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Gathering and Processing Systems = gathering pipelines,
gathering compressor/booster stations and processing plants
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Methane Emissions from U.S Gathering and Processing ENGINE & ENERGY
Field Campaign
Study Partner Assets |

Study partner assets included 738 gathering facilities and 28 CONVERSION LA
Subpart KKK processing plants located in 13 U.S. states.
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Methane Emissions from U.S Gathering and Processing ENGINE & ENERGY

Field Campaign i‘;\‘

Comprehensive Measurements

)

. . . . CONVERSION LAB
Facility-level CH, emissions were acquired from 16 processing
plants and 114 gathering facilities in 13 U.S. states in 20 weeks.
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Methane Emissions from the G&P Sectors ENGINES & ENERGY

Dual Tracer Gas Method

C,H, Tracer Release Point —,

Roscioli, J. R., Herndon, S. C., et al (2015). Measurements of methane emissions from natural gas
gathering facilities and processing plants: measurement methods. Atmos. Meas. Tech., 8, 2017-2035
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Facility-Level Methane Emissions (kg/hr) and Loss Rate(%) CONVERSION LAB
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Gathering: 56 kg/hr/facility

Processing: 170 kg/hr/facility

Mitchell, A.L., Zimmerle, D., Marchese, A.J., Robinson, A.L. et al. Measurements of Methane Emissions
from Natural Gas Gathering Facilities and Processing Plants: Measurement Results. Environ. Sci. Technol.,

49 (5) 3219-3227.
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High Emitters: 25 facilities had methane loss rates > 1%
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Mitchell, A.L., Zimmerle, D., Marchese, A.J., Robinson, A.L. et al. Measurements of Methane Emissions
from Natural Gas Gathering Facilities and Processing Plants: Measurement Results. Environ. Sci. Technol.,
49 (5) 3219-3227.



Methane Emissions from the G&P Sectors NG ALY
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Facility-Level CH, Emission Rates

I — 1
* 9% Emitter (660 kg/hr) I" u

« Mid-Size C/D Station (9.5 MMscfd) CONVERSION LAB
OP&AE BH F1 NOR |- Three (3) 1150 HP recips | S K]

* Noticeable venting from PW Tanks

At 22 of the 114 sampled gathering facilities, substantial venting was
observed from liquids storage tanks and the methane emissions from
these gathering facilities was 3X compared to facilities in which
substantial tank venting was not observed.
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Methane Emissions from the G&P Sectors ENGINES & ENERGY

“Back of the Envelope” Estimates

Median loss rates (%) and facility-level emission factors (kg/hr/facility)

scale nationally.

Gathering Facilities
 (0.42% CH, loss rate) x (421 Tg CH, gathered in 2012) = 1770 Gg

 (=4500 facilities) x (56 kg/hr/facility\= 2200 Gg

U
~

Subpart KKK Processing Plants
 (0.08% CH,1oss rate) x (287 Tg CH, processed in 2
o (=600facilities) x (170 kg/hr/facility) = 890 Gg

12) =230 Gg

-

i)

can provide order of magnitude estimates of how the emissions might
" J J CONVERSION LAB

Even without a sophisticated model, the experimental results indicate that

methane emissions from gathering facilities are substantial (= 30% of
entire NG supply chain methane emissions).
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Methane Emissions from the G&P Sectors ENGINES & ENERGY

Development of National Estimate i‘\!M‘
1)

Scale Up of CH, Measurements to National Estimate

Facility Level CH, Emissions (kg/hr)
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Gathering Facility Counts

State

AR

CO

LA

NM

OK

PA

X

WY

Data Source

Arkansas Department of
Environmental Quality

Colorado Oil and Gas
Conservation Commission

Louisiana Department of
Environmental Quality

Oklahoma Department of
Environmental Quality

Pennsylvania Department of
Environmental Protection -
Bureau of Air Quality

Texas Commision on
Environmental Quality

Wyoming Department of
Environmental Quality

Identified
Gathering
Facilities

211

169

312
253

711

204

351

298

Known
Partner
Gathering
Facilities

63

40

67

45

58

156

150

Identified
Partner

Gathering

Facilities

62

35

60

29

48

30

117
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Extrapolated
Gathering
Facilities

214
193

364
283

1103
246

1012*

382



Methane Emissions from the G&P Sectors ENGINES & ENERGY
Development of National Estimate

|
Monte Carlo Simulation Scheme (Gatherin
( 9) CONVERSION LAB
- Installed compressor engine power is used as a proxy for facility
natural gas throughput.
- For each facility in a state database, an emissions value is randomly
drawn from among the 10 sampled facilities with closest HP.
- Experimental uncertainty and uncertainty in facility count included.
- Process is repeated for 50,000 iterations.
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LAy
Monte Carlo Simulation: Gathering Results I]

Total annual emission of methane (Gg) from all gathering facilities in EUNVERSI”N LAB
the states of AR, CO, LA, OK, PA, TX and WY, and extrapolated U.S.

results.
. Annual Emission of
State Number qf _Qatherlng CH. from Gathering 2012 CH,4 Modeled CH4 Loss Rate
Facilities Facilities (Gg) Gathered (GQ) (%)

AR 214 (+43/-38) 53 (+20/-25) 19,723 0.27% (+0.10%/-0.08%)
cO 193 (+46/-35) 69 (+25/-21) 28,261 0.25% (+0.09%/-0.07%)
LA 364 (+62/-124) 104 (+42/-36) 50,207 0.21% (+0.08%/-0.07%)
NM 282 (+82/-82) 96 (+40/-33) 20,215 0.47% (+0.20%/-0.16%)
OK 1103 (+132/-132) 322 (+56/-52) 34,263 0.94% (+0.16%/-0.15%)
PA 247 (+22/-7) 70 (+16/-14) 37,676 0.19% (+0.04%/-0.04%)
TX 1012 (+304/-101) 616 (+124/-118) 126,552 0.49% (+0.10%/-0.09%)
WY 382 (+77/-66) 86 (+25/-22) 34,414 0.25% (+0.07%/-0.06%)
Total States in 5 797 768/.587) 1,417 (+158/-154) 351,310  0.40% (+0.05%/-0.04%)

Model
Total U.S. 4,549 (+921/-703) 1,697 (+189/-185) 420,906 0.40% (+0.05%/-0.04%)

Colorado State University
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Processing I\/Iaj.ori.ty Of.CH4

2014 EPA Inventory of CH, emissions (Gg) f| Observations from the field

operation is 851 Gg, which is higher than ou| campaign suggest differences
in reciprocating and centrifugal

compressor activity data:

Emissio e 3890 reci procati ng culated| % Total
Factor CH4 Net
Activity Activity Data  Activity Units (Potentig ° 1473 centr | fu g al ins (Mg) | Emissions
Normal Fugitives
Plants 606 plants 7906 Scfd/ plant 33,680.5 (5,068.2) 28,612.3 %

42.17%
22.65%
4.19%

compressors 11,196  Scfd/comp  442,633.5 6,606.5) 376,027.0
R ey U35, 772.2) LUL,:JDH

compressors 25,189  Scfd/comp 43,936.6 (6,611.5) 37,325.1

Reciprocating Comp.
Centrifugal Comp. (wet seals)
Centrifugal Comp. (dry seals)
Vented and Combusted
Normal Operation
Compressor Exhaust

Gas Engines 40,403 MMHPhr/year 0.24 scf/HPhr 186,750.5 (6,.100.0) 180.650mal 20.26%
Gas Turbines 47,907 MMHPhr/year 0.01 scf/HPhr 5,259.3 (791.4) 4,467.9] \ 0.50%
AGR Vents 307 AGR units 6,083  scfd/AGR 13,134.2 (1,976.4) 11,157.8] 1.25%
Kimray Pumps 1,463,675 MMscf/yr 178 scf/MMscf 5,010.8 (754.0) 4,256.8] 0.48%
Dehydrator Vents 13,186,262 MMscf/yr 122 scf/MMscf 30,869.7 (9,300.0) (16,300.0) 5,269.7] 0.59%
Pneumatic Devices 606 plants 164,721  scfy/plant 1,922.6 (289.3) 1,633.3] 0.18%
Routine Maintenance
Blowdowns/Venting 606 plants 4,060 Mscfy/plant 47,386.5 (7,130.6) 40,255.9] 4.51%
Regulatory Reductions (Gg) (16.3)
Voluntary Reductions (Gg) (140.4)
Total Reductions (Gg)
Total Potential Emissions (Gg) 1,048.3 P
Total Net Methane Emissions from Processing (Gg) ( 891.6 \100%
Total Net Emission from Processing less Routine Maintenance (Gg) \ 851.4 /




Gathering. The 2014 EPA Greenhouse Gas Inventory (GHGI)
embeds gathering systems (pipelines and facilities) within its

natural gas production inventory.

ENGINES & ENERGY

gathering facilities alone

ot A total of 1,431 Gg of
Potential 2012 2012 2012 Net ) g
CH, Voluntary | Regulatory CH4
Emissions | Reductions | Reductions | Emissions |% Total Net Th e m O d eI reS u I tS fo r
Activity Activity Data | Activity Units (mMg) (Mg) (mg) (Mg) Emissions
Eeld Separation Equipment
Heaters 112,786 heaters 33,300 (12,437) 20,863| 1.46%
Separators 276,938| separators 106,700 (39,850) 66,850 4.67% (1 y 6 9 7 G g ) ar e g r e at e r
Dehydrators 65,653| dehydrators 32,800 12,250, 20,550 1.44%
Vieters g e I = s | | than all of the source
Gathering Compressors 1
Small Reciprocating Compressors 35,930 | compressors 70,900 (26,480) 44,4201 3.10% C ateg O rl eS C O m m O n to
Large Reciprocating Compressors 136 | compressors 15,400 (5,752) 9,648 0.67%
Large Reciprocating Stations 17 stations 1,000 (373) 627| 0.04% b O t h g at h erl n g an d
Gathering Plpelnes production in the EPA
Pipeline Leaks 445,135 miles 175,500 - 175,500 12.26%
Pipeline Blowdowns 445,135 miles 2,800 (1,046) 1,754 0.12% G H G I (1 ) 43 1 G g ) .
Mishaps 111,284 miles 1,500 (560) 940 0.07%
Normal Operation
Pneumatic Device Vents 477,606 | controllers «mm 334,400\ 23 37%
Chemical Injection Pumps 44,637 | active pumps 67,300 (2,800) 64,500 4.51%
Kimray Pumps 16,392,515 | MMscf/year 388,400 (145,059) 243,341 17.00%
Dehydrator Vents 21,567,356 | MMscf/year 121,100 (38,900) 82,200 5.74%
Compressor Exhaust
Gas Engines 54,971 | MMHPhr/year 265,700 (139,900) 125,800 8.79%
Condensate Tank Vents
Without Control Devices 88 MMbbl/yr 187,700 (60,300) 127,400 8.90%
With Control Devices 88 MMbbl /yr 37,500 37,500] 2.62%
Blowdowns
Vessel Blowdowns 455,376 vessels 700 (261.43) 439 0.03%
Compressor Blowdowns 35,930 | compressors 2,700 (1,008.39) 1,692 0.12%
Compressor Starts 35,930 | compressors 6,100 (500.0) 5,600 0.39%
Upsets
Pressure Relief Valves 1,05_0‘_977 PRV 700 (261.43) 439 0.03%
Regulatory Reductions (Gg) (99.2)
Voluntary Reductions (Gg) (1,301.3)
Total Potential Emissions from Shared
Gathering and Production Categories (Gg) 2,831.5
Total Net Emissions from Shared Gathering P
and Production Categories(Gg) ( 1,431.0 54

16
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Gathering. The 2014 EPA Greenhouse Gas Inventory (GHGI)
embeds gathering systems (pipelines and facilities) within its
natural gas production inventory.

wrominet| | THhe relatively small
Mass 2012 Net emissions | | fraction of activity data
Emission CH4 % Total Net for . " . ”
Factor |Mass Emission| Emissions | Emissions for | Gathering assi g n ed tO g at h erin g
Actll;nty Activity Data | Activity Units (Net) Factor Units (Mg) Gathering Sector | Facilities isS consi Stent Wlth AI I en
Field Separation Equipment -
Heaters 4,549 heaters 0.1850 Mg/heater 841 0.21% 0.37% et al (2015) Observatl ons
[ 0, H
Separators 6,784 | separators 0.2414 Mg/sep 1,637, 0.41% 0.73% th at su g g eSt a h i g h
Dehydrators 5,187 dehydrators 0.3130 Mg/dehy 1,624 0.40% 0.72% .
Meters/Piping 13,886 meters 01669 | Mg/meter 2,318 0.57% 1.03% volume of equipm ent at
Gathering Compressors p ro d u Ctl on s | teS .
Small Reciprocating Compressors 25,575 | compressors 1.2363 Mg/comp 31,619 7.83% 14.00% ’
Large Reciprocating Compressors 136 | compressors 70.9445 Mg/comp 9,648 2 39% 4.27% °
Large Reciprocating Stations 17 stations 36.8543 Mg/station &7 0.16% 0.28% 124 ! 000 h ea't ers
Gathering Pipelines
°
Pipeline Leaks 445,135 miles 433953 g e 175,500 43.44% 495’000 Sepa‘rators
Pipeline Blowdowns 445,135 miles 0.0039 Mg/mile 1,754 0.43%
Mishaps 111,284 miles 0.0084 Mg/mile 940 0.23% ° 361000 dehydrators
Normal Operation
Pneumatic Device Vents 54,588 | controllers «Oei Nt SSraae) =5 =535 ® 12,000 com preSSOFS
Chemical Injection Pumps 9,098 | active pumps 1.4450 g/pum 13,147, 3.25% 5.82% .
Kimray Pumps 1,295226 | MMscf/year | 00148 | Mg/MMmscf 19,227 4.76% 8.52% e 1 , 608 , 000 pneum atic
Dehydrator Vents 1,704,107 | MMscf/year 0.0038 Mg/MMscf 6,495 1.61% 2.88%
L ! £ - : controllers
Compressor Exhaust
Gas Engines 39,128 | MMHPhr/yearll  2.2885 Mg/MMHPhr 89,545 22.17% 39.66% H H
°
Condensate Tank Vents 247 ! 000 I I q ul d tan kS
Without Control Devices 3 MMbbl/yr 1447.7273 | Mg/MMbbl 4,343 1.08% 1.92%
With Control Devices 3 MMbbl/yr 426.1364 Mg/MMbbl 1,278 0.32% 0.57%
Blowdowns
Vessel Blowdowns 4,549 vessels 0.0010 Mg/vessel 4 0.00% 0.00%
Compressor Blowdowns 25,575 | compressors 0.0471 Mg/comp 1,204 0.30% 0.53%
Compressor Starts 25,575 | compressors 0.1559 Mg/comp 3,986 0.99% 1.77%
Upsets
Pressure Relief Valves 13,647 PRV 0.0004 Mg/PRV P— 0.00% 0.00%
Total Net Emissions from Gathering (Gg) / 404.0 4
Total Net Emissions from Gathering Facilities (Gg) \ 225.8

17



ENGINES & ENERGY

Methane Emissions from the G&P Sectors

Comparison to EPA Programs — ﬂ‘[l
|

Comparison of national estimate of CH, emissions from U.S. natural gas I
gathering systems and processing plants with 2014 EPA Greenhouse ~ CONVERSION LAB
Gas Inventory and 2013 EPA Greenhouse Gas Reporting Program.

= Gathering Systems
——— Facilities
= Pipelines

= Processing Plants
mmmm Normal Operations
mmmmm Routine Maintenance

892 Gg

G

«— 0.5 Gg

? EPA GHGRP [25]

180 Gg

1,697 (+189/-185) Gg

EPA GHGI [9]
1,296 Gg

This Study
2,421 (+245/-237) Gg

Colorado State University
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