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China Oil and Gas Methane Emissions in

2005
2005

Distribution

o 5
817 million m Production

817 3,477 million m3

Transmission

3,808 million m3

: 3,808
Refining Transportation
87 million m3 87 million m3
[ Processing
Pmd!fl(':tlon 3 1,018 million m3
191 million m Lo18
191 Natural Gas Systems Emissions

Petroleum Systems Emissions
m?3 = cubic meters

Sources: 1 - EPA. Global Anthropogenic Emissions of Non-CO2 Greenhouse Gases 1990-
2020 (EPA Report 430-R-06-003). China emissions.
2 — Technology Drives Methane Emissions Down, Profits Up, Oil and Gas Journal,
August 13, 2007
Note: It is assumed that all natural gas produced, goes through gas processing. 3
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" Production

= Estimated fugitive emissions for the natural gas and oil
production sectors are 3,668 million m3

3,668
Storage Tank
Venting Other Sources
Meters and 145 million m® 276 million m3

Pipeline Leaks

208 million m3 \1\45"

Pneumatic Devices
1,355 million m3

. 208
Well Venting 1355

and Flaring -
208 million m3
208 —
Gas Engine
Exhaust
i 3 1 — EPA. Global Anthropogenic Emissions
276 million m Dehydrators of Non-CO2 Greenhouse Gases 1990-2020
(EPA Report 430-R-06-003)
276 and Pumps 2 - Technology Drives Methane Emissions

402 million m3 Offshore Down, Profits Up, Oil and Gas Journal,
August 13, 2007

402 Opera'tlt_)ns 3 3 - Inventory of U.S. Greenhouse Gas
798 million m Emissions and Sinks: 1990-2005
_ : 798
Note: “Offshore Operations” and “Other Sources” include fugitive, vented, and uncombusted methane 4

emissions.
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/- Natural gas equipment leaks are invisible and go
' unnoticed

= Valves, connectors, compressor seals, open-ended
lines (OELs) plpellnes and meters are major
equipment leak sources

Pressure Relief Valves, 3.5%
Orifice Meters, 0.1%

Other Flow Meters,0.2%
Open-Ended Lines, 11.1%
Control Valves, 4.0%

Pump Seals, 1.9%

Pressure Regulators, 0.4%
Valves,26.0%

Blowdowns, 0.8%

Compressor
Seals

23.4% Crankcase Vents, 4.2%
Source: Clearstone Engineering, 2002

onnectors, 24.4%
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Methane Losses

Dehydrator

Energy
Exchange
Pump

Pneumatic
Controller

Pressure
Relief
Valve
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How Much Methane is Emitted?

Summary of Natural Gas Losses from the Top Ten Leak Sources?

Gas Losses Gas Losses Contribution By Percentage
From Top 10 From All Leak Top 10 Leak Com onegts
Plant Number | Leak Sources Sources Sources Legkin
10 10 g
(m3/day) (m3/day) (%) (%)
1 1,240 3,469 35.7 1.78
2 3,777 5,847 64.6 2.32
3 6,346 9,982 63.6 1.66
4 2,166 5,983 36.2 1.75
Combined 13,530 25,281 53.5 1.85

1 — Excluding leakage into flare system

1

Note: Numbers may not add up due to rounding
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Methane to Markets _

' Maintenance (DI&M)
DI&M

Fugitive losses can be reduced dramatically by
Implementing a DI&M program
DI&M

— Voluntary program to identify and fix
leaks that are cost effective to repair

— Choice of leak detection technologies

— Provides valuable data on leakers
with information of where to look

— Strictly adapted to company’s needs

— Cost-effective practice, by definition Infrared Leak Imaging Camera
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FMethane Recovery: Directed Inspection &

DI&M)
= Technical documents available in Chinese

HEERIERITEH X R 12

DIRECTED INSPECTION AND MAINTENANCE AT COMPRESSOR STATIONS
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How Do You Implement DI&M?
DI&M

CONDUCT baseline survey

SCREEN and MEASURE leaks

|

FIX on the spot leaks

|

ESTIMATE repair cost, fix to a payback criteria

1

DEVELOP a plan for future DI&M

1 DI&M

RECORD savings

10
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iy’ How Do You Detect the Leaks?

f'= Screening - find the leaks

H-\_-“"h-.

— Soap bubble screening

— Electronic screening (sniffer)

— Toxic Vapor Analyzer (TVA)

Acoustic Leak Detection

TVA
— Organic Vapor Analyzer (OVA)
OVA

— Ultrasound Leak Detection

— Acoustic Leak Detection

— Infrared Leak Detection/Imaging
/
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How Do You Measure the Leaks?

Evaluate the leaks detected - measure results

— High Volume Sampler

Leak Measurement Using High Volume Sampler
— TVA (correlation factors)
— Rotameters

— Calibrated Bag

— Engineering Method

12
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DI&M

Instrument/ Technique

"How Do You Implement DI&M?

Effectiveness

Summary of Screening and Measurement Techniques

Approximate

/ Capital Cost

Soap Solution * X $
Electronic Gas Detector * $$
Acoustic Detec/tor/ Ultrasound Detector * % $$$
TVATg/FLame lonization Detector) * $55
Calibrated Bagging * $$
High Volume Sampler * % %k $$$
Rotameter * X $$
Infrared Leak Detection * %k Kk $$$

* - Least effective at screening/measurement
*** . Most effective at screening/measurement

$ - Smallest cost
$3$$ - Largest cost

13



rft‘?l'ethéﬁetoMarketé DI&M Wlth RemOte Leak DeteCtIOn
DI&M

= The challenge has always been finding those few
large leaks among the hundreds of components

= Real-time detection of gas leaks

— Quicker identification and repair of leaks
— Screen hundreds of components an hour

— Easily screen inaccessible areas
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" Remote Sensing and Leak Detection Video

£ Techniques to find fugitive leaks with new
technology and equipment

5 minutes

Available for download at www.epa.gov/gasstar

15
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"= Over 110 Gas STAR Program Partners across four
sectors have reported 593 million m3 cumulative

methane emissions reductions via DI&M
110
DI&M 593
Distribution Production
130 million m3 154 million m3

130 154

Transmission
65 million m3

65

Processing »
244 million m3

Source: iISTAR Database, 2008. 16



e L r aine Experience — Cherkassytransgas Natural

Yy Gas Transmission Company (CT)
| Cherkassytransgas CT

Surveyed 2 compressor stations in March 2002, using soap
solution and catalytic oxidation/ thermal conductivity
detectors

2002 3 / 2
— Found 280 leaks 280
— Methane emissions of 2,951,900 m3/year 2,951,900m?3/
= Using Hi Flow Sampler® quantified and prioritized leaks
Hi

— Repaired 227 leaks 227
— 1,953,900 m3/year emissions reductions (66% of total measured

emissions)
1,953,900m3/ 66
— Initial investment of $19,000 19,000
= CT expanded the study to 21 other compressor stations
CT 21

17



e’ Ky rgyzstan Experience — Kursk Natural Gas

Distribution Company (Kurskgas)
Kursk Kurskgas

Surveyed 47 regulator stations in November 2005, using
catalytic oxidation/ thermal conductivity detectors

2005 11 / 47
— Surveyed 1,007 components 1,007
— Found 94 leaks 94

= Using Hi Flow Sampler® quantified leaks as 900,000 m?3 per
year

Hi 900,000m3/
— Initial investment of $30,000 30,000
— Produced revenue from verified carbon credits

= So successful, Kurskgas expanded study beyond initial 47
stations and covered over 3,300 components

Kurskgas 47 3,300

18
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¥ Lessons Learned

A successful, cost-effective DI&M program requires
measurement of the leaks

DI&M

A high volume sampler is an effective tool for
guantifying leaks and identifying cost-effective repairs

A relatively small number of large leaks contribute
most fugitive emissions

The business of leak detection is changing
dramatically with new technology like infrared
cameras that make DI&M faster and easier
DI&M

19



A ,
Methane to Markets 4

¥y Discussion Questions

" = To what extent do you have opportunities to
Implement this practice?

= How could these opportunities be improved upon or
altered for use in your operation?

= Can you suggest other methods for reducing fugitive
emissions?

= What are the barriers (technological, economic, lack
of information, regulatory, focus, labor, etc.) that are
preventing you from implementing these practices?

20



