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Agenda

= China OIl & Gas Methane
Emissions

= Well Venting
— Methane Losses
— Methane Recovery

— Is Recovery Profitable?

— Industry Experience _ _
Source: Williams

= Other Wellhead Emission Solutions
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China Oil and Gas Methane Emissions
In 2005 2005

Distribution Production

817 million m? 3,477 million m3

Transmission
3,808 million m3

Refining Transportation

87 million m3 87 million m3
Processing
Production 1,018 million m3
191 million m3 Natural Gas Systems Emissions

Petroleum Systems Emissions

m3 = 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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Ry Estimated Methane Losses from China

Production/ Workovers /

= Well venting and flaring is responsible for 6% of methane emissions in the
natural gas and oil production sectors

6%
— Anecdotal evidence suggests it could be significantly more
— Total emissions from Production Sectors = 3,668 million m3 3
668 000 000
Storage Tank
Venting Other Sources
Meters and 145 million m?3 Pneumatic
Pipeline Leaks N 276 million m3 Devices

1,355 million m3
208 million m3

Well Venting
and Flaring

208 million m3

Gas Engine /'

1 — EPA. Global Anthropogenic Emissions
of Non-CO2 Greenhouse Gases 1990-2020

Exhaust (EPA Report 430-R-06-003)
2 - Technology Drives Methane Emissions
276 million m? Dehydrators _ Down, Profits Up, Oil and Gas Journal,
and Pumps Offshore Operations August 13, 2007

3 - Inventory of U.S. Greenhouse Gas

- 5
402 million m Emissions and Sinks: 1990-2005

798 million m3
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Methane Losses During Well Completions/
Workovers

Gas wells in tight formations and
coal beds require hydraulic fracture

It is necessary to clean out the well
bore and formation

— After new well completion
— After well workovers

Operators produce the well to an
open pit or tank to collect sand,
cuttings, and reservoir fluids for
disposal

= Vent or flare the natural gas
produced

Source: Williams 5
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Methane Recovery: Reduced Emissions
Completions

Reduced Emissions Completions
(RECs) or “Green Completions”
recover natural gas and condensate
produced during well completions or
workovers RECs

Use portable equipment to process
well clean-out fluids suitable for gas
and condensate sales

Send recovered gas through

permanent dehydrator and meter to ;
sales line, reducing venting and = (N
flaring Source: Williams
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Methane Recovery: Reduced Emissions
Completions

= Technical document available in Chinese
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Green Completion
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REC Equipment

Truck or trailer mounted equipment to capture produced gas
during cleanup

— Sand trap
— Three-phase separator

= Use portable desiccant dehydrator for workovers requiring
glycol dehydrator maintenance

To De-hydrator

Sand Trap
Gas

4
i Separator

| Condensate

Wellhead

-

-

Flare Lines

L p—1—x -

Mobile Surface Facilities Source: Williams
Source: British Petroleum 3
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REC Preconditions REC

Must have permanent
equipment on site before
cleanup

— Piping from wellhead to sales line

""""

— Dehydrator
— (Gas meter
— Stock tank

= Sales line gas can be used for
fuel and/ or gaslift in low
pressure wells /

Permanent Dehydrators

Source: Williams
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REC for Low Pressure Wells REC

= Can use portable compressors to start-up
the well when reservoir pressure is low

— Atrtificial gas lift to clear
fluids

— Boost gas to sales line

= Higher cost with portable | 5N
compressor =
equipment on a trailer

Source: Herald

M ARIGE |
Portable compressors, separator and

10
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Methane Savings

= Qperators report recovering an average of 53% (but up to
90%) of total gas produced during well completions and
workovers
53% 90%

= Estimate an average of 85 thousand m?3 of natural gas can
be recovered from each cleanup?
85

— Estimate up to 65 tonnes
(580 barrels) of condensate
can be recovered from each
cleanup

65

L Value for high pressure wells Vs < 4}
Portable Three Phase Separator, Source: BP

11
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Is Recovery Profitable?

Economics for 25 Well Annual REC Program with Purchased Equipment
25 REC
Year O Year 1 Year 2 Year 3 Year 4 Year 5
Volume of Natural Gas
Savings
(thousand m3/year) 7,646 7,646 7,646 7,646 7,646
Value of Natural Gas Savings
($lyear)
@%$0.25/
thousand m3 1,890,000 | 1,890,000 | 1,890,000 | 1,890,000 | 1,890,000
Additional Savings
($lyear) 110,000 110,000 110,000 110,000 110,000
Set-up Costs ($/year)
-15,000 -15,000 -15,000 -15,000 -15,000
Equipment Costs ($)
-500,000
Labor Costs ($/year)
-106,250 | -106,250 | -106,250 | -106,250 | -106,250
Annual Cash Flow ($)
-500,000 | 1,878,750 | 1,878,750 | 1,878,750 | 1,878,750 | 1,878,750
Internal Rate of Return
376%
Payback 4 months
ource: Natural Gas STAR Recommended Technologies and Practices;*Economics have been updated using the Nelson-
Farrar Index and $7per cubic feet of Natural Gas
Note: All costs and revenues are represented in U.S economics 12
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REC Benefits REC

Reduced methane emissions during completions
and workovers

= Sales revenue from recovered gas and
condensate

= |mproved safety
* Reduced disposal

costs
= |mproved air quality

Source: Weatherford

13
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REC Field Setup REC

Group of directionally
drilled wells

Temporary water

Permanent
dehydrators

Source: Williams 14
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Industry Experience

= 12 companies have reported using RECs since 1994
1994 12 RECs

— saving nearly 2,575 million m3 of methane! 2
575

— worth nearly $643 million? 6 4 3

3097 Cumulative RECs Reductions

2,500 RECs

2,000+

1,500

million m3

1,000

500

O B
} 1994 1996 1998 2000 2002 2004 2006
1iSTAR database

2 Gas valued at $0.25/ m3 Year 15
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Methane Losses from Liquids
Unloading

Completion venting is not the only type of well
venting

= Accumulation of liquid hydrocarbons or water in
aging wells reduces, and can halt, production

= Well is revived by closing it off to build up

pressure, then opening it and venting to unload
liquids

— This may vent 2,265 to 16,990 m3/year! to the
atmosphere per well 2 265
16 990

1 — Installing Plunger Lift Systems in Gas Wells Lessons Learned

http://www.epa.gov/gasstar/pdf/pro_pdfs_chi/lessons/plunger_lift.pdf
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Methane Recovery: Plunger Lift

= Plunger lifts remove liquids
— Well is shut-in with plunger at the bottom

— Well pressure builds up in casing
— Plunger and liquids are pushed to surface

— Plunger dropped to bottom
= Benefits include
— Continuous production
— Lower maintenance
— Increased efficiency
— Reduced methane emissions

ESALZREEEARRR

INSTALLING PLUNGER LIFT SYSTEMS IN GAS WELLS

1 RRRE

TEHEATT A IS IR, TR BURREPRAG B £ I 249 B U A= . 2 M BLIXFR A5 BL
SR HE R SR AR S4B K AUR. BRI I AR
WK SR, LBORAEE VRSN, Bk, H9 R ORI Mk, 2R B TSR K
o

Source: Weatherford 17
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What i1s the Problem?

= Fixed timer cycles may not

match reservoir LubriGatOr oy
pel’formance r_b Controller

Upper Outlet q i A

Needle Valve , =& Drip Pot

— Cycle too frequently (high :
plunger VGlOCity) Plunger Catcher

Arrival Sensor-

o : Motor Valve &=t
Plunger not fully loaded Master Valve Lower Outlet ]
Al FLOW
— Cycle too late (low plunger _ e
velocity) |
' Fluid
e Shut-in pressure can't lift l| Plunger
fluid to top Gas
‘ Bottom Hole Bumper
* Plunger stalls; vent to Etl Spring Standing Valve
atmosphere to lift plunger M|~ Seating Nipple/Tubing Stop

Gas Lift Walve

18
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Does not account for
gathering line pressure
fluctuations, declining
well performance, or
plunger wear

Results in manual
venting to atmosphere
when over or under
loaded

What i1s the Problem?

L S )Mhllemia
kBt |ﬂ] ﬂ]I[I i
i
HJM - 2
. ..... it
+l -‘III qll H
MMJHH%E
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RN
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R JEG 0k 7 2
it 5 1) SE 1

B AT / il PRI ALY

S

19
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— Flow rate

operations

Methane Recovery:. Smart Automation

Automation can enhance the performance of plunger lifts by
monitoring wellhead parameters such as:

— Tubing and casing pressure

— Plunger travel time
= Using this information, the system is able to optimize plunger

— To minimize well venting to atmosphere
— Recover more gas
— Further reduce methane emissions

SOt B BIMLRS

Gas Well “Smart” Automation System

ErVEAEHERE Y R e iYL 2 (PRO)  NO. 709

1E P s

HiE PRO BB FE:

48/ R EhEL O

W AR O AL 2 T 58] mE i TR A O

W O

20
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Automated Controllers

Sel Pavo = Low-voltage; solar recharged
L battery power

- Lebiricator
Laleha

Coniralim —-l *l

= Monitor well parameters

= Adjust plunger cycling

Source: Weatherford
= Remote well management

— Continuous data logging

— Remote data transmission
— Receive remote instructions
— Monitor other equipment

Source: Weatherford 21
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Thousand m3/month

How much production is lost?

Production Control Services
Spiro Formation Well 9N-27E

2,832

 Well Production — Potential Continuous  —
DV without Plunger Lift — Production with Plunger LIfts —

283

'*'Nf?'7?'ﬁj*‘ﬂg

o B Wl

- i |
|\ | B

1880 1881 1882 1993 1954 1885 1696

Potential Incremental

Well Blowdowns Production with Plunger LIft

22
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How much production is lost?

A7 BRAR 55 2 ]
Spiro/z IN-2TEJ
——  EAEHAN = HEERANE
ol IsHEE= e RS A ™ =
;E--I‘r-—-—- 'ﬁ‘———';f'.;' _
% Auh ‘ 7H r\_-% i-'\\’7
S A, 1 A
25 1,*-,1 ~,ﬂ. I'. :
i o — ;
| . 1 |
" e | = - \ - l Ml _
U T srhm
JE 38 o =

23



AWM :
Methane to Markets 4

Methane Savings: Plunger Lift and Smart
Automation

Methane emissions savings a secondary benefit

— Optimized plunger cycling to remove liquids increases well
production by 10 to 20%!
10-20%
— Additional 10%?! production increase from avoided venting
10%
= 14,150 m3/year methane emissions savings on average per
mature well 14 150
= QOther benefits include:
— Continuously optimized production conditions
— Remotely identify potential unsafe operating conditions

— Monitor and log other well site equipment (i.e dehydrator,
compressor, vapor recovery units)

Reported by Weatherford
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iy |s Recovery Profitable?

= Plunger lift installed cost: ~$2,500 to $10,000 per wellt
2 500-10 000

— Reported savings of ~50% less venting? 50%
— Reported paybacks of 2 to 14 months? 2-14

=  Smart automation controller installed cost;: ~$11,0003
11 000

— Reported savings of additional ~25% less venting (for a total of
~75% reduction in original blowdown venting)#
25%

— Reported paybacks of 1 to 3 years® 1-3

1 EPA. Installing Plunger Lift Systems in Gas Wells Lessons Learned

2 British Petroleum. Houston Natural Gas STAR Annual Implementation Workshop, 2007
SYAR 2007

3 Phone conversation with vendor

4 EPA. Spring 2004 Partner Update 2004

5 EPA. Gas Well “Smart” Automation System PRO

Note: All costs and revenues are represented in U.S. economics

25
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Industry Experience

13 companies have reported using plunger lifts since
1992 (2 automated) 1992 13
2

— saving over 1,500 million m3 of methane! 15
— worth nearly $387 million? 3 8 7

1,600

1;‘38 Cumulative Plunger Lifts and

1992 1994 1996 1998 2000 2002 2004 2006

m Plunger Lift Reductions @ Smat Automation Reductions

1|STAR database
2 Gas valued at $0.25/ m3 Year

26
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Leak Detection — Infrared Camera

— Inspect with infrared camera to
identify leaks

— Creates real-time images of gas
plumes from leaks

"= Flowlines often leak

L -
=

Source: Leak Surveys Inc.

FEDW I I 7 AT 50 AL 1B

Conduct DI&M at Remote Sites
ErVEfk AR HERE 1 i L (PRO)  NO. 902
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Infrared Leak Detection

27
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Pipeline Defect Emissions Solution- Composite
Wrap -

= Flowline damage or corrosion
leads to leaks

— Identify defects in pipeline and use i
composite wrap to avoid leaks )

— Consists of composite sleeve
wrapped around the defect and
bonded to the pipeline

Source: Clock Spring® Company L. P.

ATHEERELRINESEE

COMPOSITE WRAP FOR NON-LEAKING PIPELINE DEFECTS

1 NER=E

SHEEER-FRAMER. AN ERESEAR, G- TEMES. MR, SEERSM R

AR R R R . S SEEnl GEF TS s, g A B WA iR L iR s e 28



AWM y
Methane to Markets 4

Blowdown Emissions Solutions

= Blowdowns

— Velocity tubing strings - reduces the cross-sectional area of flow, increasing the
flow velocity, allowing liquid removal without methane emissions

— Foaming agents (soap) - gas bubbling through the soap-water solution creates
gas-water foam that is easily lifted to the surface for water removal, preventing
emissions

— Downhole separator pumps -separates gas from water below the surface,
preventing methane emission

iy
REFTHER
LR E T
R Install Velocity Tubing Strings
m: 1A TR ) AL 4 (PRO)  NO. 704
JE BT ARl R EHL O
i | WA O ZbE 5 T 5617 O B [inkii €
Mara| 15| #£3% PRO MAHEIKSE: e O
HAtiA| 34| TotalFinaBle (HFEH) Total) s O 29
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Wellhead Emissions Solutions — Vapor Recovery Unit
(VRU)

= Casing head gas venting |

— Recover vapors with
compressor or VRU

Source: Hy-bon

%E%@ﬁ%ﬂﬁﬁ@%ﬁﬁi Engineering
TR RN EES

Install Compressors to Capture Casinghead Gas

TR ors
W TP AR Pk YL 2 (PRO)  NO. 702
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4% 2 Pioneer Natural Resources USA, Inc. ishisd O 30
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Discussion Questions

= To what extent do you have opportunities to
Implement these technologies?

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

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

31



