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EXECUTIVE SUMMARY 

The purpose of this study was to update NETAC’s existing emission inventory for gas 
compressor engines within the 5-county area of Northeast Texas and Panola County.  Available 
engine data were reviewed in order to revise the engine horsepower distribution in the NETAC 
inventory that was based on 2005 and 2007 survey data gathered by Pollution Solutions 
(Pollution Solutions, 2006; 2008). The following approaches were pursued in order to compile 
information on the compressor engine population in the 5-county area and Panola County: 

 Review of engine test reports collected by TCEQ’s Tyler office from owners/operators of 
compressor engines in Northeast Texas that are subject to the East Texas Combustion Rule 
and New Source Performance Standards (NSPS) Subpart JJJJ.   

 Research on other available data to determine its utility in characterizing the population of 
Northeast Texas compressor engines. 

 Review of data on gas compressor engines from TCEQ’s Special Inventory of oil and gas 
production sources in the Barnett Shale area  

 Sensitivity testing to evaluate the effect of assumptions on horsepower and well count 
distribution on the Northeast Texas gas compressor engine population. 

As part of the sensitivity testing, ENVIRON scaled the 2007 Pollution Solutions study engine 
data by the 2011 well count to obtain a projected 2011 engine count for the NETAC area.   This 
procedure resulted in an estimate that 56% of the engine population should be in the ≥ 240 HP 
category. This is a larger fraction than what was obtained for this horsepower category in the 
survey data from the TCEQ’s Barnett Shale Special Inventory. Engines in the Barnett Shale 
counties had a horsepower distribution with 20% of engines in the ≥ 240 HP category and 80% 
of engines in the <240 HP category. Adjusting the scaled-up Pollution Solutions data to match 
the Barnett Shale engine horsepower distribution places more engines in the >240 HP category 
than are found in the engine emissions testing report data gathered by TCEQ. 

These findings suggest that the number of owners/operators of engines of ≥240 HP reporting to 
TCEQ in 2011 under the East Texas Combustion Rule is smaller than expected.  This could be 
associated with a shift in the engine population towards lower horsepower (< 240 HP) or to 
lean burn engines.  

The most recent emission inventory for gas compressor engines in Northeast Texas that 
contains engine data specific to the area was developed by Pollution Solutions before the 
advent of emissions regulations that affect these engines (East Texas Combustion, NSPS JJJJ).  
The TCEQ is currently developing an emission inventory for the year 2011.  This inventory 
accounts for the East Texas Combustion Rule, but applies engine population data for the 
Barnett Shale to all 33 East Texas counties affected by the East Texas Combustion Rule.  It is not 
known how similar the current Northeast Texas engine population is to that of the Barnett 
Shale.   
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The review of available engine data showed that there is no publicly available source of engine 
population data for Northeast Texas.  Comprehensive, recent data on engine population is 
critical for the development of an accurate emission inventory for these engines, which are an 
important source of NOx emissions in Northeast Texas.  Detailed engine population data has 
been developed by the TCEQ for the Barnett Shale; this data was gathered through a survey 
effort in which the TCEQ used its regulatory authority to compel participation by the producers.  
A similar effort for Northeast Texas would be one avenue for developing engine population 
data for Northeast Texas.  Another potential source of information is data submitted to the EPA 
under the recent Subpart W of the Mandatory Greenhouse Gas Reporting Rule (EPA, 2012).   
Reporting done in compliance with this Rule may yield significant quantities of detailed data on 
equipment and processes from oil and gas systems, which may prove helpful in filling the 
current data gaps to achieve an updated engine population for Northeast Texas. 
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1.0 INTRODUCTION 

Emissions from compressor engines used in natural gas gathering systems are an important 
source of ozone precursors in Northeast Texas.  In 2005, gas compressor engines contributed 
approximately 33 tons of nitrogen oxides (NOx) per day in the 5-county area consisting of 
Gregg, Harrison, Rusk, Upshur and Smith Counties (Pollution Solutions, 2008). The magnitude 
and distribution of compressor engine emissions influence ozone formation, and accurate 
characterization of these emissions is important to the success of ozone modeling of Northeast 
Texas.   

It is estimated that 94% of the NOx emitted by gas compressor engines in the 5-county area is 
generated by small gas compressor engines used for wellhead compression (Pollution Solutions 
(2006); these engines have emissions lower than the threshold for inclusion in point source 
emission inventories developed by the Texas Commission of Environmental Quality (TCEQ).  
While an individual wellhead gas compressor engine may have emissions that are too low to 
trigger emissions control requirements, the total NOx emission contribution from all gas 
compressor engines in the 5-county area taken together is of the same order of magnitude as a 
power plant.  There are existing emission inventories available for gas compressor engines in 
Northeast Texas. 

At the request of Northeast Texas Air Care (NETAC), Pollution Solutions compiled an inventory 
of ozone precursor emissions from gas compressor engines in the 5-county area of Northeast 
Texas for the year 2005 (Pollution Solutions, 2006).  The pollutants inventoried were NOx, 
volatile organic compounds (VOC) and carbon monoxide (CO).  Pollution Solutions later 
updated the 2005 inventory to account for engine load factors and developed emissions for the 
year 2007 (Pollution Solutions, 2008).  Pollution Solutions based county-level compressor 
engine emissions on the county well count and emission factors derived from survey data.   The 
gas compressor engine inventory was checked against the TCEQ point source inventory to avoid 
double counting emissions, as large engines are already accounted for in the point source 
inventory.   

The TCEQ has developed emissions estimates for compressor engines in Northeast Texas as 
part of their Texas Statewide Oil and Gas Inventory (ERG, 2010) that estimated county-level oil 
and gas area source emissions for every county in Texas for the year 2008. The TCEQ is 
currently developing an emission inventory for 2011 that includes gas compressor engines, but 
as of the writing of this report, 2008 is the most recent year for which the TCEQ has a 
completed emission inventory for gas compressors in Northeast Texas. The engine data used in 
the TCEQ 2008 statewide inventory was obtained from a study by the Houston Advanced 
Research Council on “Natural Gas Compressor Engine Survey and Engine NOx Emissions at Gas 
Production Facilities” (HARC, 2005) combined with two 2007 TCEQ engine surveys conducted in 
counties located in the Dallas - Fort Worth (DFW) metropolitan area and Southeast Texas.  
However, the compressor engine emission estimates for Northeast Texas counties were based 
on average emissions factors and load factors for attainment areas in Texas and were not 
specific to the 5-county area.   
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In June 2007, the East Texas Combustion Rule was adopted as part of the Dallas-Fort Worth 8-
Hour Ozone SIP Revision.  The Rule affects owner/operators of stationary combustion sources 
in the Dallas-Fort Worth eight-hour ozone non-attainment area, as well as in specified counties 
in East Texas (including the 5-county area and Panola County), subjecting them to more 
stringent emission controls, monitoring, testing, recordkeeping, and reporting requirements. 
The rule sets NOx emission standards for rich-burn engines with horsepower greater than or 
equal to 240 HP.  The compliance deadline for existing engines ≥240 HP was March 1, 2010. 
New engines that meet the testing requirements are required to submit test results within 60 
days after the completion of the engine test which must be performed within 60 days of the 
engine becoming operational. 

Under Section 111 of the Clean Air Act, the EPA has promulgated technology-based emissions 
standards which apply to specific categories of stationary sources. These standards are referred 
to as New Source Performance Standards (NSPS; 40 CFR Part 60).  NSPS Subpart JJJJ went into 
effect in 2008 and limits emissions from stationary spark ignition internal combustion engines 
of less than 500 horsepower that were manufactured after July 1, 2008. Stationary spark 
ignition engines that were modified or reconstructed after June 12, 2006 are also subject to the 
rule.  

The East Texas Combustion Rule and NSPS JJJJ went into effect after the development of the 
most recent available emission inventories for gas compressors in Northeast Texas (Pollution 
Solutions, 2008; ERG, 2010).  A 2011 statewide oil and gas emissions inventory is currently 
under preparation by TCEQ (email communication with TCEQ staff, 2012); the East Texas 
Combustion Rule has been incorporated into this inventory but the extent to which Subpart JJJJ 
will be accounted for is unknown.  

Existing studies (Pollution Solutions, 2006; 2008) have shown that compressor engines are 
significant contributors to ozone precursor emissions inventories in Northeast Texas. The 
existing compressor emissions inventories focused on Northeast Texas were conducted prior to 
the implementation of key regulations affecting engine emissions such as NSPS JJJJ and the East 
Texas Combustion Rule; hence there is a need to update the compressor engine inventory in 
Northeast Texas.   
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2.0 OBJECTIVES 

The purpose of this study is to update NETAC’s existing emission inventory for gas compressor 
engines (Pollution Solutions, 2006; 2008) within the 5-county area and Panola 
County.  Available engine data was reviewed for the purpose of considering appropriate 
revisions to the engine horsepower distribution in the NETAC inventory that was based on 2005 
and 2007 survey data gathered by Pollution Solutions (Pollution Solutions, 2006; 2008). The 
following approaches were pursued in order to compile available and updated information on 
the compressor engine population in the 5-county area of Northeast Texas and Panola County: 

 Reviewed the data available from engine test reports collected by TCEQ’s Tyler office from 
compressor engine owners/operators in Northeast Texas subject to the East Texas 
Combustion Rule and NSPS JJJJ.   

 Summarized this information and described its findings and possible implications for the 
wellhead compressor engine population in Northeast Texas. 

 Researched other available data to determine its utility in characterizing the population of 
Northeast Texas compressor engines. 

 Reviewed data on gas compressor engines from TCEQ’s Special Inventory in the Barnett 
Shale area  

 Carried out sensitivity tests to evaluate the effect of assumptions on horsepower and well 
count distribution on the Northeast Texas gas compressor engine population. 

Section 3 of this report is a summary of regulations that apply to gas compressor engines in 
Texas.  In Section 4, we analyze the engine test data provided by the TCEQ’s Tyler Office.  In 
Section 5,  we describe other available data for engines in Texas and review their suitability for 
use in this study. In Section 6, we present the results of sensitivity studies evaluating the effect 
of assumptions about horsepower distribution and well count on the inferred the engine 
population of Northeast Texas. Finally, in Section 7, we present the conclusions of the study 
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3.0 ENGINE EMISSIONS REGULATIONS IN TEXAS 

Federal and State regulations set emissions standards and recordkeeping/reporting 
requirements for internal combustion sources such as gas compressor engines. Emissions 
regulations are more stringent in ozone non-attainment areas of the State of Texas.  Northeast 
Texas is currently in attainment of the ozone standard and is not subject to these more 
stringent regulations.  The requirements of regulations affecting gas compressor engines in 
Northeast Texas are described below. 

3.1 East Texas Combustion Rule 

The East Texas Combustion Rule requires owners and operators of stationary, rich-burn gas-
fired, reciprocating internal combustion engines located in the specified counties (Figure 3-1) to 
meet NOx emission limits and other requirements. This rulemaking was done as part of the 
Dallas–Fort Worth Eight-Hour Ozone SIP (2006-1900-SIP) to prevent ozone transport into the 
Dallas–Fort Worth ozone nonattainment area but is also expected to help prevent a 
nonattainment designation area under EPA’s new eight-hour ozone standard for the rest of the 
Northeast Texas area. 

Stationary gas-fired rich burn reciprocating internal combustion engines with horsepower 
greater than or equal to 240 HP in 33 East Texas counties (shown in green in Figure 3-1) are 
required to comply with the East Texas Combustion Rule. This Rule covers the 5-county NETAC 
area of Upshur, Smith, Rusk, Harrison and Gregg Counties along with the adjacent county of 
Panola. 
 

 

Figure 3-1.  Counties affected by the East Texas Combustion Rule. 
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3.1.1 Emissions Specification 

 
Table 3-1 below shows requirements of the East Texas Combustion rule by engine type and 
horsepower classes. 

Table 3-1.  East Texas Combustion Rule emissions standards. 

Engine Type and Fuel 

Gas-fired rich burn 
engine 
Rated HP 

Emissions Standards 
Requirement 
(g/HP-hr) 

Non-Emergency Rich Burn Gas-fired reciprocating ICE 240 ≤ HP < 500  1  

Non-Emergency Rich Burn Gas-fired reciprocating ICE HP ≥ 500 0.5 

Non-Emergency Rich Burn Landfill Gas reciprocating ICE HP ≥ 500  0.6 

 
3.1.2 Testing requirements 

Owner/operators of any stationary, reciprocating combustion engine subject to the East Texas 
Combustion Rule are required to test the engine’s NOx and O2 emissions.  The O2 
measurements are required for evaluating the stoichiometry of combustion, which allows a 
determination of whether the engine is rich burn or lean burn.  Non-emergency engines must 
be sampled on a biennial calendar basis or every 15,000 hours of engine operation.  Retesting is 
required within 60 days after any modification that could reasonably be expected to increase 
the NOx emission rate. 

3.2 New Source Performance Standards - Subpart JJJJ 

The EPA has promulgated a new regulation covering new stationary, spark-ignited engines of 
various horsepower classes.  This rule became effective on March 18, 2008, and applies to new, 
modified and reconstructed stationary spark ignition (SI) internal combustion engines (ICE).  
The regulation applies to central compressor engines, wellhead and lateral compressor engines, 
and artificial lift engines as well as any other miscellaneous engines that are stationary, spark-
ignited natural gas-powered engines.  The regulation requires new engines of various 
horsepower classes to meet increasingly stringent NOx and VOC emission standards over the 
phase-in period of the regulation.  The final standards in Table 3-2 and Table 3-3 apply to 
stationary SI engines that are modified or reconstructed after June 12, 2006.  For the purposes 
of this NSPS, the date that construction commences is that date the engine is ordered by the 
owner/operator.  

For engines less than 25 horsepower, Table 3-2 shows the requirements of the NSPS regulation. 

Table 3-2.  Federal NSPS JJJJ emissions standards for engines less than 25 horsepower 
manufactured after July 1, 2008. [The engine manufacturer is required to certify that the 
engines meet these standards.] 

HP Rangea 

Emissions Standards Requirement in (g/HP-hr)b 

HC + NOx NMHC + NOxc CO 

≤ 25 HP       
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Class I  12.0 11.0 455 

Class I -A 37 - - 

Class I -B 30 27.6   

Class II 9.0 8.4   
a
 Class I-A: Engines with displacement less than 66 cubic centimeters (cc); Class 1-B: Engines with displacement 

greater than or equal to 66cc and less than 100cc; Class I: Engines with displacement greater than or equal to 100 
cc and less than 225 cc; Class II: Engines with displacement greater than or equal to 225 cc. 
b
 Modified and reconstructed engines manufactured prior to July 1, 2008, must meet the standards applicable to 

engines manufactured after July 1, 2008 
c
 NMHC+NOX standards are applicable only to natural gas fueled engines at the option of the manufacturer, in lieu 

of HC+NOX standards.  HC stands for total hydrocarbons; NMHC stands for non-methane hydrocarbons i.e. total 
hydrocarbons excluding methane. HC includes VOC without aldehydes and other oxygenated HC. NMHC is HC 
minus methane.  

 
For engines in the horsepower range 25 – 100 horsepower, Table 3-3 shows the requirements 
of the NSPS regulation. 

Table 3-3.  Federal NSPS JJJJ emissions standards for engines greater than 25 horsepower but 
less than 100 horsepower. [The engine manufacturer is required to certify that the engines 
meet these standards.] 

HP Range Manufacture Date 

Emissions Standards Requirement 
(g/HP-hr) 

HC + NOx CO 

25<HP<100 1-Jul-08 2.8 4.8 

1-Jul-08 (severe duty) 2.8 149 

 
For engines in the horsepower range 100 – 1,350 horsepower, Table 3-4 shows the 
requirements of the NSPS JJJJ regulation. 

Table 3-4. Federal NSPS JJJJ emissions standards for engines greater than 100 horsepower but 
less than 1,350 horsepower. 

Engine Type and Fuel HP Range 
Manufacture 
Date 

Emissions Standards 
Requirement (g/HP-hr) 

NOx CO VOC 

Non-Emergency SI Natural Gas and 
Non-Emergency SI Lean Burn LPG 

100≤HP<500 
1-Jul-08 2 4 1 

1-Jan-11 1 2 1 

Non-Emergency SI Lean Burn Natural 
Gas and LPG 

500≥HP<1350 
1-Jan-08 2 4 1 

1-Jul-10 1 2 1 

Non-Emergency SI Natural Gas and  
Non-Emergency SI Lean Burn LPG 
(except lean burn 500≥HP<1350) 

HP≥500 1-Jul-07 2 4 1 

 
 

3.3 Permit by Rule 
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In Texas, gas fired stationary internal combustion reciprocating engines that operate in 
compliance with the following conditions are permitted by rule (30 TAC §106.512).  A permit by 
rule is the State’s authorization for activities that produce more than a de minimis level of 
emissions but too little for other permitting options.  Emissions standards for sources that are 
permitted by rule are shown in Table 3-5. 

Table 3-5.  Emissions standard requirements for engines under Permit by Rule. 

Engine Type 
Emissions Standard 
Requirements (g/HP-hr) Engine Conditions 

Rich burn ≥500 HP 2.0 No  requirements 

Lean burn≥500 HP 2.0 Full load 

Lean burn ≥500 HP 5.0 
Reduced speed, 80-100% of full torque conditions 
older (pre-1992) engines have less stringent 
requirements 

 
 

3.4 Combustion Control for Minor Sources in Ozone Nonattainment Areas 

3.4.1 Dallas-Fort Worth Nonattainment Area 

Stationary, reciprocating internal combustion engines with horsepower rating > 50 HP that are 
minor sources operating within the Dallas-Fort Worth eight-hour ozone nonattainment area 
must meet the NOx emission limits shown in Table 3-6.  In the DFW area, a minor source is one 
that emits or has the potential to emit pollutants less than 50 tpy NOx/VOC and less than 100 
tpy SO2, PM10, and CO.  Engines subject to this rule must be tested for NOx, CO, and O2 on a 
biennial basis (30 TAC §117.2100-2145).   

Table 3-6.  Emissions standards for minor source engines in the DFW 8-hr ozone non-
attainment area. 

Engine Type Manufacture Date 
HP 
Range 

NOx limit  
(g/HP-hr) 

Rich burn 
All engines must meet criteria 
regardless of manufacture date 

> 50 HP 0.5 

Lean burn  before 2007 > 50 HP 0.7 

Lean burn  after 2007 > 50 HP 0.5 

 
3.4.2 Houston-Galveston-Brazoria Nonattainment Area 

All stationary, reciprocating internal combustion engines that are minor sources operating in 
the Houston-Galveston-Brazoria ozone nonattainment area must have NOx emissions of 0.5 
g/HP-hr or less.  Engines <50 HP are exempt. 
 
Figure 3-2.  Regulations affecting gas compressor engines by county.  Note that Subpart JJJJ 
applies to all Texas Counties. shows which counties are covered by each of the regulations 
discussed above.  Note that the NSPS is a Federal regulation which applies to the entire state of 
Texas. 
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Figure 3-2.  Regulations affecting gas compressor engines by county.  Note that Subpart JJJJ 
applies to all Texas Counties. 
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4.0 REVIEW OF TCEQ TYLER OFFICE ENGINE DATA 

Engine test reports were reviewed by ENVIRON staff during a June 2012 visit to TCEQ’s office in 
Tyler, Texas. The Tyler office oversees the TCEQ’s Region 5, which includes the 5-county area as 
well as Panola County. ENVIRON staff reviewed all engine owner/operator emissions test 
reports that were provided by the TCEQ Tyler office staff.   The reports were submitted in 
compliance with the East Texas Combustion Rule and NSPS JJJJ  
 

4.1 Summary of Engine Test Data  

During the Tyler office visit, ENVIRON staff took photos of the engine test reports and later 
digitized the information in spreadsheet format. The reports included individual engine data 
such as facility name and location where the engine was deployed, engine make and model, air 
pollution controls, rated horsepower, reported horsepower, load factors, and emissions of NOx 
and CO. Reports were categorized by their date of submission and the reason for testing: 
compliance with the East Texas Combustion Rule (30 TAC 117) or the NSPS JJJJ (40CFR60JJJJ). 
Initially, 75 test reports were reviewed. Six reports identified as incomplete were excluded 
because the engine horsepower was not documented in the test report. Only test reports for 
engines that were known or assumed to be operating in 2011 were analyzed. It was assumed 
that engines reporting in 2010 were still operating during 2011 and that those engines 
reporting in early 2012 (January through February) began operating in late 2011. This was 
based upon the East Texas Combustion Rule testing schedule that requires compressor 
owners/operators to submit reports within 60 days after the completion of the engine test 
which must be performed within 60 days of the engine becoming operational. One report for 
2012 was excluded because it was not clear if the engine had been operating by the end of 
2011. Hence, a total of 68 compressor engine reports were selected for analysis and 
categorized into two main horsepower (HP) range bins: < 240 HP and ≥ 240 HP.  This is 
summarized in Table 4-1.  Of the 68 reports reviewed, 59 reports (87% of the total count) were 
for engines with a rated horsepower ≥240 HP.  
 

Table 4-1.  Summary of report counts by horsepower range bins. 

Engine horsepower range bin <240 HP ≥240HP 

Report counts 9 59 

% of total number of reports 13% 87% 

 
The detailed distribution of engine test reports by individual horsepower and by the two major 
horsepower range bins are shown in Figure 4-1.  Engine horsepower distribution of reporting 
engines in TCEQ Tyler Office dataset.. About 69% of all engines reporting have horsepower > 
500 HP, while 13 % of the reporting engines have horsepower < 240 HP. The fact that the 
distribution is shifted towards the ≥ 240 HP bin is not surprising because engines <240 HP are 
not subject to the East Texas Combustion Rule and NSPS JJJJ regulations require testing of new 
and recently rebuilt engines only. 
 



June 2013  
 
 

12 

 

Figure 4-1.  Engine horsepower distribution of reporting engines in TCEQ Tyler Office dataset. 

The East Texas Combustion Rule requires owner/operators of gas-fired rich burn engines with 
horsepower ≥240 HP to perform an engine test and report the results to TCEQ within 60 days of 
the test.   The count of those reports (59 total) should in principle be equivalent to the count of 
all rich burn engines ≥ 240 HP operating in the 5-county area. A summary of engine counts by 
HP range bin and reason for testing is shown in Table 4-2 below. The reports library included 
only nine engines of less than 240 HP tested in compliance with NSPS JJJJ. This is likely a small 
subset of the actual number of engines of this size range that are operating in the 5-county area 
during the reporting years compiled here (2010-2012).  Because these engines operate outside 
the DFW and HGB non-attainment areas and are not subject to the East Texas Combustion 
Rule, they may be permitted by rule and their only reporting requirement is the Federal NSPS 
JJJJ rule. The NSPS JJJJ rule is triggered by new engines manufactured after July 1, 2008 or 
engines that began modification by June 12, 2006. Hence, existing engines of <240 HP that 
began operation prior to these dates (but may still be operating) are not required to undergo 
an engine test and report to TCEQ. In addition, engines of less than 500 HP that have been 
certified as meeting the NSPS JJJJ standards  do not require an initial performance test, and 
thus would not be captured in this population of tested engines. One test report was submitted 
under compliance with NSPS JJJJ and the Texas Permit by Rule (30TAC 106.512), which applies 
to rich burn and lean burn stationary internal combustion engines ≥ 500 HP. 

0

1

2

3

4

5

6

7

8

9

10

4
4

6
8

7
4

7
5

9
5

2
0

3

2
6

5

2
9

9

3
2

5

3
3

3

3
7

0

4
0

0

4
1

5

4
9

5

5
0

2

5
2

5

6
0

0

6
2

5

6
3

0

6
4

0

7
0

0

7
0

5

7
3

0

8
0

0

8
1

4

8
3

0

8
5

0

9
9

0

1
0

24

1
1

00

1
2

32

1
3

80

1
4

78

1
4

80

1
6

56

1
6

80

1
7

75

<240 HP >=240HP

N
u

m
b

er
 o

f 
En

gi
n

es
 R

ep
o

rt
in

g 

Engine horsepower 



June 2013  
 
 

13 

Table 4-2.  Counts of engines by HP size group, report year and reason for reporting/testing. 
HP Range 
Group Reason for Test 

Year of 
Reporting 

Engine 
Counts 

<240 HP 
  

NSPS JJJJ 
  

2010 3 

2011 6 

Total <240 HP engines 9 

≥240HP 
  
  
  
  
  
  
  
  

East Texas Combustion Rule 
  
  

2010 5 

2011 26 

2012 12 

NSPS JJJJ 
  

2010 4 

2011 8 

2012 1 

NSPS JJJJ and Texas Permit by 
Rule 2011 1 

NSPS JJJ and East Texas 
Combustion Rule  

2010 1 

2012 1 

Total ≥240 HP engines 59 

Total Number of Engines Reporting 68 

 
The breakdown of engine counts by county for engines ≥ 240 HP is shown in Table 4-3. Three of 
the reports did not have legible or available information on the location of the engines and thus 
were assigned to a ‘non-reported’ county bin. Table 4-3 also includes the number of active gas 
wells operating in 2011 for each of the counties. There is no clear relationship between the 
number of active gas wells and the number of tests of engines of horsepower ≥240 HP engines 
reported in each county. Harrison County has the largest number of engines with HP ≥240. 
However, there is insufficient information to know if the usage of compressor engines of this 
size range is lower in other counties with similar numbers of active wells, such as Rusk, or due 
to higher usage of smaller engines, or if it is related to lower compression requirements for 
wells in that county. 

Table 4-3.  Engine tests by county for engines equal or larger than 240 horsepower. 
Facility Location (County) Engine Counts 2011 Gas Wells* 

Gregg 4 1013 

Harrison 36 2606 

Rusk 8 2664 

Smith 2 665 

Upshur 6 785 

Not reported 3 NA 

Grand Total 59 7733 
* 2011 active gas well count in the September 2011 Report of Gas Wells from the Texas Railroad Commission 
website, 2012 (TRC, 2012). 
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5.0 INVESTIGATION OF OTHER AVAILABLE ENGINE DATA 

The engine test data from the TCEQ’s Tyler Office provided information on a subset of the 
population of Northeast Texas gas compressor engines that are subject to the East Texas 
Combustion Rule and Subpart JJJJ.  The data set therefore does not include information on 
engines that are lean burn or are rich burn and have horsepower ≤ 240 HP.  Therefore, 
additional data was required to supplement the engine test data from the Tyler Office in order 
to update the horsepower distribution in NETAC’s gas compressor engine inventory. 

ENVIRON investigated several other sources of data.  We begin this section with a review of the 
methods used to develop the Pollution Solutions studies that form the basis of the current 
emission inventory.  Then we describe alternative methods and sources of engine data that 
were considered in order to update NETAC’s gas compressor engine emission inventory. 

5.1 Pollution Solutions Studies 

5.1.1 2006 Study 

Natural gas well owners in the 5-county area often lease wellhead gas compressor engines 
rather than purchase them (Pollution Solutions, 2006). In the previous compressor engine 
studies (Pollution Solutions, 2006; 2008), engine data were obtained directly from gas well 
operators, maintenance shops and engine leasing companies.  Pollution Solutions gathered 
information on engine horsepower, engine manufacturer and model and county location. The 
survey of leasing companies yielded data representing approximately 35 % of the total 
horsepower in the 5-county area. This dataset was applied to calculate emission factors and the 
distribution of engine horsepower sizes for these counties.  

Data were also obtained directly from gas production companies through survey questionnaires 
and gas well site visits. Major production companies supplied information on number of 
engines and horsepower used, and a list of gas wells associated with the engines. 4745 active 
gas wells were producing in the 5-county area during 2005, and Pollution Solutions obtained 
information for 338 gas wells, representing 7% of the total well count.  An average horsepower 
per well factor was estimated for the entire 5-county area and total gas compressor emissions 
were calculated for each county. 

5.1.2 2008 Update 

In the 2008 update to the NETAC gas compressor engine inventory (Pollution Solutions, 2008), 
engine load factors were revised from the previous 2005 inventory, which assumed that all 
engines were operating at 100 percent load.   The engine load factors were calculated based on 
data obtained through an updated survey of maintenance facilities and leasing companies 
which provided detailed information by engine type and size (horsepower) for compressor 
engines in use at the time of the study. Engine leasing companies were asked to provide the 
actual horsepower for the various engines and the maximum horsepower which enabled the 
estimation of revised load factors for various horsepower range bins. Pollution Solutions 
revised the 2005 emissions estimates based on the new load data and also developed emissions 
estimates for 2007 for the 5-county area as well as Panola County. 
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The survey efforts that form the basis of Pollution Solutions (2006; 2008) were made possible 
by Pollutions Solutions’ established contacts with leasing companies and gas well operators 
held by Pollution Solutions. Pollutions Solutions was not available to perform another study, 
and ENVIRON was not able to obtain contacts with engine leasing companies to conduct a 
similar analysis. Instead, ENVIRON pursued other avenues to obtain information on the engine 
population in Northeast Texas. These are described below. 

5.2 Engine Databases 

ENVIRON investigated the feasibility of using commercial databases that identify gas 
compressor engines in service to gain information on the engine population in Northeast Texas.  
Commercial engine databases usually rely on Original Engine Manufacturers (OEM) sales data 
or Uniform Commercial Code (UCC) filings with the state of Texas for financed equipment.  
Marketing research firms, such as Power Products Marketing (PPM) or Power Systems Research 
(PSR), collect OEM, UCC and other data to estimate new equipment sales over the course of 
several years (PPM, 2012; PSR, 2012). These firms analyze the data to verify results, categorize 
sales estimates by end use, and resolve conflicts such as separation of rebuilding, resale and 
financing of older equipment from new engine and equipment sales.  The typical method to 
estimate sales is to gather information on OEM shipments including import and export through 
the distributors to the dealers. The marketing research firms then use UCC filings and additional 
data to provide verification of the usual method of estimating sales. These estimates of engine 
sales have been used by EPA to provide population data for the NONROAD emissions model. 

Through review of the database, ENVIRON determined that OEM sales data estimates are not 
specific to the state in which the engine was sold, and so rough approximations are required to 
estimate county sales using other data sources including distributor or dealer reporting or 
general econometric factors such as employment. It is difficult to identify appropriate allocation 
indicators, and these spatial allocation approximations would add additional uncertainty to 
county sales estimates.   
 
UCC filings are necessary when using financed equipment, and such new sales data can be 
found at the county level as opposed to national OEM sales data.  Equipment that is not 
publicly financed will not appear in the UCC data, and smaller, less costly equipment is more 
likely to be purchased without financing.  Compressors are larger equipment and more likely to 
be financed however making UCC filings likely the best source of new equipment sales data.   
 
From new sales data, typical attrition rates can be applied to estimate in-use engine population.    
Equipment may be maintained through engine rebuild, so attrition rates would be modified to 
include an estimate of the fraction of engines rebuilt instead of scrapped.  The attrition 
combined with rebuild rates adds two levels of uncertainty to forecasting the remaining in-use 
population from sales estimates.    
 
Another consideration is that the in-use engine population calculated from sales and attrition 
assumes that the equipment remains in the county of original purchase throughout its useful 
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life. Compressors, especially skid-mounted ones, can be easily moved from site to site and can 
be transported out of the original county or state of initial deployment.  This consideration 
significantly increases the uncertainty in the estimate of in-use equipment for a particular 
county.  
 
As shown in Table 5-1, many operators of gas wells in the Newark East (Barnett Shale) Field are 
large corporations that operate in many states and can move equipment around their 
production zones, so the initial site for new equipment can change several times over the life of 
the compressor.  In addition, these companies often contract compressor operations with 
leasing firms to increase operational flexibility, so in those cases the well operators will not own 
the compressors used for production.  These leasing firms serve several well operators and 
across various producing fields.  Therefore the well operators are not the compressor 
owner/operators, making it more difficult to track compressors in a given area.  

Table 5-1.  Top Ten Barnett Shale Gas Operators for January through July 2012  (from Data 
from Texas Railroad  Commission, 2012). 
Operator Gas Well Gas (MCF) 

Chesapeake Operating, Inc.  285,626,112 

Devon Energy Production CO, L.P.  284,604,766 

XTO Energy Inc. 170,347,180 

EOG Resources, Inc.  79,632,134 

Enervest Operating, L.L.C. 52,360,060 

Quicksilver Resources Inc. 45,325,057 

Carrizo Oil & Gas, Inc.  33,309,088 

Barnett Shale Operating LLC 28,145,201 

Legend Natural Gas IV, LP 19,964,792 

Burlington Resources O & G CO LP 15,597,205 

 
The larger gas well operators operate thousands of wells as noted by Devon Energy just for the 
Barnett Shale field: “Devon has drilled more than 5,000 wells into the Barnett Shale since 2002, 
yet still has about 5,000 remaining drilling locations. Use of fracturing technology has helped 
Devon increase its Barnett production from 200 million cubic feet of natural gas equivalent per 
day in 2002 to about 1.3 billion today. Devon accounts for more than 20 percent of the field's 
overall daily production.”1   The larger gas well operators have many producing wells and can 
contract with more than one leasing firm.  
 
5.2.1 Compressor Leasing Firms 

Because of the wide variety of potential owners, including those owned by the gas well 
operator and leasing/maintenance firms, and the uncertainty of where the compressor is used, 
the number of compressors in-use by county for any given period is not easily determined from 
public or purchased databases.  Estimates made by marketing research firms use a number of 
approximations to estimate the original sales, use and attrition, and county-level activity.  
                                                      
1
 More than 5,000 wells and counting in the Barnett Shale. Devon Energy. 

http://www.devonenergy.com/Operations/FeatureStories/Pages/barnett_shale.aspx 

http://www.devonenergy.com/Operations/FeatureStories/Pages/barnett_shale.aspx
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Therefore, the estimates from these databases are less certain than those scaled from detailed 
estimates gathered from the owner/operators themselves.  
 
ENVIRON performed an internet search for companies purchasing engines for lease in the East 
Texas region.  We identified several companies from a diverse spectrum of sizes, including but 
not limited to J-W Power Company, Enerven Compression Services, Exterran Holdings, Inc., Estis 
Compression, and TriStar Compression L.P.  Some of these companies have a prominent 
presence in the Midwest regions, and others operate from a smaller, local office.  Although 
many of these companies have service locations in the East Texas region, none of them state 
that they exclusively conduct business within the 5 counties of the NETAC area.  Thus it was 
impossible determine whether the engines being leased are representative of the East Texas 
population. 
 
Hence, attempts showed that using this type of approach could not yield useful data to 
characterize the compressor engine population in Northeast Texas because not only do 
databases require identification of the company that owns/operates the compressor but do not 
provide any information on the location where engines are deployed, thus not allowing to 
allocate any population to a specific county of interest.  This type of information must be 
obtained directly from owners/operators or leasing companies who track the deployment of 
specific engines at specific locations as was done in Pollution Solutions (2006; 2008). 
 

5.3 TCEQ 2011 Oil and Gas Emission Inventory  

In parallel with the efforts described above to determine new sources of engine data, ENVIRON 
queried TCEQ regarding the status of their oil and gas emission inventory development.  In 
particular, ENVIRON tried to ascertain whether new engine data and/or emission inventories 
that have data specific to Northeast Texas are available or likely to become so in the near 
future.   TCEQ is currently in the process of developing a 2011 oil and gas emission inventory for 
the state of Texas. The 2011 inventory is the first inventory for a year after the East Texas 
Combustion Rule went into effect, and accounts for the effect of the Rule in the 33 affected 
East Texas counties.  An overview of the methods being used to develop emissions for gas 
compressor engines in this inventory were provided by TCEQ staff (Michael Ege, personal 
communication, 2012)  and are outlined in the next section. 

5.3.1 Compressor engine emissions in the TCEQ 2011 Texas Oil and Gas Inventory  

In 2010, the TCEQ developed a statewide emission inventory for the year 2008 that 
characterized area source emissions from upstream onshore oil and gas production sites in 
Texas (ERG, 2010).  Gas compressor engines were among the sources included. Pollutants 
inventoried were VOCs, NOx, CO, particulate matter and hazardous air pollutants (HAPs). The 
study compiled county-level activity data from the Texas Railroad Commission, and specific 
emissions and emission factor data for many source categories from multiple state and regional 
data sources, including vendor data for compressor engines.  
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For the 2011 compressor engine inventory, the emission factors and compressor engine 
distribution for all areas of Texas except the Barnett Shale counties and 33 East Texas counties 
were obtained from the ERG study “Characterization of Oil and Gas Production Equipment and 
Develop a Methodology to Estimate Statewide Emissions” (ERG, 2010), which can be found at 
the TCEQ website.2  

The engine distribution from the ERG (2010) study was itself based on data from a 2005 HARC 
study (HARC, 2005) and two 2007 TCEQ surveys; and the emissions factors were based on 
vendor’s data in the ERG study (ERG, 2010).  The 2011 county-level gas production data were 
obtained from the Texas Railroad Commission.  

The ERG study combined engine data from the HARC study (HARC, 2005) with two 2007 TCEQ 
engine surveys conducted in the counties located in the Dallas- Fort Worth (DFW) metropolitan 
area and in the Southeast Texas counties of Angelina, Austin, Hardin, Houston, Jasper, 
Jefferson, Newton, Polk, Sabine, San Augustine, San Jacinto, Trinity, Tyler, and Walker (TCEQ, 
2007).  There is no overlap between the counties surveyed in the 2007 Southeast Texas study 
and the 33 counties affected by the East Texas Combustion Rule.  Using the combined dataset, 
the ERG study determined an average size (HP) for each specific engine model and then the 
distribution of compression load by engine type for three areas: Houston-Galveston-Brazoria, 
Dallas-Fort Worth, and the rest of the state.   

For the 2011 area source emission inventory, TCEQ notes that revised factors and compressor 
engine distributions for two additional areas were also developed: the Barnett Shale and East 
Texas (Personal communication from Michael Ege, 2012). East Texas is defined to be the Texas 
Counties subject to the East Texas Combustion Rule, and includes the 5-county area and Panola 
County. 

5.3.1.1 Emissions from Gas Compressor Engines in the Barnett Shale 

TCEQ recently developed an emission inventory of upstream and midstream oil and gas 
production sources in the Barnett Shale area (TCEQ, 2010). In Phase I, TCEQ carried out a survey 
of producers and collected an equipment count to determine the location, quantity and type of 
upstream and midstream emissions sources associated with shale gas production. These 
sources included gas-fired stationary combustion sources such as gas compressor engines used 
in the Barnett Shale fields. During Phase I, TCEQ performed facility surveys and collected data 
from over 9,100 upstream leases/facilities (i.e. well sites) and over 500 midstream facilities (i.e. 
compressor stations and/or gas plants) in the 23-county region.  In Phase II, TCEQ collected 
equipment and activity data on stationary emissions sources related to oil and gas operations, 
and calculated annual 2009 emissions for NOx, VOC and HAPs from these sources.  

The Barnett Shale Phase II Special Inventory has detailed information on each engine including 
included fuel type, engine rating (HP), operating hours, NOx emissions, burn type (rich or lean), 
and cycle (2-cycle or 4-cycle).  This detailed information allowed the TCEQ to assign an 

                                                      
2
 http://www.tceq.texas.gov/assets/public/implementation/air/am/contracts/reports/ei/5820784003FY1026-

20101124-ergi-oilGasEmissionsInventory.pdf 

http://www.tceq.texas.gov/assets/public/implementation/air/am/contracts/reports/ei/5820784003FY1026-20101124-ergi-oilGasEmissionsInventory.pdf
http://www.tceq.texas.gov/assets/public/implementation/air/am/contracts/reports/ei/5820784003FY1026-20101124-ergi-oilGasEmissionsInventory.pdf
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emissions source category code (SCC) and a NOx emission factor to each engine.  The SCC 
specifies the engine horsepower, fuel, cycle and whether it is rich or lean burn. For example, 
SCC 2310021102 is “Natural Gas Fired 2 Cycle Lean Burn Compressor Engines 50 To 499 HP”. 

County-level emissions from compressor engines were calculated in ERG (2010) with the 
following equation:   

180,907

21

,

ijkji

ki

CEFFF
TPGE


  

where: 

Ei,k is the emissions from county i and pollutant k [tons/year] 
F1i is the fraction of wells in county i requiring compression 
F2j is the fraction of compression load of engines of type j 
TPG is the total gas production in county i [Mscf/yr] 
EFjk is the emissions factor for engine type j and pollutant k [g/HP-hr] 
Ci is the compression requirements for county i [HP-hr/Mscf]  

 907,180 is the unit conversion factor g/ton 
 

The TCEQ developed an updated compressor engine distribution for Barnett Shale counties that 
lie outside the DFW nonattainment area.  An overall NOx emission factor was calculated by 
adding up the NOx emissions from all engines and dividing by the total engine workload, 
defined as (horsepower x operating hours).  The TCEQ calculated the Barnett Shale engine 
distribution by SCC by dividing the total workload in each SCC by the total workload for all 
engines.  The total NOx emissions were broken down by SCC by taking the sum of the NOx 
emissions for each SCC by the sum of the NOx emissions for all engines. Emission factors for 
PM, VOC, CO, and SO2 were derived from attainment area compressor engine data from ERG 
(2010).  The TCEQ accounted for the potential for double counting of emissions by subtracting 
point source emissions from the SCC-specific county emission totals as needed.  

TCEQ then used the Barnett Shale attainment county data described above to calculate new 
NOx emission factors and an updated compressor engine distribution for the East Texas 
counties, including the Northeast Texas 5-county area and Panola County.    

5.3.1.2 Emissions from Gas Compressor Engines in East Texas 

For counties in East Texas that are affected by the East Texas Combustion Rule, the NOx 
emissions factor for 4-cycle rich burn engines with 240-499 HP developed for the Barnett Shale 
attainment area counties was changed to 1.0 g/HP-hr, and the factor for engines with >500 HP 
was changed to 0.5 g/HP-hr in accordance with the NOx emissions limits set by the Rule.  The 
engine SCC was then changed to reflect the use of non-selective catalytic reduction (NSCR) 
emission controls, and NOx emissions were recalculated.  A new engine distribution for East 
Texas was developed using the sum of the workload for each SCC divided by the sum of the 
workload for all engines after the SCCs were revised.  This calculation method assumes that (1) 
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all engines are in compliance with the East Texas Combustion Rule and (2) the Barnett Shale 
attainment area county engine distribution is applicable to East Texas counties. 
 
While this inventory does have the benefit of application of the East Texas Combustion Rule to 
Northeast Texas, the NOx emission factors and engine load factors are based on the Barnett 
Shale data, and it is not clear how applicable this data is to Northeast Texas.  In the next 
section, we describe compressor data from the Phase I Barnett Shale inventory in more detail 
and in Section 6, we use this data to examine the effect of its application to Northeast Texas. 
 

5.4 Compressor Engine Horsepower Distribution from TCEQ’s Barnett Shale 
Special Inventory Phase I 

The TCEQ Special Inventory (Phase I) for the Barnett Shale collected survey data from oil and 
gas upstream and midstream facilities in order to determine the location, number, and type of 
emissions sources associated with oil and gas operations in the Barnett Shale formation. TCEQ 
also developed a Phase II inventory in which they collected more activity data for the Barnett 
Shale region and developed emissions estimates for 2009. However, the detailed engine 
population data for the Phase II inventory were not publicly available at the time this study was 
performed. The Phase I inventory engine counts were used in this analysis because it was the 
most recent Texas engine population survey. 

The Phase I inventory surveys gathered equipment counts for stationary gas fired engines in 
selected horsepower range bins (0 to 50 HP, 50 to 240 HP and over 240 HP) and by engine type 
(rich burn versus lean burn). The distribution of engines by horsepower is shown in Figure 5-1. 
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Figure 5-1.  2009 Equipment Inventory of stationary gas fired engines by horsepower bin for 
the Barnett Shale region (TCEQ, 2010). 

The Barnett Shale formation extends across multiple Texas counties, some of which are subject 
to different regional regulations for stationary combustion engines, such as those counties 
covered by the East Texas Combustion Rule, the counties within the DFW 8 hour ozone 
nonattainment area, and counties outside both of these areas. The counties in the Barnett 
Shale region are shown in Table 5-2 in these county groups. 

Table 5-2. Counties in the Barnett Shale region subject (and not subject) to Texas regulations 
for stationary combustion engines. 

Counties within the DFW 8hr Ozone 
Nonattainment Area Dallas, Denton, Ellis, Johnson, Parker, Tarrant 

Counties subject to the East Texas 
Combustion Rule Hill 

Remaining Counties in the Barnett Shale 

Archer, Bosque, Clay, Comanche, Cooke, Coryell, 
Eastland, Erath, Hood, Jack, Montague, Palo Pinto, 
Shackelford, Somervell, Stephens, Wise 

 
Stationary gas-fired engines used in oil and gas production are generally gas compressor 
engines and artificial lift engines. The latter is more commonly used in oil wells; hence as the 
Barnett Shale formation is predominantly a gas producing region, it is assumed the inventory of 
stationary gas-fired engines refers to gas compressor engines. The equipment inventory for 
stationary gas fired engines is shown in Table 5-3 and is grouped in two main horsepower 
ranges: ≥240 HP, and <240 HP.  
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Table 5-3.  Barnett Shale Special Inventory Phase I equipment survey data on stationary gas-
fired engines for 2009. 

  

Engine Counts 

< 240 HP ≥ 240 HP 

County groups where engines are located Rich and Lean Burn 

DFW 8-hr Ozone Non-Attainment  1186 339 

East Texas Combustion Rule 110 10 

Remaining Counties in Barnett Shale 897 208 

Total (RB+LB) 2193 557 

% of Total 80% 20% 

County groups where engines are located Only Rich Burn 

DFW 8-hr Ozone Non-Attainment  1141 122 

East Texas Combustion Rule 109 3 

Remaining Counties in Barnett Shale 839 105 

Total RB 2089 230 

% of Total 90% 10% 

 
Results from the Phase I inventory show that in the Barnett Shale region, the majority (about 80 
percent of the population) of the gas compressor engines < 240 HP in size. It also shows the 
majority of the engines in this <240 HP bin are rich burn type engines (about 95 percent). 
Counties in the Barnett shale region, Dallas, Denton, Ellis, Johnson, Parker and Tarrant Counties, 
fall under the more stringent DFW 8-hr ozone non-attainment area restrictions, which affect 
gas-fired engines of over 50 HP. From this group, the majority of the engines, 1186 out of 1525, 
are ≤240 HP as shown in Table 5-3.  Of the counties within the 23-county area that covers the 
Barnett Shale, one of them, Hill County, is subject to the East Texas Combustion Rule, which 
affects rich burn engines ≥ 240 HP. In this group, the majority of the rich burn engines (97 
percent) are <240 HP.  
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6.0 SENSITIVITY TESTING 

The investigation of available engine data described in Section 5 showed that there is not a 
readily available source of recent data that is specific to Northeast Texas gas compressor 
engines.  None of the data sources reviewed had data that would allow an update of NETAC’s 
gas compressor inventory.  The current NETAC gas compressor inventory is based on the 
Pollution Solutions (2008) study.  In this section, we describe sensitivity tests performed with 
this inventory in which we project the Pollutions Solutions inventory to a future year and 
compare the results with the data obtained from the TCEQ Tyler Office.  The Pollution Solutions 
(2008) data from 2007 were projected to 2011 in order to develop hypothetical 2011 engine 
population scenarios for comparison to the engine dataset obtained from the TCEQ Tyler office. 
The method and results of the analysis are described in this section. 

6.1 Method and Scenarios 

Pollution Solutions (2008) obtained data directly from engine leasing companies to compile a 
database of engines by size (horsepower) and location (county) in Northeast Texas and used 
this information to calculate 2007 engine emissions and load factors for engines in three 
horsepower bins: < 240 HP, 240-500 HP and >500 HP. The study included a total horsepower 
distribution divided into each of these bins, a list of engines by HP bin, and an average HP-per-
well factor derived in the original 2005 NETAC compressor inventory (Pollution Solutions, 2006). 
Some of the key data from this report is summarized in Table 6-1. The average HP/well factor of 
54.86 was used to derive the total horsepower in the 5-county region by multiplying the factor 
by the 2007 total gas well counts from the 5-county region.  

Table 6-1.  Key engine population data for the Northeast Texas region from Pollution 
Solutions Study (PS, 2008). 

Horsepower range bin 
Percentile distribution 
of Total Horsepower 

> 500 HP 69.0% 

240-500 HP 9.9% 

< 240 HP 21.2% 

 

HP/well factor 54.86 

 
 
6.1.1 Projections to 2011 from Pollution Solutions Study Data 

Data from the PS study was used to derive a projection of engine population in 2011 for the 5-
county area of Northeast Texas. 2011 was the latest year with complete annual records of gas 
production at the time of preparation of this study; 2011 active gas well counts were obtained 
through the Texas Railroad Commission website (TRC, 2012). Assuming that the distribution of 
the total regional horsepower has remained similar to that of the PS Study for 2007, and that 
the average horsepower per well is the same, the total horsepower for the 5-county region can 
be projected to 2011 by multiplying the 2011 active gas well counts by the HP/well factor. The 
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active gas well counts for 2011 for the counties of Upshur, Smith, Rusk, Harrison and Gregg are 
shown in Table 6-2.  

Table 6-2.  2011 active gas well counts for various Northeast Texas counties (TRC, 2012). 
Counties 2011 Gas Wells 

Upshur 785 

Smith 665 

Rusk 2664 

Harrison 2606 

Gregg 1013 

Total in  5-county Region 7733 

 
The total regional horsepower for the 5-county area was 424,232 HP based on the 7,733 gas 
wells in 2011 from the  September 2011 gas wells report from the Texas Railroad Commission 
(TRC) database. Review of the TRC February 2012 gas wells showed that the well count 
decreased by less than 3% relative to the September count; therefore the well count from the 
September 2011 report was selected as a conservative assumption. The total regional 
horsepower can be broken down into the three horsepower range bins by using the distribution 
shown in Table 6-1. Assuming an average engine horsepower for each HP range bin from the 
database in the PS report, an average number of engines can be estimated by dividing the total 
HP of each bin by the average HP per engine. This is shown in Table 6-3 for compressor engines 
in the 5-county region for 2011. Because of the 240 HP cutoff defined in the East Texas 
Combustion Rule, the engine population was divided into two bins: <240 HP and ≥240 HP.   

Table 6-3.  Estimated number of engines operating in 2011 in the 5-county region of 
Northeast Texas. 

HP range bin % of total HP total HP 
Average engine 
size (HP/engine) 

Estimated number 
of engines based on 
average engine size 

> 500 69.0% 292,508 1,061 276 

240-500 9.9% 41,872 326 128 

< 240 21.2% 89,852 175 513 

Total HP 100% 424,232 - 917 

Total <240 HP engines 513 

Total ≥240 HP engines 404 

 
It is important to note that there is uncertainty associated with the 2011 projected engine 
populations, which is linked to the data format used to characterize compressor emissions in 
the previous NETAC inventories (Pollution Solutions, 2006; 2008). Generally, compressor engine 
counts are estimated based on the fraction of active wells connected to compressors, similar to 
a compressor engine-per-well factor; this fraction may differ by the purpose of the compressor 
engines, e.g. for wellhead compression versus for gathering compression. The PS study makes 
use of a HP-per-well factor that generates a total HP for a region which later is distributed into 
the three HP bins defined in that report. An equivalent approach was implemented here, but 
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with the updated number of active wells for 2011. In order to estimate the number of engines 
making up the total HP in each bin, an average engine horsepower for each bin must be 
assumed. For this projection, the average engine horsepower was derived from the engine 
database compiled in the PS study (Pollution Solutions, 2008) by taking the mean value of each 
HP bin group (> 500 HP, 240-500 HP and, < 240 HP). However, the number of samples, range 
and variability of values within each bin varied significantly. The mean horsepower for each bin 
is shown in Figure 6-1, along with the engine samples by HP from the PS study database.  
 

 

Figure 6-1. Mean engine horsepower and standard deviation by horsepower bin from PS 
study database (Pollution Solutions, 2008). 

The graph shows that the 240-500 HP bin had the smallest standard deviation. The >500 HP bin 
had the largest number of samples but a wider range of values than the other two bins. This 
illustrates the uncertainty introduced by characterizing engine population by broad HP ranges.  

6.1.2 Correction for Haynesville Shale Wells 

The Haynesville Shale is located in the Northeast Texas/Northwest Louisiana border area and 
contains large recoverable reserves of natural gas which are extracted through unconventional 
drilling/completion techniques. This gas formation extends beneath Gregg, Rusk, Harrison and 
Panola Counties. A map of Haynesville Shale wells permitted and completed as of December 4, 
2012 in the Northeast Texas portion of the formation is shown in Figure 6-2. The map shows a 
large number of gas wells located in Harrison, Panola and Rusk Counties. 
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Figure 6-2.  Map of Haynesville Shale wells as of December 2012 (Texas Railroad Commission, 
2012). 

Due to the increased natural gas production observed in this region since 2008, NETAC has led 
two studies to investigate how development in the Haynesville Shale may impact future air 
quality in Northeast Texas (ENVIRON, 2009; 2012). The latest study (ENVIRON, 2012), which is 
still in its draft form at the time of this report is a revision to the oil and gas emissions inventory 
originally conducted for NETAC (ENVIRON, 2009), in the beginning years of exploration and 
production in the Haynesville Shale. Hence, the latest study takes advantage of a longer well 
production data record as well as survey data from Haynesville Shale producers that represents 
about 30% ownership of the gas production in the region. Survey data from this study indicates 
that the usage of wellhead compression in Haynesville Shale wells is very rare; only about 
0.08% of Haynesville Shale wells make use of a wellhead compressor. This low usage rate is 
related to the high initial production (and subsequent rapid decline in production) for shale gas 
wells compared to those of conventional wells. Shale gas wells generally have much higher 
wellhead pressure than conventional  gas wells during the first few years of production, 
facilitating a high production rate of natural gas with little or no need for wellhead compression 
to aid the gas extraction. Since most producing wells in this region are fairly “young” as 
development of the Haynesville began in 2008, it is reasonable that there would still be little 
need for wellhead compression in Haynesville Shale wells.  
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It is important to consider the usage (or lack thereof) of compressor engines for Haynesville 
Shale wells when estimating a compressor engine inventory that is based on total gas well 
counts by county, which include producing wells from all formations within the region. In order 
to avoid overestimation of the engine population in Northeast Texas, the 2011 projection 
derived from the Pollution Solutions (2008) study was revised to decrease the well count by the 
number of 2011 active gas wells from the Haynesville Shale, under the conservative assumption 
that these do not require any wellhead compression. Intensive development of the Haynesville 
Shale formation had not yet begun at the time of the 2008 updated Pollution Solutions study; 
therefore the Pollution Solutions study data does not reflect the low usage of compressors at 
Haynesville wells. The Haynesville Shale gas well count by county was obtained from the TRC 
database through a production query by field type (TRC, 2012). In 2011, the Haynesville Shale 
formation had 211 active gas wells in three counties of the 5-county region under NETAC: 
Gregg, Rusk and Harrison. These 211 wells were subtracted from the 7733 gas wells in the 5-
county region for 2011. The adjusted calculation of engine counts for the 5-county area is 
shown in Table 6-4. 

Table 6-4.  Estimated number of engines operating in 2011 derived from PS Study data and 
adjusted for Haynesville Shale wells. 
HP range bin % of total HP total HP Average engine 

size (HP/engine) 
Average number of 
engines 

> 500 69.0% 284,149 1061 268 

240-500 9.9% 40,675 326 125 

< 240 21.2% 87,285 175 498 

Total HP 100% 412,108 - 891 

Total <240 HP engines 498 

Total ≥240 HP engines 393 

 
Given the small number of producing gas wells in the Haynesville Shale in 2011 relative to the 
total number of gas wells in the 5-county area, the engine count did not vary significantly with 
only a 3% difference in engine counts compared to the original projection. However, as 
production from this formation continues to rise in future years, reflected by the large number 
of planned wells in Figure 6-2, it will be important to take into account in future engine 
inventories the changes in compression needs of Haynesville wells.  
 
6.1.3 Adjoining County of Panola 

Panola County had 5216 active gas wells in 2011 (TRC, 2012), which is comparable to the 
number of gas wells in the 5-county area. Emissions from natural gas production sources in 
Panola County, including compressor engines, may affect air quality in the 5-county area. 
Therefore, a gas compressor engine inventory for Panola is estimated in parallel with the 5-
county area analysis. The 2011 engine population projection for Panola County derived from 
the PS study data is shown in Table 6-5 below. 
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Table 6-5.  Estimated number of engines operating in 2011 in Panola County of Northeast 
Texas. 

HP range 
Percentage of 

Total HP 
Total HP 

Average engine 
size (HP/engine) 

Average Number of 
Engines 

> 500 69.0% 197,300 1,061 186 

240-500 9.9% 28,243 326 87 

< 240 21.2% 60,607 175 346 

Total HP 100% 286,150 - 618 

Total <240 HP engines 346 

Total ≥240 HP engines 273 

 
In 2011, Panola County had 106 wells from the Haynesville Shale formation. A similar 
adjustment to that of the 5-county region was made to obtain a projected population for 2011 
without including the Haynesville Shale wells that have low usage of wellhead compressors.  
Given the large gas production in Panola County, it is expected for 2011 projections to show a 
significant amount of compressor engines (606 in total, when adjusted for Haynesville wells) 
close to that of the 5-county region (891 engines). 

Table 6-6.  Estimated number of engines operating in 2011 in Panola County adjusted for 
Haynesville Shale wells. 

Engine HP bin 
Average Number of 

Engines 

<240 HP 339 

≥240 HP 267 

Total count (adjusted) 606 

 
6.1.4 Adjustment to Barnett Shale Inventory Horsepower Distribution 

ENVIRON conducted an analysis to evaluate the effect on the scaled-up 2011 engine population 
in Northeast Texas (from the Pollution Solutions 2008 data) if it had the same the HP 
distribution from the Barnett Shale Special Inventory Phase I (TCEQ, 2010). The horsepower 
distribution from the engine population surveyed in the Barnett Shale special inventory is 
shown in Table 6-7, which includes both rich and lean burn engines. 

Table 6-7.  Barnett Shale Special EI Phase I Inventory Engine Horsepower Distribution. 

Compressors HP range 
 Equipment 

Counts Population Distribution 

<240 HP 2193 80% 

≥240 HP 557 20% 

 
In the previous section, we multiplied the Pollution Solutions (2006) HP/well factor by the 2011 
active well count to get a total engine count (891 engines, see Table 6-4).  When this scaled 
2011 engine count is allocated according to the Barnett Shale data well count distribution in 
Table 6-7, the resulting average number of engines in each HP range bin is as shown in Table 
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6-8. Similarly, the same distribution was applied to the projected engine population that 
excludes the Haynesville Shale wells, and the results are shown in Table 6-8 

Table 6-8.  2011 projected engine counts from PS study adjusted with Barnett Shale Special 
Inventory HP distribution. 

Scenario HP range 
Average Number of 

Engines 

2011 Engine Population 
including Haynesville Shale 
Wells and with Barnett Shale 
Adjustment  

<240 HP 731 

≥240 HP 186 

Total 917 

2011 Engine Population 
without Haynesville Shale 
Wells and with Barnett Shale 
Adjustment 

<240 HP 710 

≥240 HP 180 

Total  891 

 
 

6.2 Comparison of Projected Engine Populations with TCEQ Tyler Office Data 

The projected 2011 engine populations described in the previous sections are compared to the 
engine data collected by the TCEQ Tyler Office from engine operators/owners reporting under 
the East Texas Combustion Rule and NSPS JJJJ requirements. The different population counts 
are shown in Table 6-9.  

Table 6-9.  Comparison of compressor engine populations for 2011 based on various data 
derivation methods. 

Data derivation Area (gas wells) 

<240 HP ≥240HP Total 
Count Count % total Count % total 

2011 Scaled from PS 5-county area wells 513 56% 404 44% 917 

2011 Scaled from PS 
5-county area wells minus 
Haynesville wells 498 56% 392 44% 891 

2011 PS data 
adjusted by BS EI 5-county area wells 731 80% 186 20% 917 

2011 PS data 
adjusted by BS EI 

5-county area wells minus 
Haynesville wells 710 80% 180 20% 891 

Tyler office 2011 
engine inventory 5-county area wells 9 13% 59 87% 68 
PS: Pollution Solutions; BS EI: Barnett Shale Emissions Inventory; HBS: Haynesville-Bossier Shale. 

 
The 2011 projected engine count derived from Pollution Solutions (2006; 2008) data and the 
2011 well count has about 56% of the compressor engine population in the <240 HP bin and 
44% in the ≥240 HP bin. Because the distribution is derived from the PS study, it will remain the 
same regardless of Haynesville Shale wells adjustment, for both the 5-county region and for 
Panola County. The Haynesville Shale wells adjustment only affects the total count of the 
engine population, reducing it approximately 3% (from 917 engines to 891) to account for low 
usage of compression in Haynesville wells. When the projected 2011 engine count is adjusted 
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to the HP distribution of the Barnett Shale study, the population of engines shifts towards the 
<240 HP bin. If the engine population in the 5-county area had the same HP distribution as 
engines in the Barnett Shale, 80% of the 5-county area engines would be <240 HP, totaling 731 
engines in that bin.  

The HP distribution from the TCEQ Tyler Office dataset is composed of engines that trigger the 
East Texas Combustion Rule (engines that are ≥240 HP). This dataset does not contain 
information on the number of engines with HP<240 from this dataset, so the actual 5-county 
engine distribution cannot be inferred from this data.   However, the total count of reporting 
engines ≥240 HP (59 engines) is lower than the 2011 projections from both the 2008 PS Study 
(392-404 engines) and the 2011 projection with the Barnett Shale distribution (180-186 
engines) data applied for that bin. The Tyler office engine count of >240 HP engines is 15% of 
the 2011 projection from the PS report and 31% that of the 2011 inventory of ">240 HP" 
engines projected from the PS Report and adjusted for Barnett Shale HP distribution. The 
lower-than-expected number of engines in the >240 HP bin suggests that there may have been 
a  shift in the engine population toward engines of lower horsepower since the Pollution 
Solutions (2006; 2008) studies were performed.  

The 2011 projected engine counts are subject to uncertainty. The Pollution Solutions studies 
includes various caveats in their data, some of which have been discussed already, such as the 
uncertainty in allocating the total horsepower in wide horsepower bins which must ultimately 
be represented by a single HP value. Another key assumption is that the HP/well value has not 
changed since the Pollution Solutions (2006) study was performed.  Previous NETAC work has 
shown that the amount of energy required to extract natural gas from conventional reservoirs 
in Northeast Texas is increasing with time as the reservoirs are drained.  This would increase 
compression requirements over time, and would mean that the projected 2011 engine 
population would be underestimated.  Another uncertainty in the East Texas engine population 
projection is that key engine population data were not differentiated by lean versus rich burn 
engines. Therefore, this analysis would not be able to detect a shift from rich burn engines to 
lean burn engines or vice versa.  
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7.0 CONCLUSIONS 

The purpose of this study was to revise NETAC’s gas compressor engine emission inventory by 
using available engine data to update the engine horsepower distribution.  The existing 
compressor engine inventories for the 5-county area and Panola County are based on a survey 
effort that was successful due to the personal relationships of Pollution Solutions personnel 
with gas producers and engine leasing companies. Because ENVIRON could not duplicate this 
survey effort, we explored other avenues to obtain engine data.  The TCEQ’s Tyler Office 
provided ENVIRON with engine test data from the 5-county area, and ENVIRON also used data 
from TCEQ’s Barnett Shale emission inventory in this study.  ENVIRON also reviewed 
commercial engine databases to determine whether they could provide data on engines 
operating in the 5-county area, but found that these databases did not provide engine location 
data that was specific enough for the purposes of this project.  Using the available data from 
the TCEQ and from the previous Pollution Solutions studies that focused on the 5-county area, 
ENVIRON carried out emissions sensitivity tests with the 5-county area gas compressor 
emission inventory.  This analysis tested the effect of different assumptions regarding the 
Northeast Texas engine horsepower distribution.  

Scaling up the Pollution Solutions study engine data by the 2011 well count to obtain a 
projected 2011 engine count for the NETAC area suggests a that 56% of the engine population 
should be in the ≥ 240 HP category. This is a larger fraction than what was obtained for this 
horsepower category in the survey data from the TCEQ Barnett Shale Special Inventory. The 
latter study presented a horsepower distribution that had 20% of engines in the ≥ 240 HP 
category and 80% of engines in the <240 HP category. Adjusting the scaled-up Pollution 
Solutions data to match the Barnett Shale engine horsepower distribution places more engines 
in the >240 HP category than are found in the engine emissions testing report data gathered by 
TCEQ. 

These findings suggest that the number of owners/operators of engines of ≥240 HP reporting to 
TCEQ in 2011 under the East Texas Combustion Rule is smaller than expected.  This could be 
associated with a shift in the engine population towards lower horsepower (< 240 HP) or to 
lean burn engines.  

The most recent emission inventory for gas compressor engines in Northeast Texas that 
contains engine data specific to the area was developed by Pollution Solutions before the 
advent of emissions regulations that affect these engines (East Texas Combustion, NSPS JJJJ).  
The TCEQ is currently developing an emission inventory for the year 2011.  This inventory 
accounts for the East Texas Combustion Rule, but applies engine population data for the 
Barnett Shale to all 33 East Texas counties affected by the East Texas Combustion Rule.  It is not 
known how similar the current Northeast Texas engine population is to that of the Barnett 
Shale. 

Our review of available engine data has shown that there is no publicly available source of 
engine population data for Northeast Texas.  Comprehensive, recent data on engine population 
is critical for the development of an accurate emission inventory for these engines, which are 
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an important source of NOx emissions in Northeast Texas.  Detailed engine population data has 
been developed by the TCEQ for the Barnett Shale; this data was gathered through a survey 
effort in which the TCEQ used its regulatory authority to compel participation by the producers.  
A similar effort for Northeast Texas would be one avenue for developing engine population 
data for Northeast Texas.  Another potential source of information is data submitted to the EPA 
under the recent Subpart W of the Mandatory Greenhouse Gas Reporting Rule (EPA, 2012).   
Reporting done in compliance with this Rule may yield significant quantities of detailed data on 
equipment and processes from oil and gas systems, which may prove helpful in filling the 
current data gaps to achieve an updated engine population for Northeast Texas. 
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