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T2 7W NYON TWONN DAl TIT'AI IONX ,N721N7 77 N Axrr w7 600 '©
X X771 0DNR 0NNt

722 VD1 NANNA 'IXNAY TA XIN NN 'Wao 1A - (Associated Gas) ni‘m a e
.(onin 12) V91 DY NOMNA T IX (NN7N) 'wOIN

N2 yn72 'wao 1 7w nnavn — (Natural Gas Transmission) 'wao 1a nd7in- e
JI'YIN N0M9 D'ONTAI N P-NN IX N'7'Y NNIX NIYXNKRA NZOO0KN NTI7IN

NI nY*7a i [xnn% -(optical gas imaging) |XNn Niv'7o 7w 'O9IX 'IN'T e
NY'N T Y RN NI0Y79 ANRY N P71 (infrared) nniT N9k N1 v
.DITX NMIDI'X 72 NN NIN7¥N NIYXNX] N'ODIX

7M1 yn7a 'wao 1 7w nnavn - (Natural Gas Distribution) 'yav 1a npisn e
N7 ,NIM7 Ty Nd71INn Ndvnn - 0NYR DNIYEN TaN 2NN NNIY A
.DAYINN 'NAI D'INOoN ,0'21TA NINIRY? N7 Ap17Nn YUK INXy Mimn

NNN'¥a VITN NNALVyN VI - (MEG/TEG) 21722 7' NX NO/1p7a |9'NX nin e
.T21' V91 NIT'? 7W NPON IpPNNAN 12 9I0'K7 0'1I72 2NN WIN'Y 12 NWYI D120
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7w N ,0TR T 'wyn -(anthropogenic sources) D'"19NNIX NN
,MNA 2un 0''N Y7V ,0"7'019 D'RYT 7w 718 DAN (12D [XKNN N0YO NN
.N0ONI"A N9WI N7I091 719'0 ,TIX TIA'Y

nMxn M2 (vian 7w a10) Pig nn'7w - (pigging) NMax 7w npitnni 1ip*
N7'200 NNMITA NROSN K77 NNMIXN 7w DpIthni 1717 wnwnin

NI'90MULNXYT NN NT'ORD NIXA XN T 7w 1NN - (Venting) a1wn
0911 T2 7W NIT'? IPNNA NIN'VA 'WXNAKD IX 1'7NNN 7W '0TIN [11ONN 7'7Nd

2y mY12 'wwao ma upa v "7nn - ( Natural Gas Processing) 'wav 12 1A'y
[ _'VA0 1A TV

IXNN D1'RY 'S nTonl (Hg, CO2, H2S) nimntn niadn nRximn T
NXPN DIX7 ND7IN7 NWATIN NID'RA WA WAL TA XYY T D'l

?'on? n'n' NY T IR/1 V9 'K - (Oil & Gas Reserves) Vo1l 1A 7w NITINY
N1'NaN D7'9N7 D' NIY DINMN9N 9'n7 2"Ta on'Nn NImn . TNyl

X7 DNPON D PN NARNA DINMNO9N 7w 7700 907 TIa2a) nMnoni NV
NN 7707 N2 ,'77 191K .(N'NDIN NRAI711000 IN/I 1w NI723N0 APy TWORNN
.DNK DAI'ON NITINYI NIN2INA NITINY -NIMPY NIXAR MY7 DITNyn

nX ax¥'nn 7 - (Global Warming Potential) n'7217a0 ninnnnnn 781019
NI7'W'N DY NND0IMULXA D'A'PNN NNAN 'TA DY AT 7w 271UNN VPONRN

NIX A¥'"N N7 TTN RN ANITR-NI91'R DIN N1 NP2 DN7Y N'on'i
N¥NN-IT NN97 N'oN' N'711720 NIMNNNNN 72V NnNnNN '1 7w DNyswn

.(1-2 2Tam x¥nN-IT NN 7w N'7217a0 NMmnNnNnn 7R'019)

D'M"PY D1IY DXAdNA NNSI1 N 7w niapan - (Hydrocarbons) n'anmno
Y20 Tal V91 XN

[NIEMY NN "M 1a N T -(Fugitive emissions) nirTgim X% niv'7e
N 71X "TO9N 7V NAITA .TAI VDY W NIT'R IPNNA V'Y IR/ DN, TIAYA
JIDYNN 2NN N1 NIY'YA DDYINN

1PNNN D'0791Y D7 1A TR N9 170N -( flaring) 1972 napian N9
J1DYN1 yn? INMY7 NIN'0Q 'WXAKRD IX D'9TIY 217'07 'YXNKRD Tl V91 NIT'}?

DN 7W AxRR? 770 ow - (VOC) jknn X77 NI9'T NINANIXK DIARIN

D'IXI TNN NIVIDNLA D'9STINNN L,NDINI NN NNIVI9NAV 7V D'MIAIR
DNIN IR 771 777 ,N2Ivn 12,091 27U NITYRNNA "IN 77T 7w n91wa
.DTRN NIN'M27 DIDI0NI N0 'ANTA DN 17X 0'9'T1 0NN DNIN .D'0MN
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DXy

N7 IMXN V9N [1Dn American Petroleum Institute -API

D apivn 0Mon TR Billion cubic meters — BCM

D' N'ANIX '2ARwN 7nin Bureau of Ocean Energy Management -BOEM
D'77x 1 "axn Climate Data Explorer-CAIT

71 21X oo Clean Air Task Force -CATE

72 R 07K nxanae Climate and Clean Air Coalition -CCAC

(n"T9) 2¥nn 1T MNO -CO2

[Nnn -CHa4

IPCC 7w n0"79 mTim 7w yTn Naxn Emission Factor Database -EFDB
2"NINa NMIRN NR'7Nn 7w yTan 7nin Energy Information Administration-EIA
2"nxa naaon nan? Twnn US Environmental Protection Agency -EPA
n"7217a nmnnnn oTPn Global Warming Potential -GWP

nm71Ivn NN niio International Energy Agency — IEA

X' v mbiy onio International Association of Oil & Gas Producers -IOGP
1Ya0N TANI VOIN

1'w7 'm7unn-an 7190 Intergovernmental Panel on Climate Change -IPCC
D'77XN

The Global Oil Industry Association for Environmental and Social — IPIECA
NN2NI1 D20 'RYIT7 TaN1 VOIN NTYWYN 7Y MIN71 TIAR Issues

D apivn oNon 17 Million cubic meters — MCM

W nnw o 7' Million metric tons of carbon dioxide equivalent -MtCOze
n"To

[1nx Organization for Economic Co-operation and Development-OECD
NIN'S1 *7373 N71Y9 qIN'w?

[1"7'"n7 D'7'72n parts per million -ppm
NTTNI D'¥N? NNN9N nn Pressure Reduction & Metering System — PRMS

yn'7a1 v Nityn 60 -2 TTNIN '0ITIVO AIvn 7a0) standard cubic feet -SCE
(D'n 19 NAIAY MI'DOINLK
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aj71iyn 720 i*71o trillion cubic feet -TCE
D apIyn 0NN [1I*7o trillion cubic meters -TCM
NIMANIRN NdNN 773 Total organic carbon -TOC

ninx United Nations Framework Convention on Climate Change -UNFCCC
D'77XN 'N'YWT7 NITNINAN NNMIXD 7¢ DNaonn
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'N o
[NIA'YNI [XNN NI0'Y79 79 NIf721732 NN

NM'D0INUVUKRA [KNNN NIA'YN

,0'0'NIV ,0'0N"RIN ,NIX 1A D"YAL NNIPA (12N NY'90MLKRYT V791 (CH4) XN
T2 ,NNta 2yn 0rn 2y ,0v7'019 0'RT YW 71X DAN [iNd 0MAIDNNIXK NNnnI
YIN'UN TWK — 'Ya0 T2 7¢ N{7'Wn 2N .N0NIM 7Y ANKIR 710'W1N7109 NInon 1IN
AXI' 'WA0 T2 NOMYW NIYYNAKA DINE72WN X" 20N kNN XIN - D71VN 'AnNa Al i
[IN27 DA w* .0MNK 0"7'019 07T Nniv? nanar NNt (CO2) axnn 1T N9 50%->
[RNNN NIV'Y791 NIDYT U NMYORN N'7UN A7V NNNNN 'Ta NI0'Y79 10 7V NYSwnn NX
Wa0N TAN 72U NRI7NNEND7INN LTI L, NP9NN D7D MWW NX DIYOXNN NNIZAN

XN 'WUNNwny

,N"TO 7¢ Am NI ¥ V7NN KINE DY 12-3 P KID NY'D0INLVKA [KNN 7w 0NN AT
,N7193 X'N N'D0INVKNA [KNAN 'TIDM DYV 7W NYOWNN .01V NIXA '7INE NNYY 1'NY
72U NI NN Y720 WD 7722 YIRD T Dimnnnn 7Y 0y nyown Myt TN XN
N'Y72V7 D 1D .Yppn 197 2NE 1aXIN DINT ND9INN XN T2V AT NN91'R Mg
,NN'D0INLUNXA N'M'D NI7'WON NYAINN NINANNNN 7V NO'PY NYOWN DA MIY' [KNN- TIDM
NINNNN NN'90INUXA [ITIK NN D'AIMN MDI0ID [IXAN D7D Mww 77D

(1 3rx) nMwwn '70n 9102 o'l N"T9 NY(NND0I9NV)

nvoimovxa nixnnl CHs nnipn -1 X

Methane Sources:
A.Mining and natural gas leaks
B. Agriculture: ruminants
C.Landfills

D. Agriculture:rice paddies
E.Natural wetlands

F.Hydrates

Source: Rough schematic of methane sources and sinks. (Image: NASA GISS)
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http://www.giss.nasa.gov/research/features/200409_methane/schematic.gif

YOIRD T 7UNnY NY'90INUVNA DIN NYAR 7V DY NNNN ' 79 DNYSWN NRIYA IX7
D'NTPN DAYNN DNKR 072 1Y 0" 7w non nT'n'? 1.0 pww oin' oTm N1
[AT NOIPN NIK? JNXK NNANN T2 W non NT'N' ¥ NySwinn DX D2"'O9XNN D"'on'
Na'YN N720N .01IY oIN' AT 1Y 1 N7202 NKAM RN W N'ON'Y NYOYNN .NNTAIN
IN ,NN'O0MUN] [KNN 'T' 7V DIN N1 NOYR 99 DY NYSWNN 1Y 0T
T 2V DIN N1 Nw'7an Nyann Ni9'Ryn NIYOSWNN DX DA 177100 NaNIM nyswn
AW 11079> wnun N*a17a0 nmnnnnn 0T L(ITINE 0'NM) [XNN 7Y IxnNn XIm
-IT NNS Y DY 7¥ NIT'N D079 AWNY7 'O [KNN 7Y N0™Y790 Non NX 0'7'9n
IN NN NANN T NI0™YO 10 7w N7771wn NNnDo TWOKRN YUK (N"T9 W-n1Iw) xnn

.0'm'on ni7'yo

1NN Jnon 7221 "x7 awn (1 n720) kNN 1A N'72172 NIMNNNN 'MTEn 150N Yl Nk
D'NIN71'2 DIIART7 D'NITAN NV'™79 'R¥N 11V .ANDOoN 717PW7 D'YNNWN 1Y DTN
nnNY 0"Ikn nirnn? oxnna ,(AR4-nn GWP100 ) 25 xin nyd 7aipnn DTnn

A9x w2y moann nirTn 1VN] YIn'vaw DTNN DA INT .NINNION

T *AR4 *AR4 AR5 AR5 [
Impact
. GWP20*** | GWP100*** | GWP20 GWP100
Considered
Direct Effect 72 25 84 28
Total with

72 25 86 34

IPCC-n nip>ayn? oknna CH4 212y n'7ai7a nmnnnn

Indirect Effects

* Sources: IPCC 2007, Fourth Assessment Report (AR4);

** Source: IPCC 2013: Fifth assessment report (AR5);
=+ GWP20 and GWP100 — Global Warming Potential over a 20 years and 100 years’
time horizons, respectively

NIX7N NIV™YON 'IX¥N ,0'PRN NIAK 7w 1 ND0IA NINNIDNN NIFTAN |2 NN NI 78w N e
NN N0 217pwh 21 7w n'a17a nimnnnn 07N wnnwn 0" My awinnn

Page | 13


https://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_synthesis_report.htm
https://www.ipcc.ch/report/ar5/

NN 7w NIf7a172 N0 Nro

D"'YaL NNIPNAN NIV*79 NI77DN - D71V kNN 7Y NI0'790 7737 on'nn 12'k N7 Non
.DM'RNN NI 'WXAR W DIYY T2V 710107 NINNIN DMAIDINNK NI0Y797 71 KIX -
,N"T9 7¥ MNIV™79 [N N'DOINUVKYT D'MAIDINNIXR NNIEFNA NANNN 'TA NIV'Y79 ANY NINNY
75 v 2manpn yirRn YW 28%-n n7wn? ninaim n"T9 DI'RY nnnn T 7g nint'on
79om 24% -> niinn NxY7wd [RNNN T2 .0INN NANIR D172 DNI7Y' Ay nnnnn '

.(IPCC 2007) "a17an M1y YI7'Rn

NIrTRIA X7 NIv™Yon1 nNiEnn 9n CHs niv™o nnan -2 'R

D'MY71Y Yau 'aNwn PNy Pnn v yTnn aRkn(WRI)  [xknn nu'e qJow nxn 3

772 (MW YR TIVY 'Y 79 NIIYSWA DAL DMAIDINNIRD NV'790 NNIPNR DX 77100)
112y .20%-7 anpa 2012-7 1990 nawn a1l 10%-7 anpa 2005-7 1990 nawn 2
NP9N ,NA'YN NIZIWO7 MNI' NNIYRN) RN 7W NIFTRIA K70 NI0Y9D AT NISIPN NIX

(2 2rx) nmxnna 30%-1 16%-1 1712 (7109 NINLNI 121 VD

8,000.00

7,000.00

6,000.00

5,000.00

4,000.00

3,000.00

2,000.00

1,000.00

Global Methane Emissions Trend, MtCO2e

M Fugitive Emissions (MtCO2e)

Source: CAIT Climate Data Explorer. 2015. Washington, DC: World Resources Institute.

.NI90INUXN NX NATIVA 1T NYANN NIPN AV 77UNn 1WA IR RID MNP VIR 2
3 WRI CAIT Climate Data Explorer
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http://cait.wri.org/

NIVYOY 'MN'YN Y NOIIBN NDIWN NYX2 20N NNANT NIRPINRN NIDIoN
(EPA) 2030-7 n'tnn 771> 1990 t&n N"T9 DI'RY NNNNN 'Tan TNX 72 79 NIMAINnax
nioon ,2005- 1 1990 pawn aw 'on? N1 IT Nd>WN NIRYIN Jnn 2012
-2 9,800-n 10% mniaxa0a 1712 N™TO DI'RY NNNN 1A 27U NIf7a17a0 NIMAIDINNIRD
TA72 |k 7W NIMABNNIXK D109 WKd ,(MECO2¢e) n"19 1y nnw o 17! 10,800
NIV™O 07710 X7 N8 DM WKRd) MtCOze 6,800-7 11 6,300-7 anpn 9%-1 1712
NI0'79 "7270 0'7OY" W WNINAY N9IX IT NN (MDY YR "TIVY 'Y NNIYEN

.2030 maw7? 2005 mwn 43% -2 71727 nrriox N9 DI'RY NN 1A D Y

2010 maw" nmaavNMx nNipnn nirzara CHa nio™e niaonn -3 W

DIIYN DITAN [XNN 7 NI'72172 NIMAIDNNIXR NI0'Y79 7w NIR7oNNN DX a'xn 3 IKK

(EPA 2012) nanmon nnn%? n'Rpnkn nmoion ndwn 9% 2010 mawh

Estimated Global Anthropogenic
Methane Emissions by Source, 2010

Rice Cultivation 10%

Other Ag Sources 7% B Enteric Fermentation 29%

Biomass 3%

Stationary and Mobile Sources 1%

Oil and Gas 20% Agriculture (Manure) 4%

Coal Mining 6%

Source: EPA 2012
MY 0'"AIDNNIX NNIPNN [XNN 79 nir7ai?a niot' o adya 2 nooian ntan '©% Niv'790 NiA'7onNa
.n"T9 W anv o i'rn 6,875 ' 2010

79 NIMP'Y NIMRLVE YI7WUN WP'va NIYan [XNN NIV N"T9 D1'RY nnnnn ‘1 77on
N'721720 NMNRNNNN DTN .2 07202 axIind ,N71091 NIXPN ,N'ANIX N0Y79 NN

21 nin (EPA 2012) n7x Da1wrna |XkNn 1y

:2 N7202 DY'IXAN D'YLVPNANT DTANN QY [KNNN NV NNIEZA 7V ¥P 120N 707
NA7IXN AN (XN NO'79 N7 e

TI'Y 2D 7w N9 TR 'Y nivann [kNn N1 — Natural Gas and Oil Systems
IYNN2 N2ANTN N IRIN'Y 19 ,0N'N 2x¥NA IX D (venting) 0'Ta 21w 0PN
.Jnonn

AWND NNNIYNAILY700 NIDDW JINA1 DND '¥2na [onikn [kNn - Coal Mining Activities
.N'MD IX N'YAL NRP'NYA ARYIND TP DNO9N Y¥N 1170 IX 7un yn'n
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http://www3.epa.gov/climatechange/Downloads/EPAactivities/Summary_Global_NonCO2_Projections_Dec2012.pdf

,0M1N ,0M7'11) D'NT DN DT N9 - Stationary and Mobile Combustion
AWKRD (N'oN' NINYT) [XNN NIV'Y797 Nnan (201 '723) o1 napnn IR (71 NI
.N9MWN NI7WI P7TN 20702 19N NN 97N

7772120 NONIY 7w NN7win X7 N9WN NRXIND V791N [XNN - Biomass Combustion
NN DEXIN N71091 N'R77N N7109 ,NI'KYPN NIMKY ,0N9 LYY

aTAN2 NI7I09 N9 12D DY NNIpnn 07910 |[xnn — Other Energy Sources
.D'PXIM D'R7TA NIFTRIA K7 NI0'Y79 1IN ,NFANIRN

NIX?7j7NN 7202 (XN D079 NN e

IX11 07121 D'T'Y ,0'YD A iind DTN YA e 2D 1*7nna - Enteric fermentation
NRXINDI [ITAN 7 N0'ONYT 0'MNIA 0NN *7W2 7Y 71D'Wn NDWNA D'RPT'NN TWKRD ,|KNN
.N9'Y1] V791N 'NII7 XIND [KNN 7W IX"7 ON

NANTNA D720 AR NIN 7Y AN 709 ,0'9XIN TIRD NITYW WWURD - Rice Cultivation
N2'20N TWKRD .NNTNXA D'AN'KIX D'RIN 7¢ NINNONNYT D1IAl,D'MAI NATRA [¥NNN DX
XTI DX YIPA RN MNIND DX 07190 D'M2RRNDNA DPTYN L, NRANRIRYT NDDIN

21 W w19 7w NTaNKIRD N0'ONN )'7NNA X [RNN Ta — Manure management
.UION TIAWI 102X ,910'KA NIZN [RNNN NIV 1M 0N

,IR770 NI Gnd 0'901 0'R77N nNipnn niv?e — Other agricultural sources
MY NINMS N9 ,NIARIO 7¢ NI9MY NITYA NI'RYPN NIMKY NIyan

N71090 1TAN2 XN NO'79 NN @

NAIR NIN 7Y aN'RaR 7Ren 0911 79 |knn - Landfilling of Solid Waste
7N'9N NN ,NIZATNA AIKD MMINN NIND ;01N NIV'Y797 DMP'Yn D'NIIAN .NI7aTa
NINTAND ,NINVAN 0D NN 7¢ NIMDAE NFP'T'ON NRDNNT QYD " ANKRIND

.N72TN [XNNN QI0'K NN [XNNN [IXAN Y'Y NMIvN

D'Y9WA 719'0N 170NN2 NIFTRIA K7 NIV™7901 (11N 21w NYa 079 |kNn - Wastewater
NN . JXNN7 D"AN'KIX D'KINA PI9NN DDOYIA 1AIRD NIND .0"NM"YYNI D'NA
NN D7IX ,|RKNNAN NIV NIX NIN'N9N D21 AN'R 12N 0D%WA 719'00 NINNIdN
NIV'Y79 NK 1ANY D'DOYA AN'RIX 719'01 NNIA7 ,NINMY 21 NI7YN W' NINNSNN

XN

219'0 '70N1 QI10'X7 DNIYPEN DMIWN NNIzAn 07910 [knn — Other Waste Sources
171092
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,NVM9N NNM 7¢ NIMP'YA NIMRLVEa YY1y CH, niv™e 7w n'aia nia7snn - 2 nhao
*(MtCO2€) n"19 7 v 10 [I'71'n 7w NIT'NMA

**Source

Cateqor Sector 1990 2005 2030

Energy Natural Gas and Oil Systems 1,278.3 1,542.7 2,112.9
Coal Mining Activities 529.8 521.6 784.3

Stationary and Mobile Combustion 221.3 224.3 362.9

Biomass Combustion 176.3 198.0 230.4

Other Energy Sources 0.5 0.5 0.5
Subtotal 2,206.2 2,487.1 3,491.0
Agriculture Enteric Fermentation 1,763.9 1,894.3 2,320.5
Rice Cultivation 480.0 500.9 510.4

Manure Management 232.7 219.2 252.7

Other Agricultural Sources 506.6 421.0 421.0
Subtotal 2,983.2 3,035.4 3,504.6
Waste Landfilling of Solid Waste 706.1 794.0 959.4
Wastewater 351.9 476.7 608.8

Other Waste Sources 134 15.2 155
Subtotal 1,071.4 1,285.9 1,583.7
(TT?JeAé_Sectors) 6,260.8 6,808.4 8,579.3

* Source: Adaptation from EPA 2012, table

N2'N2N 177122 AW KN (NNDIYA 'MIDIYNA 7V) TanN1 091N ITANY 0'RIN 2 17102 DIININ
NRXIN [N NIX77NN 1TAN2 NI0Y79N 71 1N KINT RN 7¢ NIMAIDINNAX NI0Y9 '

.0"n "72v2 7w n'vn no'on v

N72021 3 I'K2 DAXIND DININN (XN 7W NIF721720 NIMAIDINNIRD NI0Y7ON NIDWN
Hoglund #GAINS '®91N'Nn 77NN NIYYNNA NYUXIAYW DDWNAN NIRYIN DX NINM- 2
[NNN 10 (17 323 1'n 2005 mawa nir2a17a n1v™e Nt 717 oknna .(Isaksson 2010)
nmw 1y EPA-n %w npavn%? vynd ot Wwr (GWP=21) MtCOze 6,783 p1'nw
WXNN X77W NOIX 'RON'RN 77NN (2 'K aximw 95 "9 1w nnw o 6,875) 2010
XN 10 [1'71 414 7127 2030-2 v'an'71 28%-2 1ma7 nriwy |0 NI0Y790 YT NI
2030 mw 112y 2 07202 nkamn N>WN7 2N Nt 1o qznl ,MtCO2e 8,694 n1'nw
.D"MP'VN DTN NYI7YW 1Y N"TO Y nnw 1o 8,579 v |knn niv'?s 7y nyaaxnn
N10"791 26% NN N"TO DI'RY NNNN TA 7W D109 177122 AW 12'0 D2ANIRN 1I00
(4 71'x) 2030 nmwa 42% -7 71ma7 NIfodX AT 10FoN NI0'Y79 UKD ,2005 Nwa AR
2712) Ao 11 V91 IPNAN NIFTRIA K7 NI0Y79W D 7V D'vAaxNn DA 2 N7202 DRIMIN
I'N1 N"T9 DI'RY NNNN 'TA NI0'Y79 7 N 21man dpnn [0 (T7'9%7 Nyani v nio'T

.2005 niawa nfanaxn 1vRoa niv'onn 55%

4 Greenhouse Gas and Air pollution Interaction and Synergies (GAINS) model
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http://www3.epa.gov/climatechange/Downloads/EPAactivities/Summary_Global_NonCO2_Projections_Dec2012.pdf

N'27XN 11voa 2030 mawYy Ty CO2 DI'RY annn 12 7¢ ni'7ar7a niv'e nnan -4 IR

4,500

4,000

3,500

3,000

2,500 - BOther Energy Sources

2,000 OBiomass Combustion

W Stationary and Mobile Combustion

Emissions (MtCO,e)

1,500 - D Coal Mining Activities

BNatural Gas and Oil Systems
1,000

500

1990 1995 2000 2005 2010 2015 2020 2025 2030
Year

Source: EPA 2012, exhibit 3-3

DINNY7 N71D' TANI V91N TANA [KNN NNNONW NdMYN IEA nfaax? nmix?1:an nindion
NYY? TY nva wRwn? nm v 2020 mwh 1V nwnmn annonn 7'on 15%
7w n'71172 nnnonw X' ndwnn L(IEA 2015) 2 °C -n ani* X722 YaRN 2T Dimnnnn
3,400 -n n7yn7 01N kNN |10 |17 164 7w 120X [1ID0N7 X'AN [KNN NIVY791 75%
.(GWP=21) MtCO2e

1Ya0N TAN1 VDI TANN NI'7217a NIV

TaIyn 'wao 12 N IR 95% 7w 11512 1¥n KINERNA 12D 'YA0N 10 7w 1y 200nn
,N?ONN 77NN NN D"OXNN NNIPNANA DN RN NIV ARV .AXPN "X T 72V XN
712" RIn DA PIP'TN 'MAY INYAN 197 ITIAWI VD1 NPON .TaN 7W ARI7NNE Nd7InN , TN
091N DY T2 7¥ A7'W W' 091N MANNIY NTAIWN JIX? TNIFN2 [XNN NL'Y797 DNAY
TI'Y2 NI9'7TN YA NIVY79N IRV .UDIN NINKAN NINAT 12 791N KINl (associated gas)
D'¥N7 MNNYY 10N [DIXA T2 NOMY IX IPIAN YNNWNI NDIYNA D717 ,17an NIdWN
" ,0NTA NINN ,ND7INN NNRYA ,TIA'YA 2NNN [KNN NIV 02 pw' .ndwwna

.TAN 7w jIoNKRN NNl Ta NpIn

2005 -77 1990 2 21%-2 17y 'vavn 1an1 VOIN AN [XNN 7w NIf7aI7a NS
2'270 0'POY W'NIN 7Y NOO0IANN NdIYN .071VN 'ANNA TA1 U9 NP9NA NNMXNNA NIRXIND
nN720) 31%-> TIva N7 nrrox n7x niw7s 2030 -7 Tvi1 2005-nw noix (EPA 2012)

2127 nimox (OECD) nin'o%1 *22'70 N7y qIn'w? [1I2aRN NIvTna Niv'on Twxd L(3
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http://www3.epa.gov/climatechange/Downloads/EPAactivities/Summary_Global_NonCO2_Projections_Dec2012.pdf

-N NI'TNA 'Ya0 1 7¢ NdMXN NNaanw ninn ,non-OECD [nw Nnin*ta QwKRn NiNo

NPOONN MWW NNIY NIDYTN NXRXIND NI0*Y790 N7 X0 qr nnin OECD

*(MtCO2e) 2030 maw'? Ty Tani VOIA ATann CH4 N1V™S 7w Nhal7an anan? wnan - 3 aav

Reglo 000 09 0]0]0 00 010 0 020 0 030
Africa 106.5 | 118.6 | 154.7 | 2201 | 2745 | 2922 | 201.1| 302.9| 3151
Central &

South 2412 | 533| 609| 596| 563| 578| 658| 736| 818
America

Middle

e 210.4 | 2138 | 305.9 | 303.7 | 331.1 | 354.1| 3924 | 4165| 441.0
OECD 333.0 | 354.6 | 372.0 | 356.6 | 381.2 | 393.0| 4200 | 453.9| 4702
Xgig'OECD 782 | 949| 1053 | 1081|1144 | 1259 1335| 139.9| 1477
Non-OECD

Europe & 500.0 | 430.5 | 442.6 | 4947 | 519.9 | 5543 | 608.9| 633.9| 657.1
Eurasia

EU 50.7 | 51.0| 454 | 427| 389| 377| 371| 374| 385
OPEC 206.4 | 305.1 | 413.7 | 453.7 | 523.8 | 556.2 | 6014 | 634.6| 674.3
\évgild To@l | ) o278 | 1266 | 1441 | 1543 | 1677 | 1778 | 1012 2021| 2113

*Source: EPA 2012, table B-2, GWP =21

,071V2 DIYN DNITRN |'2 NINANA NNIYA NX NIA'XN 3 n7202 nIxamn |IXNN niu'7o
NNNO5N7 NIY NI T Y 101711 "2OW NI TN 'VXNKI 1TAN2a nI7'von nyswn 7710

ioho

ninum (IOGP) 'vavn 1ani V91N X' 7W M7IYN DNI9? NID'YA NI'MIX7-21 NNAN
NNITN ,N'D0INOKY NIV'Y?O 0'771DN D'TTN7 DXNNA D'N20N [NWIXA 72V My
7V nimix71'a nnan 43 1 %y 0'ama noni 2014 niwa .n710921 719'01 oM 9127
091 7w NN NPIvNN 7701 30%-> niE'onni (IOGP, 2015) nin'm 86-2 |ni?'we
37.8 D1nw [xnn 10 |1 1.8 i nInlTN N10*79n 10 2014 Ny 'vao 1l
NATNN 1'W .5 1I'RA NAXIM NRI9SN NT'NY7 [RNN 7w Y7200 nu'on .MtCOze
NI'2200IXN NN2ANN 190N MiIyawn '11'wa Nipn 2013-7 2012 12 nin'xya
NI'RON'X NIFTAAI A"NINA NIV'79 Y7 NIARIDL W N2 DY™A DI NINNTAN

RAIRILT)
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http://www3.epa.gov/climatechange/Downloads/EPAactivities/Summary_Global_NonCO2_Projections_Dec2012.pdf
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Source: based on IOGP 2015 data
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http://www.iogp.org/bookstore/product/environmental-performance-indicators-2015-data/

RETAD)
'WA0N TAN1 V9N N"YYN 'WUPNA [N NIV'Y791 NNIPN

221720 'WaLN TN TN |I'9X

(EIA 2013) nin*m 2w nixaga '©% 'vao 1a nEona n'7ai.a a7y nThn -6 N

Twna (EIA) nmamaxn yTn 7nm T 2V nNNIDY 0'MIR71' 20 N2ANIRD DN NTNN
2'0190 7770 ' WAL 1Y - '0'oan wnnna — noix (EIA 2013) 'kpinkn n'anarn
113-n 21Ma%7 DMWYy IMd>MXI D ANPEN DMIYYA NN NN NN 7Tan INpIsny
NoxY ,npdNa nanmyn 2N .2040-2 TCF 185-7 2010-a (TCF) apivn 220 'to
77 2019 777> Mpwa K0 wipraa nunl OECD-7 np'nun 'Rk NN 1NNY
18.9-2 71ma% nuox waovn nn npion 2040 - 2010 nawn 2 .7nwn QX" 1y NNo
(6 X)) p'nin Nt TCF 15.6-1 ,np ik j1oxa TCF 15.9 ,nox-n'x irka TCF

Figure 41. World increase in natural gas production by country

grouping, 2010-2040

trillion cubic feet

Non-OECD Europe
and Eurasia

OECD Americas
Middle East
Other Non-OECD
Non-OECD Asia

Other OECD
eia

Source: International Energy Outlook, 2013
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https://www.eia.gov/outlooks/ieo/pdf/0484(2013).pdf

7w nimY1vn nnmMn e (IEA 2012) nm7iyn nfa0aRn NIDI0 NN DX AN 7 IR
DAPIYVA DM0N [I'70 9 NIT'N D'¥2IMNN A1I0n TNR 721 Npsn% NN 'wao 1
S(TCM)

ANNN 2107 DXNNA DO NDV NININ 'WAL TA NIANTY NIAYONA -7 R

Global share by gas types tcm
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Data source: |[EA (2012); graph by UNEP/GRID-Geneva.
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T2 NIP'9NN 2 NITA |2 NIATI9A [ID'MN NN 'WA0 12 7¢ nindin (NI2ATM) NITINY
NNl L NI7ITA V91 NI'DN [N NPX NN PY (associated gas) VoI i 1PNV
Q107 NIN2IMN NIANTIN .'WAL T2 7'V NIRP'ONN — 7RI INd — 12NN 0N NI 'DIN7Y
AYON7 "D N'MNMAI7 N7RPO 0'W'SIN DIMINY 17 0'wW7 w' .8 i'ka niaxin 2014

NI NNV NIdAM |ﬁ'7l’J N7 DA NIKM
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https://www.iea.org/publications/freepublications/publication/WEO_2012_Special_Report_Golden_Rules_for_a_Golden_Age_of_Gas.pdf

(2014 q10% [pTIYN) [I>'NA PITAN NI'TNA 'YAL 1A 7 NINdIN NITINY - 8 WX

End 2014 Middle East Natural Gas Reserves (BCM)
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Source: extracted from BP Statistical Review of World Energy (2015)

NITINY 'NIFT 7V NO0IANN N2IN1 NdDIYN DX 7XY' 1AV XD D'XAINN DRININ
7wn (EIA 2013) 'Rjnxn nakn Tiwn 7w '00'00on 7nann .ninann 7w Nindin

.BCM 270-> o1'nw TCF 10-7 2N niy*ani 02y nnana [0 7RY2 NINDINN DITINYNY

YOTIN TI'YD P01, TA%72 'Wa0 1A IR DM 121 U9 'Y NIAINN NRIYA ARONN NIV'Y
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http://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy/natural-gas-review-by-energy-type/natural-gas-reserves.html

TINY' TANW T2 'Ya0 1an NIY7TI DP9 DMIN'T NNoONA TnNn :wao i 73y -
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NI2a YN72 NNy 7w NwN2 'Waon 1an NNAYN Tpnnn (wWao 1A 7¢ nd72in - -

11002 NRI7NYT YN7N NNDIN DAY NRI7N NINNT7 IX N"YYN] [DIX7 nNY!
.ANoNN IX 'M1an

Q'Y pP-NN 0'MARN] 'Yaun 1an [IONKA Tpynnn 2Ja0 12 7Y wa7-nn jIonxX -

.oy

: (LNG) 711an wauv 1a1 (condensate) n'ayn -nawn wav ra 7y n7amni nmn -

TAN 7W D711 RN 'RY DIMNMMANDS NIARAN 7W 1¥mMn DYANa Trnnn

07NN o 1y'a vin'y7 IMyonl 'vavn

.9 2I'KaY N0 N220N N1ANYT N'RPINKRND NIDION T 7Y DIRINA N7R NNN

Y20 1A W npooxn MWV NIXKY? CH4 nu™o ninpm -9 X

@ Production & Processing |
Drilling and Well Completion
. Producing Wells
Gathering Lines
Gathering and Boosting Stations
Gas Processing Plant

& WN -

B Natural Gas

Transmission & Storage
6. Transmission Compressor Stations
7. Transmission Pipeline

8. Underground Storage n

Distribution

9. Distribution Mains

Source: EPA, 2014

NIKRAI7A RN NI0Y797 NIdWN

DY NNIpAn kNN D109 7w o nn'o Clean Air Task Force (CATF) -n
NL'79N NNIM W qITY'N N1 'M7IYN N'Y? DNNY "1 1201 V91N N'YWYN 'WupNl
.N'DOIMULKNY? [KNN NIVYD NIYTN DYWYT NTH ITAN

NNIENIATAND NIZ'WON W7 DRNNA [KNN NI0'79 7w 172172 Ndwn navn 4 0710
.(CATF 2013) n"o'¥9%0n n0"79n
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https://www.nrel.gov/docs/fy16osti/62820.pdf

n720 79 ni'aiz2a nio™e nd>yn — 4CH4*1yau tanl vOIA Tana nNipnn 2010 mwa

Methane Emissions

Category Source (MCOze)
By Category
source Subtotal

Pneumatic devices 260.4 688.8
Dehydrators 75.5
Offshore 75.3
Natural Gas Production Gas Engines 59.7
Well blowdown 43.6
Flaring 0.36
Other (unspecified sources) 174.0

Pneumatic devices 6.41 35.9
Oil tanks 2.08
Gas Engines 1.1
Chemical injector pumps 0.76
Oil Production Oil wellheads 0.35
Offshore 12.6
Flaring 0.08
Associated gas venting 2.34
Other (unspecified sources) 10.2

Oil Transportation 0.98 0.98

Oil Refining 1.75 1.75

Reciprocating compressors 32.2 66.4
Gas Engines 13.6
Centrifugal compressors 9.83
Natural Gas Processing Plant venting 3.86
Equipment leaks 2.74
Flaring 0.08
Other (unspecified sources) 4.21

Reciprocating compressors

O 55.9 194.7
(transmissions)
Pneumatlc_ d_ewces 16.0
(transmission)
Gas Engines (transmission) 15.9
Other transmission fugitives 27.2
Natural Gas Pineli :
Transmission/ Storage Ipeline venting 34.3
(transmission) ’
Maintenance venting 28.0
Reciprocating compressors
7.84
(storage)
Other (unspecified sources) 95
storage )
Natural gas Distribution metering & regulating stations 147.8 365.9
pipeline mains 115.7
Pipeline services 61.1
Other (unspecified sources) 41.3
TOTAL 1,354.5

*Source: CATF 2013, Appendix 3

yoim 1MNx71 nponn 27w [0 XN NI0Yo ey 77 4 f7a0n nikng nav oo
D'¥N72 TaN NOZIN YO RIN NIV'79N 97'N2 'W*7Wn DIN2A .)1N1 YN'72 007 npi7nn

.0'Nina
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http://www.catf.us/resources/publications/files/201303-Barriers_and_Opportunities_in_the_Oil_and_Gas_Sector.pdf

'Vyaoun 1anl U91IN MTANN [XNN 7¥ NLY79N nnEm qrrTvni Tpm

NIUX17? n1axNn WK (Climate and Clean Air Coalition) 'j1 2RI D"77RN NUXRIE
N'NITRN NNANNE N"YYNN Tl Ni7unn 42 99 mik712 ynkn naxrn 20132
YATN TWUKD , 0NN DNIYYL 077K '12'W NY'INT n71y91 0NN NID'R 1I9'W7 DINNn
N1'90INLUNA T¥P? DN AT DN7 TWKI NNAN 'TA D)'NY  D'MNTA NV'Y79 NNNON 7V KN
1017 NNAN TITY7 N7 NN NN AYYRIED 7w nmrrnn nnx ((CCAC 2014)
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A719
XN N10'79 N7 niraom nio'w? IPCC nirman

MINT NIV'Y79 'R¥N] [RNN NIV'YO 7w 1IWUKRY AIWNT NIFNIN

nNann NIRRT yy'n 'vm qnd wnwn (IPCC) o'%7pr '11'wh Mwunn-an 7axon
oy N7 nirnn 7w niw no1o 0t 7ax9 (UNFCCC) n'77x 11'w7 nnaonn nmxa
D"IN? NII'T DYY? DD0IN UNII9] DINIAN DID'O71 NANN 'TA NIV NDWN? NAITINN
NI NIV'79 'R¥N NDMY7 YyTNN NRMTY nTawa nnHn 7R nirnan (IPCC 2006)
NIXMMn NIV'YN .0'WNTN DAININ §I0'K7 DMYPN DAXYNN DA )21 N1 N7 N1 TAn

.(Tiers) o1 nY7wa NI

7V NIv'79 2W'Nn% D'wnwnn 0'Maa NV MTEN 7Y ooann (Tier 1) pwxin JaTIN
LDIRXIM IN D'RAI'A D910 TANI V91N Y0 1D 1TANA NIZ'WON g7 7V '"IX? YT 0'01
niY?  IPCC-n nirmina o'xami yT'n Maxnal NNS02 D'IXN 7R NN mMTm
NIFTRIM X7 N10'79 7w namann IPCC-n nirmain? oxknn2a .5 n7a0a axinw '9> (2006)
[NY NI0Y797 VI N'DO0INLXYT TA V791 DNNY NNIENAN 72 DX N771D1 TIXN NANY KD
ANNY 'Y Q1Y NI7710 27X NI0'Y79 .0'TM1 0N NN 07T N9 W NRXIN
AWKRD IN AN Nd7IN2 ,0D'7NN] WIA'Y Nya 0NN DNR'YD NdnAn 1 9W pian

AUINNDND |7 1my X7 720 NID'RY TYUN NIYNNn

o'wnwnn (Flares) o'mo'm 07910 [knnn DX DA NI7720 NirTm X7 N0 qona
NIN'0A 'WXNARD IX (D'OTIY 17'07 'YXNKD) NDMXYT NANI 'K TWK T2 7W MIpIan noMYY
D'22T NIX DA NIZ70N NI NI0NISN QYN NIV'Y A'¥N 707 2 719 .017NnNna yn'? Inm?

3-12
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DXNNA 'YAL Tal VO NIDIYN ITANA [XNN NIV'YO Y'Y D™2AD NLV'790 'MTirn Nn'wA -5 Ao

0"IXD NI'NINA Y'OIY 193 1 72T 7w aTinnY

Emission Emission Uncertainty Units of
Category R Source IFEle e Factor (% of Value) Measure
. Flaring & 1.B.2.aiior ) o, | Gg per10®m3
Well drilling Al Venting 1.B.2.b.ii 33.E-05 + 100% gas production
6 M3
) Flaring & 1.B.2.a.ior 0 Gg per 10°m
Well testing All Venting 1B.2bi 5.1E-05 +50% | gas production
. Flaring & 1.B.2a.ii or i o, | Ggper10®m?
Well Servicing Al Venting 1.B.2.b.ii 1.1E-04 +50% gas production
i 3.8E-04 to o, | Ggper10®m?
Gas Al Fugitives 1.B.2.b.iii.2 2 3E-03 +100% gas production
Production 6 m3
Flaring 1.B2bii | 7.60E-07 +250, | GYPerioem
gas production
i 4.8E04 to 0. | Gg per108 m3
Fugitives 1.B.2.b.iii.3 10.3E-04 + 100% raw gas feed
Sweet Gas
Plants Gg per 106
Flaring 1.B.2.b.ii 1.2E-06 +25% | m3raw gas
feed
. Gg per 105 m?
- 0,
Sour Gas Fugitives 1.B.2.b.iii.3 9.7E-05 + 100% raw gas feed
6 M3
. Plant Flaring 1B2bii|  2.4E-06 + 250, | GOPErioem
Gas Processing raw gas feed
i Gg per 105 m?
- 0,
Deep Cut Fugitives 1.B.2.biiii.3 1.1E-05 +100% raw gas feed
Extraction 3
Plant flaring 1B2bii|  7.2E-08 + 2505 | GO PEr10°m
e ' - raw gas feed
.y 1.5E-04 to 0. | Gg per10®m3
V\?e?;?:tjgd Fugitives 1.B.2.hiiii.3 10.3E-04 + 100% gas production
6 M3
Total Flaring 1B2bii|  2.0E-06 + 2505 | G9periccm
gas production
i 6.6E-05 to Gg per 10% m3
. Trans- Fugitives 1.B.2.b.iii.4 4.8E-04 + 100% of marketable
as S
. mission . .| 4.4E-05to Gg per 10% m3
;;3?;£|33|0n & Venting 1.B.2.b.i 3.9E-04 275% | of marketable
-20to | Gg per 106 m3
Storage All 1.B.2.b.iii.4 2.5E-05 +500% | of marketable
o -20to | Gg per 106 m3
Gas Distribution All All 1.B.2.b.iii.5 1.1E-03 +500% | of utiity intake
6 M3
Natural Gas g‘gcgﬁtrj;r?s;:e
o i 0
Liquids Condensate All 1.B.2.b.iii.5 1.1E-04 + 100% and Pentanes
Transport

plus

*Source: Extracted from IPCC 2006 National Guidelines: Table 4.2.4 of Tier 1 Fugitive Emission Factors

from Oil and Gas Operations in Developed Countries

NIXTI 'R 077100 D12 D'YXINN D1'D D2AXINN NVY790 MTPN 5 N720a NIK? NaY '9)
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http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_4_Ch4_Fugitive_Emissions.pdf
http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_4_Ch4_Fugitive_Emissions.pdf

ANI* NDAI0N NN 'YALN TaN1 VO TAN 1IAY KN NIV'Y79 7w ANI' NVIISA NDWN
NI7'Wo 7¥ NINwNN NIMITNNN 77221 11N Ni7'yon [I'X7 nWINTN DRININ Nind 7722

10790 'RXN UoIn NIY (7un? ,nY) nTh a9 qwna N’ N0 NN

TAN1 U9IN NN 7¥ DY D'YLVPAN [KNN NIV 7W N> ,XNAIT) ,ARAN 6 N720
DN 72X 0'NI NIRTI-R TINR W 0ma? (CATF 2013) ninrm 1%0n 11y 'vaon

.N271NN 27wni a0 NPON 2A7WNn NIyan NIMp'Yn NI'YonY 1 7y 0'yaaxn

*2010 maw 1Ay nNn2al nintn 1y CH;s niv™re ndaya - 6 n'7av

Total Qil Gas Gas Gas Gas Gas Gas
Country MMTCO2e | Production | Oil Tanks |Production] Venting | Flaring |Processing] Transmission| Distribution
Russia 3275 0 8.4 1313 0 8.5 0.5 153.9 24 9
United States 300.3 36.8 4.4 172.7 0 0 15.8 40.6) 29.9
Uzbekistan 83 4 0 0 34 .8 0 0 0 40.9 76
Canada 56 4 0.8 0 239 2.3 0.8 57 10.6) 122
Turkmenistan 352 0 0 157 0 0 0 18.5 1.1
Venezuela 306 0.3 0 13.2 9.1 3.2 3.5 0.4 09
India 231 0.5 0 2.6 52 1.8 10.5 0 2.5
UKraine 218 0 0 65 0 0 o] 76 N
Argentina 111 0.1 0 1.3 26 0.9 2.3 2.9 1.1
Thailand 37 0 0 0.4 0.8 0.3 1.7 0 0.5
Colombia 31 0.6 0 04 0 0 1.7 0 05
China 26 0.2 0 0.3 0.6 0.2 0 1.1 02

*Source: CATF 2013

7> 7y 0'yraxyn 0N 72X 0TI NIXTI-X 'TINK W' AR A0 imaY ,'1Y ixw 1o
170 DRI7NN YOZNAN NIV™Y79N Q271NN TAN NEON 'YWOZNAN NIYA NIMPYA NILYONY

.D"N DROIXY TV YN KN DRI Tan Dpi7n gpina

TN NN NIYR 0'NY7 [0 Ao a1 U9 NIDWNN NND0IMUVKYT [KNN NIV NdDWN
DIYN D'YUPNY WIN'YA NINXNIN NIYOINN NIMYN 7¢ NIMIAQNA N2 DTN Yan Nt
D71YN 'AN12 DD 0'7TAN DA W .DMIYWONX N0YO NN 7 2Iman 190nnni 1Tann 7w
DIY" ¢ (N9DKR 771D) Nipn ANl NDYAN 719N 7V NI'onl Mpan niv'wa
T Yy NIYRa 'K D710 'AN02 DR NNizna .NI0Yo0 1yt 0'ai71100 0Xnx
DAY D'D'70N NI'0OTIN QYWD NIV'WA [MOX7 [N K71 NOVIYA NI7'WON 'Op'N 7V 1DTVI

.N'TO X7 NIMIThN DY D''11'Y DNAYI D'ARYI'T TIKN
(N 'Wa0N ANl UOIN TANN |[XNN NIv'79 NdIvN2 nMmp'vn ni'vyan

,ANI2A NIXRTI-'R "Y1 DN NPIDSNN 10 7V DDANONN NU'Y7D MTZN WIN'YN - -
219N 1Ml 7'myn 'wixpn y1 vn (bottom-up) Wi nivdion niv'w Diwe - -
,DNAYUN DYY7 D' D'YXNN D'WIITY IX D'AT DI'RY N0'79I

JIXT7 NP N0 AT DIYAIT NI0YS N7 Nron- - -

Page | 29


http://www.catf.us/resources/publications/files/201303-Barriers_and_Opportunities_in_the_Oil_and_Gas_Sector.pdf

N7X NIV™O 71T NIN'YT7 AN 0'5210NN DN NIDYN QYT DIYEZN D090 NN
N7109 IX 'RIT7 MXIN 72U NP9 1NN '70NNN 7Y 'oTnn XN T 7Y DAY Nifwy
IX 9'¥1 DA NI'NY% D*IYY 007910 D'TAN .0NN NINYA D'¥N7 ANNWIE NIDIYNNN N'TA
N"T97 |XNN 191NN T'97 T IX NN'90INOXR? NN'W' KIN YNNYAY DAY DI 'AN'0Y

N17715 7R nivo . 70-98% 7w nir'yna

112y ,7wUn%) DUUNIKID D'NOI NYINNT? OINT V'IIX DIZA OINT 'WA0 M WIN'Y -
(D™'wdn N2 NN L,O'oNTA Wi NYINN ,0"A' 0'90INYT NIt NIARYN

Y'Y Ny NIR'RN 019501 0FTIY DIRY DNXIN 7w npnol 0'vn? mopgn -
alrl)h!

,I2WN7 NNANNN IX APITAN NITIAY 197 D'TAN 72 YNNYWI NNAX N0 -

7w D'NNOI DM NIYXNR WY, PIR'T) TAD T Y7000 RI7 M ngne -
(D'ax'mi nrro7mxa n'719'0

,(pigging) NMax 121 ,NPON7 AINAN NNNAIT NIZYTA L,D'NIT{PA ARXIND TAYNNY - -

7w ni710on niIT*kNnl (condensate) n'onm 0O'TA 7Y jIONX '7DMn NS -
D'"7NNN

TANN D"'¥NIN 0'TA NTI9N 2'7NNN NXXIND NY'90INVKT? KNI N"T9 7w NNy -

m1an 'vaon

,D17NN 'KIN2 NN T'972 NOMW T IXK N90INUVKT NN'Y' T2 1NNYWY DX NNMAaNn

JM'RNN NIMYN 7w Nl nmipmn n'Y71270

yTn 2y niooann IPCC-n nirnin 7w (Tier 2) 2 12117 DRNNA NI0™MO NIN'Y NIV'WN
NIRNYNN .7v7 4 27202 D"IINN D090 NNIENR Y DV MTER 7w vIISN NI
[N Nrrvann

Egas, source = ASOUI’CE X EFgas, source

Egas = 2 Egas, source
WUNRD
(o "7 pnw Gg) N'maw nL'79 = Egas, source
(n17'vo NN 10 [1'7'M) NLV79N AL ININ TAN Y12 N0™MO DTN = EFgas, source
(nm'xnn NIT'N) NI7'Y9 T = Asource
[ININ 720 112y NIMIYN N10'79N 10 = Egas

AIY'NN NU'WAY K78 ,1 12712 2W'NN NU'WAY 1787 N'7700 [NIIX2 NMIT N7X NIRNYN
DIPNA ,NMIPN NI7'WOI DIPNN DIOXNN 17X DN DAY N0™MON MTpn 2 )2

5 N0 nxinw 0"7a17an omTENn

Page | 30



,<1 Jam nio'wh oxnna nwxiann DRIwNY? NAa AN NIRTHA 'R 1A'
NIV'790 NIN'XYA D'II'Y NIXRINYT NI'TAY7 TWONN X7 AT 210N DYDY YIN'YU
YTN? NINTENA TYNY N1 X7 371,"j79M0 'yaon 1an IN/1 V91D NIND 7¥ N'Y719D
D"N'NX D'1I'Y TYNY *132 0*¥IN (3 IX) 2 1211 7¥ NIV'YWA DAIY'N . NTD DY NIV'Y7O
720 IN/1 V91N NIND AWK DAY NIXIAY [N TN NIF DY IXY? NIVYOA D'7INY
JINTPNRN NIfA7IDL DIY'T 7722 AT ARI9SN DT'AY nL™MOA ,n71Y DE9INN 'YaLvn
D'YLPNA NI'YON O'A 7V 71N TINA YT'N I0'X NIA"NN 3 12Tan Nin' NIV'Y
70011 TI'Y DTN N'9IX90N NLMONI YIN'YA NDIX ,UIN'WA TI'¥N 'N7n ,01IvN

.n7uon

N7X 3 IX 2 D'DATIA WIN'W7 N0YO MTm 7w NIN7av niaryn ') IPCC-n 7w nirminn

2'YA0N TANI U9IN ITAN TIAY NIR D'NTENY DY NN NYI7Y 7Y Nix'nn

D1IY DTANI NNNAN T2 IAY D09 'MTen 7w yTn akn — EFDB -
(IGES 2015)

T2 NI0'™9 NINDY N0 MTPNl NAImnn 7w axazn — AP Compendium -
(API 2009) n71yn anM2 'yvavn Tan1 VOIN TN NNAN

NIP7200 MR NPT 12T M71IV0N TANE 091N NNAan TR 7w nirman — IPIECA -
(IPIECA 2015) nnnn 'ma niv'o v nirT? nalzimmn

D'XUIN DNYI D' TYIMN DAIYYD Y D7D DATENNY XTI W' n0Y79 MTpn N1'N1a
N1dN NYA .NI7'WON IN1 D'IXA [NAY TR NIT'N' NINA NI7'Y9 DTN NIVYON DX
NI'NINYT DRNNA NV™79N MTPN 27U 2TNAN DTN DR NRYWY 20D )X PN NI0'YO 'RYN
N78 0"1N'Y .NN1I019N01 M90INLKX YN7 7¢ D1IIW 0D"N20 O'NXINY DTV NIMIpn

21707 vy

D"'9'¥90 Tl VO NITYN D'POINN D'TA2 DIIYN D'ADINN TP 79N -
V19 21NN DNAY NIYY NIR IR 71 721707 '1O2 Nw qwna n7y9n niyw 19on - -
01797 VI

D'AYIMND NPAN WYX 7Y NIV NNNON NIy -

NL'79 NNIEN Y DMTEMN NIN'Y' DR 0'771D N0™Y90 '"TPN 1NN 0'901 DY71'Y
WX .DMIT 'YA0N Tanl 091N NIDYN 7Y 71Y9NN Y701l DNAY D'INX DNITRA DAIT
N1P27 0701 NI7700 NIRYT™ QTN NIV'Y 7Y T'OPNY W WTN NV™YO DTN NNO9Y7 D'XYN
,N'VO'VVO DA'X' DN NTTAY NN2IY NNIENANY XTIH? W' D 17D .2TTAN NID'X NNLANI
95% 112y 'vo'VLVON NINNNI TTNIY YXINAN 7V YT 71707 D'DMX NITTAN 'RX¥NNI

JIXTI

Page | 31



nN'XTN-NT T'?ﬂ]'\l |IXN NnL'79 AIY'N NNAIT

NL'™79 MTpM 7 17202 DA N7YNI 2 )2TIN AIY'N NIV'YA WATIN VN'9N NNATH WY
Da™ (DM N1on) AT -nT 70N 1y (AP 2009) tani v9IN NtWyNA 071NN
TI0'N NNIN NIX NA'YN N7200 .NIRIAN X7 NN IRNN D079 TWRD 71772 NIYXNNRA TaN
[1DTY7 DN NIRN N0YON MTPAI D'YYLPENNAN TNXR 701 [XNN 7w yximnn 70N Y
DTN XX YXINNA IX D'A'I0N DMARNA N"TO IX/I [XKNNA [12D DY D'TA 'TIDN 1Y
NIVYON NX 07710 DRI INYY 717'720 7w D'Y0aN 70NN NI0Y9 1Y DN N7R

"N 71720 7w NNt 2xp DR NINOINY NIARYNNN

2XYTR-NT 70NN AaxXid CHs nu™o 11ay 1an ntwyn 'youpn' 0roxso nv'7O MTM - 7 a'7a0
D'™71"72 NIY¥NNA Tan Y

Industry CH4 CH4 Emission CH4 CH4 Content Precision
Segment Emission Factor Emission Basis for (+/- %)
Factor, Factor Industry
Original (tonnes/ Segment
Units 108 scf gas (tonnes/ (mole %)
(scf/ processed) 10°* m® gas
10° scf gas processed)
processed)
Production 275.57 0.0052859 0.18667 78.8 191
Gas 121.55 0.0023315 0.082338 87 249
processing
Gas 93.72 0.0017980 0.06349 93.4 257
transmission
Gas storage 117.18 0.0022477 0.079377 93.4 197

*Source: APl 2009, Table 5.2
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Component — Facility Type

Emission Factor,

Emission Factor,

Ib TOC/day/comp. tonne TOC/component-hr
<10,000 >=10,000 <10,000 >=10,000
ppmv ppmv pmv pmv
Valves — All Facility Types NA 3.381 NA 6.4E-05
Valves — Gas Production 1.63E-03 3.381 3.1E-08 6.4E-05
Valves — Light Crude Production 1.11E-03 3.381 2.1E-08 6.4E-05
Valves — Heavy Crude Production 6.95E-04 3.381 1.3E-08 6.4E-05
Valves — Offshore Production 8.5E-04 3.381 1.61E-08 6.4E-05
Valves — Gas Processing 1.81E-03 3.381 3.42E-08 6.4E-05
Connectors — All Facility Types NA 1.497 NA 2.8E-05
Connectors — Gas Production 6.33E-04 1.497 1.2E-08 2.8E-05
Connectors — Light Crude Prod. 5.25E-04 1.497 9.9E-09 2.8E-05
Connectors — Heavy Crude Prod. 4.41E-04 1.497 8.3E-09 2.8E-05
Connectors — Offshore Production 5.11E-04 1.497 9.66E-09 2.8E-05
Connectors — Gas Processing 5.76E-04 1.497 1.09E-08 2.8E-05
Flanges — All Facility Types NA 4.490 NA 8.5E-05
Flanges — Gas Production 1.30E-03 4.490 2.5E-08 8.5E-05
Flanges — Light Crude Production 1.24E-03 4.490 2.3E-08 8.5E-05
Flanges — Heavy Crude Production 1.19E-03 4.490 2.2E-08 8.5E-05
Flanges — Offshore Production 1.33E-03 4.490 2.51E-08 8.5E-05
Flanges — Gas Processing 1.44E-03 4.490 2.72E-08 8.5E-05
Open-ended Lines — All Facilities NA 1.600 NA 3.0E-05
Open-ended Lines — Gas Production 1.26E-03 1.600 2.4E-08 3.0E-05
Open-ended Lines — Light Crude Production? 1.50E-03 1.600 2.8E-08 3.0E-05
Open-ended Lines — Heavy Crude Production® 8.86E-04 1.600 1.7E-08 3.0E-05
Open-ended Lines — Offshore Production 9.4E-04 1.600 1.78E-08 3.0E-05
Open-ended Lines — Gas Processing 1.62E-03 1.600 3.06E-08 3.0E-05
Pump Seals — All Facilities NA! 3.905 NA? 7.4E-05
Pump Seals — Gas Production 1.03E-02 3.905 1.9E-07 7.4E-05
Pump Seals — Heavy Crude Prod. 8 No data 3.905 No data 7.4E-05
Pump Seals — Light Crude Prod. 2 1.68E-02 3.905 3.2E-07 7.4E-05
Pump Seals — Offshore Production 1.03E-02 3.905 1.95E-07 7.4E-05
Pump Seals — Gas Processing 4.3E-02 3.905 8.13E-07 7.4E-05
Others — All Facilities NA 3.846 NA 7.3E-05
Others — Gas Production 7.92E-03 3.846 1.5E-07 7.3E-05
Others — Heavy Crude Production® 3.67E-03 3.846 6.9E-08 7.3E-05
Others — Light Crude Production? 9.01E-03 3.846 1.7E-07 7.3E-05
Others — Offshore Production 3.76E-03 3.846 7.11E-08 7.3E-05
Others — Gas Processing 9.09E-03 3.846 1.72E-07 7.3E-05

* Source: API 2009, Appendix C, Table C-2
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http://www.api.org/~/media/files/ehs/climate-change/2009_ghg_compendium.ashx
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Onshore Operations Offshore
Oil and Gas
Compound Wt. Fraction | Wt. Fraction Wi. Fraction | Wt. Fraction | Wt. Fraction
Methane 0.613 0.942 0.920 0.564 0.791
NMHC 0.387 0.058 0.080 0.436 0.210
VOC 0.292 0.030 0.035 0.253 0.110
C6+ 0.02430 0.00752 0.00338 0.00923 0.00673
Benzene 0.00027 0.00935 0.00023 0.00123 0.00133
Toluene 0.00075 0.00344 0.00039 0.00032 0.00089
Ethylbenzene 0.00017 0.00051 0.00002 0.00001 0.00016
Xylenes 0.00036 0.00372 0.00010 0.00004 0.00027

* Source: API 2009, Appendix C, Table C-6
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http://www.api.org/~/media/files/ehs/climate-change/2009_ghg_compendium.ashx
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Assessment Primary Source Category Minimum Required Activity Data

Tier
3 Process Venting/Flaring Reported Volumes
Gas Compositions
Proration Factors for Splitting Venting
from Flaring
Storage Losses Solution Gas Factors
Liguid Throughputs Tank Sizes
Vapor Compositions

Equipment Leaks Facility/Installation Counts by Type
Processes Used at Each Facility
Equipment Component Schedules
by Type of Process Unit
Gas/Vapor Compositions

Gas-Operated Devices Schedule of Gas-operated Devices
by Type of Process Unit

Gas Consumption Factors

Type of Supply Medium

Gas Composition

Accidental Releases & Incident Reports/Summaries
Third-Party Damages

Gas Migration to the Average Emission Factors &
Surface & Surface Casing Numbers of Wells

Vent Blows

Drilling Number of Wells Drilled

Reported Vented/Flared Volumes
from Drill Stem Tests
Typical Emissions from Mud Tanks

Well Servicing Tally of Servicing Events by Types
Pipeline Leaks Type of Piping Material
Length of Pipeline
Exposed Oils Sands/Oil Exposed Surface Area
Shale Average Emission Factors
2 Venting and Flaring from Oll Gas to Oil Ratios
and/or Gas Production Flared and Vented Volumes

Conserved Gas Volumes
Re-injected Gas Volumes
Utilized Gas Volumes
Gas Compositions

All Others Oil and Gas Throughputs

1 All Oil and Gas Throughputs

* Source: IPCC 2006, Volume 2, Table 4.2.6
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http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_4_Ch4_Fugitive_Emissions.pdf
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http://www3.epa.gov/gasstar/methaneemissions/index.html
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2013 CHas
Emission Factors

Emission Factors Units

Vented Sources

Gas Well Completions (conventional) 0.015 tons/completion
Gas Well Workovers (conventional) 0.050 tons/workovers
Oil Well Completion Venting 0.013 tons/completion
Oil Well Workovers 0.002 tons/workover
Stripper Well Venting 0.045 tons/well
Liquids unloading with plunger lifts 5.00 tons/venting wells
Liquids unloading without plunger lifts 3.96 tons/venting wells
Well Drilling 0.052 tons/well
Pneumatic Device Vents 1.110 tons/controller
Chemical Injection Pumps 1.722 tons/pump
Dehydrator Vents (includes Kimray pumps) 0.022 tons/MMscf
Oil and Condensate Tanks Flashing 232 tons/MMbbl
Losses

Vessel Blowdowns 1.55E-03 tons/vessel
Pipeline Blowdowns 6.27E-03 tons/mile (gathering)
Compressor Blowdowns 0.0760 tons/compressor
Compressor Starts 0.157 tons/compressor
Pressure Relief Valve Vents 6.86E-04 tons/valve
Mishaps (pipeline dig-ins) 0.014 tons/mile

Oil Well Blowouts a7 tons/blowout
Fugitive Sources

Gas Well fugitive emissions 0.117 tons/well

Oil Well fugitive emissions 0.108 tons/well
Small Reciprocating Compressors 2 tons/compressor
Large Reciprocating Compressors 113 tons/compressor
Large Recip Stations 0.39 tons/mile
Separators 0.29 tons/separator
Dehydrators 0.50 tons/dehydrator
Heaters 0.23 tons/heater
Headers 0.06 tons/header
Floating Roof Tanks 6.67 tons/tank
Meters/Piping 0.27 tons/meter
Pipeline Leaks 0.39 tons/mile
Sales Areas 7.94E-04 tons/loading
Battery Pumps 1.54E-03 tons/pump
Offshore Platforms

Shallow water gas platforms (GOM and 0.17 tons/day/platform
Pacific)

Deepwater gas platforms (GOM and 1.8 tons/day/platform
Pacific)

Combustion Sources

Gas Engines 2.75 tons/MMhp-hr
Heaters 10.04 tons/MMbbl
Well Drilling 0.045 tons/well drilled
Other Flaring 2.75E-04 tons/Mcf

* Source: adaptation from EPA 2015, Table A-133
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2013 CH4Emission

*2013 mv

Emission Factors

Vented Sources

Factors

Units

Acid Gas Removal (AGR) Vents 42.82 tons/AGR unit
Dehydrator Vents (includes Kimray 3.42E-03 tons/MMscf
vents)

Pneumatic Devices 4.03E-04 tons/MMscf
Blowdowns/Venting 3.17 tons/plant
Fugitive Sources

Plants 55.58 tons/plant
Reciprocating Compressors 78.69 tons/compressor
Recip. - Rod packing, standby-mode included in the factor above
Centrifugal Compressors - wet seals 361.22 tons/compressor
Centrifugal Compressors - dry seals 177.16 tons/compressor
Combustion Sources

Gas Engines 4.47 tons/MMhp-hr
Gas Turbines 0.11 tons/MMhp-hr

* Source: adaptation from EPA 2015, Table A-136
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*2013 mwv
2013 CH4 Emission Emission Factor Units
Factors
Vented Sources
Dehydrator Vents 1.81E-03 tons/MMscf
Pneumatic Devices 2.92 tons/device
Pipeline Venting 0.41 tons/mile
Station Venting 83.94 tons/comp. station
Fugitive Sources
Pipeline Leaks 0.01 tons/mile
Station Leaks 61.69 tons/station
Reciprocating Compressors 106.76 tons/compressor
Centrifugal Compressors - wet seals 352.82 tons/compressor
Centrifugal Compressors - dry seals 227.45 tons/compressor
M&R Station Leaks 1.12 tons/station
Combustion Sources
Engines 4.62 tons/MMhp-hr
Turbines 0.19 tons/MMhp-hr

* Source: adaptation from EPA 2015, Table A-137
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Amine Units 0 2 0 45
Boilers/heaters/burners 891,652 17 16 896,992
Diesel Engines 407,575 13 N/Ab 407,851
Drilling Equipment 76,961 15 N/A 76,993
Combustion Flares 604,002 366 11 615,029
Fugitive Sources 0 61,232 0 1,285,862
Glycol Dehydrators N/A 7,859 N/A 165,048
Losses From Flashing 330 14,231 0 299,175
Minor Sources 0 476 0 9,987
Mud Degassing 2 505 0 10,615
Natural Gas Engines 2,567,943 12,619 N/A 2,832,942
Natural Gas, Diesel, and Dual- 7,329,476 400 140 7,381,165
fuel Turbines

Pneumatic Pumps 401 21,155 0 444,666
Pressure/level Controllers 871 16,739 0 352,384
Storage Tanks 0 877 0 18,414
Cold Vents 2,815 134,863 0 2,834,938
Total Emissions 11,882,029 271,355 167 17,632,106

*D9nN NIToxn annn 'Ta N1ve Ay GOADS 2011 ajo 'xx¥nn - 14 a7a0
* GWP = 21 (for CHa) and 310 (for N20)
Source:_ Adapted from GOADS 11, Table 7-3
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7¢ DMpP'YN NNENN DRT N7 .n"T9 p'wa 0'o71on 10 122 NIYIMN NNI0
NN DNMINK TYURD NN IYIN A1 DAOKNA NIFTRIA X7 NID™YT DN RN NU'™YO
N2IN DININ V'S .TAQ D'WIINN D'UNINTID NIVIDNVI YN? 'NOI NIARYNA DN NV'79N
NX DAl NANNN 'TAaN TAX 72 112V N'MIYN N0'™790 DX D'A'YN DIMIN WX ,15 n7a0a
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CHa N20O CO2e
Emissions Emissions Emissions
(tons/year) (tons/year) (tons/year)*

Equipment/ CO2 Emissions

Source Category (tons/year)

Total Platforms Emissions 11,882,029 271,355 167 17,632,106
Drilling Rigs 2,748,279 21 110 2,782,820
Pipe laying Operations 609,535 5 18 615,220
Support Helicopters 160,752 10 11 164,373
Support Vessels 13,002,103 75 386 13,123,338
Survey Vessels 504,714 3 15 509,427
Total OCS

Oil/Gas Production Source 28,907,412 271,469 707 34,827,284
Emissions

*GWP = 21 (for CH4) and 310 (for N20)
Source: Adapted from GOADS 2011 Table 7-9
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Australia's dry natural gas production and consumption, 1992-2013
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Equipment Type Emission Factors TOC (kg/hr/source)

Gas Heavy OIl Light Oll Water/Oll
Valves 0.0045 0.0000084 0.0025 0.000098
Pump Seals 0.0024 NA 0.013 0.000024
Others 0.0088 0.000032 0.0075 0.014
Connectors 0.00020 0.0000075 0.00021 0.00011
Flanges 0.00039 0.00000039 0.00011 0.0000029
Open-ended Lines 0.0020 0.00014 0.0014 0.00025
Drains (onshore) 0.032 0.032 0.032 0.032

*Source; Australia 2013, table 5

7710 MIN7N 'RXNN 1Y ANNRNN T 7Y D090 MTEmM DR N1DTY D700 Nwnn
D'¥alzn 0"va N omTEAn (Australia 2015) |xnn NiIV'79 NINDY 0'D01 DTN

.17 N2
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Segment Equipment or CH4 Emission Emission Factor units
Process Factor
Exploration Flare (gas) 0.8 tCOze/ton flared
Flare (liquid) 0.0088 tCO2e/ton flared
Production and Flare (gas) 0.1 tCOze/ton flared
Processing Internal floating tank 0.000001 tCO2e/ton throughput
Fixed roof tank 0.000005 tCOze/ton throughput
Floating tank 0.0000038 tCO2e/ton throughput
Natural Gas 810.4 tCOze/km pipeline length
Transmission

* Source: adaptation from Australia 2015, tables 8, 14, 15, and 17
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UK dry natural gas production and consumption, 2001-2011
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Segment Equipment or CHa4 Emission Emission Factor units
Process Factor

Offshore Gas Flare (gas) 0.045 tCHa/ton flared
Exploration
Offshore Gas Flare (gas) 0.007 tCHa/ton flared
Production
Natural Gas 0.0008 tCH4/100 MMBtu fuel consumed
Transmission
Natural Gas 0.00000018 tCH4/100 MMBtu fuel consumed
Leakage (at point)

*Source; UK 2015, Annex 3, Table A 3.1.2 (Sector 1B)
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“u Mote: 2013 data are preliminary estimates.
e a Sources: U.S. Energy Information Administration, international Energy Statistics, SOCAR, Azerbaijan State Statistical
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6 EIA International Energy Statistics;
7 EIA and Israel Ministry of Energy and Infrastructure Data. Production data for 2015 is estimated not
actual.
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http://www.sviva.gov.il/PRTRIsrael/Pages/ParitMifal.aspx?LPF=Search&WebId=cf6f4651-da33-45df-8e4a-fbbd2d018f7d&ListID=7430C7D2-EE54-4C38-9261-A8FC82BAD7D7&ItemID=4401&FieldID=MafteachDivuach_GxS_Text
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19 2V XD 107 DONN7 DN WAL TA 7Y N9) NIT'N DAxXIMN o790 1M .BCM

. °PoImn 'wauvn 1an YU nonn NID'OXI 1A [KNNN TINK 12T VTN
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IPCC 7 0; 079 'NT; 2
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X7 NI0Y79Y |"¥7 21UN .0 T DN NNIPZAL 0'R7T NOMWN NRYIND [N NIVY797 01D
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,N91 'TINNA - [XNN DI'RY D' IN'NNDS 6.84%-1 ;730 0.68% ,"1xnn 1T NN

(N9 0.26% ,|xnn 97.3% 750 TIa'wn INXR? NpI7nni N271nn NdyNa Navinn 1an ()

N9 'TINNA - XN DI'RY DINMND 0.74%-1 ,j7an 1.7% ,.axnn 17

NIYXNXRA 78Y' N1 TN 9Inn 'waon 127 IPCC-n 7w nu™on 'mTn NX 0'RNN7 N1
D'DX7 POIONNI POINN TA2 NIIXAN NIRIYA NIDINN DX DIYOXAN NTayn 1Im
NP9NN NTONA 791NN VAN TaN 201N NX [IAWN2 NNRY? NIDNY 7R DNnn 7Rwna
yann Tawnn mn 270 DX P17 (K) 9vod 0'amin 02N DRIMIN NNy

.NNNXNN (2) V01 D1 DIININ NNIYY? NN 127107 TITUXA 71104

D"0AUI7IN DYLOENNN TAXK 722 NI7'WON QN 7V YyT'n WATI n0'™790 MTm7? qona
NN TANI UDIN N"YYN 1M'OXNT7 DRNNA
NN DRIVA DN0N [I'7'0 7Y DTN 7910 'Wa0n TAN NIND NNK2 NIT7 -
NN NIT'? NYA 720 2070 DX NNRINN
NN DTARIVA 0N0N (17N 7Y NIT'NR 79100 'YA0N Ta0 NIND IT7 NI -

NIT' 7N NPT DY 29MN 720 2070 DX NNKRINN

° For Example: natural gas containing 96.5% methane has a mass density of 0.712 Kg/m?3 at a pressure
of 1 atmosphere and 15°C.
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DNLN [I'7'N 7Y NIT'NR TIAYA IPNNY DITIAN 'YALN TAN NIND :Wa0 1 7AW -
TN [N NN9 'WA0N TAN 207N NX NNXINND NNNEDARIVN

(NMaRN IX) ND7INN NINNY Y ANN 'Waon Tan NIND S 72WwA 72 72¢ N1IaXI DN -
NNl (0T 0amne 99210 XY) war 1a v napivn onon [1'7m v nimnna
D'107X7 N27IN7 [PMN wan 'wavn 10 2070 DX NNXINN

DNLVN ' 7Y NIT'NM DXEN '10IX7 Navmn 'Waon TN NImd 1A nzin -
D'1DIX7 12VIMN WAL TAN 201N NIX INXRINN DNNEDARIVA

DAPIYA DNLVN [I'7'D 7Y NIT'N NNAIND NAYNN NIND W20 12 '7111 N7amn- -

N'AVNN 207N NX NNKXINN NNl 0'IXRVIOI (UO]'I']IP) Nalyn 'vav 1 Y

> 4707w nINNwNN 2y NooaNn AT JaTZ DXNNA XN NIV YW AIW'NN NO'Y

TIER 1: ESTIMATING FUGITIVE EMISSIONS FROM AN INDUSTRY SEGMENT

Egas .industry segment = AFindustry segment (X) EFgas‘industry segment

TIER 1: TOTAL FUGITIVE EMISSIONS FROM ALL RELEVANT INDUSTRY SEGMENTS

Egas = Z Egas‘industry segment

WNKRD

D"pI7IN D'YUZNAN 771 (]XNn) '9'¥90 12 ‘7w NIMaY Niv'79 10 = Egas
JXD A 10 I'7' 7Y NIT'N N'NIY N0'79 - Egas, industry segment
0091 NT'N'7 IXNN T2 10 [I"7'A 7w NITNA VY79 DT7N - EFgas,industry segment

0'10n Yu7n ["oXNN NI7'WON OTj7A - AFindustry segment

10 Natural gas volumes specified under standard industry conditions: 15°C and a pressure of 1
atmosphere.
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0"Y 721 D'ZI0N NIV DI L,D'NM N9MY IPNNY IWNY WK D'P7TN NiNd 7V 01Im)
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LTIV DMUOKR L0912 ,0'TA

7192 15 n7202 axm NEoNN NIZIYD7 ATV TIYI NITORNN NNANNN 'T 7¢ NIVY9N 10
nMDY7 IwNNwn DAY n0'Y79n MmTm D 2w ann oo (GOADS 2011 ) 7wh T
nniZ7? pa N1.(2011) GOADS n"Ima 0N DAY ANAN 'Ta DY 1Y DNERN
(0on 200-7 7yn) D'PMY DN DPON NITORN [KNN 1AV D090 DTPN DX [IAWN]
D'YXINA N0YD MTPEN 727 T 2192 107IND 2A"NIXR W NI0YON 'RX¥N 1IAY AYIN YUK
091 IX 'VAU TA NIP'ONN NITOX Ay 07 [knn 1 7'n 7,370-1 2,250-> 010 17X

.(EPA 2015a) nnxnn

D'MDI0N NWA'? IMDZINI DA TAN TIAYW ,NPONN NITOXN NN'Y' NIV'Y?9 1y 2011 ima
N79N DYONNN DY ITY 75N [KNN NL'79 1M1 DA Na'vn n7a0n (707 19 n7a0a
TINXN '971 NV'79N NIND '97 DAN'T? DRNNA KIN N7202 NO™Y79N NN DIV 1TO0 .01

2011 mwa 1j'ojm Y15n2 121 V91 NIP'YON [XNNAN NIV'YO 7701 D'lInN DNY
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'O Y9N nzon'? ATy TIY 7710 a0 1A YW TIAWI Ao NITOXN [KNN NIvYe - 19 nhao
a"nIn

Equipment/Source Category CH4 Emission % of total

(tons per year)

Cold Vents 134,863 49.3%
Fugitives 61,232 22.4%
Losses From Flashing 14,231 5.21%
Pneumatic Pumps 21,155 7.74%
Pressure/level Controllers 16,739 6.12%
Natural Gas Engines 12,619 4.62%
Glycol Dehydrators 7,859 2.87%
Biogenic and Geogenic 1,876 0.69%
Sources

Storage Tanks 877 0.32%
Mud Degassing 505 0.18%
Minor Sources 476 0.17%
Natural Gas, Diesel, and Dual- 400 0.15%
fuel Turbines

Combustion Flares 366 0.13%
Support Vessels 75 0.027%
Drilling Rigs 21 0.008%
Boilers/heaters/burners 17 0.006%
Diesel Engines 13 0.005%
Support Helicopters 10 0.004%
Pipelaying Operations 5 0.002%
Survey Vessels 3 0.001%
Amine Units 2 0.001%
Drilling Equipment 15 0.001%
Total Emissions (tpy) 273,384

(GOADS 2011)

NNINN NYawn Niyan [knnn niv'7on 98%-7 yn w7 19 n7a0a naima%? nxknna
2"NANA 1'0N Y190 11AY DR 12D NIANN1 NN?ON NIZoNN .N720N0 WK D'Y'OIMN
ni?y n2ya nrra? DMWY oUNIan DNEN %Y N'on' |V 190N NITPNNAY XIN
11792 [XNN NIV™O VAY AN NIPUTA NIND NIV'Y 7Y DIY!T AWONNY DA N7VIN

NPZO0ONN MUY

DY'TAN? W' N9RN o'"p'vn nu'7oN nNEM 1Y D'M'RNNN 01NN NXR QIONL} pal
,1"7nnn NOTINN NXYIND NINNAN NIVYD 7w AXRYIN DN D|7'7I'13.I nrra 0VAIdN |DIX2

210NN 7¢ QRITNNI 719'0n IR ,07IXY K7 'RIT7 XN Nd7wnn
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Energy Equivalent Conversions

Million Btu = Giga TOE TCE

(British (2079) (Metric (Metric Tons of Coal

thermal Joules Tons of Oil = Equivalent)

units) Equivalent)
Million Btu 1.00000 0.94782 39.68320 27.77824
Giga Joules 1.05506 1.00000 41.86800 29.30760
TOE 0.02520 0.02388 1.00000 0.70000
TCE 0.03600 0.03412 1.42857 1.00000

Mass Equivalent Conversions

Short Tons Kilograms = Metric Tons  Long Tons Pounds
Short Tons 1.00000 0.00110 1.10231 1.12000 0.00050
Kilograms 907.18470 1.00000 1000.00000 1016.04700 0.45359
Metric Tons 0.90718 0.00100 1.00000 1.01605 0.00045
Long Tons 0.89286 0.00098 0.98421 1.00000 0.00045
Pounds 2000.00000 2.20462  2204.62272 2240.00030 1.00000

Volume Equivalent Conversions

Barrels u.s. Liters Cubic Feet Cubic
Gallons Meters
Barrels 1.00000 0.02381 0.00629 0.17811 6.28981
U.S. Gallons 42.00000 1.00000 0.26417 7.48049 @ 264.17200
Liters 158.98730 3.78541 1.00000 28.31676 = 1000.00000
Cubic Feet 5.61460 0.13368 0.03531 1.00000 35.31478
Cubic Meters 0.15899 0.00379 0.00100 0.02832 1.00000

Scale Conversions

Prefix Kilo- Mega- Giga- Tera- Peta-
Numerical Thousand = Million Billion Trillion Quadrillion
Equivalent (1013) (1076) (1019) (10712) | (10M15)
Also Referred to As Million Kilo-, = Billion
Thousand Kilo-
Mega-
Source
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http://www.eia.gov/cfapps/ipdbproject/docs/units.cfm

