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Technological progress — the engine behind
Sinopec’s diversified natural gas development
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Introduction

> HRAARSEEEE. FABHEA

Significant natural gas potential in the world

RFEQIF RSN, B2050FELHKXARSARBREEAN
7891 F/ K, HAIERLI0O7TAZIF XK, BIRARIIAXASA
REEEISTALIALE K, BRARXASTNMAIRBH217HLLER, IE
ERRARSTMAIRENISALILFHK. RASERER, ATHEK
KHIEA
® \World technical recoverable gas resource: 789 TCM by 2050
® Gas production to date: 107 TCM
® Undeveloped recoverable gas reserves: 187 TCM
®Conventional gas potential: 217 TCM
® Unconventional gas potential: 385 TCM

(Data source: CERA)
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Strategic importance of natural gas as primary energy

¢ 2ERRASEFIGIKIE , BRIRASA=KEEREFRFZ— ;

¢ E2035FRASIERRAE_KIHERGERTIR ;
& RIARSERE—REEFERIEZELLAIE20105F/Y3.8%1R5%120145496.3%.
®Natural gas as one of the three major energy resources;

®Natural gas will be the second largest energy resource in 2035;

®(Gas consumption doubled in 2010 -2014 (3.8-6.3% in China’s total primary
energy consumption)

s0% HRKRASAE2015F
A —— World Natural Gas Conference 2015

40% =

30%
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> FREIRIERRERER , RASHEEF~EIBIKIazN
Reform in energy production and consumption in China yielded high growth rate in reserve and gas production
EEILTRB20I5FEATHIE, BRARASKMRFIFEEALT « AIXRAIR
BA0AZAIBE R, TBSHESPRESH EBEAK, OANERREFAM. £+
FFEBRAAMREE 734423 FK, LTHEERRLIME.
EPETRERTNEGER, TaS. RESAIXFRE20H1ZI7FXK,
®China national oil & gas resources t-xa:«.tnaa-am ;
assessment in 2015: 40 TCM of '
technologically recoverable resources of
conventional natural gas (mainly

distributed in Ordos, Tarim, Sichuan and
East China Sea basins).

— 2001 RIS LA

ER oy IR SAO  MB TS 2 01 A

®increasing measured in-place reserve of

734.4 BCM per year in the last decade. | i Ay ST A iz
T e 2R
®Chinese Academy of Engineering: 20 N g &}3:_5@‘1:-‘%;?@-/
= | \/ 1.8 | -

TCM of shale gas and coal-bed methane.



M2004F)20145F, PERASEBMNA415ZIIFRKIEK1234123175
K, FHHEIRS. 2%, RARIEEE2014FXEN19301275, PR EEIRE
B, (EREFefkiRER TERER.

Natural gas production in China had increased by 8.2% annually from 41.5 BCM
in 2004 to 123.4 BCM in 2014. Gas consumption reached 193 BCM in 2014,
making significant contribution to reshaping energy mix and facilitating a low-
carbon economy in the country.
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Production and consumption of natural gas in China

Natural gas production and consumption (0.1BCM)
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Sinopec’s diversification development of Natural Gas driven by technological Progress

20045 AR, PEANENFEEN S ST, SRR &0
. BREMRHF. BBESHER. EFEASHI ALFEARNESMEH
#, ERFEFEHES, BRESIHRESE,. IsSBFARAERYEZT %,
2014 KRS - E 320012 77, %EJLTi%—LFEE'JEtiL_tim'&

®Since 2004, Sinopec has achieved 250 -
technological advances in many aspects
concerning natural gas, including gas S0 RRES WERES FS o mEAS

content estimation and reservoir

Shale gas Ultra-deep gas Tight gas Convention
characterization development
optimization, ultra-deep drilling, anti-
corrosion, and factory drilling. £
® [ arge-scale commercial development
of tight gas, ultra-deep sour gas and
shale gas was based on these ]
advancements, and by 2014, Sinopec’s 0

annual gas production surpassed 20 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

BCM, r_narking a giant leap in gas o E G AL TR AR P B b RIS AL I
production growth. Sinopec’ s natural gas production
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Gas production(0.1BCM)
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. BRERSRSHEESVHREA

g, Safety- and efficiency-oriented technologies for the development of
0pEC Puguang Gas field

TASEHS (15.2%) , TMSHEERR (7200m) i@ (164C) Sk
(70MPa) , IEESH. RESYAXKEEK.
Gas production from Puguang and Yuba fields has many challenging issues:
®Puguang: high H,S (15.2%)
®Yuanba: HTHP(164°C and 70MPa), deep burial (7200m), and complex reservoir and water-gas distribution.

Fe BRI X AR 2R -

Technology Series for gas development

¢ BREHRMIBEEBAZIERA
¢ BFBEEKEHMIREEFH A
S HABESETWMSEB M IFHEA
S S EMARA[BAMBRRE R LKA

€ Fine characterization of ultra-deep reef-flat facies
reservoirs

@ Rapid drilling for horizontal wells in thin ultra-
deep layers

€ Anti-corrosion in sour gas development

€ Advanced sour gas purification system

EXSHEEM0ZG/FEREN, TMS EAETEEEMOEE/E&EF

XL HALBRRERBRELFFE.

Puguang gas field: annual gas productivity of 11BCM; Yuanba gas field: annual gas productivity of 4BCM
Technologies for Puguang gas field development won the Special Prize of National Science and Technology Award




.. 1. EBREEREEERE R AR

;- Fine characterization of ultra-deep reef-flat facies reservoirs

B T BRREMEEAZIER AR, HAEEHEFERS%ALE, FFAHMWNAT
BE_;}“, 1 49 634 X 1 O4m3/d o

Fine characterization of ultra-deep reef-flat reservoirs with more than 85% accuracy
in terms of drilling data and open flow rate for newly drilled wells being 149-

634 X 10*m?3/d).

O KA AR, SR oA RIE MR L 'S

Impedance inversion and paleogeography analysis for profile and planar distribution
characterization;

ZHIEAR ZBEMEHETAR, BREMAFZIESH
3D visualized and multi-attribute fusion technique for spatial distribution characterization;

& = 4E It BB AR IS (R £ R0 = R

3D geological modeling of reservoir distribution in reef-flat bodies

————

3520000

BB RRSTHRBR

Wave impedance inversion 3D visualization Reef-flat reservoir models 10
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e B2 0, R ER KK EH MRS R A
\

opet A Speed drilling for horizontal wells in thin ultra-deep layers

T =00 AR, S “+PAZES—O8FKEH" NRE, ST SamIEERKFE
FEhFA3mE A LR FN2ME R LR

Application of the following three technologies refreshed 3 world records and 2 domestic records in
ultra-deep horizontal well drilling of high sulfur gas reservoirs.

Wi R E R KK RN R AT BRI

Horizontal well trajectory adjustment and control in thin 50 1
ultra-deep layers 4
n S EHRGH B AR TR %EM
Multi-pressure system well design E’ﬁ
WERKFEH N IREH A £ e
Speed drilling for ultra-deep horizontal wells 350 P | —_— |
Accumulative drilled and completed wells = = S ,gl::-%:g;;; (1::—.')13 == Sk B
Accumulative numbers of drilled and completed wells
2 (Items ) 18¥5 (Records) H5 (Well) 7% 7] (Record Level)
FEVR IR (Vertical depth) 6991. Im JeH121H (Yuanbal21H 5 (World)
HIEBIE (Well depth) 7971m JEH101-1H (Yuanbal01-1H) 57 (World)
KB HE (Lateral length) 1073. 3m FCH272-1H (Yuanba272-1H) 1t 5 (World)
FHEE S 18 (Bottom pressure) 140MPa JGH1272H (Yuanba272H) rh[E (China)
Wi BB (Drilling time) 282d FCH1102-3H (Yuanbal02-3H) #1[H (China)

11
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AFEF THAESSMSHE MR, BHHERREHIE0. 059 XRK/FLLT, £
MTEFRILAARESSTRSHIE, TATLIM, BLTiEHE, BEFRTE20%.
Innovations in sour gas anti-corrosion technologies has helped keeping facility corrosion rate well

below 0.059mm/year and realized direct pipeline transportation of several 10 BCM of sour and
wet gas. It saves land and money and is environmental friendly.

o EM B MITMN SMER AR
Sulfur resistant pipe material
evaluation and selection

O S R MAAREME BRI
Pipe welding

oS RMSHIESEMIE i |
ZM5T. PAIRGRIP. ERERNF
GZEPBRAR

The “four elements” anti-
corrosion method consisting of
corrosion monitoring, prohibitors,
cathodic protection, intelligent
detection

Electrical :
resistance Intelligent
Throttle Prohibitor probe Metering detector
Well  yaive input separator
head i HEARE (L
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| our elements: 1‘ gmﬂ 2‘ uﬂﬁi ;“&W}'
Prohibitor 3 igg&’ 4 mﬂﬁ#
Corrosion monitoring \ \ .
Intelligent detection To purify plant
Cathodic protection

EXSHEWRSG “MER” SZEHELE

“Four elements” anti-corrosion method 12



g 4, BEMARSBAMERE SR

onet - Advanced sour gas purification system

OﬁﬁﬂiTlﬁliﬂiﬁ RIEXKBANTRER, £RTREWIL. HRELSERE AL
AR, RARSFENEIX9.99%, fiF—SFRE;

Fixed bed low-temperature catalytic hydrolysis system with two-stage absorption and intra-stage cooling and
purifying technologies integrated for treatment of high sulfur gas (purifying rate = 99.99% and > requirement
of type I gas standard in China)

oﬁﬁﬁﬁTf‘f#j@'-_ﬁ%EﬁkF B T207 MR BHIFREmREEE, FEFRE2107
M, SEREWERIE.9%, MR ~maE9.9%, MTF—FmizE.

Super-huge Klaus sulfur recovery system with 200 000-ton single sulfur recovery unit capable of producing 2.1
million tons of sulfur per year, with both sulfur recovery rate and sulfur purity reaching 99.9%, higher than

national standard of first class product

CERRRSEUS 00 A IS TS SN B AR

Puguang gas purification plant for gas Super-scale sulphur recovery facility
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opet A Development technologies for tight gas

.....

AXEMSHEREEE D EHRMRE. BEYME. BEFER. BEH~=
K, 2FFUFLEEK.
Daniudi gas field: difficult to develop economically due to its thin layers, strong

heterogeneity, unfavorable reservoir features, low abundance of organic matter, and
low production from vertical wells

R ZZARFRTN:
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Accumulative gas production (0.1 BCM)

& Prediction of thin coal formations and
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Annual production rate (0.1 BCM)
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B ESMEIHA LA B RMMUEAR
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‘Hi- 3 4 -
their gas content 0 oo F'F 10 11

Development Technology Series :
‘Quantltatlve bIOCk assessment i 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
€ Development optimization Accumulative % ﬁgmi’nw&

gas production rate (0.1 BCM) I ;

Production growth of Daniudi gas field

W
o

ST RFEMSEHMEF L, RERBEESZFK
Large-scale development of the field was the 2nd prize winner of the National Science and

Technology Award e



B 225G 1 E TN AR

ol ft0
S 0:5 A Seismic prediction of thin tight sand layer
RS ER R RRER. RIBRYERMAEAR, ULRHABRKEMRRITTFER
BER, AERTNEREESKLLT ERE,

Innovations: sand body with thickness <5 m can be accurately predicted through coal seam reflection
shielding technology, amplitude attribute optimization, and well-seismic tie geostatistical inversion

(‘&“\“ \\\%“\mﬁg“w\\\\\ww‘ ;&u %l \ ] B un “
<<«( «(«« <<<<<<<<<<<<<<<<<<<<<(<(<<si‘ ‘“} p RERRABRZRAD om kL :
% Sand body response in original seismic data were
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SR E B R SRR Strong reflection of coal seam shielding technology

DA J& 1 2 1 TR T 1E
Braided river channel qualitatively predicted by
optimized amplitude attribute analyses

@%EE fi)ilﬁ*ﬁ??k Thin reservoir lithology inversion technique 16
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Development optimization of tight gas reservoirs

SEEWMN, MREHE, 5§
BmILiE. MELZMEFITENT
—iF, WAl TUATHEREAEE
BN EEEX TN EARMBE
SEWBMIA L7 RMMHEAR,
Quantitative block screening and
development optimization of tight gas
reservoirs:
v'Formation evaluation
v'Geological modeling
v'Reservoir engineering
v'Reservoir stimulation

v'Economic evaluation

SELFFE
Gas reservoir characteristics
| ' , ' !
fik 5 [ fik B8
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Quantitative and optimized selection of potential targets

\
HESBIT LT RMALEAR

Optimization of tight gas development plans
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El \ J\ EL?F&*&* Shale gas development technology

ﬁfxawkﬁ$#\ﬁAﬁﬁ\ﬂﬁﬁﬁﬁﬂiﬁwﬁk
Bt S ERAIEO R AR, STHL TR A SRS R RIS

W&

gEfFik. B SK1580OH, L5/ 3F100%, RITFE526{LF; M

THEIRE N~ RES01C 73 /5 -

® Comparing with North America, shale gas
reservoirs in China differs greatly in field,
geological and surface conditions. Technological
and theoretic innovations based on previous
studies helped to achieve an exploration
breakthrough and green exploitation of Fuling
shale gas.

®All 158 wells drilled and tested in the area
turned into production wells. By now, the field
has produced accumulatively 2.6 bcm and a
productivity of 5 bcm/year will be achieved later
this year.

e

WORLD SHALE OIL & GAS
SUMMIT

INTERNATIONAL PIONEER
2014 AWARD

SINOPEC

2014%F 58 T thh 5 T A v A5 0

~ Bk “TCA W EPRTER” "
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T 1. BRIT A IIAEE

L Discovery history of Fuling gas field

1833 2009-20124E 104 O FH$EERFIERER

=
=
RE, RENGEITHERLI.

L=

5, BLIAHBIRESH
NESEEEREFRAR, FHHNAZRSEN)ZEHER

Analyses of drilling
data from more than 10
wells drilled between 2009
and 2012 led to an
understanding of
preservation condition
being one of the key factors
for shale gas accumulations
and a focusing on marine
formations in Sichuan
basin. The important
discovery of shale gas well
Jiaoye-1 was drilled in
Fuling region.

20



RS Wt “HTIT " IREHRIREARAR R
5, $hFFREIHA4E3E53% , ShFFRLATNRE T 35%,

Factory drilling technology customized for mountainous
areas, which shortened drilling time by 53% and cut down
drilling cost by 35%

mL Az EE N H ML HERAR

Well spacing optimization

$i#HN PuER

it “FTI UIRSEHAR

“Factory’ drilling for mountainous areas
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Factory drilling for mountainous areas with
step style/slide rail drill rigs

WK ERIK S HIRE S F R

Rapid drilling for horizontal wells with long laterals

L3R B H TN

Staggered well spacing
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2012-20154E 85 H TI2RA
Drilling cost between 2012

and 2015

2012-20155E 155 H A HA

Average drilling time
between 2012 and 2015

]
Slide rail drill rig 21
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Fracturing in horizontal wells

WK% E RS BT RAKR

Optimized design of multistage hydraulic fracturing in horizontal wells

B T A E 30008 =5 E

Built world’s first 3000-model fracturing truck

RERASVERGAEZR: KEHE. KIAE. S0M4EELYT

Promoted low-cost and high-efficient fracturing fluid: low friction, less formation
damage and excellent proppant carrying capacity

BRI ERRELML, —HERBEI6-8E.

6 to 8 stages of fracturing per day through optimization of fracturing procedure,

30008 E S Z4H £ET19-1HF . 9-3HFEZIN 1A
3000-model fracturing truck Fracturing of Jiaoye 9-1HF and Jiaoye 9-3HF wells

22
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Environmental protection technologies

EBRMETHERIPBAR, T TRESEFHL. FELE.
Environmental friendly technologies developed and applied to realize a “green” and
economic development of natural gas

REARmTMESKEA: HIT MESuHES, EHIMIERERIER30%L L
Concentrated factory drilling facilities and gas gathering stations: to cut down land
area by 30% per well.

WK FEREFIASHRIPREAR: BIIEK, F5BRRSFK; RREBKMEHE, FRIFKIE
Water utilization and protection: to ensure local industrial/agricultural and residential
use

BEEACIEFIARAR: $HEBEFENE,. REKMBRHRLGIEEESEFI A

Waste fluid recycling: to treat all bit cuttings and recycle produced water or flow back
fluids
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O T, R Outlook

BETFPEAUEEESURARNBSERERE. REEIR. TESFERS
BEEBHF L, ZUTRASTEREE K. SEPAUEERE “FBATHFE,
RARSRES, FRABEN" NFRLRAE, BIREEH. SEH. Hil
RQH, SEMRASTEFERRIEK, RESCHERMEEXTE.

Sinopec relied on technologic innovations to develop once uneconomic shale gas and realize a fast
production growth of natural gas in the past decade. In future, Sinopec will implement the
strategy of “ maintaining a sustained development of crude oil, accelerating natural gas
production growth, and achieving breakthrough in unconventional resources development, and
make a great contribution to the ecological civilization construction through technology,
management and business model innovations.

B 20204F: RFTE400-5001Z75, HIMS300- T
3701275« EEMS100-1301275 -

B 20304 : EFTE800-10001Z7, EMS
500-60012 75+ JEFEFS300-4001275

W 2020: annual gas production of 40-50 BCM 2000
(conventional 30-37 BCM and
unconventional 10-13 BCM) =
M 2030 : annual gas production 80-100 BCM
(conventional 50-60 BCM and
unconventional 30-40 BCM)

6000

4000

Fehe (L7

2015 2020 2025 2030

BEHS nHES nBEES mAzZS BEES

PALRRSFEEZRAX

Sinopec natural gas production growth o5
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