from manufactured gases and is primarily
‘used for_treating coke-oven gases (Kirk § Othmer 1951).

Phosphate Process

The phosphate process developed by Shell Development Company employs
a solution of potassium orthophosphate for absorbing H,S. Regeneration is
accomplished by steam stripping.

This phosphate method involves a two stage absorption process with the
completely regenerated solution entering the final stage in contact with
effluent gases and partially regenerated solution entering the first stage.
In this way, the saving of steam is accomplished. This is important be-
cause complete reactivation of the solvent is more expensive in this process
than in the amine processes.

Tripotassium Phosphate Process

This process, introduced by Shell Oil, has been largely replaced by the
amine process. However, it does have some advantages for special applica-
tions. The advantages of this method are: 1) tripotassium phosphate is
not volatile; 2) it is insoluble with hydrocarbons and 3) tripotassium

phosphate does not react with carbonyl sulfide (Maddox 1974, p. 124).
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Sodium Phenolate Process

This process involves a concentrated solution of sodium phenolate in
a heat conversion-heat regenerative flow process. The solution has a high
capacity for H,S but a low efficiency for H,S removal. This proéess-seldom
achieves necessary specifications; only about 90 percent of the HZS in sour
gas is removed. For these reasons most sodium phenalate plants have been
replaced by other processes (Maddox 1974, p. 125).

Phenoxide Process

The phenoxide process uses a solution of sodium phenoxide as an absor-
bent. Operating difficulties encountered in this process have caused the
few plants in which this process was utilized to convert to other processes.

Alkacid (Alkazid) Process

This process was developed and used in Germany prior to World War II.
The Alkacid process is not presently used. in the United States.
PHYSICAL ABSORPTION METHODS
General

All physical solvents mentioned here have a relatively high solubility
- for the'heévy hydrocarbons. This is especially true of aromatic and un-
saturated hydrocarbons, For this reason, particular care must be taken in
the regeneration cycle of all of the processes when there are unsaturated or
aromatic hydrocarbons in the sour gas stream being treated. Otherwise, the
acid gases from the unit will be completely uhsuitable for feed gas to a
Claus sulfur recovery unit (Maddox 1974, p. 155).

Water Absorption

Water is a satisfactory solvent for removing acid gases from sour gas

streams. This is a good process to use as a companion to an amine process.
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The water wash process followed by an amine process clean-up requires a 12
to. 15 percent lower investment. Additionally, there is approximately a

50 percent savings in operational costs of an equivalent amine unit designed
to do the total sweetening job (Maddox 1974, p. 129). The diagram of a

typical system is shown in Figure 4.

Partiaily sweetened
—» gas to amine unit

Acid gas and hydro-
carbons to amine unit

' ' | ~ Acid
k | . gas
Contactor : .
COOLER INTERMEDIJATE-PRESSURE' 1LOW-PRESSURE ]
: FLASH TANK FLASH TANK
Sour _ Q
‘gas Lean Solution PY™P

. - . Power Recovery
-Modified from Maddox 74 Turbines pump

pump
Figure 4

Flow diagram of a typical water wash
absorption unit
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Fluor Solvent Process

This process originated from an extensive testing and evaluation -
program searching for physical absorbents. Four solvents were finally
selected: 1) propylene carbonate 2) glycerol triacetate. 3) butoxyl
diethylene glycol acetate 4) methoxy triethylene glycol acetate. These
solvents are primarily intended for the removal of CO, from high pressure
' gas streams. There are indications that some of them may have sufficient
selectivity for HZS that they can be used under certain conditions for
preferential removal of H,$ from a sour gas stream (Maddoi 1974, p. 135).

Selexol Process

The solvent in this process is dimethyl ether of polyethylene glycol
(DMPEG). DMPEG has significantly greater solubility for H,S than for COZ'
This enables some selectivity for H,S to be designed into the system.

Advantages of this process are 1) lower initial plant costs and lower
operating costs than MEA or potassium carbonate 2) DMPEG is more selective
for H,S than MEA 3) DMPEG has a better ability to treat for HZS removal
than does hot potassium carbonate.

Rectisol-Purisol Process

The Rectisol process uses a refrigerated solutién of methanol as a
solvent. The Rectisol process has been used primarily in the treatment of
synthesis gas for removal of CO,.

The Purisol process uses a solution of N-methyl-2 pyrrolidone (NMP-
Purisol). This process has a high absorptivity for H3S and indications of
selectivity between H,5 and CO,.

This process is primarily used for sweetening synthesis gas, but there

are potential applications for it in the natural gas field.
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Estasolvan Process

The Estasolvan Process utilizes the solvent tri-n-butyl phosphate (TBP).
This process can be used for either sweetening only or sweetening combined
with liquid hydrocarbon recovery. In addition to removing H,S, TBP will
remove mercaptans and other organic sulfur compounds (Maddoi 1974, p. 147).
Others

Various other physical solvents can be used in natural gas sweetening.
Any of these solvents might be applicable depending upon plant design and .
nature of the gas to be sweetened. Possible solvents include: methyl
cyanoacetate, glutaronitrile, propylene carbonate, trimethylene cyanohydrin,
N-methyl pyrrolidone, dimethyl formamide, DEG dimethyl ether, sulfolane
(Maddox 1974, p. 151).
SOLID BED SWEETENING PROCESSES
General

Solid bed sweetening processes are based on the adsorption of the acid
gases on the surface of the solid sweetening agent or on the reaction with
some component on that surface. These sweetening processes are not as
.widely used as the previously discussed liquid processes (Maddox 1974, p. 181).

Solid bed sweetening is usually best applied to gases containing low
to medium concentrations of H,S or mercaptans. Most of the solid processes
are highly selective and do not normally remove significant quantities of
CO0,. This means the H,5 stream from the process is usually of high purity.

Pressure has relatively little effect on the adsorptive capacity of a
sweetening agent. Some solid bed processes are batch type and have low

investment and operating costs (Maddox 1974, p. 181).
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Iron Oxide (Sponge) Or Dry Box Process

This is one of the oldest known methods for removal of sulfur compounds
from gas streams. The dry box process was introduced in England in the
mid-19th century. It still has a place, today, in areas of special
application.

The simplest process involves contact of the sour gas with hydrated
ferric oxide. This results in the formation of ferric sulfide. When
exposed to the air, ferric sulfide is oxidized to sulfur and ferric oxide.
This can be used to react with additional hydrogen sulfide. The reaction-
regeneration cycle can be repeated several times.

Eventually the sulfur will cover most of the surface of the oxide
parficles, thereby causing loss of activity of the adsorbent and excessive
pressure drop through the bed.

Several variations of the iron oxide process exist. These developments
primarily differ in size and design of the vessel to contain the iron oxide.

Molecular Sieves

Crystalline sodium calcium alumino silicates can be used for selective
removal of H,S and other sulfur compounds from natural gas streams. Some
crystalline forms of these materials are found naturally. The common
crystalline forms used in commercial absorption are synthetically manufac-
tured materials. The activated crysﬁalline material is porous. The pore
openings in a given structure are all exactly the same size and are deter-
minéd by the molecular structure of the crystal and the size of molecules
present in the crystal. The pores are formed by driving off water of
crystallization that is present during the synthesis process. The exactness
of the pore size and distribution has given rise to the name molecular

sieves, which is used almost universally to describe these materials.
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These materials are marketed under the name Molecular Sieves by the
Linde Division of Union Carbide Corporation and the Davison Chemical Co.
Division of W. R. Grace and Co.

Molecular sieves have the large surface area typical of any solid
adsorbent. In addition, however, molecular sieves have highly localized
polar charges. These localized charges are the reason for the very strong
adsorption of polar or polarizable compounds on molecular sieves. This
also results in much higher adsorptive capacities for these materials by
molecular sieves than by other adsorbents, particularly in the lower concen-
tration ranges (Maddox 1974, p. 188).

EFCO Process

Engineers and Fabricators Company . (EFCO) has developed another
molecular sieve process. In the EFCO process sour gas enters the unit
through a separator and filter which will remove all liquids and entrained
solids. The sour gas then flows downward through two molecular sieve
treating beds and leaves the plant as sweetened gas. A portion of the
sweet gas stream is removed and flows downward through a third bed which
has been regenerated but is still hot. The swéetened gas removes heat from
the bed and flows through a gas-to-gas exchanger before going through the
regeneration heater. Following heating, this gas flows upward through the
bed on regeneration cycle heating it and removing the adsorbed HZS and
sulfur compounds. The gas from the bed then flows through heat exchange
with the sweetened gas to the tower and then through a cooler.

Entrained liquids are removed in a separator before the regeneration
stream flows into an gbsorber where approximately 90 percent of the H,S is

removed by circulating solvent. The regeneration gas is then recycled to
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the inlet gas stream to the plant. The EFCO process rejects from the gas
stream only the acid gas constituents and burns only‘the amount of gas
required to provide regeneration heat (Maddox 1974, p. 193).

Tail Gas Conditioning

Tail gas conditioning involves removing Ezggg_quantities of sulfur
from gas streams. Usually tail gas processes are a follow-up procedure to
another process, for exaﬁple, the Claué process (Maddox 1974) lists six
methods of tail gas conditioning désigned to carry the Claus reaction to
further completion. All of these processes are very_efficient and remove

at least 99 percent of the sulfur in the acid gas stream.
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II. SECTION FOR EPA PUBLICATION AP-42,
COMPILATION OF AIR POLLUTANT EMISSION FACTORS

9, PETROLEUM INDUSTRY

9.2 NATURAL GAS PROCESSING
9.2.1 GENERAL!

Natural gas from high-pressure wells is usually passed through.field
separators to remove hydrocarbon condensate and water at the well. Natural
gasoline, butane and propane are usually present in the gas, and gas proc-
essing plants are required for the recovery of these liquefiable constituents
(see Figure 9.2-1). Natural gas is considered "sour" if hydrogen sulfide is
present in amounts greater than 0.25 grains per 100 standard cubic feet.

The hydrpgen sulfide (H,S) must be removed (called "sweetening'" the gas)
before the gas can be utilized. If H,S is present, the gas is usually
sweetened by absorption of the HZS in an amine solution. Amine processes
are used for over 95 percent of all gas sweetening in the United States.
Other processes such as carbonate processes, solid bed absorbents and
physical absorption methods comprise approximately five percent of the
nation's sweetening plants. Emissions data for sweetening processes other
than amine-types are very meager.

The major sources of emissions from the natural gas processing industry
arise from compressor engines and from acid gas wastes from gas sweetening

‘plants. Compressor engine emissions are discussed in Section 3.3.2, there-

fore, only gas sweetening plant emissions will be discussed.
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9.2.2 PROCESS DESCRIPTIONZ:3

There are many available chemical processes for sweetening natural gas.
However, at present the most widely-used process for H,S removal or gas
sweetening ié the amine type process (also known as the Girdler process), -
and utilizing various amine solutions for absorbing H,S. The process is -

summarized in the following reaction and illustrated in Figure 9.2-2,

R = mono, di, or tri-ethanol
N = nitrogen
H = hydrogen
S = sulfur
_ : - Acid gas
o " cooler
Puritied ’@f_’:_:{l
gos Leon gmine —a
"\ solution 8
[~
$ 3
=<
Sour o
- 905 O ' steam reboiler
: Rich omine

solution

heat exXchanger
Figure 9.2-2 Flow diagram of the amine process
for gas sweetening

The gas is first absorbed in an amine solution (RNH,) in a bubble-tray
tower. The amines form a compound with hydrogen sulfide at low temperatures,
The volitale hydrogen sulfide is separated from the relatively nonvolatile
amine by steam stripﬁing the amine solution. The complete removal of the
hydrogen sulfide from the rich amine solution in turn allows complete puri-
fication of the gas in a counter-current absorber. The recovered hydrogen
sulfide gas stream may be (1) vented, (2) flared in waste gas flares or

modern smokeless flares, (3) incinerated; or (4) utilized for the production
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of elemental sulfur or other commercial products. If the recovered H,S gas
stream is not to be utilized as a feedstock for commercial usage, the gas is
usually passed to a tail gas incinerator where the H,S is oxidized to sulfur
dioxide and then passed to the atmosphere via a stack.
9.2.3 EMISSIONS*»>

Virtually all of the emissions from gas sweetening plants consist of
sulfur dioxide, resulting from flaring or incinerating thé waste gas. It is
very rare, however, for a sweetening plant to exist without a sulfur recovery
plaat or other commercial plant nearby. The amount.of S0, emitted by sweet-.
ening plants is directly related to the HZS concentration in the gas sweet-
ening plant infake. Waste gas flargs usually burn at temperatures lower
than those necessary to completely oxidize all hydrocarboné and yield minor
emissions of particulates and hydrocarbons. Modern smokeless flares with
fuel gas and steam injection assure complete combustion of all waste gas
constituents. Tail gas incinerators are usually operated at temperatures
ranging from 1000° to 1200°F. Enough excess air and fuel gas are added to
plant tail gas to maintain the above temperature range. At these conditions
the combustion of H,S to S0, is over 98 percent complete. Table 9.2-1 lists
emissions from gas sweetening plants with smokeless flares or incinerators.
Emissions frdm sweetening plants with adjacent commercial plants such as
sulfur recovery or sulfuric acid manufacturing are treated in Sections 5.18

and 5.17, respectively.
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Table 9.2-1. EMISSION FACTORS FOR GAS SWEETENING PLANTS 2,4-7

Sulfur
Oxides? Carbon Nitrogen
Type of Process Particulates (50;) Monoxide Hydrocarbons Oxides
Amine with smokeless
flare or incinerator
1b/106 £t3 gas _ i
processed Neg 1685 sP Neg Neg Neg
kg/lO5 m3 gas o ' . .
processed Neg =~ 26.98 SP  Neg - Neg Neg

2 Emissions are proportional to the mol percent of hydrogen sulfide in gas

sweetening plant intake. '
S is the HyS content in mol percent, of the sour gas entering the gas
sweetening plant. For example; if H,8 content is 2 percent, the emissions
factor would be 1685 x 2 = 3370 1bs/106 ft3 gas sweetened. If H,S mol
percent is unknown and cannot be. determined, then use AQCR average HyS
value from Table 9.2-2.

HpS concentrations are also reported in grains/100 £t3 and ppm.

Conversion factors to mol percents are listed below.

.01 mol % H,S = 6.264 grains H,S/100 std ft3 @ 60°F 29.92"Hg

1 grain/100°std ft3 = 15.96 ppm (parts per million) of Hp$S in

natural gas.
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Table 9.2-2. AVERAGE HYDROGEN'SULFIDE‘CONCENTRATIONS

IN NATURAL GAS BY. AIR QUALITY CONTROL REGIONS

AQCR Average

State 3 AQCR Name Number H,S mol %
) Alabama Mobile-Pensacola-Panama City- .
Southern Mississippi (FL., MS.) 5 3.30
Arizona Four Corners (CO., NM., UT.) 14 : 0.71
Arkansas Monroe-E1 Dorado (LA.) 19 0.15
Shreveport-Texarkana—Tyler
- (LA., -OK.,.-TX.) S 22 0.55
California Metropolitan'Los Angeles 24 2.09
San Joaquin Valley 31 0.89
South Central Coast : - 52 3.66
Southeast Desert 33 1.0
Colorado Four Corners (AZ., NM., UT.) . 14 0.71
Metropolitan Denver 36 -0.1
Pawnee 37 0.49
San Isabel 38 0.3
Yampa 40 0.31
Florida ~ Mobile-Pensacola-Panama City-
Southern Mississippi (AL., MS.) 5 3.30
Kansas Northwest Kansas 97 0.005
Southwest Kansas 100 0.02
Louisiana' Monroe-E1l Dorado (AR.) 19 0.15
Shreveport-Texarkana-Tyler
(AR., OK., TX.) 22 0.55
Michigan Upper Michigan 126 0.5
Mississippi Mississippi Delta 134 0.68
Mobile-Pensacola-Panama City-
Southern Mississippi (AL., FL.) 5 3.30
Montana Great Falls 141 3.93
Miles City 143 0.4
. New Mexico Four Corners (AZ., CO., UT.) 14 0.71

Pecos-Permian Basin 155 0.83
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Table 9.2-2 (continued). AVERAGE HYDROGEN SULFIDE CONCENTRATIONS

IN NATURAL GAS BY AIR QUALITY CONTROL REGIONS

AQCR Average
State AQCR Name Number HpS mol %
North Dakota  North Dakota 172 1.742
’ Oklahoma Northwestern Oklahoma 187 1.1
‘ Shreveport-Texarkana-Tyler
. (AR., LA., TX.) 22 0.55
Southeastern Oklahoma 188 0.3
Texas Abilene-Wichita Falls 210 - 0.055
Amarillo-Lubbock 211 0.26
Austin-Waco 212 - 0.57
Corpus Christi-Victoria 214 0.59
Metropolitan Dallas-Fort Worth 215 2.54
Metropolitan San Antonio 217 1.41
Midland-Odessa-San Angelo 218 0.63
Shreveport-Texarkana-Tyler
(AR., LA., OK.) . 22 0.55
Utah Four Corners (AZ., CO., NM.) 14 . 0.71
Wyoming Casper 241 1.262
Wyoming (except Park, Bighorn 243 2.34

~and Washakie Countiesb)

2 gour gas only reported for Burke, Williams and McKenzie Counties.
Park, Bighorn and Washakie Counties report gas with an average 23 mol
percent H,S content.
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III. RESEARCH LEADING TO THE DEVELOPMENT

: ' ' OF EMISSION FACTORS FOR NATURAL GAS SWEETENING

INTRODUCTION

The development of emission factors for the natural gas processing
industry began with an intensive investigation of the industry itself. This
investigation determined the important emission points and types of pollu-
tants emitted from the different facilities and processes associated with
gas processing. After defining the important emission points and the
pollutant types the literature was researchgd to determine a fundamental
data base and to suggest an approach for emission factor development. Con-
sultation with gas engineers, plant personnel and air pollution specialists
was utilized to fill gaps in the data base, as well as to improve or check
its accuracy.

EMISSION POINTS

The initial investigation of the gas processing industry determined
that compressor engine exhausts and gas sweetening plant tail gases were
responsible for the major share of the emissions pfoduced by the industry.
Emissions from compressor engines have already been described in AP-42 so

attention was concentrated on the emissions from gas sweetening plants.

Gas sweetening plant tail gases are usually flared or incinerated if

the sulfur is not removed. Fiares are usually elevated, smokeless types in

_order to safely dissipate the heat and diffuse any emitted vapors. Some

small installations still use waste gas flares which are less efficient
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than the modern flares. Incinerators utilize air premixing to insure good
combustion and incinerator gases are usually exhausted to the atmosphere
via a tall stack.
SULFUR COMPOUND EMISSIONS

Sour natural gas contains hydrogen sulfide'(HZS) in widely varying con-
centrafions, plus tréce amounts of organic sulfur compounds such as mercap-
tans, carbonyl sulfide (COS) and carbon disulfide (CS;).. HpS is rarely less
than 95 percent of the total sulfur content. Tail gases from sweetening
plants contain primarily H,S, 80,, COy, Ny and H,0. Since combustion of
hydrogen sulfide to sulfur dioxide is over 98 percent complete, SO, is c6n=
sidered the major pollutant emitted by gas sweetening plants.
OTHER EMISSIONS |

Incinerators and flares at gas sweetening plants.operate at tempera-
tures ranging from approximately 900° to 1200°F. At these temperatures the
combustion of HZS to SO2 is over 98 percent complete. This temperature
range is too low for significant creation of oxides of nitrogen to be a
problem; therefore, NO, was not considered as an emitted pollutant.

Particulates, smoke and hydrocarbons are byproducts of incomplete com-
bustion. Incomplete combustion can result from insufficient fuel value in
the gas mixture, inadequate combustion air or inadequate mixing of fuel and
air., Since it is necessary to insure good combustion of HZS to SOZ’ all of
the above factors are considered in incinerator and flare design and
operating prgcedures. Therefore, smokeless flares and incinerators usually
do not produce significant amounts of visible emissions, particulate material,

or hydrocarbons.
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However, little information on hydrocarbon emissions from gas sweet-
ening plant tail gases is available. Based on unpublished stack test data,
it was determined that the efficient combustion of sweetening plant tail
gases results in a negligible production of hydrocarbc;n emissions. A
fypical-sample hfdrocarbon analysis of waste gas as it leaves a gas

sweetening plant is shown in Table 1. |

‘ Table 1
HYDROCARBON ANALYSIS OF___No-. 1 A Acid GAS SAMPLE
COMPONENT MOL PER CENT GPM

'.Hydrogen : - 0.18

Hydrogen Sulfide ' 81,95 -

Carbon Dioxide 17.31

Nitrogen : 0.02

Methane _ ' 0.11

Ethane _ ' 0.06 ' 0,015

Propane ‘ : ' . 0.07 ' 0.020
"iso-Butane 0,01 0,003

n-Butane. _ 0,02 0.006

iso-Pentane 0,01 0.004

n-Pentane ' 0.01 " 0.004

Hexanes 0.05 0.021

Heptanes plus 0.20 0.093

' 100, 00 : 0.166

DEVELOPMENT OF EMISSION FACTOR

The amount of SO, emitted by a gas sweetening plant depends upon
several parameters, and in order to develop a valid emission factor, certain
assumptions were made.

. The major waste product from gas sweetening is the acid gas stream.
This acid gas, if not utilized for various commercial purposes, is usually
disposed of by burning. Regardless of whether the acid gas is burned in a

flare or incinerator, combustion of H,S to S0, was assumed to be essentially

100 percent complete.
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Sweetening of a sour gas stream involves reducing H,S in any concen-
tration the sour gas should contain when produced,'to a market standard for
sweet gas, usually a maximum of 0.25 grains H,S per 100 standard cubic feet
of gas, or 0.00039 mol percent H5S. For the purpose of détermining an
emission factor, it was assumed that essentially 100 percent of the H,S
present in processed sour gas is removed by the sweetening proceés.

Therefore, if the average mol percent H,5 present in the sweetening
plant intake gas stream is known, then the SO, emissions from the plant are
directly proportional to this H,S value. Emissions can, thus, be calculated
from the average H,3 mol percent in sweetening plant intake by use of an
emission factor. This factor was derived mathematically and is shown in
Table 2.

Table 2. EMISSIONS FACTORS FOR GAS SWEETENING PLANTS

S0, Emissions®

Type of Process
1bs/106 ft3 Kg/103m3
Amine with smokeless b b
flare or incinerator 1685 S 26.98 S

2 pmissions are proportional to the mol percent of Hydrogen Sulfide in gas
sweetening plant intake.

b g is the H,S content in mol percent, of the sour gas entering the gas
sweetening plant. For example; if H-S content is 2 percent, the emissions
factor would be 1685 x 2 = 3370 1bs/106 £t3 gas sweetened. If HpS mol
percent is unknown and cannot be determined, then use AQCR average H,S
value from Table 9.2-2. '

H,S concentrations are also reported in grains/100 standard £3
and ppm. Conversion factors to mol percents are listed below:

.01 mol % H,S = 6.264 grains H,5/100 std £t3 @ 60°F 29.92"Hg

1 grain/100 std ££3 = 15.96 ppm (parts per million) of HpS
in natural gas.
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Table 3. AVERAGE HYDROGEN SULFIDE CONCENTRATIONS

IN NATURAL GAS BY AIR QUALITY CONTROL REGIONS

39

AQCR Average
State AQCR Name Number H,S mol %
Alabama Mobile-Pensacola-Panama City-

' Southern Mississippi (FL., MS.) 5 3.30
Arizona Four Corners (CO., NM., UT.) © 14 0.71
Arkansas Monroe-E1 Dorado (LA.) 19 0.15

Shreveport-Texarkana-Tyler
-~ (LA., ‘OK.., -TX.) 22 0.55
California Metropolitan Los Angeles 24 2.09
San Joaquin Valley 31 0.89
South Central Coast 32 3.66
-Southeast Desert 33 1.0
Colorado Four Corners (AZ., NM., UT.) 14 0.71
Metropolitan Denver 36 0.1
Pawnee 37 0.49
San Isabel 38 0.3
Yampa 40 0.31
Florida Mobile-Pensacola-Panama City-
: Southern Mississippi (AL., MS.) 5 3.30
Kansas Northwest Kansas 97 0.005
: Southwest Kansas 100 0.02
Louisiana Monroe-E1 Dorado (AR.) 19 - 0.15
Shreveport-Texarkana-Tyler
(AR., OK., TX.) 22 0.55
Michigan Upper Michigan 126 0.5
Mississippi Mississippi Delta 134 0.68
Mobile-Pensacola-Panama City-
Southern Mississippi (AL., FL.) .5 3.30
Montana Great Falls 141 3.93
Miles City 143 0.4
New Mexico Four Corners (AZ., CO., UT.) 14 0.71
Pecos-Permian Basin 155 0.83




Table 3 (continued). AVERAGE HYDROGEN.SULFIDE CONCENTRATIONS

IN NATURAL GAS BY AIR QUALITY CONTROL REGIONS

' AQCR Average
State - AQCR Nanme Number HyS mol %
North Dakota  North Dakota ' 172 - 1.742
' Oklahoma Northwestern Oklahoma 187 1.1
Shreveport-Texarkana-Tyler
. (AR., LA., TX.) 22 0.55
Southeastern Oklahoma 188 0.3
Texas Abilene-Wichita Falls 210 0.055
Amarillo-Lubbock 211 0.26
Austin-Waco 212 0.57
Corpus Christi-Victoria 214 0.59
Metropolitan Dallas-Fort Worth 215 2.54
Metropolitan San Antonio 217 1.41
Midland-Odessa-San Angelo . 218 0.63
Shreveport-Texarkana-Tyler
(AR., LA., OK.) 22 0.55
Utah Four Corners (AZ., CO., NM.) 14 0.71
Wyoming Casper 241 1.262
" Wyoming (except Park, Bighorn 2453 2.34

“and Washakie Counties”)

2 gour gas only reported for Burke, Williams and McKenzie Counties.
Park, Bighorn and Washakie Counties report gas with an average 23 mol
percent H,5 content. ' '
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The emission factor for SO, was developed as follows:

626.4 grains HZS
100 ft3

1 mol percent HyS =

~ Molecular weight of hydrogen sulfide = 34

Molecular weight of sulfur dioxide = 64

7000 grains = 1 pound

6,264,000 grains H,S 64 1 1b.
X — X = 1685 1bs. ngl,,

106 £t3 34 7000 10° £t
grains

1 mol % HZS

Therefore, any mol percent value of H,S in a gas sweetening plant intake
stream times 1685 gives the number of pounds of SO, emitted per million
cubic feet of gas sweetened. |

For example: A sweetening plant operates from a gas field of similar
wells. The average mol percent H,S is 1.2, and the plant processes four

million cubic feet per day of sour gas. To determine the plant emissions:

1.2 1685 - 2022
mol % HyS x 1bs. $0,/106 £t3 = 1bs. S0,/106 £t3

2022 1bs. SO, 4 x 100 f£t3
X

8088 1bs. S0,/day
1 x 109 £t3 1 day

Thus, the sweetening plant has a total daily emission of 8088 pounds of

sulfur dioxide.
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If the average mol percentage of H,S in the plant intake is unknown,
then the values in Table 3 may be used to roughly approximate plant
emissions for plants located in certain geographic areas. This table was

. developed by researching state agency data, service company data, and
afailable literature to determine H,5 values for sour gas fields. Data
from the analysis of 13,558 gas samples were surveyed in order to determine
the average H,S concentrations for the 29 AQCRs represented in Table 3.
Only 345 of the gas analyses wefe of sour gas, and these data are summarized
in Appendix A and presented graphically in Figure 5. At first reading the
values in Table 3 appear low. This is largely a factor of being an average
figure for an entire AQCR where there will be wells producing both sweet
and sour gas. When dealing with an individual gas sweetening plant, every
effort should be made to learn the actual H,S concentration in its intake
gas before using the average value in Table 3.

This approach for development of the emission factor was utilized for
several reasons. First, it was known that the SO, emissions were directly
proportional to the H,S concentration in the burned waste gases. Second,
in order to use this relationship the volume of gas must be known as well
as the HZS concentration. Data on sales gas is usually available, but for
many plants information on the amount of hydrogen sulfide in the incoming
gas stream is not available. Therefore, a method of approximating H,S con-
centrations in sweetening plant intake gas streams had to be devised. Since
information on plant location is known, a method of relating geographic
location to the emission factor was sought, and resulted in analysis of gas
field H,S concentration. Although the natural gas bearing geologic forma-

tions produced in different areas and at different depths have widely
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divergent H,S values, in general, areas of sour gas production have
reasonably consistent HZS-Values.. In other words, although the difference
between the maximum HZS concentration and the minimum H,S cﬁncentration may
_be large, most samples fall close to the méan value, 'This.indiCates thaf
in a large percentage of cases emissioﬁ-prediction accuracy will be good.

-For example: A sweetening plant'is located in West Texas in Ector
County. The plant processes ten million cubic feet of gas daily.

Ector County is located in Air Quality Control Region 218. In Téble 3

the average mol percent H,S listed for AQCR 218 is 0.63. Therefore,

(0.63) P (1685) X (10) = 10,615 1bs S0,/day
mol % H,S8 50, Emission Daily Plant emitted
- Factor Intake
106 f£t3
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IV. SOURCE CLASSIFICATION CODES

The only emissions from gas sweetening plants are the acid gas streams,
This acid gas may be vented, flared, incinerated, or used by an associated
industry as a feedstock. Most sour gas fields usually have sulfur recovery
plants associated with the gas sweetening plants. Such an associated
‘industry serves two functions: (1) it serves as a control device by
lowering emission of sulfur oxides to allowable levels and (2) it produces
economic benefits from the sale of the recovered product. Some isolated
fields or individual wells may have small sweetening process units, without
an associated industry to utiiize the produced acid gas stream. In these
cases the acid gas is usually flared, Some large volume gas sweetening
plants also operate without marketing their acid gas stream, but normally
these plénts are processing gas that is only slightly sour.

Acid gas emitted from sweetening plants is very corrosive and, there-
fore, it is rarely transported by pipeline. In some cases the rich amine
solution from a sweetening plant may be piped for short distances to chemical
manufacturers for commercial production. Therefore, associated industries,
such as sulfur recovery plants or sulfuric acid plants, are usually con-
structed close by sweetening plants to utilize the acid gas supply. When
this is the case, then the proper Chemical Manufacturing source classifica-

tion code should be used to indicate the associated industry as the emission
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source. This is necessary to demonstrate that the emissions resulting from
a sulfur recovery plant operating on an acid gas supply from a sweetening
plant should be attributed to the sulfur'recovery plant and not the gas
sweetening plant. The proper SCC will show the sweetening plant to have no
emissions. Source Classification Codes already exist for the associated
industries listed and emission estimates should be made according to the
Source Classification Codes for the proper emission source. SCCs do not
exist for gas prbcessing as a process separate from gas sweetening, but it
is not necessary to have an SCC for gas processing because there are no
emissions from normal operations of gas processing facilities. Only amine
process flares or incinerators should have emissioné'attributed to gas
sweetening plants directly.

The Source Classification Codes and emission factors for natural gas

sweetening are listed below:
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Industrial Process-Natural Gas Industry Pounds Emitted Per Unit Units
dkkkkkhkEhth bk hkk YT T T T E T R L A0 4 A Pal‘t. Sox Nox HC Co

Gas Sweetening
3-06-014-01 Amine process w/smokeless

flare Neg® 1685 Neg Neg Neg MMCF Gas
3-06-014-02 Amine process w/incinerator Neg 1685 Neg Neg Neg Processed
3-06-014-03 Amine process w/Claus plant? 0 0 0 0 0
3-06-014-04 Amine process w/HyS0O4 plant® 0 o 0 0 0
3-06-014-05 Amine process w/ well

reinjection 0 0o o0 0 0

3-06-014-99 Other/not classified

Pounds Emitted Per Unit

Part. SO, NO, HC CO Units
2 gulfur (elemental)
3-01-032-01 MOD-Claus 25tage 280. Tons product
3-01-032-02 MOD-Claus 35tage 189. Tons product
3-01-032-03 MOD-Claus 45Stage 146. Tons product
3-01-032-99 Other/Not Clasifd. Tons product
b sulfuric acid
1. H,S0, - Chamber 3
3-01-022-01 General - 0. Tons pure acid
produced

2. HZSO4 -~ Contact

3-01-023-01 99.7 Conversion 2.50 4,00 Tons ' produced
3-01-023-04 99.5 Conversion 2.50 7.00 Tons " produced
3-01-023-06 99.0 Conversion 2.50 14.0 Tons " produced
3-01-023-08 98.0 Conversion 2.50 27.0 Tons " produced
3-01-023-10 97.0 Conversion 2.50 40.0 Tons " produced
3-01-023-12 96.0 Conversion 2.50 55.0 Tons " produced
3-01-023-14 95.0 Conversion 2.50 70.0 Tons ' produced
3-01-023-16 94.0 Conversion 2.50 82.0 Tons " produced
3-01-023-18 93.0 Conversion 2.50 96.0 Tons " produced
3-01-023-99 Other/Not Clasifd. Tons produced

¢ Negligible emission
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V. LIST OF GAS PROCESSING PLANTS IN THE CONTIGUOUS

UNITED STATES THAT HAVE SOUR GAS RESOURCES

The following table, Table 4, contains a comprehensive listing of
natural gas plants in the sixteen states known to have significant sour gas
resources. The table is.intended to complement the entries in the National
Emissions Data System (NEDS) by comments on how the plant is presently
encoded in NEDS and on other information pertinent to emissions from the
various plants.

Plant identification numbers are presented only for those plants
presently in NEDS, as the authors did not assign new plant identification
numbers for the plants not currently listed. Comments on Standard Indus-
trial Classification codes represent the view of the authors that if a gas
processing plant has an associated industry utilizing the emissions of the
gas processing plant, then it should be coded either as the chemical manu-
facturing facility (2819) or dual coded. The authors hold this view because
emissions from a sulfur recovery plant should be charged to SIC 2819 rather
than from the gas processing plant (SIC 1311) which.has a sulfur Tecovery
unit adjacent to it. The table indicates that all plants preéently coded
with SIC 1321 should be recoded 1311.

Comments on SCCs are general because direct knowledge of which specific

processes exist at each plant is not available to the authors. A citation
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of incorrect SCCs is only made when the existing SCC is obviously wrong for
the kind of facility described by the SIC, plant name and other SCCs for.
the facility.

Many publications and various groups and agencies were contacted in an
attempt to compile an accurate listing. Not all of these contacts proved
fruitful. Contacts by phone and mail with many of the state pollution con-
trol offices provided accurate information for those states. A visit to the
Texas Air Control Board (TACB) in Austin yielded a great deal of data for
Texas. Increased activity in the natural gas industry in the last two years

is not reflected in this table. The data are believed current through 1973.
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Table Explanation .

N. D. - No Data

Sources

1 - Texas Air Control Board Data
2 - Mississippi Air Control Board Data
3 - 0il & Gas Journal

4 - Report to EPA "Sulfur Compound Emissions of
the Petroleum Production Industry"

5 - Alabama Air Pollution Control Commission

6 - National Emission Data Systems

Comments

A - New plants to be coded 1311

B - These plants are coded either as gas processing
(1311) or chemical manufacturing (2819) but should
be coded 1311. Dual coding has sometimes occurred.

C - Recode as 1311

D - SIC correctly coded in NEDS
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GLOSSARY

Acid Gas

A blend of hydrogen sulfide (HZS) and carbon dioxide (CO,) that is
separated by the amine process from raw natural gas. Most plants
meter their total acid gas.

Amine Process

A process using one of the amines in which raw natural gas is bubbled
through the solution which absorbs essentially all co, and H,S (acid
gas). The solution is regenerated by boiling and the acid gas sent
on for further processing.

Lean Amine - Amine solution after H,S is removed by steam stripping.
Rich Amine - Amine solution with HpS in solution.

Condensate

Known sometimes as distillate. Basically, they are heavier hydro-
carbons occurring in the vapor phase at ipitial reservoir pressure and
temperature but condensing into a liquid as confining pressure is
reduced.

Cycling Plant

A plant that removes the heavier components from the gas and then
reinjects the gas into the formation to maintain reservoir pressure
and increase ultimate recovery. The produced gas is often sweetened
prior to reinjection.

Field

A single well or group of wells that penetrate and produce from one
or more petroleum-bearing formations.

Flare Stack

One common way to dispose of acid gas is to mix it with some raw
natural gas and burn it at the end of a flare stack which is simply

a tall stack with a burner at its top. The burner is continuously
fed with natural gas which serves to ignite all waste gases that come
to it from the plant.
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Formation

A strata or series of associated earth materials having similar
conditions of origin. A gas field will often produce from several
formations in a vertical sequence, and the gas found in each may
be significantly different chemically.

Grains per 100 std. cu. ft. (Gr./100 ft.3)

Standard term_for reporting H,S concentration in natural gas.
1 Gr./100 ft.3 is equivalent to 16 ppm (parts per million) of H,S
in natural gas.

Incinerator
A device utilizing air premixing to efficiently burn waste gases
having sufficient heating value to burn without added fuel.

Lease
Contract between landowner and another granting the latter right

to search for and produce oil or mineral substances upon payment
of an agreed rental, bonus, and/or royalty.

Mol Percent
One mol percent of any gas = 10,000 ppm
Sour Gas
Natural gas containing hydrogen sulfide in concentrations of 4 to

16 ppm or greater.

Sulfur Recovery Plants

A plant which recovers elemental sulfur from a charge gas stream
composed principally of a mixture of HyS and CO,. Where the acid

gas stream is sufficient, an operator will elect to install a sulfur

recovery plant.
Sweet Gas

Natural gas whose hydrogen sulfide content is less than
approximately 4 ppm.
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Sweetening Plant

A plant which processes a sour natural gas charge stream, Tecovers
the H,S and CO, content and yields a sweet natural gas stream and
an aqld gas (HpS and COZ) stream as products. '
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Appendix A

Data Summary of Sour Gas Production for Table 3

H,S mol Percent

AQCR Number - Maximum  Minimum Mean Number of Samples ?
’ 24 7.5 0.08 2.09 23
32 5.3 0.5 3.66 5
. 31 1.6 0.6 0.89 24
33 1.0 1.0 1.0 1
211 0.74 0.0145 0.26 16
210 0,057 0.053 0.055 2
215 2,66 2.3 2,54 3
212 0.89 0.25 0.57 2
214 0.72 0.45 0.59 3
218 8.0 0.004 0.63 71
217 2.28 0.75 1.41 7
155 17.48 0.023 0.83 28
5 15.0 0.02 3.30 25
22 277 0.02 0.55 15
188 0.3 0.3 0.3 1
187 1.1 1.1 1.1 1
126 0.5 0.5 0.5 1
143 0.4 0.4 0.4 1
141 8.0 0.1 3.93 3
243 11.7 0.1 2.34 21
241 5.4 0.1 1.26 12
40 1.4 0.1 0.31 11
38 0.3 0.3 0.3 1
36 0.1 0.1 0.1 2
37 2.0 0.1 0.49 11
14 1.9 0.09 0.71 46
172 3.7 0.5 1.74 5
19 0.25 0.04 0.15 2
134 0.69 0.67 0.68 2

aLow number of samples indicates that only a small amount of sour gas is
produced in the area. Single samples are used in this table to indicate
sour gas H,S content because they are the only records for the AQCR.
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