


FOREWORD 

The U. S. Environmental Protection Agency is charged by Congress with pro-
tecting the Nation's land, air, and water resources. Under a mandate of national 
environmental laws, the Agency strives to formulate and implement actions lead-
ing to a compatible balance between human activities and the ability of natural 
systems to support and nurture life. To meet this mandate, EPA's research 
program is providing data and technical support for solving environmental pro-
blems today and building a science knowledge base necessary to manage our eco-
logical resources wisely, understand how pollutants affect our health, and pre-
vent or reduce environmental risks in the future. 

The National Risk Management Research Laboratory is the Agency's center for 
investigation of technological and management approaches for reducing risks 
from threats to human health and the environment. The focus of the Laboratory's 
research program is on methods for the prevention and control of pollution to air, 
land, water, and subsurface resources; protection of water quality in public water 
systems; remediation of contaminated sites and groundwater; and prevention and 
control of indoor air pollution. The goal of this research effort is to catalyze 
development and implementation of innovative, cost-effective environmental 
technologies; develop scientific and engineering information needed by EPA to 
support regulatory and policy decisions; and provide technical support and infor-
mation transfer to ensure effective implementation of environmental regulations 
and strategies. 

This publication has been produced as part of the Laboratory's strategic long-
term research plan. It is published and made available by EPA's Office of Re-
search and Development to assist the user community and to link researchers 
with their clients. 

E. Timothy Oppelt, Director 
National Risk Management Research Laboratory 

EPA REVIEW NOTICE 

This report has been peer and administratively reviewed by the U.S. Environmental 
Protection Agency, and approved for publication. Mention of trade names or 
commercial products does not constitute endorsement or recommendation for use. 

This document is available to the public through the National Technical Information 
Service, Springfield, Virginia 22161. 
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DISCLAIMER 

LEGAL NOTICE: This report was prepared by Radian International LLC as an account 

of work sponsored by Gas Research Institute (GRI) and the U.S. Environmental Protection 

Agency (EPA). Neither EPA, GRI, members of GRI, nor any person acting on behalf of 

either: 

a. Makes any warranty or representation, express or implied, with respect to the 

accuracy, completeness, or usefulness of the information contained in this 

report, or that the use of any apparatus, method, or process disclosed in this 

report may not infringe privately owned rights; or 

b. Assumes any liability with respect to the use of, or for damages resulting 

from the use of, any information, apparatus, method, or process disclosed in 

this report. 

NOTE: EPA's Office of Research and Development quality assurance/quality control 

(QA/QC) requirements are applicable to some of the count data generated by this project. 

Emission data and additional count data are from industry or literature sources, and are not 

subject to EPA/ORD's QA/QC policies. In all cases, data and results were reviewed by the 

panel of experts listed in Appendix D of Volume 2. 
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RESEARCH SUMMARY 

Title 
	

Methane Emissions from the Natural Gas Industry, 
Volume 15: Gas-Assisted Glycol Pumps 
Final Report 

Contractor 	Radian International LLC 

GM Contract Number 5091-251-2171 
EPA Contract Number 68-D1-0031 

Principal 	Duane B. Myers 
Investigators 	Matthew R. Harrison 

Report Period 	March 1991 - June 1996 
Final Report 

Objective 	This report describes a study to quantify the annual methane emissions 
from gas-assisted glycol pumps, which are significant sources of methane 
emissions within the gas industry. 

Technical 	The increased use of natural gas has been suggested as a strategy for 
Perspective 	reducing the potential for global warming. During combustion, natural 

gas generates less carbon dioxide (CO2) per unit of energy produced than 
either coal or oil. On the basis of the amount of CO2  emitted, the 
potential for global warming could be reduced by substituting natural gas 
for coal or oil. However, since natural gas is primarily methane, a potent 
greenhouse gas, losses of natural gas during production, processing, 
transmission, and distribution could reduce the inherent advantage of its 
lower CO2  emissions. 

To investigate this, Gas Research Institute (GM) and the U.S. 
Environmental Protection Agency's Office of Research and Development 
(EPA/ORD) cofunded a major study to quantify methane emissions from 
U.S. natural gas operations for the 1992 base year. The results of this 
study can be used to construct global methane budgets and to determine 
the relative impact on global warming of natural gas versus coal and oil. 

Results 	The annual emissions rates for gas-assisted glycol pumps are production, 
11.0 ± 110% Bscf and gas processing, 0.17 ± 228% Bscf. 

Based on data from the entire program, methane emissions from natural 
gas operations are estimated to be 314 ± 105 Bscf for the 1992 base 
year. This is about 1.4 ± 0.5% of gross natural gas production. The 

iii 





overall project also showed that the percentage of methane emitted for an 
incremental increase in natural gas sales would be significantly lower 
than the baseline case. 

The program reached its accuracy goal and provides an accurate estimate 
of methane emissions that can be used to construct U.S. methane 
inventories and analyze fuel switching strategies. 

Technical 	Glycol dehydrators are used to remove water from natural gas streams. 
Approach 	A lean (low water content) glycol stream is contacted with the wet 

natural gas and the glycol absorbs most of the water. At locations 
without electricity, pumps that circulate the glycol may recover energy 
from the high-pressure gas/glycol mixture to provide motive force for the 
lean glycol. Additional gas is entrained with the glycol to supply the 
necessary energy. The entrained gas is then either removed from the 
glycol in a flash tank or in the reboiler when the glycol is regenerated. 
Gas removed in the flash tank is typically burned as fuel, but gas 
removed in the regenerator is often emitted to the atmosphere. 

The techniques used to determine methane emissions were developed to 
be representative of annual emissions from the natural gas industry. 
However, it is impractical to measure every source continuously for a 
year. Therefore, emission rates for gas-assisted glycol pumps were 
determined by developing annual emission factors for typical units in 
each industry segment and extrapolating these data based on activity 
factors to develop a national estimate, where the national emission rate is 
the product of the emission factor and activity factor. 

Emission factors were developed by using estimates of pump gas usage 
from manufacturer's data. Information from site visits and other research 
programs was used to develop the characteristics of representative glycol 
dehydrators. An emission factor was developed for gas-assisted glycol 
pumps that reported the amount of methane emitted per unit of natural 
gas throughput. 

The development of activity factors for each industry segment are 
presented in a separate report. In general, the gas throughput for each 
industry segment was determined from surveys conducted across the 
entire industry. No active gas-assisted pumps were found during the site 
visits to transmission and storage stations, so the activity factors for these 
industry segments are zero. 

Project 	For the 1992 base year the annual methane emissions estimate for the 
Implications 	U.S. natural gas industry is 314 Bscf ± 105 Bscf (± 33%). This is 

equivalent to 1.4% ± 0.5% of gross natural gas production. Results from 
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this program were used to compare greenhouse gas emissions from the 
fuel cycle for natural gas, oil, and coal using the global warming 
potentials (GWPs) recently published by the Intergovernmental Panel on 
Climate Change (IPCC). The analysis showed that natural gas 
contributes less to potential global warming than coal or oil, which 
supports the fuel switching strategy suggested by IPCC and others. 

In addition, results from this study are being used by the natural gas 
industry to reduce operating costs while reducing emissions. Some 
companies are also participating in the Natural Gas-Star program, a 
voluntary program sponsored by EPA's Office of Air and Radiation in 
cooperation with the American Gas Association to implement cost-
effective emission reductions and to report reductions to the EPA. Since 
this program was begun after the 1992 baseline year, any reductions in 
methane emissions from this program are not reflected in this study's 
total emissions. 

Robert A. Lott 
Senior Project Manager, Environment and Safety 
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1.0 	SUMMARY 

This report is one of several volumes that provide background information 

supporting the Gas Research Institute and U.S. Environmental Protection Agency Office of 

Research and Development (GRI-EPA/ORD) methane emissions project. The objective of 

this comprehensive program is to quantify the methane emissions from the gas industry for 

the 1992 base year to within ± 0.5% of natural gas production starting at the wellhead and 

ending immediately downstream of the customer's meter. 

This report documents the basis for calculating the emissions from gas-

assisted glycol pumps used in the natural gas industry. Gas-assisted glycol pumps are one 

of the most common types of glycol recirculation pumps. Gas pressure drives the pump 

High-pressure glycol and gas are let down across the driver side of the pump, and the 

energy recovered is used to recirculate the glycol. Most of these pumps emit the spent gas 

to the atmosphere through the glycol reboiler. Emissions attributable to these pumps are a 

small but measurable source of methane. 

The annual emissions for gas-assisted glycol pumps are production, 10.96 ± 

110% Bscf and gas processing, 0.17 ± 228% Bscf. 





2.0 	INTRODUCTION 

This report describes gas-assisted pumps, identifies their characteristics that 

affect methane emissions, and provides annual U.S. emissions for the 1992 base year. 

Background information on gas-assisted pumps is given in Section 3, and sources of data 

are listed in Section 4. Activity factors, which are the volume of gas processed in each 

industry segment by dehydrators with gas-assisted pumps, are explained in Section 5. 

Emission factors, which are the methane emissions per volume of gas processed, are 

explained in Section 6. Annual methane emissions for pumps in each industry segment are 

given in Section 7. 

For background information on general dehydrator characteristics and for 

details on other methane emissions attributed to dehydrators, refer to Volume 14 on glycol 

dehydrators.' 
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3.0 	GAS-ASSISTED PUMP APPLICATIONS 

All industrial pumps have two major components: a driver side and a motive 

side. The driver provides the energy for pumping, and the motive side delivers the energy 

to the fluid being moved. In a typical centrifugal pump, the driver is an electric motor and 

the motive side is an impeller within a pump casing. This report discusses positive-

displacement, gas-assisted glycol pumps (also called gas-driven pumps) that discharge 

natural gas. Other positive-displacement pumps that discharge gas are discussed in a 

separate report, Volume 13 on chemical injection pumps.' 

In many glycol dehydrators in the gas industry, small gas-assisted pumps are 

used to circulate the glycol. These pumps recover energy from the high-pressure rich 

glycoUgas mixture leaving the absorber and use that energy to pump the low-pressure lean 

glycol back into the absorber. Figure 3-1 shows an isometric flow diagram of a typical 

field glycol dehydrator unit with a gas-assisted glycol pump. 

Normal electrical pump configurations would have level controllers in the 

absorber tower to prevent gas from leaving the absorber bottom with the rich glycol. The 

gas-assisted pumps used in glycol circulation have a specialized design and construction. 

The gas-assisted glycol pump configuration, by design, has no level control; natural gas is 

intentionally entrained with the rich glycol feeding the pump. The natural gas mixed with 

the rich glycol is a source of pressure energy. The gas is not burned, as in an engine 

driver, but is discharged from the pump at a lower pressure. The spent gas is not emitted 

directly from the pump, but is exhausted into the pumped glycol steam that flows to the 

regenerator. 

If the glycol unit has a flash tank, most of the pump exhaust gas can be 

recovered and used as fuel or stripping gas. If the flash gas is used as stripping gas or if 

there is no flash tank all of the pump exhaust gas will be vented through 

the regenerator's atmospheric vent stack. Figure 3-2 shows a block flow diagram of the 

pump configuration. The internal operation of the pumps is complex. For a detailed 

description, refer to the manufacturer's catalogue.' 
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4.0 	DATA SOURCES 

The manufacturer's data for a pump operating at typical design conditions 

were used to calculate emissions. No direct measurements of pump gas usage were used in 

the calculations. 

Kimray, the leading manufacturer of gas-assisted glycol pumps, provided 

technical data. The most fundamental characteristic of these pumps is the gas usage per 

unit of glycol pumped, usually expressed as actual cubic feet' (ace per gallon of glycol. 

Therefore, the usage rate and inherent emissions per pump depend on the size of the unit. 

Kimray reports that gas usage ranges from 0.081 acf/gallon for high-pressure pumps (>400 

psig) to 0.130 acf/gallon for low-pressure pumps (<400 prig). '  These data underwent QA 

analysis by other pump vendors and industry reviewers and were revised by Kimray as a 

result of that analysis. As a result, the manufacturer's data are believed to be accurate and 

representative. 

To estimate the glycol circulation rate for a typical dehydrator, and 

consequently, the amount of gas used to drive the pump, it was necessary to choose values 

for wet gas water content and glycol circulated per pound of water. It was assumed that a 

typical high-pressure dehydrator would remove 53 pounds of water per MMscf of gas and a 

typical low-pressure dehydrator would remove 127 pounds of water per MMscf of gas. 

The design glycol-to-gas ratio is calculated using 3 gallons of glycol per pound of water 

removed. 

'Actual cubic feet of gas are used in the calculations because the pump cylinders fill with 
the same ratio of gas and glycol regardless of the pressure.' 
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5.0 	ACTIVITY FACTOR 

The activity factor development described here for glycol circulation pumps is 

also reported in detail in Volume 5 on activity factors . The activity factor for gas-driven 

glycol circulation pumps is calculated on the same basis as the dehydrator vented emissions 

in Volume 14 (i.e., Tscf/year gas throughput for each industry segments)) The total gas 

throughputs listed in Table 5-1 were multiplied by the fraction of dehydrators using gas-

driven pumps to determine the gas-driven pump activity factor. This value is based on the 

average from Radian site surveys of the number of pumps per dehydrator. The resulting gas 

throughputs for glycol dehydrators using gas-assisted pumps are as follows: 

• Production: 11.1 Tscf/year ± 62.0%; 

• Processing: 0.96 Tscflyear ± 192%; 

• Transmission: 0 Tscf/year; and 

• Storage: 0 Tscf/year. 

These figures are based on total dehydrator gas throughput for each industry segment and the 

estimates of gas-assisted pump usage based on site visit data. No active gas-assisted pumps 

were found at transmission or storage facilities during the site visits, so no throughput is 

reported for those two segments. Although there may be a small number of gas-assisted 

pumps in transmission or storage service, the resulting methane emissions will be 

insignificant in comparison to the production and processing emissions. 

Table 5-1 lists the characteristics of glycol dehydrators used to develop the 

activity factors for gas-assisted pumps. Table 5-2 lists some other characteristics of glycol 

dehydrators that affect emissions from gas-assisted pumps but are not used in the activity 

factor calculations. These characteristics are accounted for in the emission factor calculations 

described in Section 5. These characteristics were developed from the site visit data 

discussed in the Activity Factor Report) 
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TABLE 5-1. U.S. CAS INDUSTRY CHARACTERISTICS FOR CALCULATION OF ACTIVITY 
FACTORS FOR GAS-ASSISTED GLYCOL PUMPS 

Segment 
Industry. Segment 
Gas Throughput 

Fraction or Dehydrators 
with Active Gas Pumps 

Throughput for Dehydrators  
with Gas-Assisted Pumps 

Production 12.4 Tscf/yr ± 61.9% 0.891 ± 2.79% 11.1 Tscf/yr ± 62.0% 

Gas Processing Plants 8.63 Tscf/yr ± 22.4% 0.111 ± 186% 0.958 Tscf/yr ± 192% 

Transmission 1.09 Tscf/yr ± 144% 0 

Storage 2.00 Tscf/yr ± 25% 0 

Total Gas Industry 24.1 Tscf/yr ± 33.5% 12.1 Tscf/yr ± 58.6% 

00 





TABLE 5-2. U.S. GAS INDUSTRY CHARACTERISTICS FOR CALCULATION 
OF EMISSION FACTORS FOR GAS-ASSISTED GLYCOL PUMPS 

Segment 
Fraction of Dehydrators 

with Flash Drums. 

Fraction of Dehydrators 
with Vapor Recovery that 

Consumes Methane 

Production 0 265 ± 8.35% 0.0118 ± 73.1% 

Gas Processing Plants 0.667 ± 10.1% 0.100 ± 90.0% 

Transmission 0.669 ± 9.70% 0.148 ± 80.3% 

Storage 0.520 ± 33.6% 0.160 ± 80.0% 
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6.0 	EMISSION FACTOR 

In general, the emission factor for a Kimray pump was determined to be a 

function of the pump gas usage and the vent controls on the dehydrator. The use of a flash 

tank virtually eliminates methane emissions associated with pump gas because the flash gas is 

typically burned as fuel. 

6.1 	Emission-Affecting Characteristics 

The characteristics that affect methane emissions from the gas-assisted pumps 

in glycol circulation service are: 

• Frequency of operation (pumping rate); 

• Size of the unit (volume displacement of the motive chamber); 

• Supply gas pressure; 

• Inlet methane composition; and 

• Use of a flash tank; 

Percentage of units that have a lank 

Disposition of the flash gas. 

It has been assumed that the operation of the glycol reboiler has no effect on 

methane emissions to the atmospheric vent arising from the gas-driven pump. If the methane 

reaches the regenerator/reboiler, all of the methane from the pump exhaust is assumed to 

vent to the atmosphere. 

6.2 	Emission Factor Calculations 

The following equation was used to determine the emission factor for the 

average pump in each industry segment: 
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EFpu„9  = PGU x CR X WR x OC x FI,n)  x FNVC 	 (1) 

where: 

PGU = pump gas usage (scf CH4)/(gallon glycol) 

CR = circulation ratio (gallons glycol)/(pound water removed from gas) 

WR = water removed from gas (pounds 1-120/MMscf gas) 

OC = overcirculation ratio 

FND  = fraction of dehydrators without flash tanks 

Fwvc  = fraction of the dehydrators without combustion vent controls 

CR, WR, FND, and FNvc  were discussed in Sections 4 and 5. The 

overcirculation factor (OC) was determined from data collected from ten glycol dehydrators.° 

The PGU rate depends on the glycol circulation rate, the absorber operating pressure and 

temperature, and the pump model. PGU was determined from values reported by the 

manufacturer. High pressure pumps use on average 0.081 acf gas per gallon of glycol, 

which corresponds to 4.49 scf/gallon for gas at 800 psig. Low pressure pumps use on 

avenge 0.130 acf gas per gallon of glycol, which is equivalent to 2.78 scflgallon for 300 

psig gas Multiplying by 83 mole% methane in the pump gas results in a methane usage of 

3.73 scf/gallon for high pressure and 2.31 scf/gallon for low pressure. The estimated split 

for high and low pressure in production is 80% high pressure and 20% low pressure.' All 

processing pumps were assumed to be high pressure. 

The final emission factor (EFpump) for methane from an average gas-assisted 

glycol pump was determined for the production and processing industry segments using 

Equation 1. The transmission and storage segments do not use gas-assisted pumps. The 

results are as follows: 
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Production - High Pressure: 

PGU 	3.73 scf/gallon ± 30% 

CR 	3.0 gallons glycol/lb H2O ± 33.3% 

WR 	53 lb 1120/MMscf gas ± 20% 

OC 	= 2.1 + 71.4% 

F. 	= 0.735 ± 2.99% 

Fiwc 	0.988 ± 0.87% 

EFpump  = (3.73) x (3.0) x (53) x (2.1) x (0.735) x (0.988) 

= 

Production 

PGU = 

CR 	= 

WR 	= 

904.5 scf/MMscf ± 95.0% 

- Low Pressure: 

2.31 scf/gallon ± 30% 

3.0 gallons glycol/lb H2O ± 33.3% 

127 lb H20/MMscf gas ± 20% 

OC = 2.1 + 71.4% 

FND  = 0.735 ± 2.99% 

Fwe  = 0.988 ± 0.87% 

EF = (2.31) x (3.0) x (127) x (2.1) x (0.735) x (0.988) 

= 1342.2 scf/MMscf ± 95.0% 

Production - Combined: 

Fraction High pressure = 0.80 ± 12 5% 

Fraction Low Pressure = 0.20 ± 50% 

EF (High Pressure) = 904.45 scf/MMscf ± 95.0% 

EF (Low pressure) = 1342.18 scf/MMscf ± 95.0% 

EF2„,up  = (0.80) (904.45) + (0.20) (1342.18) 

= 992.00 scf/MMscf ± 77.29% 
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Processing: 

PGU 	3.73 scf/gallon ± 30% 

CR 	3.0 gallons glycol/lb R20 ± 33.3% 

WR 	53 lb H20/MMscf gas ± 20% 

OC 	1.0 + 0% 

FND  = 0.333 ± 20.1% 

FNVC  = 0.900 ± 10% 

EFpunw  = (3.73) x (3.0) x (53) x (1.0) x (0.333) x (0.900) 

= 177.8 scf/MMscf ± 56.85% 
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7.0 	ANNUAL METHANE EMISSIONS 

Annual methane emissions from gas-assisted glycol pumps were calculated to 

be 11.1 Bscf. This was calculated by multiplying the activity factor (number of pumps) by 

the emission factor (scf/MMscf) for each industry segment and then summing the values. 

The results are as follows: 

• Production: 
(992.0 scf/MMscf) x 11.05 Tscf= 10.96 Bscf 

• Gas Processing: 
(177.745 scf/MMscf) x 0.9579 Tscf = 0.170 Bscf 

• Transmission: no emissions 

• Storage: no emissions 
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P-7 
PRODUCTION SOURCE SHEET 

SOURCES: 
COMPONENTS: 
OPERATING MODE: 
EMISSION TYPE: 
ANNUAL EMISSIONS: 

Dehydrators 
Gas Driven Kimray Pumps 
Normal Operation 
Unsteady, Vented 
10.96 Bscf ± 110.0% 

BACKGROUND: 

Gas driven Kimray glycol circulation pumps use a mixed phase of wet glycol liquid and absorber gas to drive 
pistons that pump dry (lean) glycol circulation. Unlike chemical injection pumps which vent the driving gas 
directly to the atmosphere, Kimray pumps pass the driving gas along with the wet glycol to the reboiler. In 
the reboiler the methane is driven off into the vent line. Depending on dehydrator vent gas dispositions, the 
methane may be vented to the atmosphere or controlled and burned. 

EMISSION FACTOR: (992.0 scf CHAVIMscf gas processed) 

The average glycol pump gas emission factor was determined by an equation describing the gas generation 
and disposition of gas from the pump. The disposition of gas generated by the pump depends upon the 
existence of a flash tank and vent controls. Measured and estimated parameters were input into the equation. 

In general, the emission factor for a gas-assisted pump was determined by the following equation: 

EFpump 	= PGU x CR x WR x OC x Et . x Fieic  

EF DATA SOURCES: 

Equation I, i.e. the effects of operating variables on emissions, was defined by the report on Methane 
Emissions from the Natural Gas Industry. Volume 15, Gas-Assisted Glycol Pumps (I). 

2. CR = glycol circulation ratio = 3.0 gal glycol/lb water ± 33.3%. 

3. WR = water removed from gas 
= 53 Ib/MMscf ± 20% for high pressure 
= 127 IbilvfMscf ± 20% for low pressure 

4. 00 = factor to account for overcirculation of glycol = 2.1 ± 71.4%. 

5. FN-r = fraction of dehydrators without flash tanks = 0.735 ± 2.99%. 

6. Fnc  = fraction of the dehydrators without combustion vent controls = 0.9882 ± 0.87%. 

7. PGU = pump gas usage (assume 83% methane) 
= 3.73 scf CH,: gal glycol ± 30% for high pressure 
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= 2.31 scf CH,/gal glycol ± 30% for low pressure 

CALCULATION METHOD: 

It is estimated that 80% of the production dehydrators would be high pressure (R. Garrett memo) (4). The 
overall production emission factor is then calculated as a weighted average of the high and low pressure 
emission factors. 

EF (high pressure) (3.73 scVgal) x (3.0 gaVlb H2O) x (53 lb HP/MMscf) 
x (2.1) x (0.735) x (0.9882) 
= 904.45 scf/MMscf ± 95.04% 

EF (low pressure) = (2.31 scVgal) x (3.0 gal/lb H2O) x (127 lb H20/54Mscf) 
x (2.1) x (0.735) x (0.9882) 
= 1342.18 sc&MMscf ± 95.04% 

EF (Production) = (0.80 ± 12.5%) (904.45 scVMMscf ± 95.04%) + 
(0.20 ± 50%) (1342.18 scf/MMscf ± 95.04%) 
992.00 scf CH,(MT1scf ± 77.29% 

EF ACCURACY: (± 77.29%) 
Basis: 
1. Assumption: The manufacturer's data and ranges are relatively accurate (-B0%). 
2. Dehydrator characteristics based on site visit observations and TMOGA survey. 

ACTIVITY FACTOR: (11.05 Tscf/year in the production segment with gas-assisted pumps) 

The volume of gas processed through dehydrators using gas-assisted pumps was calculated from the total 
throughput for production dehydrators and the fraction of dehydrators using gas-assisted pumps determined 
from site visits. The activity factor is then: 

AF 	= (fraction of dehydrators with gas-assisted pumps) x (throughput for production dehydrators) 

= (0.8913 ± 2.79%) x (12.4 Tsc&year ± 48.21%) 

= 11.05 Tscf/year ± 61.96% 

AF DATA SOURCES: 

I . 	See Methane Emissions from the Natural Gas Industry, Volume 14: Glycol Dehydrators (2) for 
an explanation of production dehydrator throughput. See the Methane Emissions from the 
Natural Gas Industry, Volume 5: Activity Factors (3) for more details. 

2. 	Fraction of dehydrators using gas-assisted pumps came from data from site visits. 

AF ACCURACY: (± 61.96%) 
Basis: 

Calculated from confidence limits of gas throughput and fraction of dehydrators by standard error 
propagation analysis. 
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ANNUAL METHANE EMISSIONS: (10.962 Bscf ± 110.03%) 

The annual methane emissions were determined by multiplying an emission factor (scf CIL/MMscf) by the 
total throughput for production dehydrators using gas-assisted pumps. 

(992.00 scffMaMscf) x (11.05 Tscf) = 10.962 Bscf (± 110.03%) 

REFERENCES 

1. Myers, D.B. and M.R. Harrison. Methane Emissions from the Natural Gas Industry, Volume 15: Gas-
Assisted Glycol Pumps. Final Report, GRI-94/0257.33 and EPA-600/R-96-080o. Gas Research 
Institute and U.S. Environmental Protection Agency, June 1996. 

2. Myers, D.B. Methane Emissions from the Natural Gas Industry, Volume 14. Glycol Dehydrators. 
Final Report, GRI-94/0257.31 and EPA-600/R-96-080n. Gas Research Institute and U.S. 
Environmental Protection Agency, June 1996. 

3. Stapper, B.E. Methane Emissions from the Natural Gas Industry, Volume 5: Activity Factors. Final 
Report, GRI-94/0257.22 and EPA-600/R-96-080e. Gas Research Institute and U.S. Environmental 
Protection Agency, June 1996. 

4. Memorandum from Richard Garrett (Roger-Tech, Inc Houston, TX) to Rhone Resell (U.S. EPA OAR), 
March 4, 1996. 
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GP-5 
PROCESSING SOURCE SHEET 

SOURCES: 
COMPONENTS: 
OPERATING MODE: 
EMISSION TYPE: 
ANNUAL EMISSIONS: 

Glycol Dehydrators 
Gas Assisted Kimray Pumps 
Normal Operation 
Unsteady, Vented 
0.170 scf ± 228% 

BACKGROUND: 

Most glycol circulation pumps in gas plants are electric. However, some gas driven pumps do exist. Gas-
assisted Kimray glycol circulation pumps use a mixed phase of wet glycol liquid and absorber gas to drive 
pistons that pump dry (lean) glycol circulation. Unlike chemical injection pumps which vent the driving gas 
directly to the atmosphere, Kimray pumps pass the driving gas along with the wet glycol to the reboiler. In 
the reboiler the methane is driven off into the vent line. Depending on dehydrator vent gas dispositions, the 
methane may be vented to the atmosphere or controlled and burned. 

EMISSION FACTOR: (177.75 scf CH4/MMscf gas processed) 

The avenge glycol pump gas emission factor was determined by an equation describing the gas generation 
and disposition of gas from the pump. The disposition of gas generated by the pump depends upon the 
existence of a flash tank and vent controls. Measured and estimated parameters were input into the equation. 

In general, the emission factor for a gas-assisted pump was determined by the following equation: 

EF,p 	= PGU x CR x WR x OC x Fm. x Fwc  

= (3.73 scf/gal) x (3.0 galab 1120) x (53 lb 1120/MMscf) x (1.0) x (0.333) x (0.900) 

= 177.75 scf GHIMMscf gas ± 56.85% 

EF DATA SOURCES: 

1. Equation I, i.e. the effects of operating variables on emissions, was defined in Methane Emissions from 
the Natural Gas Industry, Volume 15: Gas-Assisted Glycol Pumps (I). 

2. CR = glycol circulation ratio = 3.0 gal glycol/lb water ± 33.3%. 

3. WR = water removed from wet gas = 53 lb water/MMscf gas ± 20%. For inlet gas stream of 95°F and 
800 prig dried to 7 lb water/MMscf gas. 

4. OC = factor to account for overcirculation of glycol = 1.0 ± 0%. 

5. Fs.T  = fraction of dehydrators without flash tanks = 0.333 ± 20.12%. 

6. = fraction of the dehydrators without combustion vent controls = 0.900 ± 10%. 

7. PGU = pump gas usage = 3.73 scf CH.,/gal glycol ± 30%. Determined by multiplying the volume of 
gas used by high-pressure pump models by a typical fraction of methane in the natural gas (83 mole%). 
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PGU 	= 4.49 scf/gallon x 83% 
= 3.73 scf/gallon ± 30% 

EF ACCURACY: (± 56.85%) 
Basis: 
I. Assumption: The manufacturer's data and ranges are relatively accurate (±30%). 
2. Dehydrator characteristics based on site visit observations and TMOGA survey. 

ACTIVITY FACTOR: (0.9579 Tscf/year in the processing segment with gas-assisted pumps) 

The volume of gas processed through dehydrators using gas-assisted pumps was calculated from the total 
throughput for gas processing dehydrators and the fraction of dehydrators using gas-assisted pumps 
determined from site visits. The activity factor is then: 

AF 	= (fraction of dehydrators with gas-assisted pumps) x (throughput for gas processing 
dehydrators) 

= 	l l ± 186%) x (8.63 Tscf/year ± 22.4%) 

= 0.9579 Tscf/year ± 191.95% 

AF DATA SOURCES: 

I. 	See Methane Emissions from the Natural Gas Industry, Volume 14. Glycol Dehydrators (2) for 
an explanation of processing dehydrator throughput (8.63 Tscf/year). See the Methane Emissions 
from the Natural Gas Industry, Volume 5: Activity Factors (3) for more details. 

2. 	Fraction of dehydrators using gas-assisted pumps came from data from site visits. 

AF ACCURACY: (± 192%) 
Basis: 

Calculated from confidence limits of gas throughput and fraction of dehydrators by standard error 
propagation analysis. 

ANNUAL METHANE EMISSIONS: (0.1703 Bscf ± 228%) 

The annual methane emissions were determined by multiplying an emission factor (scf CHIMMscf) by the 
total throughput for processing dehydrators using gas-assisted pumps. 

(177.75 scf/MMscf) x (0.9579 Tscf) = 0.1703 Bscf (± 228.00%) 

REFERENCES 

1. Myers, D.B. and M.R. Harrison. Methane Emissions from the Natural Gas Industry, Volume 15: Gas-
Assisted Glycol Pumps. Final Report, GR1-94/0257.33 and EPA-600/R-96-080o. Gas Research 
Institute and U.S. Environmental Protection Agency, June 1996. 

2. Myers, D.B. Methane Emissions from the Natural Gas Industry•, Volume 14: Glycol Dehydrators. 
Final Report, GRI-94/0257.3] and EPA-600/R-96-080n. Gas Research Institute and U.S. 
Environmental Protection Agency, June 1996. 
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3. 	Stapper, B.E. Methane Emissions from the Natural Gas Industry, Volume 5: Activity Factors. Final 
Report, GR1-94/0257.22 and EPA-600/R-96-080e. Gas Research Institute and U.S. Environmental 
Protection Agency, June 1996. 
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