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Ordos Basin, a Mesozoic-Cenozoic superimposed
basin, covers an area of 25x10%km2. Yanchang Shale
Gas Exploration Area in the Shanbei Slope is

characterized by the Plateau hilly topography.

__arme -

SEACATUA R X TP A Tectonic map of Ordos Basin and oil field location
Topographical features of shale gas exploration area
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%ij"\%,ﬁﬁﬁﬂw%}ﬂ General Overview of Ordos Basin

SRR B ERZ A RIS FEXT B 8,
AR RIS
o BiE#R: EHEFRKE-LLUAS,
4 FEICLH.
< The tectonic structure of Ordos Basin is

relatively simple and characterized by a
single western dipping monocline.

< The target Formations: The Benxi-Shanxi
Formation of Upper Paleozoic, the
Yanchang Formation of Mesozoic
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Profile Diagram of Ordos Basin
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The exploration and development history can be divided into four stages

%Sl

Pilot test

y

BhERSERR

Exploration and breakthrough 2010-20114F

BRIEES

. Evaluation and research
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2009-20104F

Investigation and pneparation
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2008 -- 2009: The investigation and preparation

¢ FrRERIHBRER. EXEFRESERARZR
¢ FEEF/IELME. EEHSE , INSPRSHRIMRARESKENES RS,

€ Carried out the survey, collected data etc.
€ Investigated the field outcrops and old data, confirmed that Ordos Basin
has geological conditions for forming shale gas reservoirs.

W) SRR TR F TS iE) ll%kT&'[ﬁ%ﬂﬁ A
Lacustrine shale of Yanchang Formation in Lacustrine shale of Yanchang Formation in

Tongchuan Yanchuan county
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2009 -- 2010: The evaluation and research

¢ FROESAEFREHRT | JREH
SEHRERA ;

¢ FRZFEHNHREFEIRXMIE.

€ Studied the reservoir-forming

conditions, explored the drilling and

completion techniques.

€ Evaluated resource potential,

selected favorable exploration target.

R ICE SEHRA M X 56 PP E

The comprehensive evaluation map of shale gas
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2010 — 2011: The exploration and breakthrough

BWFL7 TR 7 ERife T a FRIES = K pk
1, ARES—OMHERESH

Hﬂiilzl79%§lil#§§éﬁz“§ S ' ;J.J:F
TERGHEERESHETEALFES.

Well LP177, the first lacustrine shale gas well
in China, was ignited successfully after
fracturing.

Several wells like LP179 got gas flow in the
dark shale, which indicates the beginning
of lacustrine shale gas exploration and
development of Yanchang Formation.
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—2012~ FR%ESMEL 2012- present: The pilot test

QBT MNE , BELESSHIA ; Deployed appraisal wells, confirmed the gas-bearing
areas

OERFEH |, iFNF=sE, Deployed deygloping wells, estimated the shale

gas productivity

R REE E 5K A 7 A

Designed sketch of developing well The distribution of completed horizontal wells
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HejEik Current Situation

SHTIESHS O, Hd: B
Ha700. KFEHAO.

SRR AESHER2O, H
BHH380., kFEH4O, 193k

Ll s
ESH-

< Drilled 51 shale gas wells including47
vertical wells and 4 horizontal wells

< Fractured 42 shale gas wells including 38
vertical wells and 4 horizontal wells. All the
fractured wells have gotten the shale gas

fiiE 51 SENRIZE [

flow.
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Progress 1: Initially developed the technologies of geological evaluation and optimization

ﬁ%z&i’@ UHMEX XESH, MRSIIERES, MiET “#HMR” 8%
X—=Z=&-E)ll. TFE-EF.

Based on the combination of Geology and engineering, we determined the key
parameters of geological evaluation and optimization, and then selected the two
favorable areas (Yunyan-Yanchuan region and Xiasiwan-zhiluo region ).
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RGN BIRE S, MBERRXTTESRRIREE5630X 108,
HITHSMENR, IRIBHREE96X108m3 , KM T HEE—/FEETE

o fpde a systematic evaluation for the resource potential of study area. The amount of
geological resources is 5630X 108ms3.

< Performed precise exploration, and discovered the first lacustrine shale gas field
of China with a proven geological reserves of 96X 108m3,

e BRERE A TCa B R R B

The map of exploration degree The map of exploration results



& — — L 3 | T
o ®  — = ¥ : i
E%Esm =. FEFARFRE Progress of Key Technologies

e YANCHANG PETROLEUM

L /4

AR : ARSEERR=4RIIR

Progress 2: Carried out 3D Seismic Exploration by UniQ Technology.
BRI S IR T ZHMRENER, KA T HE DU A 75 kIR A B RIUNIQEL

A, #HBZARH360X, FRMREZFRS, AEHHHSTNEZE 7 EAH.

Yanchang petroleum acquired the first 3D seismic data with UniQ technology of
SLB ,the ultimate fold reaches 360 times and the quality was enhanced obviously.
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Progress 2: Initially developed the drilling and completion technologies of horizontal wells in lacustrine
shale

B ARTESKEAFRRHAERENE, MA2HESFREAR

B fliEshk. ML HESH, MEATTESKEHSEHIRERRAR

B MEAREESREREAHKER. SUERESAESR, ERKEHEHEAR

€ Developed the technology of applicable oil-based drilling fluids .

€ Optimized bit and drilling parameters, formed the speed-raised technology in horizontal well
drilling.

L 4 Develgped the cementing technologies of horizontal well, such as the cement paste with low
density and high performance and efficient spacer fluids.

AR HRE A AR AEEEHRIE RTIYOLI- 1M .a,;arsa,m;fu

oil-based drilling fluids Plugging agent Degreasing agent
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o IKFFHEFEEAMOS KGR E54K
W izIniE A o SEEIHARELIEML. 26m/hIZEE6. 05m/h
« BEIFREAHBERI00%

Based on this technology
 Thedrilling time is shortened from 65 days to 54 days.
« Thedrilling speed is increased from 4.26m/h to 6.05m/h.

 The qualification rate is 100%.
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Progress 3: Initially developed the Volume fracturing technology

(1) IR FIF O, FRLEAMETTENRAE. [KERBBK
EZGBIE %R

(1) Developed the key materials like friction-reducing additive, and the fracturing

liquid with low harm and friction like slick water.
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(2) ERNBZIMEEETZHEAN, YSEAMGHEITESKEHZRTEEHRTZ
B, EEEFH3IBO, EHKFEH4O.

(2) Developed the multi-staged fracturing technology suitable for the lacustrine shale
exploration by using its supporting technologies, fractured 38 vertical wells and 4
horizontal.

* HASEBMESBERTS € Staged fracturing technology by combining tech of perforation
with bridge plug
¢ BIERMERERAR

¢ FELEURMHARA
Monitoring technology of downhole fractures by using micro-
¢ ATHMBERSFMWIER oiomic

Pressure-decreasing technology for pad acid
Liquid supply technology by using continuous mixing method

L R 2 2

T i

Fracturing Site Micro-seismic Monitoring
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Progress 4: Innovatively used the CO, fracturing technology

SRMERETIR, KBUE \ «oo pmassemEZL” =T EESREHR A FR R

\

i f S A0, F 2" ! WAL B T BRI,

HEEF o)/
For reservoir with low pressure, “Energy Increasing by Increased the flowback speed and
high water sensitivity and water {, CO, * Fractures Network  § 'y 4te restrained shale expansion and
consuming as well as the slow i Fracturing” and * Pure ] reduced the quantity of fracturing
flowback of fracturing liquids quuefu_ad Cco, ¥ water,
problems. Fracturing” experiments.
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CO, Fracturing site Flowback rate (%)
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Progress 4: Innovatively used the CO, fracturing technology

.é': ECTExHERSAFEIMERRIIERAECO,ESE
-, RACO, 767k, MNEL7287. EHiKR28787F ,
EERHHR . RFNSED.
The well YYP X was fractured by bridge plug and clustering
perforation in 13 different parts. After pumping CO2 of 767
tons and adding sands of 728 Cubit feets and fracturing
fluid of 28787 Cubit feets, the well shows fine air and quick
flowback.

'I-__- , __g_;J--_.l.__._l.J.l_._.-l-.L.-__.._.

00 11:00 12100 1300

CO,EBM B OEEAKER

Part of Co2 fracturing Part of Slide water fracturing
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Progress 5: Developed the technologies of non-harm processing and recycling
for the fracturing flowback liquids

o BITQIIHRHT ERERLERE kT REREHELE, AL
© BEMRETEEERIELIZSEA 1@ag600m, AT ERRRRESE.

° IRESEIFFIRRA

® Designed and developed equipment for

The processing equipment can dispose 600 m3
fracturing liquids processing (FLP) P g equip p

fracturing liquids per day, and the fracturing
® Developed technology of FLP flowback liquids are being recycled for producing
new fracturing liquids.

;aﬁz] [ﬁﬂﬂ%/_] siE i

® Developed the technologies of fracturing
liguids recycling and utilizing

— | . ol

r - == e

ERF1HERE R B R ERF1H EREHRNEEE R EN

Samples before and after recycling and utilizing The site of recycling and utilizing
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Progress 6: comprehensively utilize the shale gas

ENESHIGEERS LBEIAHITLAR, KM T AHZBEBERHER. SKAER
B K hmi iR fe

The gas-fired generating units were allocated in the well fields to generate
electricity, which can meet the power demand of electrical pumps, sewage treatment
equipments and pumping units.

BoTH Gk FAHLA H o9 K HHLA

The gas-fired generating units The gas-fired generating units
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Energy Roundtable Meeting
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AL — 'ﬁ = ﬂE International Exchange and Cooperation

for European and Asian Countries

Field Trip for AAPG Convention in 2013

uu. International Exchange

.CHI
m US-

% 12 i‘?*’m

sEpTEMAER 10 12,20
soyaesH10-128

12th US-China Oil and Gas AAPG Annual Convention
Industry Forum at Pittsburgh in 2013

US-China Shale Gas Round Table
meeting in 2013

Columbia University in 2013
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AL — 'ﬁ = ﬂE International Exchange and Cooperation
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E|FRE1E international Cooperation

EEETFES KRR T 2
B AR, KR 2B
WESH R, Bt Hith
W3k TerraTek SLI0 = K I -4
Doll Research (SDR)#fkH .25
HF5 2 ER A KT A
1B, FFRIBIH .

BAF T2 BkiiER 5T FMRR
Institute of Globe CCUS at Australia

The agreement signed with Schlumberger

b KZFEGI
With University of Utah

_ Yanchang Petroleum cooperated
with many international
institutions and Universities to
lldevelop shale gas such as UT
Austin, Australian Globe CCUS
Institute, Schlumberger TerraTek
Laboratory at Salt Lake City, and
so forth.

SN K BETT SRS BN

The agreement signed with BEG of UT
Austin
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Challenge 1 : Lower degree of resources proven

BIREERR, IR
Wt BV KRR E

The exploration degree is low,
which leads to poorer definite
degrees of resources and

reserves.

TR IR 22 0 2R R A 7 B U o A i 3
The distribution of shale gas of Chang 7 Member
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Challenge 2: The drilling and fracturing technologies for horizontal well need to be
improved

Lacustrine
shale gas
of china

Marine
shale gas
of north
America
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Challenge 3: Improvement or import of some down-hole equipments

EREXEZE, FARATRE, LLWPEENANR. TR, FEF, &
BfFoist,

4

Some of the key equipments, especially the apparatus of logging while
drilling, bridge plugs and sliding sleeve in down-hole equipments need to
be improved.

e e "

MWD

BT S [E) S F - Bﬁ%ﬁlulg%%ﬂm%,ul#
Geo-Steering Drilling : logging while drilling and GR logging

375" 1D 336" 1D

bridge plug with drilling ability

TAPEE[E
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Challenge 4: Environmental protection
NESERAKEXR. EREBEHRATEFRMES, RICMXESTE
RIFXS A SEHRFF A BARRE T ESHEXK.

More research on technology of exploration and development should be
met the needs of the environmental protection in Shanbei, for a large
guantity of fractured fluids will be discharged.

HAHEBOE AR S PR 2 K Bk
Environmental pollution A large amount of Water used in

fracturing
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Challenge 5: High-cost exploration and development

— R &I, TIESERMEMEBIR, (Rl mES;
—RMERE R, EREREK, RAS;

Firstly, the relatively lower working efficiency leads to the high cost in the initial
stage of exploration and exploitation.

Secondly, the complex topography gives rise to high difficulty and high cost in
exploration.

FER A il TUA SR X i 3

The topography of Yanchang Petroleum
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HIPETTESEEF L, AKX, FFREXIEEE. BEFRAL
KEBARIAZTEFOE. FEFLEXENESERALZNZN, BilFE
REMEARRXHXRMEE, RBREEPETIESSIHNAR -

Facing the problems such as high cost, low proven degree, imperfect
technologies, shale gas exploration of China is still in the early stage. Thus,
exploration experience of America should be used for reference. We
suggest that China and America could reinforce the technical exchange, in

order to promote the development of shale gas industry in both countries.
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