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Location of Jingbian Field and CCS site (Red box). Source of CO2 is captured from Yulin 
Coal Chemical Company of Yanchang Petroleum in Yulin City (Blue box). 

Structure of Ordos Basin Map of China 

(1) Location  
CO2 Storage Site: Jingbian city, Shaanxi Province, China 

1. Introduction 



(2) Project Goals  

1. Introduction 

To utilize the CO2 captured from coal chemical company and 

implement CO2-EOR and CO2 sequestration in Ordos Basin.  
 

 To capture CO2 through the use of low-temperature methanol wash coal 

chemical production processes.  

 To transport CO2 by trucks and inject CO2 into nearby oil fields instead of water 

flooding.  

 To improve oil recovery through CO2-EOR in ultra-low permeability and 

porosity reservoir in Ordos Basin. 

 To store CO2 permanently and safely underground in Ordos Basin. 



1. Introduction 
(3) Project Timeline 

Description Important Date 

Project preparation Oct.2009, Yanchang Petroleum Group started CO2-EOR test 
in Chuankou Field. From March,2011 to Dec,2013, Yanchang 
started to evaluate CO2 sequestration site under framework 
of  China-US Clean Energy Research Center (CERC). 

Project start date January 1, 2012. China Ministry of Science and Technology 
(MOST) started to support Jingbian CCS Project. 

Research project of the first 
phase finished 

April 30,2015. CO2 will continue to be injected in Jingbian 
Field. 

CO2 injection start date September 4, 2012. 

CO2 capture start date November 29, 2012, at Yulin Coal Chemical Company. 

GCCSI started to sponsor July 2, 2013. 

Becoming China’s 
Demonstration Project 

Sep.5, 2014. The National Development and Reform 
Commission (NDRC) chose Jingbian CCS Project as a key low 
carbon demonstration project of China.  

Amount of injected CO2 about 43,000 tons on May 31, 2015. 



2.Objectives and Anticipated Outcomes 

 Planned to improve the efficiency of coal resource utilization and utilize the 
CO2 which is the byproduct of coal chemical company of Shaanxi Yanchang 
Petroleum Group.  
 

 Planned to build 50,000 tons/year CO2 capture equipment Yulin Coal Chemical 
Company of Shaanxi Yanchang Petroleum Group in Yulin City, Shaanxi.  
 

 Planned to inject CO2 in more than 5 wells and get EOR ratio about 5% to 8% at 
the low porosity and permeability reservoir of Jingbian Field.  

  
 Planned to develop an integrated MMV (Measurement, Monitoring and 

Verification) technique and formed CO2-EOR techniques and a CCS 
demonstration pilot project. 



(1) Ordos Basin is the largest oil and gas production area in China 

3. Description and Relevance 

Fossil Fuel Reserves of Shaanxi Yanchang Petroleum Group in Ordos Basin 

Oil & Gas Equivalent production 
in 2014 

Coal Production of 
Shaanxi in 2014 

Yanchang Petroleum Group Changqing Oil Company (PetroChina) 
520 MT 

13.75 MT 55.45 MT 

Crude Oil Natural Gas Shale  Gas Coal 

Proved Reserves 
 

23×108t 3374×108Nm3 290×108Nm3 150×108t 
 



(2) The excessive production of fossil fuels leads to large CO2 emission 

3. Description and Relevance 

CO2 emission of Shaanxi Province was 133 million tons in 2005 

and 234 million tons in 2011 roughly estimated by Liu et al. 

(2013). The average CO2 emission per person in Shaanxi is 1.6 

times as that in China. 

 

 There are still ten large coal chemical projects under construction 

in Shaanxi. By 2016, when these projects put into operation, CO2 

emissions in Shaanxi will increase 180 million tons. 



(3) Large CO2 emission leads to Climate Change in Shaanxi 

The estimated Shaanxi 
provincial average 

temperature curves from 
year 1990-2100 

 (Shaanxi Meteorological 
Administration,  Jiwen 

Du, 2009)  
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3. Description and Relevance 

  Large amounts of CO2 emission caused a fast-
rising average temperature and climate change in 
Shaanxi Province.  
 

 Climate change intensified the severity of dust 
storm and desertification in the north of Shaanxi. 

Yulin City of Shaanxi is 
threaten by desertification 
and in the desert margin. 



3. Description and Relevance 

 A warmer climate impacts on fruits through over-
ripening, drying out, rising acidity levels, and greater 
vulnerability to pests and disease, resulting in changes 
in fruits quality, production, etc. 

 
 If temperature increased 1 degree Celsius in Shaanxi, 
Shaanxi would not be the world's largest high quality 
(Fuji) apple planted area. 

 
 Highest temperature in Shaanxi breaks record every 
year and makes worse drought, poor harvest and 
drinking water supply. 

Kiwi fruit  trees were affected by high 
temperature and drought in Shaanxi in2014. 
http://www.weather.com.cn/shaanxi/tqxs/
08/2170869.shtml 

The high temperature broke record in 
Shaanxi. Fengcun Reservoir of Sanyuan, 
Shaanxi nearly dried up on Aug.2,2014 



3. Description and Relevance 

 National Medium- and Long-term Program for Science and Technology Development 

(2006-2020), China ' s National Climate Change Program, China ' s Scientific and 

Technological Actions on Climate Change, National 12th Five-Year Plan on Science & 

Technology Development listed CCS as key technology to mitigate climate change.  

 

 Shaanxi is selected as one of the first batch of selected localities to promote low carbon 

pilot projects in 2010 when China launched a national “low-carbon province and low-

carbon city” experimental project 

(4) China’s Action on Climate Change 
 On Nov.12, 2014, China promised that its 

emissions would peak “around” 2030 on 

China-US Joint Announcement on Climate 

Change. 



(5) Management of CO2 emissions in Yanchang Petroleum Group 

Year Sponsor Activity Funding 
(Million) 

2007 MOST CO2-EOR pilot test in Chuankou oil-field  RMB 3.12 

2010 Shaanxi Yanchang 
Petroleum Group Systemly study CO2-EOR in Ordos Basin,China  RMB 4.8 

2011 

MOST & Shaanxi 
Yanchang 
Petroleum Group 

CO2 capture from coal chemical industry and 
CO2-EOR demonstration project in North 
Shaanxi 

RMB 56.1 

US-China Clean 
Energy Research 
Center 

Integration of Enhanced Oil Recovery with CO2 
Storage in Mature Oil Fields of the Ordos Basin, 
China 

RMB 0.6 

2012 
MOST& Shaanxi 
Yanchang 
Petroleum Group 

Shaanxi Yanchang Petroleum Group and 
Northwest University started the first CCS-EOR 
pilot project in Jingbian Field  

RMB 8.92 

2013 GCCSI China-Australia international demonstration 
project of CCUS integration AUD 2.30 

2013 Government of 
Shaanxi 

CCS technology and pilot test of CO2-EOR in  
North of Shaanxi RMB 0.3 



Seismic monitoring 

Well log analysis and 
Geology 

CO2-EOR and Corrosion 
prevention 

Environmental Monitoring 
and Risk analysis 

CO2 capture and 
transportation  

Injection site 
construction 

CO2 recycling  

CO2-EOR and 
MMV 

Jingbian 
CCS 

Project 



(1) CO2 Capture and  Transportation 
 Yulin Coal Chemical Company of Shaanxi Yanchang Petroleum Group 

will produce acetic acid 1 million tons/year. In its first phase, it has been 
producing acetic acid about 200, 000 tons/year with CO2 emission about 
52,000 tons/year since March, 2011.  
 

 In November of  2012, the CO2 capture equipment (50,000 tons/year)  
was put into operation in in Yulin Coal Chemical Company.  

4. CO2 Capture and Injection Site 
Construction 



 The capture technology is rectisol, the CO2 concentration of product is about 
more than 99.9%. The cost for CO2 capture is about USD18.8. 
 

 CO2 was transported from Yulin city to Jingbian Field by two 20 tons tankers 
and is now by four 25 tons tanks rented from a private company. 

CO2 
Compression 
Refrigerating 

System 

Yulin Coal 
Chemical 

Jingbian 
Oilfield 

Wuqi 
Oilfield 

25 tons tanker  

25 tons 
tanker  



(2) CO2 injection site construction 
Injection site construction includes: CO2 storage tank, pumping 

stations, field stations, road to CO2 injection wells, parking lot 
and area of well site. 

4. CO2 Capture and Injection Site 
Construction 



CO2 injection wellhead equipment has been replaced by 
anticorrosion material. 

 Five CO2 injection wells 
are located in the existing 
cluster well platform (Jing 
45543 well platform of 
Qiaojiawa area) that saved 
the investment.  
 

 The designed flexible CO2 
injection equipment makes 
full use of limited area in 
one platform.  

(2) CO2 injection site construction 

4. CO2 Capture and Injection Site 
Construction 



4. CO2 Capture and Injection Site 
Construction 

(3) CO2 recycling 
 The facility of CO2 captured and seperated from production well is 

being developed by Shaanxi Yanchang Petroleum Group, China 
Huaneng Group and Hunan University. The method of CO2 
removal and separation is amine absorption based on the low 
energy consumption.  

Pilot-plant 
of CO2 
removal 
and 
separation 
in 
Yanchang 
Petroleum 
Group 



(1) Geology Background of Jingbian Field 

Jingbian Field 

 Jingbian Field is located in central Ordos Basin in northern Shaanxi slope. 
 The oil production was 350,000 tons in 2003,  960,000 tons in 2011 and  1 M tons in 2012. 
 Initial average production rate is about 1.6 tons/day after being fractured and without nature 

productive ability. 

Ordos 
Basin 

Jurassic Upper Fenfanghe Fm. 

Middle Anding Fm. 

Zhiluo Fm. 

Lower Yanan Fm. Yan 9 Reservoir 

Yan 10 Reservoir 

Fuxian Fm. 

Triassic Upper Yanchang Fm. Chang 1 

Chang 2 Reservoir 

Chang 3 

Chang 4+5 Caprock 

Chang 6 Chang 6 1 Reservoir 

Chang 6 2 Reservoir 

Chang 6 3 Reservoir 

Chang 7 

Middle Zhifang Fm. 

Lower Heshanggou Fm. 

Liujiagou Fm. 

5. Technical Description 



Reservoir Parameters in Jingbian Field 

Parameters Baseline Monitor 
Temperature (0C) 44 Measuring 

Primary oil viscosity (mPa,s) 4.84 

Primary oil density (g/cm3) 0.85 

Reservoir depth (m) 1550 

Residual oil saturation (%) 42.2 

Pore pressure (MPa) near injection well 1.5~3 (before injection) 
12 (in situ reservoir) 

Measuring. Estimated 
20-22 MPa 

Pore pressure (MPa) near production well 1.5~3 Increasing 

Permeability ( ×10-3µm2 ) 0.5~3.5 Decreased obviously 

Porosity (%) 9-12 Decreased 
0.61%~3.66% 

GOR (m3/t) 54~76 

Gas gravity 1.1545 

Salinity (PPM) CaCl2 50,520-95,110 171,500 

PH 5.5 5.38 



(2) History of Jingbian Field 
 Before 2003, the private companies had begun drilling for oil and gas for over 10 years. 
  In 2003, Yanchang Petroleum Group owned Jingbian Field. 
 August 2007, it started oil production after fracturing.  
 March 2008, it began injection water for EOR. After 12 months oil production declined 

74%.  
 The average fluid production was 0.5 tons per day, where oil production was 0.18 tons.  
 Water flooding effect was not obvious in this area. 

5. Technical Description 

 The reservoirs of this area is low porosity and low permeability. 
 Natural energy is low and the transmissibility is poor. 
 The reservoir pressure and flow capacity drops quickly. 



5. Technical Description 

Location of CCS-EOR site in Jingbian Field  

              

靖探1

55177

44040-01

47110-01

靖26091

靖41147-01

靖41162-01

靖43225-01

靖44022B

靖45549

靖45703

靖46104-01

靖47106-01

靖51807

靖53308

靖53335

靖53336

靖53337

靖53338

靖56330

靖56704

靖探10

靖探100

靖探105

靖探107

3

靖探118

靖探119

靖探12

靖探133

靖探136

靖探138

靖探13860B

靖探14

靖探141

靖探142

靖探146

靖探15

靖探152

靖探16

靖探161

靖探162

靖探164

靖探166

靖探167

靖探168

靖探17

靖探171

靖探175

靖探176

靖探179

靖探18

靖探186

靖探187

靖探19

靖探2

靖探213

靖探203

靖探21

靖探219

靖探22

靖探23

靖探238

靖探240

靖探246

靖探250

靖探260

靖探262

靖探264

靖探265

靖探27

靖探28

靖探29

靖探91

靖探303

靖探304

靖探306

靖探309

靖探31

靖探315

靖探320

靖探331

靖探332

靖探334

靖探335

靖探34

靖探35

靖探353

靖探354

靖探359

靖探36

靖探360

靖探38

靖探4

靖探407

靖探41

靖探42

靖探43

靖探47

靖探48

靖探5

靖探52

靖探56

靖探6

靖探60

靖探65

靖探66

靖探67

靖探69

靖探7

靖探72

靖探73

靖探77

靖探78

靖探79

靖探84 靖探87

靖探89

靖探93

靖探94

靖探95

靖探97

探121

探184

探189

探193

探194

探25

探305

探419

探50

探96

探412

靖探9

靖探92

靖探71

靖探74

靖探8

靖探85

靖探86

靖探51

靖探109

靖探11

靖探110

靖探13

靖探130

靖探172

靖探201

靖探181

靖探185

靖探206

靖探208

靖探210

靖探212

靖探3

靖探30

靖探32

靖探24

靖探241

靖探135

靖探143

靖探151

靖探114

靖探197

靖41003

靖41004

靖41005

靖41006靖41008

靖41010

靖注41011

靖41012

靖41013

靖41014

靖41015

靖41016

靖41017

靖41018

靖41067

靖41068

靖41069

靖41070

靖41071

靖41077

靖41085

靖41086

靖41087

靖41088

靖41089

靖41090

靖41091

靖41092

靖41093 靖41094

靖41095

靖41096

靖41097

靖41098

靖41099

靖41100

靖41101

靖41105

靖41106

靖41108

靖41110

靖41125

靖41127

靖41129

31

靖41132

靖41134

靖丛41009-1靖丛41009-2靖丛41009-3

靖41001

靖41002

靖41007

靖42019

靖42020

靖42021

靖42022

靖42023

靖42024

靖42025

靖42026

靖42027靖42028

靖42029
靖42030

靖42031

靖42032

靖42033
靖42034

靖42035

靖42036

靖42037

靖42038 靖42039

靖42040

靖42041

靖42042

靖42055 靖42056

靖42058
靖42059

靖42060

靖42061

靖42062

靖42063

靖42064

靖42065

靖42066

靖42073

靖42074

靖42075

靖42076

靖42078

靖42079

靖42080 靖42081

靖42082

靖42083

靖42084

靖42115

靖42116

靖42124

靖42125

靖42126

靖42127

靖42128

靖42129

靖42130

靖注42054

靖注42131

靖43001

靖43002

靖43003

靖43004
靖43005

靖43006

靖43007

靖43009

靖43010
靖43011

靖43012

靖43014

靖43015

靖43016

靖43017

靖43043

靖43044

靖43045

靖43046

靖43047

靖43048

靖43049

靖43050

靖43051

靖43052

靖43053
靖43057

靖43071

靖43072

靖43073

靖43074

靖43080
靖43082靖43083

靖43084

靖43086

靖43087

靖43088

靖43089
靖43090

靖43091

靖43092

靖43093

靖43094

靖43095

靖43097

靖43098

靖43099

靖43100靖43101
靖43103

靖43104

靖43106靖43107

靖43109

靖43110

靖43111

靖43112

靖43135

靖43138

靖43140

靖43141

靖43142

靖43148

靖丛43008-1

靖丛43096

靖丛43105-1

靖丛43108-1靖丛43108-2

靖注43013

靖注43102

靖注43105-2

靖注43144

靖43018

靖44020靖44021

靖44022

靖44023

靖44024

靖44025

靖44026

靖44027

靖44028

靖44029

靖44030

靖44031

靖44032

靖44033

靖44034

靖44035

靖44036

靖44037

靖44038

靖44039

靖44040 靖44041

靖44042

靖44043

靖44044

靖44045

靖44046

靖44047

靖44048

靖44049

靖44050

靖44051
靖44052

靖44054

靖44055

靖44056

靖44057

靖44058

靖44059

靖44060

靖44061

靖44062

靖44063
靖44064

靖44065
靖44066

靖44067

靖44068

靖44069
靖44070

靖44113

靖44114

靖44115

靖44116
靖44117

靖44118

靖44119

靖44120

靖44121

靖44122靖44123

靖44124

靖44125
靖44126

靖44143

靖44145

靖44146

靖44147

靖44148

靖注44053

靖44001

靖44002

靖44003

靖44004

靖45001

靖45002

靖45003
靖45004

靖45005

靖45006

靖45007

靖45008

靖45009

靖45010

靖45011

靖45012

靖45013

靖45014

靖45015

靖45016

靖45017

靖45018

靖45019

靖45020

靖45021

靖45022

靖45023

靖45024

靖45025

靖45026

靖45027

靖45028

靖45029

靖45030靖45031

靖45032

靖45033

靖45034

靖45035

靖45036

靖45037

靖45038

靖45041

靖45042

靖45043

靖45044

靖45045

靖45046

靖45047

靖45048

靖45049

靖45050

靖45051

靖45052
靖45053

靖45054

靖45055

靖45056

靖45057

靖45058

靖45059

靖45060

靖45061

靖45062

靖45063

靖45064
靖45065

靖45066
靖45067

靖45068

靖45069

靖45070

靖45071

靖45072

靖45073

靖45075

靖45076

靖45077

靖45078

靖45079

靖45080

靖45081

靖45084

靖45089

靖45090

靖45091

靖45093

靖45094

靖45095

靖45096

靖45097
靖45098

靖45107

靖45111靖45112

靖45113

靖45114

靖45115

靖45127

靖45128靖45129靖45130

靖45131

靖45132

靖45133

靖45134

靖45363

靖45365

靖45366

靖注44053

JK02

JK03

JK04

JK06

JK07
靖43080

井场2

靖43150

井场4

靖43148

靖43458
井场7

JK08

JK09

靖30459

靖31001

靖31093

靖31132

靖31133

靖31134

靖31135

靖31136

靖31137

靖31138

靖31139

靖31140

靖31141

靖31142

靖31143

靖31144

靖31145
靖31146

靖31147

靖31148

靖31152

靖31171

靖31172
靖31173

靖31174

靖31175

靖31176

靖31177

靖31178
靖31179

靖31180

靖31181

靖31182

靖31183

靖31184

靖31185
靖31186

靖31187

靖31188

靖31189

靖31191

靖31192

靖31193

靖31194

靖31195

靖31196

靖31197

靖31198

靖31199

靖31200

靖31201

靖31203

靖31204靖31205
靖31411

靖31415
靖31416

靖31431

靖31449

靖31713

靖31715

靖31716

靖31717

靖31718

靖31719

靖31720

靖32001

靖32002

靖32003

靖32004
靖32005

靖32006

靖32007
靖32008

靖32009

靖32010

靖32011

靖32012

靖32013靖32014

靖32015

靖32016

靖32017

靖32018

靖32019

靖32020

靖32021

靖32022

靖32023
靖32024

靖32025

靖32056

靖32057

靖32058

靖32059
靖32060

靖32061

靖32062

靖32063

靖32064

靖32065

靖32066

靖32067

靖32068

靖32069

靖32070

靖32071

靖32072

靖32073

靖32074

靖32075

靖32076

靖32077

靖32078

靖32079

靖32080靖32081靖32082

靖32083

靖32085

靖32086

靖32087

靖32088

靖32089

靖32090

靖32091

靖32412

靖32413

靖32417

靖32443

靖32445

靖32446

靖32447

靖32450

靖32452

靖32453

靖32454

靖32455

靖32457

靖32458

靖32459

靖32460靖32461

靖33607

靖33609

靖33610 靖33611

靖33612靖33613

靖33614

靖33615

靖33616

靖33617

靖33618
靖33619

靖33620

靖33621

靖33622

靖33623

靖33624靖33625

靖33626

靖33627

靖33628

靖33629

靖33630

靖33631
靖33632

靖33633 靖33634

靖33636

靖33637

靖33638

靖33639
靖33640靖33641

靖33642

靖33643

靖33644
靖33645

靖33646

靖33739

靖33740

靖33741

靖33742

靖33743

靖33744

靖33745

靖33753

靖33830

靖33831

靖33842

靖33843

靖33845

靖33846

靖33847

靖33850

靖33873

靖33874

靖33875

靖33876

靖33877

靖34246

靖34247

靖34248

靖34249

靖34250

靖34257

靖34258

靖34259
靖34260

靖34261

靖34262

靖34263

靖34264

靖34265

靖34266

靖34267

靖34268

靖34269

靖34270

靖34271

靖34272

靖34273

靖34274

靖34275

靖34276
靖34277

靖34278

靖34279

靖34280

靖34281

靖34282

靖34283

靖34284

靖34285

靖34286靖34287

靖34288

靖34289

靖34290

靖34291

靖34292靖34293

靖34294

靖34295

靖34296

靖34297
靖34298

靖34299

靖34300

靖34301

靖34302

靖34303靖34304

靖34305

靖34356

靖34414

靖34420

靖34424
靖34428

靖34429

靖34432

靖34433

靖34434

靖34435

靖35001

靖35306

靖35307

靖35308

靖35309

靖35310

靖35311
靖35312 靖35313

靖35314

靖35315

靖35316

靖35317

靖35318 靖35319

靖35320

靖35321

靖35322靖35323

靖35324

靖35325

靖35326

靖35327
靖35328

靖35329

靖35330

靖35331

靖35332

靖35333靖35334

靖35335

靖35336

靖35337

靖35338
靖35339

靖35340

靖35341

靖35342靖35343

靖35344

靖35345

靖35346

靖35347

靖35348

靖35349

靖35350

靖35351

靖35352

靖35353

靖35354

靖35355

靖35357

靖35358

靖35359

靖35360
靖35361靖35362

靖35410

靖35425

靖36001

靖36093

靖36099

靖36150

靖36206

靖36207

靖36208

靖36209

靖36210
靖36211

靖36212

靖36213

靖36214

靖36215

靖36216

靖36217

靖36219

靖36220

靖36221

靖36222

靖36223

靖36224

靖36225
靖36226

靖36228

靖36229

靖36230

靖36231
靖36232

靖36233

靖36234

靖36235

靖36236

靖36237

靖36238

靖36239

靖36240

靖36241靖36243

靖36244

靖36245

靖36251

靖36252靖36253

靖36254

靖36255

靖36256

靖36309

靖36392

靖36393
靖36394

靖36395

靖36396

靖36397

靖36398

靖36399

靖36400靖36401

靖36402

靖36403

靖36422

靖36423

靖36426

靖36427

靖36459

靖36抽水井

靖37153

靖37154

靖37155

靖37156

靖37157

靖37158 靖37159

靖37160

靖37161

靖37162

靖37163

靖37164

靖37165

靖37167

靖37168

靖37169

靖37170

靖37367

靖37368

靖37373

靖37374

靖37375

靖37376

靖37377
靖37382

靖37383

靖37384

靖37385

靖37386

靖37387

靖37388

靖37389

靖37390

靖37391

靖37404

靖37405

靖37406
靖37407

靖37408

靖37409

靖37410

靖37419

靖37430

靖37434

靖37435

靖37436

靖37437

靖37438

靖37440

靖37441

靖37442

靖37443
靖37444

靖37444

靖37445

靖37446

靖37447

靖37448

靖38094

靖38095

靖38096

靖38097

靖38098

靖38100

靖38101
靖38102

靖38103
靖38104

靖38105

靖38106
靖38106-1

靖38108

靖38109

靖38110

靖38111

靖38112

靖38113

靖38114

靖38115

靖38116

靖38117

靖38118
靖38119

靖38120

靖38121

靖38122

靖38123

靖38124

靖38125

靖38126

靖38127

靖38128
靖38129

靖38130
靖38131

靖38166

靖38369

靖38370

靖38371
靖38372

靖38378

靖38379

靖38380

靖38418

靖丛36218-1靖丛36218-2
靖注36002

JK10

JK11

靖21001

靖21002

靖21003 靖21004
靖21005

靖21006

靖21007

靖21008

靖21009

靖21010

靖21011靖21012

靖21013

靖21014

靖21015

靖21111

靖21112

靖21113
靖21114靖21115

靖21116

靖21117

靖21118

靖21119
靖21120

靖21134

靖21135

靖21137

靖21138

靖21139

靖21306

靖21307

靖21308

靖21309靖21310

靖21311

靖21312
靖21313靖21314

靖21315

靖21316

靖21317

靖21318

靖21319

靖21320

靖21321

靖21322

靖21323

靖21325

靖21326

靖21327

靖21328
靖21329 靖21330

靖21331

靖21332 靖21333

靖21334

靖21335

靖21336
靖21339

靖21340

靖21341
靖21342

靖21343

靖21345

靖21346

靖21347

靖21348

靖21349 靖21350

靖21351

靖21352

靖21353

靖21354

靖21789

靖21790

靖21792
靖21793

靖21794

靖21815

靖21816

靖21817

靖21819
靖21823

靖21824

靖21851

靖21852

靖21853

靖21854

靖21855靖21856靖21857

靖21858

靖21878

靖21880

靖21883
靖21884 靖21885

靖21908

靖21909

靖21912

靖21913

靖21914

靖22001

靖22002

靖22003靖22004

靖22005靖22006

靖22007

靖22021
靖22022

靖22023

靖22024

靖22025

靖22026

靖22027

靖22028

靖22029

靖22030

靖22031
靖22032

靖22033

靖22034

靖22035

靖22036靖22037

靖22038
靖22039

靖22040

靖22041

靖22042

靖22043

靖22044

靖22045靖22046

靖22047

靖22141

靖22142

靖22145

靖22146

靖22147

靖22148

靖22149

靖22150

靖22151

靖22152

靖22153

靖22154靖22155

靖22156
靖22157

靖22158

靖22159

靖22212
靖22213

靖22214

靖22215靖22216

靖22217靖22253
靖22254

靖22255

靖22256

靖22820

靖22832

靖22834

靖22836

靖23001

靖23075

靖23160
靖23242

靖23257

靖23259

靖23260

靖23261

靖23262

靖23291靖23292

靖23294

靖23295

靖23295

靖23296

靖23297

靖23298

靖23299靖23300

靖23301

靖23302

靖23303

靖23305

靖23461

靖23462

靖23463

靖23647

靖23648

靖23649

靖23650

靖23651

靖23652

靖23653

靖23654
靖23655

靖23656

靖23657

靖23658

靖23659

靖23660

靖23661

靖23662

靖23663 靖23664

靖23665

靖23795

靖24001

靖24002

靖24003

靖24004

靖24005

靖24006

靖24161
靖24162

靖24163

靖24164

靖24165靖24166

靖24167靖24168

靖24169
靖24215

靖24263

靖24264靖24265

靖24266

靖24267

靖24268

靖24269

靖24270

靖24271

靖24272

靖24273

靖24274

靖24355

靖24356

靖24357

靖24358

靖24359

靖24360

靖24361
靖24362

靖24363

靖24364

靖24365

靖24366 靖24507

靖24508

靖24598

靖24775

靖24776

靖24826

靖24897

靖24898
靖24899

靖24900

靖25001

靖25002

靖25003

靖25692

靖25693

靖25694

靖25695

靖25696

靖25697
靖25698

靖25699

靖25700

靖25701

靖25702

靖25704

靖25705

靖25706

靖25707

靖25708

靖25710

靖25711
靖25712

靖25713

靖25714

靖25716

靖25718

靖25719

靖25720

靖25721

靖25746

靖25747靖25748

靖25749

靖25750

靖25751

靖25752
靖25754

靖25755

靖25756

靖25757

靖25758

靖25759

靖25760

靖25761

靖25762

靖25763

靖25764

靖25765

靖25766

靖25767

靖25768

靖25769

靖25770

靖25771

靖25772

靖26001

靖26079

靖26080

靖26081

靖26082

靖26083

靖26084

靖26085

靖26086

靖26087

靖26170

靖26171

靖26172

靖26173

靖26175

靖26412

靖26413

靖26414

靖26415

靖26416

靖26594

靖26595

靖26596

靖26597

靖26674

靖26675

靖26676

靖26677

靖26678

靖26679

靖26680

靖26681

靖26682

靖26683

靖26696

靖26714

靖26722

靖26723
靖26727

靖26728靖26729

靖26730靖26731

靖26732

靖26733

靖26734
靖26735

靖26736

靖26737

靖26738

靖26771

靖26773

靖26774

靖26805 靖26822

靖26875

靖26886

靖26887

靖26888

靖26889

靖26890靖26891

靖26892

靖26893

靖27076

靖27381

靖27382

靖27383

靖27384

靖27385

靖27386

靖27387
靖27388

靖27389

靖27390

靖27391

靖27392

靖27393

靖27394

靖27395

靖27396

靖27397

靖27398

靖27399

靖27400

靖27401

靖27402

靖27403

靖27404

靖27405

靖27406
靖27407

靖27408

靖27409

靖27410 靖27411

靖27666

靖27667

靖27871

靖27872

靖27874

JK12

JK13

靖11001靖11002

靖11003

靖11004靖11005

靖11063

靖11064

靖11065

靖110

靖11

靖11068

靖11069

靖11070

靖11177
靖11178 靖11179

靖11181

靖11182

靖11183

靖11184

靖11185

靖11186靖11187

靖11216

靖11217
靖11218

靖11220

靖11221

靖11222

靖11223

靖11224

靖11225

靖11226

靖11227

靖11228

靖11229

靖11231

靖11232
靖11233靖11237

靖11238

靖11240

靖11241

靖11242

靖11245
靖11246

靖11811

靖12005

靖12006

靖12007

靖12008

靖12011

靖12012

靖12067

靖12230

靖12234

靖12235
靖12236

靖12500

靖12501

靖12502

靖12503

靖12505靖12506 靖12509

靖12510

靖1251

靖125
靖12513

靖12514

靖12515

靖12516

靖12517

靖12518

靖12519

靖12520

靖12521

靖12522

靖12523
靖12524

靖12526

靖12527
靖12528

靖12529

靖12530

靖12531

靖12533

靖12534

靖12535

靖12536

靖12538

靖12539

靖12540

靖12541

靖12542

靖12543

靖12544

靖12545

靖12546

靖12547

靖12548
靖12549

靖12669

靖12670

靖12671

靖12796

靖12797

靖12812

靖12814 靖12862

靖12876

靖12877

靖12879

靖12902

靖12915

靖13001

靖13432

靖13433

靖13435

靖13436 靖13437

靖13438

靖13439

靖13440

靖13441

靖13442

靖13443

靖13444

靖13445

靖13446

靖13447靖13448靖13449

靖13450

靖13451

靖13452

靖13453

靖13454 靖13455

靖13456

靖13457
靖13458

靖13459

靖13460

靖13525

靖13531

靖13532

靖13537

靖13550
靖13551

靖13552

靖13553
靖13554

靖13555

靖13556

靖13557

靖13558靖13559

靖13560

靖13561

靖13562

靖13563

靖13564

靖13565

靖13566

靖13577

靖13578靖13579

靖13580

靖13667

靖13798

靖13861

靖14001

靖14002

靖14188

靖14189

靖14190

靖14191
靖14192

靖14193

靖14194
靖14195

靖14196

靖14197
靖14198

靖14199

靖14200

靖14201

靖14202

靖14203

靖14204

靖14205

靖14206

靖14367

靖14368

靖14369

靖14370

靖14371

靖14372靖14373

靖14374

靖14375

靖14376

靖14377

靖14378
靖14379

靖14380

靖14417

靖14418

靖14419

靖14420

靖14422

靖14423

靖14424

靖14427靖14428

靖14429

靖14430

靖14431

靖14567 靖14568

靖14569

靖14570

靖14571

靖14572

靖14573

靖14813

靖14896

靖14905

靖15207
靖15208

靖15209

靖15210

靖15484

靖15485

靖15486

靖15487

靖15488

靖15489 靖15490

靖15491

靖15492

靖15493 靖15494靖15495

靖15496 靖15497靖15498靖15499

靖15572

靖15573

靖15574

靖15575
靖15576

靖15777靖15778

靖15779

靖15780

靖15786

靖15787

靖15788

靖16246

靖16247

靖16275

靖16276

靖16277
靖16279

靖16280

靖16281靖16282

靖16283

靖16284

靖16285

靖16286

靖16287

靖16288

靖16289

靖16290

靖16296

靖16581

靖16582

靖16583

靖16584

靖16585

靖16586

靖16587

靖16588-1

靖16588-2

靖16589
靖16590

靖16591

靖16592

靖16593

靖16599

靖16600

靖16601

靖16602

靖16603

靖16604
靖16605

靖16606

靖16690

靖16691

靖16801

靖16802

靖16803

靖16804

靖16806

靖16807

靖16863
靖16864

靖16865

靖16866

靖16867

靖16868

靖16894

靖16907

靖16干1

靖17088

靖17089靖17090

靖17091

靖17092

靖17093

靖17094

靖17095

靖17096

靖17097

靖17098

靖17099
靖17100靖17101

靖17102

靖17103

靖17104

靖17105

靖17106

靖17107

靖17108

靖17243

靖17244

靖17245

靖17246

靖17247

靖17464

靖17465
靖17466

靖17467

靖17468

靖17469

靖17470
靖17471

靖17472

靖17473

靖17474靖17475

靖17476

靖17477

靖17478

靖17479

靖17480

靖17481

靖17482

靖17483

靖17781

靖17782

靖17784

靖17821

靖17825

靖17827

靖17829

靖17833

靖18001靖18002

靖18003

靖18004

靖18005靖18006

靖18007

靖18008

靖18009

靖18010

靖18011

靖18012

靖18013

靖18014

靖18015

靖18016

靖18017
靖18018

靖18019

靖18020

靖18021

靖18109

靖18121

靖18122

靖18123

靖18124

靖18125

靖18126

靖18127

靖18128
靖18129靖18130

靖18131

靖18132

靖18133

靖18140

靖18211

靖18248

靖18249

靖18250靖18251

靖18252

靖18258

靖18684

靖18685

靖18686

靖18687

靖18688

靖18689

靖18783

靖18785

靖18799

靖18800

靖18808

靖18828

靖18869

靖18870

靖18895

靖18910

15500

25773

25773-01

25773-02

25773-03

25774

25774-01

25774-02

25774-03

25775

25775-01

32100

32101-01

32101-02

32101-03

32101-04
32101-05

34306

34306-01

36459

36459-01

36459-02

36460-01
36460-02

38132-01

41100-01

41100-02

41135

41135-01

41135-02

41135-03

41135-04

5-05

41601-01

41601-02

41601-03

41601-04

41601-05

41602-01

41602-02

41602-03

41602-04
41602-05

41602-06

41603-01

41603-02

41603-03 41603-04

41604-01

41604-02

41604-03

41604-04

43011-01

43080-01

43148-01

43150

43150-01

43151-01

43151-02

44149-01

45097-01

45140

45141-02

45142-0145142-02

45142-03

45458 45458-01

45458-02

45458-03

45459-01

45459-02

45460
45460-01

45461

45461-01

45461-02

45470

45470-01

45470-02

45470-0345471-01

45472

45472-01

11188-01

11188-02

11188-03

11188-04

12551-0

12

12552-01

12552-02

12552-03

12552-04

18135-01

18135-02

18136-01

18136-02

21355-01

25714-01

25714-02

25714-03

25714-04

25776-01

25776-02

25776-03

25776-04 25776-05

25777-01

25777-02

25778

26417-01

27390-01

27390-02

31093-01

31093-02

31093-03

31094 31094-01

31094-02

31094-03

31095-0131095-02

31153-01

31210-01

31210-02

31417-01

31418-01

32061-01

32092

32092-01

32093

32093-01

32094-01

32094-02

32094-03

32102-01

32102-02

32104-01

32105-01
32105-02

36406-01 36406-03

41085-01

41085-02

41090-01

41090-02

41605-02

41605-03

41606-0141606-02

41606-03 41607-01

41607-02

41607-03

41607-04

41608-01

41608-02

41609-01

41609-02

41609-03

41621-01

41621-0241621-03

42075-01

43113-01

43113-02

44053-01

44075
44075-01

44076-01
44076-02

44100

44100-01

44100-02

44100-03

44101

44101-01

44101-02

44102

44102-01

44102-02

44103-01

44103-02

45039-01

45039-02

45039-03
45039-04

45040-01

45130-01
45130-02

45130-03

45134-01

45140-02

45144
45144-01

45144-02

45145-01

45145-0245145-03

45146-01

45462-01

45472-03

45472-04

45473

45473-01

45473-02

45473-03

45473-04

45473-05

45474-01

45474-02

45475-01

45475-02

45475-03
45476-01

45476-02

45477-01
45477-02

45477-03

45478-01

45485

45485-01

45485-02

45485-03

靖探27

11188-05

11188-06

11231-01

11231-02

11249-01

11249-02

12554

17097-01

17097-02

17833-01

17833-02

18136-0318136-04

18136-05

18137-01

18137-02

18137-03

21317-01

21356-01

21356-0221356-03

21357-01

21357-02

21358-01

21358-02

21400-01

21400-02

22031-01

22031-02

22031-03

22050-01

22149-0122149-02

22160-01

22160-02

22160-03

24358-01

25692-01

25692-02

25779-01

25779-02

25780-01

25780-02

25781-01

25781-0225781-03

25782-01

25782-02

25783-01

25783-02

25783-03

26093

31095-0331095-04 31095-05

31096-01

31096-02

31096-03

31096-04

31096-05
31097-01

31097-02

31097-03

31098-01 31098-02 31098-03

31098-04

31101-01

31153-02

31154-01

31154-02

31154-03

31155-01

31155-02

31156-01

31156-02

31157-01
31157-02

31206-01

31206-02

31206-03

31206-04

31207-01

31207-02
31207-03

31207-04
31207-05

31207-06

31208-0131208-02

31208-0331208-04

31209-0131209-02

31209-0331209-04

31209-05

32025-01

32025-02

32025-03

32067-01
32070-01

32070-02

32070-03

32070-04

32090-01
32090-02

32090-0332090-04
32090-05

32092-02

32092-03

32093-02

32093-0332093-04

32093-05

32094-04

32094-05

32096-01

32096-02

32096-03

32096-04

32096-05

32097-01

32097-02

32106-01

32107-0132107-02

32107-03

32108-01

32108-02

32110
32110-01

32110-02

32110-03 32111

32111-01

32111-02

32111-03

32112

32113-01

32113-02

32113-03

32113-04

32113-05

32113-06

32122-01

32122-02

32417-01

32417-02

33590-01

33600-01

33901-01

33902

33902-01

33902-02 33902-03
33902-04

33902-05

33903-01 33903-02

33904-01

33904-02

33904-03

33904-04 33904-05

33904-06

33905-0133905-02
33905-03

33905-04 33906-01 33906-02

33909-0133909-02

33909-03

33909-04

34258-01

34290-01

34295-01

34295-02

34305-01

34414-01

34414-02

34414-03

34420-01

35343-01

35366-01

35366-02

35366-03

36216-01

36225-01
36231-01

36231-02
36231-03

36255-01

36255-02

36255-03

36260-01

36260-02

36260-03

36260-04

36407-01

36407-02

36407-03

36407-04

36407-05

36408-01

36408-02

36408-03

36408-04

36409-01

36409-02

36409-03

36409-04

36411-0136411-02

36411-03

36412-01

36412-02

36412-03

37173

37173-01

37173-02

37173-03

37175-01

37175-02

37175-03

37175-04
37177-01

37177-02

37177-03

37178-01 37178-02

37178-03 37178-04

37178-05

37409-01

37409-0237409-03

37409-04

38079

38079-01 38079-02

38079-03

38080-01 38080-02

38081-01

38081-02

38082-01

38094-01

38094-02

38094-03

38094-04 38094-05

38094-06

38095-01

38095-02

38095-03 38095-04

41092-01

41092-02 41092-03

41092-04

41092-05

41150-01

41608-03

41608-04

41610-01

41610-02

41615-01

41615-02

41615-03

41615-04

41615-05

41615-06

41615-07

41615-08
41616-01

41616-02

41616-03

41617-01

41617-02

41617-03

41618

41618-01

41618-02

41618-03

41618-04
41618-05

41618-06

41618-07

41622-01

41622-02

41622-03

41623-01

41623-02

41623-03

41625-01

41625-02

41625-03

41626-01

41626-0241626-03

41627-01

41627-02

41627-03

41634-01

42019-01

42019-02

42041-01

42072-01

42072-02

42072-03

42085

42124-01

42124-02

42124-03

42203

42203-01 42203-02

42203-03

42203-04 42203-05

42203-06

42203-07

42203-08

42203-09

42204

42204-01

42204-02

42205-01
42205-02

42205-03

42205-04

42205-05

42205-06

42205-07

42206

42206-01

42206-02

42206-03

42206-04

42206-05

42206-06

42207

42207-0142207-02

42207-0342208-01

42208-02

42209-01

42209-02
42209-03

42210-01

42210-02

42210-03

42210-04

42213-01

42213-02

42214-01

42214-02

42217-01

42217-02

42218-0142218-02

42620-01

42620-02

42620-03

42620-0442620-05

42620-0642620-07

42621-01

42622-01

42622-0242622-03

42622-04

42627-01

43050-01

43050-02

43050-03

43050-04

43084-01

43086-01

43086-02

43088-01

43088-02

43096-01

43096-02

43096-03

43152-01

43160-01

43160-02

43160-03

43160-04

43162-01

43162-02

43162-03

43163-01

43200-01

43200-02

43200-03

43201-01

43201-02

43203-01

43203-02

43203-03

43203-04

44024-01

44024-02

44068-01

44101-0344101-04
44101-05

44104-01

44104-02

44105-01

44105-02

44105-03

44106-01

44106-0244106-03
44107-01

44107-02

44108-01

44108-02

44108-03

44108-04

44110-01

44111

44111-01

44118

44119-0144119-02

44121-01

44121-02
44121-03

44127-01

44127-02

44125-01

44125-02

44125-03

44125-04
44125-05

45085

45086-01

45086-02

45086-03

45142-04

45142-05

45143-01

45143-02

45143-03

45146-02

45146-03
45146-04

45147-01

45147-02

45148-0145148-02

45148-03

45148-04

45148-05

45148-06

45149-01

45149-02

45149-03

45149-04

45150-01

45150-02

45150-03

45150-04

45150-05

45151-01

45151-02

45151-03

45152

45152-01

45152-02
45153-01

45153-02

45156

45159

45160

45170-01

45170-02

45170-03

45463-01

45463-02

45466-01

45479-01

45480-01

45480-02 45480-03

45480-04

45482-01

45482-02

45482-03

45482-04

45483-01
45483-02

45483-03
45483-04

45486-01

45486-02

45486-03

45486-04

45486-05

45486-06

45486-07

45487-01
45487-02

45487-03

45489-01

45489-02

45489-03
45489-04

45489-05

45489-06

45490
45490-01

45490-02

45490-03

45490-04

45491-01
45491-02

45491-03

4549245492-01

45492-02

45492-0345492-04

45492-05

45492-06

45492-07

45493-01

45493-02 45493-03
45493-04

45493-05

45493-0645493-07

45494-01

45494-02

45494-0345494-04

45494-05
45494-06

45494-07

4549845498-01

45498-02

45499-01

45499-02

45499-03

45500-01 45500-02

45500-03
45500-04

45500-0545500-06

45501-01

45501-02
45501-03

45501-04

45501-05

45501-06

45502-01

45502-02

45502-03

45502-04

45515

45518

45519-01

45519-02

45520-01

45540-01

45540-02

45551-01

45551-02

45552-01

45552-02

45552-03

45552-04

45559

45560-01

45560-02

45560-03

45560-04

45560-05

45588-01

45588-02

45650-01

靖探107

靖探161

43085

靖11067-

靖11189-01

靖11189-02

靖11189-03

靖11189-04

靖11190-01

靖11194-01

靖11194-02

靖11194-03

靖11194-04

靖11205-01

靖11205-02
靖11205-03

靖11205-04

靖11207 01

靖11207-05靖11207-06

靖11208 02

靖11211-01

靖11224-01

靖11224-02

靖11251-01

靖11251-02

靖11260-01

靖13441-01

靖13441-02

靖13453-01

靖15495-01

靖15495-02 靖15500-01

靖15777-01

靖15777-02

靖15790-01

靖15790-02

靖15790-03

靖15791-01

靖15791-02

靖15791-03

靖16290-01

靖16599-01

靖16867-01

靖16867-02

靖16907-01

靖17469-01

靖17480-01

靖17480-02

靖17821-01

靖17821-02

靖17827-01

靖18005-01
靖18005-02

靖18015-01

靖18017-01

靖21359

靖21359-01

靖22027-01

靖22030-01

靖22034-01

靖22046-01靖22046-02

靖22049-01靖22049-02
靖22049-03

靖22049-04靖22049-05

靖22049-06

靖22049-07

靖22050

靖22050-02

靖22151-01靖22159-01

靖22159-02

靖22834-01

靖22836-01
靖22836-02

靖25785-01
靖25785-02

靖25785-03
靖25785-04

靖26739靖26739-01

靖26739-02靖26739-03

靖26740-01

靖26888-01

靖26888-02

靖31221-01

靖31221-02

靖33602-01靖33602-02

靖33602-03

靖33875-01

靖33875-02

靖33875-03

靖33875-04

靖33875-05

靖34246-01

靖34257-01

靖34281-01

靖34307

靖35365-01

靖35367-01

靖36412-04

靖37171

靖37171-01

靖37171-02

靖37171-03

靖37172

靖37172-01

靖37172-02

靖37174-01
靖37174-02

靖37174-03

靖37175-05

靖37176-01

靖37176-02靖37176-03靖37176-04

靖37179-01

靖37179-02

靖37179-03

靖37179-04

靖37181-01

靖37181-02

靖37181-03

靖37181-04

靖37251

靖37255

靖38133

靖38133-01靖38133-02

靖38133-03

靖38133-04

靖38134 靖38134-01
靖38134-02

靖38134-03靖38134-04

靖38134-05靖38134-06

靖38135-01靖38135-02

靖38135-03

靖38135-04

靖38135-05

靖38135-06

靖38135-07

靖38137-01

靖38137-02

靖38137-03

靖38137-04

靖38137-05

靖38137-06

靖38140-01

靖38140-02

靖38140-03

靖38150-01

靖38150-02

靖38150-03靖38150-04

靖38151-01

靖41014-01

靖41014-02

靖41137-01

靖41137-02

靖41137-03

靖41137-04

靖41141-01

靖41143-01

靖41146-01

靖41147-01

靖41147-02

靖41160-01

靖41160-02

靖41161-01

靖41162-01

靖41180-01

靖41180-02

靖41180-03

靖41180-04

靖41180-05
靖41180-06

靖41181-01

靖41609-04

靖41628-01

靖41628-02

靖41629-01

靖41629-02

靖41636-01靖41636-02

靖41636-03靖41636-04靖41636-05

靖41636-06

靖42026-01

靖42026-03

靖42026-04

靖42026-05

靖42026-06

靖42085-01

靖42085-02

靖42085-03靖42085-04

靖42088-01

靖42088-02靖42088-03

靖42088-04靖42088-05

靖42089-01

靖42089-02

靖42089-03

靖42090-01

靖42090-02

靖42127-01

靖42127-02

靖42128-01

靖42128-02 靖42128-03

靖42129-01

靖42129-02

靖42129-03

靖42131-01

靖42131-02

靖42131-03

靖42141-01

靖42141-02

靖42141-03

靖42141-04

靖42141-05

42142-01

靖42142-02

靖42144
靖42144-01

靖42144-02

靖42164-01

靖42164-02
靖42164-03

靖42200-01

靖42203-10

靖42214-03

靖42220-01靖42220-02

靖42220-03靖42220-04

靖42220-05

靖42220-06

靖42220-07

靖42221-01

靖42221-02

靖42221-03

靖42221-04

靖42300-01

靖42300-02

靖42301-01

靖42302

靖42302-01

靖42303

靖42304-01

靖42304-02

靖43007-01

靖43050-05

靖43083-01

靖43083-02

靖43083-03

靖43083-04

靖43099-01

靖43099-02

靖43113-01

靖43113-04

靖43160-06

靖43160-07
靖43160-08

靖43160-09

靖43162-05

靖43162-06
靖43162-07

靖43163-02

靖43163-03

靖43164-01
靖43164-02

靖43184-01

靖43184-02

靖43184-03

靖43186-01

靖43186-02

靖43188-01靖43188-02

靖43188-03

靖43189-01

靖43190-01靖43190-02

靖43190-03

靖43190-04

靖43190-05

靖43191-01

靖43191-02

靖43194-01靖43194-02

靖43194-03

靖43194-04

靖43194-05靖43194-05

靖43194-06

靖43201-03

靖43201-04

靖43201-05
靖43201-06

靖43201-07

靖43203-05

靖43210-01

靖43210-02

靖43210-03

靖43222-01

靖43223-01

靖43223-02

靖43300-01

靖43304

靖43304-01

靖43309-01
靖43309-02

靖44061-01

靖44061-02

靖44111-02

靖44111-03

靖44111-04

靖44111-05靖44111-06

靖44112-01

靖44112-02

靖44112-03

靖44112-04

靖44114-01

靖44200-01

靖44200-02
靖44200-03

靖44202-01

靖44202-02

靖45009-01

靖45009-02

靖45009-03

靖45009-04

靖45021-01

靖45072-01

靖45072-02

靖45072-03

靖45072-04靖45081-01 靖45081-02

靖45081-03

靖45081-04靖45081-05

靖45082

靖45082-01

靖45082-02

靖45082-03

靖45082-04
靖45082-05

靖45082-06 靖45083

靖45083-01

靖45083-02

靖45083-03

靖45083-04

靖45083-05

靖45083-06

靖45083-07

靖45086-04

靖45088-01

靖45088-02

靖45088-03

靖45088-04

靖45088-05

靖45088-06

靖45088-07

靖45118-01

靖45118-02

靖45118-02

靖45119-01

靖45119-02

靖45119-03 靖45119-04

靖45119-05

靖45120-01 靖45120-02

靖45120-03

靖45120-04

靖45126-01

靖45126-02

靖45126-03

靖45126-04

靖45138-01

靖45138-02 靖45138-03

靖45138-04

靖45138-05

靖45138-06

靖45139-01

靖45154

靖45154-01

45154-02

靖45156-01

靖45156-02

靖45158

靖45161

靖45161-01 靖45161-02

靖45161-03

靖45161-04

靖45161-05

靖45161-06

靖45161-07

靖45166

靖45169-01

靖45171-01

靖45171-02

靖45171-03靖45171-04

靖45171-05靖45171-06

靖45174

靖45174-01

靖45174-02

靖45174-03

靖45174-04

靖45180-01

靖45180-02

靖45180-03

靖45180-04

靖45181靖45181-01
靖45181-02

靖45181-03

靖45181-04

靖45181-05

靖45181-06 靖45181-07

靖45182-01

靖45182-02

靖45182-03
靖45182-04

靖45182-05
靖45183-01

靖45183-02

靖45183-03

靖45183-04

靖45190-01

靖45190-02

靖45199-01

靖45206

靖45220

靖45220-01

靖45220-02 靖45220-03

靖45220-04 靖45230

靖45230-01

靖45230-02

靖45236-01

靖45236-02

靖45236-03

靖45237-01

靖45237-02

靖45237-03

靖45487-04

靖45487-05

靖45488-01

靖45488-02

靖45488-03

靖45488-04

靖45494-08

靖45495

靖45495-01靖45495-02

靖45495-03

靖45495-04

靖45495-05

靖45495-06

靖45495-07

靖45495-08

靖45496-01

靖45496-02

靖45496-03
靖45496-04

靖45497-01靖45497-02

靖45498-04

靖45498-05靖45498-06

靖45498-07

靖45499-04

靖45499-05

靖45502-05

靖45502-06
靖45502-07

靖45502-08

靖45502-09

靖45503-01

靖45503-02

靖45503-03

靖45503-04

靖45503-05

靖45503-06

靖45504-01靖45504-02

靖45504-03

靖45504-04

靖45504-05靖45504-06

靖45504-07 靖45504-08

靖45505

靖45505-01
靖45505-02

靖45505-03

靖45505-04

靖45505-05

靖45507-01

靖45507-02

靖45508-01

靖45508-02

靖45509

靖45509-01

靖45510

靖45513-01

靖45513-02

靖45513-03靖45513-04
靖45513-05

靖45513-06靖45513-07

靖45513-08靖45513-09

靖45513-10

靖45513-11

45515-01

45515-02

靖45515-03

45515-04

靖45515-05
靖45515-06

靖45516-01

45516-02

靖45516-03

45516-04
靖45516-05

靖45516-06

靖45519-03

靖45520-02

45520-03

靖45520-04

靖45520-05

45520-06

靖45527

靖45527-01靖45527-02

靖45527-03

靖45527-04靖45527-05靖45527-06

靖45527-07靖45527-08

靖45528-01
靖45528-02

靖45528-03

靖45528-04

靖45528-05

靖45528-06

靖45528-07

靖45528-08

靖45529-01

靖45529-02

靖45529-03靖45529-04

靖45529-05

靖45529-06

靖45529-07

靖45529-08

靖45529-09

靖45529-10

靖45531

靖45531-01

靖45531-02

靖45533-01

靖45533-02

靖45535

靖45535-01

靖45539-01靖45539-02

靖45540-03

靖45540-04

靖45541

靖45541-01

靖45541-02

靖45542
靖45542-01

靖45542-02靖45542-03 靖45542-04

靖45542-05

靖45543

靖45543-01

靖45543-02

靖45543-03

靖45543-04

靖45543-05靖45543-06

靖45543-07

靖45544

靖45544-01

靖45544-02

靖45544-03

靖45544-04

靖45544-05

靖45544-06

靖45544-07

靖45544-08

靖45544-09

靖45545

靖45545-01

靖45545-02

靖45545-03

靖45545-04

靖45545-05

靖45545-06

靖45545-07

靖45546
靖45546-01

靖45546-02

靖45546-03 靖45546-04靖45546-05

靖45546-06

靖45546-07

靖45546-08靖45546-09
靖45547-01

靖45547-02 靖45547-03

靖45547-04

靖45547-05

靖45547-06

靖45547-07

靖45547-08

靖45570

靖45570-01

靖45581-01

靖45581-02靖45581-03

靖45581-04靖45581-05

靖45582-01

靖45582-02

靖45582-03

靖45582-04

靖45582-05

靖45583-01

靖45583-02

靖45583-03

靖45583-04

靖45583-05

靖45583-06

靖45585

靖45585-01
靖45585-02

靖45586

靖45586-01

靖45586-02

靖45586-03

靖45586-04

靖45586-05

靖45586-06靖45586-07
靖45586-08

靖45586-09

靖45586-10

靖45586-11

靖45588-03

靖45588-04

靖45589-01靖45589-02

靖45589-03靖45589-04

靖45589-05
靖45589-06

靖45589-07

靖45589-08

靖45589-09

靖45589-10靖45589-11

靖45589-12

靖45589-13

靖45590-01

靖45590-02

靖45590-03

靖45590-04
靖45590-05

靖45591-01靖45591-02

靖45591-03

靖45591-04

靖45591-05

靖45591-06

靖45593-01靖45593-02

靖45593-03

靖45593-04

靖45593-05

靖45593-06

靖45593-07靖45593-08

靖45593-09

靖45594-01

靖45594-02

靖45594-03

靖45594-04

靖45594-05

靖45594-06

靖45594-07

靖45594-08
靖45595-01

靖45595-02

靖45596-01靖45596-02

靖45596-03

靖45596-04

靖45596-05

靖45596-06

靖45599-01

靖45599-02

靖45599-03

靖45650-02

靖45650-03

靖45650-04

靖45650-05

靖45655--01

靖45655-02靖45655-03

靖45655-04

靖45655-05

靖45655-06

靖45655-07

靖45655-08

靖45658

靖45658-01

靖45658-02靖45658-03

靖45658-04

靖45658-05

靖45658-06

靖45658-07

靖45658-08靖45658-09

靖45701-01

靖45702-01

靖45706-01

靖45707-01

靖45710-01

靖45710-02

靖45710-03靖45710-04

靖45710-05

靖45710-06

靖45710-07

靖45710-08

靖45711-01

靖45720-01

靖45720-02

靖45721

靖45722 靖45724

靖45727

靖45729-01靖45729-02

靖45801-01

靖45801-02

靖46000-01

靖46001-01

靖46002-01

靖46002-02

靖46100 靖46100-01

靖46100-02

靖46100-03 靖46100-04
靖46100-04

靖46100-05

靖46104-01

靖47000-01

靖47000-02

靖47000-03

靖47000-04
靖47000-05

靖47000-06

靖47000-07

靖47000-08

靖47000-09

靖47001-01
靖47001-02

靖47001-03靖47001-04靖47001-05

靖47001-06

靖47001-07

靖47101-01

靖47101-02

靖47101-03

靖47101-04

靖47101-05靖47106-01

靖47712-01

靖47712-02

靖47712-03

靖47714-01

靖47714-02

靖47802-01

靖47803-01靖47803-02

靖47803-03

靖47803-04

靖48010

靖48010-01

靖48010-02

靖48010-03

48020-01 48020-02

靖48020-03
靖48020-04

靖48189-01

靖48189-02

靖48189-03

靖48189-04

靖48189-05

靖48189-06

靖48189-07

靖53301-01

靖探119

靖探25

靖探61

11213

25779

41161

43211

43215

43312

44040

45212

45214

45300

45301

45757

45769

51801

51806

53307

53318

54102

55167

111830-01
11193-01

11193－02

11205-05

11211-02

11212-01

11212-03 11212-

1111212－07

11213-01
11213－02

11213-03

13438-01

13561-01

14567-01

14568-01

18002-01

18006-01

18121-02

18685-01

21002-01

21307-01

21317－02

21317-03

21317-04

21340-01

21340-02

21352-01

21356-04

21357-0321357-03

21358-01

21359-01

21361-01

21853-01
21854-01

25005-01
25701－01

25701－02

25702-01

25706-01

25706-02

25710-01

25710－02

25751-01

25751-02

25760-01
25760-02

25760-03
25760-04 25761-01

25761－02

25763-01 25765-01

25771－01

25771－02

25774-04

25774-05

25780-03

25780-04

25786-0125786-02

26722-01

26722-02

26722-03

26723-01

26730-01

26730-02

26737-01

26737-02

26737-03

26737-04

26741-01

26741-02

26750-01

26750-02

27390-03

27666-01

27666-02

32004-01 32004-02

32004-03

32004-04

32017-01

32017-02

32017-03

32071-01

32071-0232071-03

32093-06

33611-01

33611－02

33611－03

35365-02

35365-03

35365-05

35365-06

38082-02

38082-03

38082-04

38135-08

38135-09

38151-02

41007-01

41015-01

41015-02

41015-03

41015-04

41017-01

41017-02

41017-03

41071-0141071-01

41071-02

41071-03

41110-01

41110-02

41110-03

41143-01

41144-01

41145-01

41145-02

41160-03

41160-04

41160－05

41160-06

41161-02

41161-03

41162-02

41162-03

41164-01

41164-02

41164-03

41164-04

41164-05

41169-01

41169-02

41169-03

41169-04

41171-01
41171-02

41171-03

41181-02

41181-03

41182-01

41182－02

41182-03
41182-04

42026-07

42142-03

42142-0442142-05

42142-06

42143-01

42143－02

42144－03

42144-04

42155-01

42155-02 42164-04

42164-05

42211-01

42211-02
42211-03

42301-02

42304-0342304-04

42305－01

42305-02

42621-03
42621－04

43001-01

43001-02

43185-01

43185-0243185-03

43186-0343186-05

43186-06 43186-07

43186-08

43188-04

43188-06

43188-0743188-08

43188-09

43189－02

43189－04

43189-05

43189-06

43189-07

43189－08

43190-06

43190-07 43190-08

43191－03
43191-04

43194-07 43194-08

43194-09 43195-01

43195－02

43210-04

43210-05

43210-06

43210-07

43210-08

43210-09

43210-10

43211-01

43211-02 43211-03 43212-01

43212-02 43212-03

43212-04

43215－0143215-02

43215-03

43215-04

43216-01

43220-01 43220-02

43220-03

43221-01

43221-0243222-02

43222-03 43222-04

43223-03

43223-04

43223－05

43224－0143224-02

43225-02

43226-02

43226-0343226-04

43226-05

43309-03

43309-04

43309-0543309-05

43309-06

43309-07

43310-01

43310-02
43310-03

43310-05
43310-06

43310-07
43311-01

43311-02

43313-01
43313-02

43313-03

44020-01
44022-01

44022-02

44023-01

44023-02
44023-03

44023-04

44034-01

44034-02

44040-02

44040-03 44046-01

44046-02

44046-03

44046-04

44056-01

44114-02

44147-01

44201-01

44201-02

44203-01

44203-0244203-03

44203-05

44204-01
44204-02

44204-03

44204-04

44204-05

45009-05

45009－06

45009－07

45009-08

45021-02

45021－03

45021-04

45021-05

45021-06 45021-07

45033-01

45033-02

45033-03

45043－0245043-03

45043-04

45043-05

45047-01

45047－02

45047-03

45047-04

45089-01

45089-02

45089-03

45116-0145116-02

45116-03

45116-05

45124-01 45124-02

45124-03

45125-01

45125-02
45125-03

45125-04

45125-05

45143-01

45147-03

45147-04

45147-05
45171-07 45171-08

45201-01 45201-02

45202-01

45203-01

45212-01

45212-02

45212-03

45212-04

45214-01

45214-02

45215-01

45215-02

45215-03

45215-04

45216-01

45218-01

45219-01

45219-02

45219-03

45221-01

45221-02

45222-01

45222-02

45222-03

45237-04 45237-04
45237－05

45301-01

45301-01

45301-02

45302-01

45303-01
45303-02

45303-03

45313-04

45488-0545488-06

45488-07

45488-07

45489-07

45489-08

45490-05

45491-04
45491-05

45497-03

45499-06

45499-07
45505-06

45505-07

45505-08

45505-09

45520－07

45520－08

45525-01

45525-02

45525-03

45525-04

45525-05

45525-06

45525-07

45526-01

45526-02

45526-03

45526-04

45526-05

45537－01

45538-01

45539-0345539-04

45587-01

45587-02

45587-03

45587-04

45587-05

45722-01

45722-02
45722-03

45722－04
45724-01

45724-02

45727-01

45727-02

45727-03

45727－04

45727-05

45728-01

45737-01

45737-02

45737-03

45737－04

45737-05

45751-01 45751-03

45751-04

45752-01

45752-0245752-03

45752-04

45752-06

45754-01

45754-02
45754-03

45754-04

45754-04

45754-05

45754-06
45754-07

45755-01

45755-02
45755-0345755-0445755-04

45757-01

45757-02

45757-03

45761-045761-03

45761-04

45761-05

45771-01

46101-01

46102-01

46104-02

47002-0147002-02

47003-01

47004-01
47004-02

47004-03

47004-0447004-05

47009-01

47009-02

47101-06

47102-01 47102-0247102-03

47102-04

47104-01

47104-02
47104-03

47104-04

47104-05
47105-01

47105-02

47105-03

47105-04

47106-02

47106-0347106-04

47106-05

47106-06

47106－07

47106-08

47106-09 47106-10

47108-01

47108-02

47108-03

47108-04

47108-05
47108－06

47110－01 47110－02

47110-03

47111-0147111-02

47112-02

47115-02

47115-03

47115-04

47115-05

47119-01

47802-02

51611-01

51611-0251611-03 51611-04

51611-05

51611-06
51612-01

51612-02

51613-0151613-02

51613-03

51613-04

51614-01

51614-02

51614-03

51614-04

51614-05

51638－01
51638-02

51639-01

51639-02 51639-03

51639-0451639-05

51640-01

51640-02

51804－01

51810-0151810-02

51810-03

51810-04

51810-05

51810-06

51811-01

53306-01 53306-03

53306-04

53306-05

53306-06

53307-01

53307-02
53307-03

53308-01

53308-02

53318-0153318-01
53324-01

53337-01

53337-0253337-03 53338-01 53338-02

54001-01

54002-01

54003-01
54003-02

54003-03

54004-01

54004-02
54005-01

54102-01

55155-01

55155-02

55155-03

55156-01

55156-02

55156-03

55157-0155157-02

55159-01

55159-02 55159-03

55159-04
55167-01

55167-02

55168-01

55170-01 55170-02

55170-03 55170-04

55177-01

55181-01

55181-02

55181-03

56330-01

56701-0156702-01

56705-01

56707-01

回注1

回注2

回注3

回注4

回注5

回注6

回注7

靖41172-01

靖41172-01

靖44020-02

靖53337-02

靖55155-04

靖55169-01

靖55181-04

靖55181-05

45761-02

青阳岔镇

杨米涧乡

小河

乔沟湾乡

天赐湾乡

畔沟长6区域

青阳岔长2区域

郑寺坤详山
长2区域

小河郑石
湾长2区域

张家沟大台
长2长6区域

背塘子长2区域

前树塔延9区域乔沟湾-李家城
则长6区域

新庄湾马宁延9区域

水莲台长6区域

大坪三胜长6区域

宋家洼管道渠大红
高粱延9区域

沙
子
湾
郝
渠
则
长
6
区
域

席麻湾
延9区域

墩洼延9区域

赵梁-姬家畔
长6区域

杨米涧
延9区域

36412-01

沙沟长6延9区域

靖53551

探215

探423

探188

探75

探408

探531

靖探541

靖探409

探543

靖56545

探446

靖56541

探447

探535

探449

探333

探539

探448

河209

探450

探444

探63

靖437

探62

探536

探500

探61

探445

探534

探177

探540

靖探434

靖探68

探44

河1-01

河1-02 河1-03

河18-01河18-02
河18-03

河2-01

河2-02

河2-03

河2-04
河2-05

河2-06

河21-01

河3-01

河3-02
河3-03

河3-04

河3-05
河3-06

河4-01

河4-02

河4-03

河4-04

河4-05

河5-01

河5-02

河5-03

河5-04

河5-05

河5-06

河6-01

河6-02

河6-03

河6-04

河6-05

河6-06

河7-01

河8-01 河8-02

河8-03

河9-01

河9-02

河9-03
河9-04

河9-05

回注10

回注7

回注8回注9

靖11184-01

靖11187-01

靖11246-01
靖11246-02

靖11260-01

靖11260-02

靖12501-01

靖12669-01

靖12669-02

靖14201-01

靖14204-01

靖14375-01

靖15779-01

靖16281-01

靖16289-01

靖25760-05

靖25760-06

靖38141-01

靖38141-02

靖38141-03

靖38148-01

靖38148-02

靖38148-03

靖38148-04

靖38160-01
靖38160-02

靖38160-03

靖38160-04

靖38160-05

靖38160-06

靖38161-01

靖38161-02

靖38161-03

靖38161-04

靖38161-05

靖38162-01靖38162-02

靖38162-03
靖38162-04

靖38163

靖38163-01
靖38163-02

靖38163-03

靖38163-04

靖38164-01

靖38164-02

靖38164-03

靖38164-04

靖38164-05

靖38164-06

靖41071-03

靖41172-03

靖42155-03

靖42155-04

靖43228-01
靖43228-02

靖43228-03

靖43312 靖43312-01

靖43312-02靖43312-03

靖44020-03靖44020-04

靖44020-05

靖44022-02

靖44022-03

靖45004-01

靖45004-02 靖45004-03

靖45771-02

靖45771-03

靖47114-01

靖47114-02

靖47114-03

靖47114-04

靖47119-02

靖47119-03靖47119-04

靖51639-05

靖51639-06
靖51639-07

靖51812-01

靖51812-02

靖51812-03 靖51812-04

靖51812-05
靖51812-06

靖53308-03

靖53308-04

靖53324-02 靖53324-03

靖53324-04

靖53338-03

靖53340-01

靖53340-02

靖53340-03

靖55156-04

靖55156-05

靖55157-02

靖55157-03靖55157-04

靖55157-05靖55159-05

靖55159-06
靖55168-02靖55168-03

靖55169-02

靖55169-03
靖55169-04

靖55170-04靖55170-05
靖55181-06

乔1

乔1-01

乔1-02

乔2-01

乔2-02乔2-03

乔2-04

乔2-05

乔3-01

乔3-02

乔3-03

乔4-01

乔5-01

乔5-02乔5-03

乔5井

乔6-01

乔8-01 乔8-02

乔8-03

乔9

乔9-01

胜10-01胜10-02

胜10-03胜10-04

胜1-01 胜1-02

胜1-03

胜1-04

胜1-05

胜1-06
胜11-01 胜11-02

胜14-01

胜14-02 胜14-03

胜14-04

胜15-01

胜15-02

胜17-01

胜17-02

胜18-01

胜19-01

胜19-02

胜20-01
胜20-02

胜2-01

胜2-02
胜2-03

胜2-04

胜21-01

胜23-01

胜23-02

胜23-03胜24
胜24-01

胜25-01

胜26

胜26-01

胜27-01

胜27-02

胜27-03 胜27-04

胜28-01

胜28-02
胜28-03

胜29-01

胜3

胜30-01

胜30-02

胜3-01

胜3-02

胜3-03

胜31-01

胜31-02

胜31-03

胜31-04

胜33-01

胜37-01

胜38-01

胜38-02

胜39-01

胜39-02
胜39-03 胜39-04

胜4-01

胜6-01

胜6-02

胜6-03

胜7-01胜7-02胜7-03

胜8-01

胜8-02

胜8-03

胜8-04

胜9-01胜9-02

胜9-03

胜9-04

天10-01天10-02

天1-01

天1-01

天1-02

天1-03

天11

天11-02

天11-03

天12-01

天12-02

天12-03 天12-04

天12-05

天13-01
天13-02

天13-03 天15-01

天15-02

天15-03

天15-04

天16-01天16-02 天16-02

天16-03
天16-04

天17

天17-01

天17-02

天18-01天18-02

天18-03

天18-04

天20-01

天20-02

天20-03

天2-01

天2-02

天21天21-01

天21-02

天21-03

天22-01

天23-01

天23-02

天23-03

天24-01

天24-02

天24-03

天3-01天3-02

天35-01

天35-02

天35-03

天35-04

天37-01
天37-02

天38-01天38-02

天38-03

天39天39-01

天39-02

天40-01 天40-02

天4-01

天4-02

天41-01

天5-01

天5-02

天8-01

天8-02 天8-03

天9-01

天9-02天9-03

天9-04

杨1-01

杨1-02

杨2-01

杨2-02

杨2-03杨2-04

杨2-05

杨3-01

杨3-02

镇1-01

镇1-02

镇1-03

镇2-01

镇2-02

镇2-03

镇2-04

镇3-01

河25-01

靖11260-02

乔11

乔3-04

胜13-01

胜14-05

胜15-03

胜18-02

胜19-03

胜20-03

胜21-02

胜22-01

胜23-04
胜24-02

胜25-02

胜26-02

胜32-01

胜35-01

胜38-03

胜4-02

胜41-01

天17-03

天21-04

天35-05

天37-02

天37-03

天39-03 天40-03

天41-02

杨3-03

镇4

河17

探112

探206

探205

探111

探173

(3) Geological Characterization 



CO2 injection 
well Reservoir Section 

Planned First batch wells 

20 CO2 injection wells 
Oil producing wells: 70 
Closed water wells outside: 
19 
Area:  7.41 km2 
Controlled reserves:  3.32 
MT 

10 CO2 injection wells 
Main oil producing wells:  
35 
Area: 4 km2 
Controlled reserves: 1.79 
MT 
 



CO2-EOR VS Pressure 

Minimum miscible pressure: 22.4MPa 

Jingbian Field CO2 miscible 
displacement pressure test of 

Chang 62--Slim tube experiment 

Experiment 
Pressure 

(MPa) 

Volume of gas 
injection 
(%P.V.) 

Oil recovery (%) Note 

21.3 75.45 70.48 Immiscible 
22 94.9 86.78 Immiscible 

22.4 98.76 90.14 Miscible 
23.5 100.06 90.86 Miscible 
25.3 101.6 91.52 Miscible 

O
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65 

70 

75 

80 

85 

90 

95 

100 

5. Technical Description 
(4) CO2-EOR lab study 

（a）10MPa （c）24MPa（b）20MPa

Formation Chang4+51 Chang4+52 Chang61 Chang62 

Caprock fracture 
pressure（MPa） 

20.5~23.1 19.8~22.8 16.7~23.5 24.8~25.2 

21.9 20.7 20.9 24.9 
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CO2 Injection pressure, speed 

High speed CO2 injection    

    High injection 

pressure     Obvious 

miscible effect     

High CO2-EOR efficiency 

Factors influencing CO2 -EOR 

Permeability 

Permeability/mD 

Gas after water 

Water injection 

Re
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ry
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nt

 %
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Homogeneity Fracture 

Permeability grade 

Water injection 

CO2 injection 

CO2–EOR recovery rate 

Re
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ce
nt

 %
 

Re
co

ve
ry

 P
er

ce
nt

 %
 

CO2 Injection PV number Accumulated CO2 Injection PV number 

5. Technical Description 



WAG and Gas injection enhance oil recovery curves (permeability grade is 30)  Oil recovery increased 
8.41% and final oil 
recovery reached 
33.73% by CO2 injection; 

 Oil recovery increased 
20.95% and final oil 
recovery reached 
44.70% by WAG.  

 Breakthrough by CO2 
injection is faster than 
that by WAG. 

Injection methods 

Injection volume (PV) 

Injection volume (PV) 
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CO2 injection 

When water content reached 60%,80%,90% and 98%  during water injection 
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Water content (%) Injection volume (PV) 

Water recovery rate 
Improved recovery rate 
Final recovery rate 

Water content 60% 
Water content 80% 
Water content 90% 
Water content 98% 

• CO2 injection recovery rate 
• WAG injection recovery rate 
• Water content by CO2 injection 
• Water content by WAG 

• CO2 injection pressure 
• WAG injection pressure 
• Produced GOR by CO2 injection 
• Produced GOR by WAG 



5. Technical Description 

  

Gas oil ratio, Oil recovery level, oil displacement rate and water rate curves 
under different CO2 injection pattern. 
WAG11—After Injecting CO2 three months, change to water injection three 
months. 
WAG12—After Injecting CO2 three months, change water injection six months. 
WAG21—After Injecting CO2 six months, change to water injection three 
months. 
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(5)  Field experiment of CO2-EOR 

一线油井范围

二线油井范围

图 例

油 井

注 气 井

Oil Well 

CO2 Injection Well 

Primary benefit well 

Indirect benefit well 

Legend 

Well No. Injection 
Date 

Started 
injection 
Pressure 
(MPa)  

Current 
injection 
pressure 
(MPa) 

Accunulated 
injectionvolu
me (t) 

Current 
status 

45543 Mar.23
, 2013 2.0 8.2 6426.4 Normal 

45543-
03 

Sep.4, 
2012 4.0 6.0 1724.78 

Stopped 
in Nov, 
2012 and 
reinjecte
d in 
March, 
2014 

45543-
05 

Mar.23
, 2013 1.6 8.7 7808.95 Normal 

45543-
08 

June 8, 
2014 4.0 5.8 254.20 Normal 

45543-
09 

June 8, 
2014 3.5 4.5 243.1 Normal 

Accumulated volume of CO2 injection till June 19,2014:     15736.4 t 

Accumulated CO2 injection was 43,000 tons by the end of May , 2015. 

5. Technical Description 



Injection curves in Jing-45543 injection well station. Note the injection effects 
before CO2 injection (before Sep. 2012) and after CO2 injection  (after Sep.2012). 
(Courtesy Chunxia Huang). 
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CO2 injection  
started 
 

After injecting 
CO2 13 months, 
the cumulative 
increasing oil 
production was 
616 tons.  

5. Technical Description 
(5)  Field experiment of CO2-EOR 



Injection curves in Jing-45543 injection well station. Currently there are 5 CO2 
injection wells (after Sep.2012).(Courtesy Chunxia Huang). 

For these 5 well groups, before CO2 injection the oil production was 88 tons per month, 
and after CO2 injection the oil production is 140 tons per month. The oil production 
increased about 60%. Oil recovery increased 5.73%  comparing with water recovery. 



Storage volume, structural 
and stratigraphic traps, 

fault seal, seal thickness, 
CO2 capillary pressures, 

geomechnics, geochemistry, 
reservoir simulation, etc. 

More accurate reservoir 
parameters from well log 
analysis and rock sample. 

Efficiency of CO2-EOR and 
Injection Strategy 

Confirmation of wellbore 
integrity, and anticorrosion, 

CO2 plume movement. 

Confirmation of secondary 
trapping and safety of 

caprock. 

Fast and online monitoring 
techniques near surface and 

at atmosphere.  

Environmental effect of CO2 
leakage (Soil, groundwater, 

temperature, animals, 
plants, microbe, etc.). 

What we 
are 

studying 
in 

Jingbian 
Field? 

(6)Measurement, Monitoring and Verification and CO2-EOR  

5. Technical Description 



(7) Geophysical Methods 
Before CO2 injection in Jingbian Field in early 2012, Yanchang 

Petroleum Group agreed to acquire 5 km2 3D seismic baseline and 

monitoring data two times in Jingbian CCS-EOR site. Australia 

GCCSI has also funded part of 4D seismic acquisition.  

We also planned time-lapse well logging and seismic rock 

physics experiment. Seismic rock physics experiment is still in 

testing.  

3D seismic baseline data has not been acquired in Jingbian Field. 

The reasons are as below: 

5. Technical Description 



 The cost of 4D seismic acquisition we proposed was lower than the 

geophysical companies wanted. 

 The rugged surface and thick loess conditions in loess plateau of 

Ordos Basin has been the main reasons that lead to poor seismic 

acquisition quality 

 The drop from hill to valley is about 100 meters. Seismic static 

correction has been and will still be problems in this area. 

 Continuing global warming and historically long-term droughts in 

northern of Ordos Basin caused the underground water table 

decline quickly.  

5. Technical Description 



4D seismic survey in Wuqi Field 

Topography of loess plateau in Wuqi Field 

5. Technical Description 



Designed baseline 3D seismic acquisition 
area in Wuqi Field. 

Designed baseline 3D seismic geometry (fold and azimuth) 

Topography in Wuqi Field. 

5. Technical Description 



Shot gathers obtained from different depth of dynamite source 

12m 15m 16m 18m 21m 24m 27m 30m 

Shot gathers obtained from different explosive charge of dynamite 
source (4X6kg means four shots with 6 kg size of charge each shot) 

16
kg 

2X
8k
g 

4X
6k
g 

16k
g 
 

4X
4kg 
 

2X
8kg 
 

2X1
0kg 
 

Receiver elevation of 
receiver location in two 
test seismic line in Wuqi. 

Source line 
interval 200 m 

Receiver line  
interval 200 m 

Source interval 50 m 

Receiver interval 25 m 

Max fold 144 

Geometry 4*24 line 

Shot number 100 /km2 

Area 10.5 km2 



Fluid elastic properties of mixed CO2+Oil+Brine 

4D AVO forward 
model 

Shear wave velocity prediction 
at different depth.  Baseline and monitor 3D seismic processing,East China 

5. Technical Description 



(8) Geology Study 

 Analysis of geological controlling factors of CO2 
sequestration 
 

 CO2 flooding reservoir performance analysis of 
demonstration area 
 

 Evaluation of caprock sealing ability 
 

 Reservoir and caprock micro-sealing difference 
analysis 

5. Technical Description 
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Oil saturation contour of Chang 62 overlaid 
with with oil production  

Efficiency of different displacement ways Efficiency improved by different displacement ways 

Porosity and 
permeability 
variation 
before and 
after CO2 
flooding  

Injection of pore volume (PV) after water flooding 



Thickness of Chang 6 reservoir. (a) Chang 61; (b) Chang 62; (c) Chang 63. 

Porosity of Chang 6 reservoir. (a) Chang 61; (b) Chang 62; (c) Chang 63. 

Oil saturation of Chang 6 reservoir. (a) Chang 61; (b) Chang 62; (c) Chang 63. 

Permeability of Chang 6 reservoir. (a) Chang 61; (b) Chang 62; (c) Chang 63. 



365 78 365 80 365 82 365 84 365 86 365 88 365 90

365 78 365 80 365 82 365 84 365 86 365 88 365 90

41
46

41
44

41
42

41
40

41
38

41
46

41
44

41
42

41
40

41
38

43215

43304

45156

45158

45159

45160

45230

38080-01

38081-01

38094-01

38095-04

38103-02

38134-03

38135-03

38137-01

38137-04

43163-02

43185-01

43185-02

43186-01

43186-03

43186-0443186-05

43186-06

43188-04

43188-0743188-08

43188-09

43189-0143189-02

43189-05

43190-02

43191-01

43191-03
43191-04

43194-02

43194-03

43194-04

43194-05 43194-08

43210-01

43211-02

43215-0143215-02

43215-03

43215-04

43220-0343221-02

43223-05

43224-01

43228-0143228-03

45004-01

45004-0245004-03

45009-0145009-04

45009-0645009-08

45021-01

45021-02

45033-01

45033-02
45033-03

45047-01

45047-02

45047-03

45047-04

45220-01

45220-03

45220-04

45547-02

45547-05

45547-06

45547-08

45586-05

45586-0645587-0345587-05

45655-04

45655-05
45655-06

45655-07

45655-08

45658-07

45658-09

45801-01
河15-01河15-02

河15-03

河16-01河16-02河16-04

河2-01
河2-02

河2-04
河2-05

河2-06河30-02

河30-03
河30-04

河30-05

河51-01

河51-02

河51-03

河52

河52-01

河52-02

河60-01河60-02

河60-03

河60-04

河92

河92-01
河92-02

靖38079-02

靖38081-02

靖38082-01

靖38094-02

靖38095-01

靖38133

靖38133-01靖38133-02

靖38133-03

靖38133-04

靖38134

靖38134-04

靖38134-06

靖38135-06 靖38137-02

靖38137-03

靖38137-05

靖42302

靖43185-03

靖43186-07

靖43186-08

靖43189-03靖43189-06

靖43189-07

靖43189-08

靖43190-01

靖43190-03

靖43190-04

靖43190-05

靖43190-06

靖43190-08

靖43210-03靖43210-08

靖43210-09

靖43210-10

靖43211-01

靖43212-01

靖43212-02靖43212-03

靖43212-04
靖43216-01

靖43222-01靖43222-03靖43222-04

靖43222-05

靖43224-02

靖43228-02

靖45009-02

靖45021-06 靖45021-07

靖45156-01

靖45156-02

靖45161

靖45169-01

靖45540-01
靖45540-03

靖45541-02

靖45542
靖45542-01

靖45542-02靖45542-03 靖45542-04

靖45542-05

靖45543
靖45543-01

靖45543-02
靖45543-03

靖45543-05靖45543-06

靖45543-07靖45543-08

靖45543-09

靖45543-10
靖45544

靖45544-01

靖45544-02

靖45544-03
靖45544-04

靖45544-05

靖45544-08

靖45544-09

靖45545

靖45545-01
靖45545-02

靖45545-03

靖45545-04

靖45545-05

靖45545-06

靖45545-07

靖45546-04靖45546-05
靖45547-01

靖45547-03

靖45547-04

靖45547-07

靖45586

靖45586-04
靖45587-01

靖45587-02

靖45587-04

靖45655-01

靖45655-02靖45655-03

靖45658-03

乔2-01

乔2-02乔2-03

乔2-04

乔23-01乔23-02

乔23-03

乔24-01

乔24-02

乔24-03

乔25-01

乔25-02

乔25-03
乔25-04

乔25-05

乔26

乔26-01

乔26-02

乔27-01

乔27-02

乔27-03

乔27-04乔28-01

乔28-03
乔29-01

乔29-02

乔30-01

乔3-01

乔3-02

乔3-03 乔3-04

乔3-05

乔31-01

乔31-02

乔31-03

乔32-01

乔32-02

乔32-03

乔32-04

乔33-01乔33-02

乔34-01

乔34-02
乔34-03乔35-01

乔35-02 乔35-03

乔36-01

乔36-02乔36-03

乔37-01乔37-02

乔40-01乔40-02

乔41-01
乔42-01

乔42-02

乔42-03

乔43-01

乔43-02

探174

探195

探196

探199

探44

探447

探448

探449

探45

探450

38103-01

38079

45543-04

45544-06

45544-07

4554645546-01 38134-01

乔35

45206

45546-06

乔23-04

探111

河16-03

探203

32
.8

33
.6

32
.0

32.8
33.6

33.4

33
.4

35.2

35.2

36
.0

36.0

32.0

36.0 0 1 1 km
1 : 2 5 0 0 0

19.8

20.0

20.2

20.4

20.6

20.8

21.0

21.2

21.4

34.0

 

Vertical stress:MPa

 

Well location

45542

  

CO2 injection area

22.2

21.7

21.5

21.6

22.7

20.3

20.3

21.2

20.5

20.5

20.2

21.2

20.9

20.3

20.3

24.3

21.6

21.6

22.1

22.2

22.1 22.0

22.0

22.5

22.522.4

22.4

21.221.3

21.3

21.2

20.4

20.5
20.3

20.3

20.3

20.2

21.2

22.0

22.1 22.1

22.1

22.0

20.721.1

21.1

20.4

20.8 20.8

20.4

20.3 20.4

20.4 20.4

20.5 20.7

20.6

20.7

20.4

20.4
20.4

20.3

20.4

20.4

20.3

20.3

20.2

20.2

22.0

22.0

21.8

21.9

21.1

21.121.721.8

22.3

22.4
22.5

22.6

22.7

21.5

21.5

20.9
20.4 20.4

20.4

20.6 20.6 20.7

20.7
20.6

20.8
20.8

20.7 20.2

20.2
20.2

21.2

22.0

22.1

22.0

20.4

20.4

20.4

20.2 20.2

20.2

20.2

21.1

21.1
21.1

21.3

21.2

20.9

20.5

20.5

20.7

20.620.6

20.7

20.8

21.1

21.1

21.1

21.0 20.3

20.3

20.3

22.3

21.6

22.0

22.0

21.321.3

21.3

21.3

21.3

21.3

21.2

21.2

21.3

21.2

21.221.2

21.3

21.2

21.8

21.5

21.3 21.3

21.3
21.1

21.2 21.1 21.1

21.1

20.4

20.5

20.7 20.6

21.6

21.7

22.1

22.2

20.9
21.0

20.9

22.6
22.5

22.622.4 22.5

22.6

21.2
21.1

21.1
21.2

21.221.2

21.221.1

21.1

21.1
21.6

21.7

21.6

21.6
21.6

21.6

21.6

21.6

21.5

21.6
21.5

21.5

21.4

21.5

21.6

21.5

22.022.0
22.1

22.1

22.0

21.9

21.1

21.1
21.7

21.7

21.6

22.6

22.6 22.6

21.5

20.4

20.420.4

20.5

22.322.3

22.3

22.8

22.8

22.7

21.8

21.8

21.9
21.7

21.8

22.9

22.9

23.0

22.0

22.0

21.9

22.121.6

21.6
22.0

22.3

21.4

20.5

20.6

20.5 20.5

20.5

21.6

21.5

21.5

21.4

21.3

21.4

21.5

22.422.4

21.9

22.0
22.021.6

21.6 21.8

21.4

21.5 21.4

22.222.2

21.2 21.2

22.0
22.0

21.9

21.8

21.7

21.7

21.5

22.0

21.0

21.2

21.1

21.8

20.4

20.2

20.5

20.7

21.3

21.2

20.2

21.9

21.1

21.5

21.5

21.922.0 21.1

21.6

21.6

22.0

22.2

20.5

20.7

22.8

365 78 365 80 365 82 365 84 365 86 365 88 365 90

365 78 365 80 365 82 365 84 365 86 365 88 365 90

41
46

41
44

41
42

41
40

41
38

41
46

41
44

41
42

41
40

41
38

43215

45156

45158

45159

45160

45230

38080-01

38081-01

38094-01

38095-04

38103-02

38134-03

38135-03

38137-01

38137-04

43163-02

43185-01

43185-02

43186-01

43186-03

43186-0443186-05

43186-06

43188-04

43188-0743188-08

43188-09

43189-0143189-02

43189-05

43190-02

43191-01

43191-03
43191-04

43194-02

43194-03

43194-04

43210-01

43211-02

43215-0143215-02

43215-03

43215-04

43220-0343221-02

43223-05

43224-01

43228-0143228-03

45004-01

45004-0245004-03

45009-0145009-04

45009-0645009-08

45021-01

45021-02

45033-01

45033-02
45033-03

45047-01

45047-02

45047-03

45047-04

45220-01

45220-03

45220-04

45547-02

45547-05

45547-06

45547-08

45586-05

45586-0645587-0345587-05

45655-04

45655-05
45655-06

45655-07

45655-08

45658-07

45658-09

45801-01
河15-01河15-02

河15-03

河16-01河16-02河16-04

河2-01
河2-02

河2-04
河2-05

河2-06河30-02

河30-03
河30-04

河30-05

河51-01

河51-02

河51-03

河52

河52-01

河52-02

河60-01河60-02

河60-03

河60-04

河92

河92-01
河92-02

靖38079-02

靖38081-02

靖38082-01

靖38094-02

靖38095-01

靖38133

靖38133-01靖38133-02

靖38133-03

靖38133-04

靖38134

靖38134-04

靖38134-06

靖38135-06 靖38137-02

靖38137-03

靖38137-05

靖42302

靖43185-03

靖43186-07

靖43186-08

靖43189-03靖43189-06

靖43189-07

靖43189-08

靖43190-01

靖43190-03

靖43190-04

靖43190-05

靖43190-06

靖43190-08

靖43210-03靖43210-08

靖43210-09

靖43210-10

靖43211-01

靖43212-01

靖43212-02靖43212-03

靖43212-04
靖43216-01

靖43222-01靖43222-03靖43222-04

靖43222-05

靖43224-02

靖43228-02

靖45009-02

靖45021-06 靖45021-07

靖45156-01

靖45156-02

靖45161

靖45169-01

靖45540-01
靖45540-03

靖45541-02

靖45542
靖45542-01

靖45542-02靖45542-03 靖45542-04

靖45542-05

靖45543
靖45543-01

靖45543-02
靖45543-03

靖45543-05靖45543-06

靖45543-07靖45543-08

靖45543-09

靖45543-10
靖45544

靖45544-01

靖45544-02

靖45544-03
靖45544-04

靖45544-05

靖45544-08

靖45544-09

靖45545

靖45545-01
靖45545-02

靖45545-03

靖45545-04

靖45545-05

靖45545-06

靖45545-07

靖45546-04靖45546-05
靖45547-01

靖45547-03

靖45547-04

靖45547-07

靖45586

靖45586-04
靖45587-01

靖45587-02

靖45587-04

靖45655-01

靖45655-02靖45655-03

靖45658-03

乔2-01

乔2-02乔2-03

乔2-04

乔23-01乔23-02

乔23-03

乔24-01

乔24-02

乔24-03

乔25-01

乔25-02

乔25-03
乔25-04

乔25-05

乔26

乔26-01

乔26-02

乔27-01

乔27-02

乔27-03

乔27-04乔28-01

乔28-03
乔29-01

乔29-02

乔30-01

乔3-01

乔3-02

乔3-03 乔3-04

乔3-05

乔31-01

乔31-02

乔31-03

乔32-01

乔32-02

乔32-03

乔32-04

乔33-01乔33-02

乔34-01

乔34-02
乔34-03乔35-01

乔35-02 乔35-03

乔36-01

乔36-02乔36-03

乔37-01乔37-02

乔40-01乔40-02

乔41-01
乔42-01

乔42-02

乔42-03

乔43-01

乔43-02

探174

探195

探196

探199

探200

探44

探447

探448

探449

探45

探450

探46

38103-01

38079

45543-04

45544-06

45544-07

4554645546-01 38134-01

乔35

45206

45546-06

乔23-04

探111

河16-03

探203

33
.2

34.034.8

34
.0

33.2

35
.6

36.4

37.2

37.2

36
.4

37.2

36.4

0 1 1 km
1 : 2 5 0 0 0

19.8

20.0

20.2

20.4

20.6

20.8

21.0

21.2

21.4

34.0

垂直应力

  

井  位
45542

0 1 1 km
1 : 2 5 0 0 0

19.8

20.0

20.2

20.4

20.6

20.8

21.0

21.2

21.4

34.0

 

Vertical stress:MPa

 

Well location

45542

  

CO2 injection area

365 78 365 80 365 82 365 84 365 86 365 88 365 90

365 78 365 80 365 82 365 84 365 86 365 88 365 90

41
46

41
44

41
42

41
40

41
38

41
46

41
44

41
42

41
40

41
38

43215

43304

45156

45158

45159

45160

45230

38080-01

38081-01

38094-01

38095-04

38103-02

38134-03

38135-03

38137-01

38137-04

43163-02

43185-01

43185-02

43186-01

43186-03

43186-0443186-05

43186-06

43188-04

43188-0743188-08

43188-09

43189-0143189-02

43189-05

43190-02

43191-01

43191-03
43191-04

43194-02

43194-03

43194-04

43194-05 43194-08

43210-01

43211-02

43215-0143215-02

43215-03

43215-04

43220-0343221-02

43223-05

43224-01

43228-0143228-03

45004-01

45004-0245004-03

45009-0145009-04

45009-0645009-08

45021-01

45021-02

45033-01

45033-02
45033-03

45047-01

45047-02

45047-03

45047-04

45220-01

45220-03

45220-04

45547-02

45547-05

45547-06

45547-08

45586-05

45586-0645587-0345587-05

45655-04

45655-05
45655-06

45655-07

45655-08

45658-07

45658-09

45801-01
河15-01河15-02

河15-03

河16-01河16-02河16-04

河2-01
河2-02

河2-04
河2-05

河2-06河30-02

河30-03
河30-04

河30-05

河51-01

河51-02

河51-03

河52

河52-01

河52-02

河60-01河60-02

河60-03

河60-04

河92

河92-01
河92-02

靖38079-02

靖38081-02

靖38082-01

靖38094-02

靖38095-01

靖38133

靖38133-01靖38133-02

靖38133-03

靖38133-04

靖38134

靖38134-04

靖38134-06

靖38135-06 靖38137-02

靖38137-03

靖38137-05

靖42302

靖43185-03

靖43186-07

靖43186-08

靖43189-03靖43189-06

靖43189-07

靖43189-08

靖43190-01

靖43190-03

靖43190-04

靖43190-05

靖43190-06

靖43190-08

靖43210-03靖43210-08

靖43210-09

靖43210-10

靖43211-01

靖43212-01

靖43212-02靖43212-03

靖43212-04
靖43216-01

靖43222-01靖43222-03靖43222-04

靖43222-05

靖43224-02

靖43228-02

靖45009-02

靖45021-06 靖45021-07

靖45156-01

靖45156-02

靖45161

靖45169-01

靖45540-01
靖45540-03

靖45541-02

靖45542
靖45542-01

靖45542-02靖45542-03 靖45542-04

靖45542-05

靖45543
靖45543-01

靖45543-02
靖45543-03

靖45543-05靖45543-06

靖45543-07靖45543-08

靖45543-09

靖45543-10
靖45544

靖45544-01

靖45544-02

靖45544-03
靖45544-04

靖45544-05

靖45544-08

靖45544-09

靖45545

靖45545-01
靖45545-02

靖45545-03

靖45545-04

靖45545-05

靖45545-06

靖45545-07

靖45546-04靖45546-05
靖45547-01

靖45547-03

靖45547-04

靖45547-07

靖45586

靖45586-04
靖45587-01

靖45587-02

靖45587-04

靖45655-01

靖45655-02靖45655-03

靖45658-03

乔2-01

乔2-02乔2-03

乔2-04

乔23-01乔23-02

乔23-03

乔24-01

乔24-02

乔24-03

乔25-01

乔25-02

乔25-03
乔25-04

乔25-05

乔26

乔26-01

乔26-02

乔27-01

乔27-02

乔27-03

乔27-04乔28-01

乔28-03
乔29-01

乔29-02

乔30-01

乔3-01

乔3-02

乔3-03 乔3-04

乔3-05

乔31-01

乔31-02

乔31-03

乔32-01

乔32-02

乔32-03

乔32-04

乔33-01乔33-02

乔34-01

乔34-02
乔34-03乔35-01

乔35-02 乔35-03

乔36-01

乔36-02乔36-03

乔37-01乔37-02

乔40-01乔40-02

乔41-01
乔42-01

乔42-02

乔42-03

乔43-01

乔43-02

探174

探195

探196

探199

探44

探447

探448

探449

探45

探450

38103-01

38079

45543-04

45544-06

45544-07

4554645546-01 38134-01

乔35

45206

45546-06

乔23-04

探111

河16-03

探203

30
.8

31
.6

30
.8

31.6

32.4

33
.2

34.0

34.8

34.8

33.2

34.0

34.8

34.0

34.8

0 1 1 km
1 : 2 5 0 0 0

19.8

20.0

20.2

20.4

20.6

20.8

21.0

21.2

21.4

34.0

 

Vertical stress:MPa

 

Well location

45542

  

CO2 injection area

365 78 365 80 365 82 365 84 365 86 365 88 365 90

365 78 365 80 365 82 365 84 365 86 365 88 365 90

41
46

41
44

41
42

41
40

41
38

41
46

41
44

41
42

41
40

41
38

31
.8

31
.8

31.0

32.6

33.4

34.2

35.0

35.0

34
.2

35.0

35.8

32.6

0 1 1 km
1 : 2 5 0 0 0

19.8

20.0

20.2

20.4

20.6

20.8

21.0

21.2

21.4

34.0

 

Vertical stress:MPa

 

Well location

45542

  

CO2 injection area

43215

45156

45158

45159

45160

45230

38080-01

38081-01

38094-01

38095-04

38103-02

38134-03

38135-03

38137-01

38137-04

43163-02

43185-01

43185-02

43186-01

43186-03

43186-0443186-05

43186-06

43188-04

43188-0743188-08

43188-09

43189-0143189-02

43189-05

43190-02

43191-01

43191-03
43191-04

43194-02

43194-03

43194-04

43210-01

43211-02

43215-0143215-02

43215-03

43215-04

43220-0343221-02

43223-05

43224-01

43228-0143228-03

45004-01

45004-0245004-03

45009-0145009-04

45009-0645009-08

45021-01

45021-02

45033-01

45033-02
45033-03

45047-01

45047-02

45047-03

45047-04

45220-01

45220-03

45220-04

45547-02

45547-05

45547-06

45547-08

45586-05

45586-0645587-0345587-05

45655-04

45655-05
45655-06

45655-07

45655-08

45658-07

45658-09

45801-01
河15-01河15-02

河15-03

河16-01河16-02河16-04

河2-01
河2-02

河2-04
河2-05

河2-06河30-02

河30-03
河30-04

河30-05

河51-01

河51-02

河51-03

河52

河52-01

河52-02

河60-01河60-02

河60-03

河60-04

河92

河92-01
河92-02

靖38079-02

靖38081-02

靖38082-01

靖38094-02

靖38095-01

靖38133

靖38133-01靖38133-02

靖38133-03

靖38133-04

靖38134

靖38134-04

靖38134-06

靖38135-06 靖38137-02

靖38137-03

靖38137-05

靖42302

靖43185-03

靖43186-07

靖43186-08

靖43189-03靖43189-06

靖43189-07

靖43189-08

靖43190-01

靖43190-03

靖43190-04

靖43190-05

靖43190-06

靖43190-08

靖43210-03靖43210-08

靖43210-09

靖43210-10

靖43211-01

靖43212-01

靖43212-02靖43212-03

靖43212-04
靖43216-01

靖43222-01靖43222-03靖43222-04

靖43222-05

靖43224-02

靖43228-02

靖45009-02

靖45021-06 靖45021-07

靖45156-01

靖45156-02

靖45161

靖45169-01

靖45540-01
靖45540-03

靖45541-02

靖45542
靖45542-01

靖45542-02靖45542-03 靖45542-04

靖45542-05

靖45543
靖45543-01

靖45543-02
靖45543-03

靖45543-05靖45543-06

靖45543-07靖45543-08

靖45543-09

靖45543-10
靖45544

靖45544-01

靖45544-02

靖45544-03
靖45544-04

靖45544-05

靖45544-08

靖45544-09

靖45545

靖45545-01
靖45545-02

靖45545-03

靖45545-04

靖45545-05

靖45545-06

靖45545-07

靖45546-04靖45546-05
靖45547-01

靖45547-03

靖45547-04

靖45547-07

靖45586

靖45586-04
靖45587-01

靖45587-02

靖45587-04

靖45655-01

靖45655-02靖45655-03

靖45658-03

乔2-01

乔2-02乔2-03

乔2-04

乔23-01乔23-02

乔23-03

乔24-01

乔24-02

乔24-03

乔25-01

乔25-02

乔25-03
乔25-04

乔25-05

乔26

乔26-01

乔26-02

乔27-01

乔27-02

乔27-03

乔27-04乔28-01

乔28-03
乔29-01

乔29-02

乔30-01

乔3-01

乔3-02

乔3-03 乔3-04

乔3-05

乔31-01

乔31-02

乔31-03

乔32-01

乔32-02

乔32-03

乔32-04

乔33-01乔33-02

乔34-01

乔34-02
乔34-03乔35-01

乔35-02 乔35-03

乔36-01

乔36-02乔36-03

乔37-01乔37-02

乔40-01乔40-02

乔41-01
乔42-01

乔42-02

乔42-03

乔43-01

乔43-02

探174

探195

探196

探199

探200

探44

探447

探448

探449

探45

探450

探46

38103-01

38079

45543-04

45544-06

45544-07

4554645546-01 38134-01

乔35

45206

45546-06

乔23-04

探111

河16-03

探203

Chang 62 formation fracture pressure -vertical stress. Chang 61formation fracture pressure -vertical stress. 
 

Chang 4+52 formation fracture pressure -vertical stress. Chang 4+51 formation fracture pressure -vertical stress. 



365 78 365 80 365 82 365 84 365 86 365 88 365 90

365 78 365 80 365 82 365 84 365 86 365 88 365 90

41
46

41
44

41
42

41
40

41
38

41
46

41
44

41
42

41
40

41
38

20 20

24

26

26

26

28

28

28

30

26
28

22

18

24

24

24

22

22
20

20

20

18

26

26

26

28

28

28

30

24

24

24

26

26

26

28

32

24

24

24

24

22
20
18

26
28

30

22

22

22

20

20

20

18

16

14

20

14
12

20

18

16
14

24

22

22

22

2224

24

24

20

20

16

18

26

28

24

26
28

28

16

14

32

38133

38134

43215

43304

45156

45158

45159

45160

45161

45230

45545

45586

38080-01

38082-01

38095-04

38103-02

38133-0138133-04

38134-0338134-04

38134-06

38135-03

38137-02

38137-05

43185-01

43186-03

43186-05

43186-08

43188-07

43189-02

43189-03

43189-07

43190-03

43190-04

43190-05 43190-08

43191-01

43191-03

43194-03

43194-04

43194-08

43210-08

43210-10

43211-02

43212-0243212-03

43215-01

43215-04

43221-02

43222-01

43222-05

43223-05

43224-01

43228-01

45004-03

45009-04

45009-08

45021-01

45021-07

45033-01

45033-02

45047-02

45047-04

45156-01

45156-02

45220-01

45220-03

45540-01
45540-03

45542-01

45542-04

45542-05

45543-06

45543-09

45543-10

45544-01

45544-08

45544-09

45545-03

45545-04

45547-01
45547-05

45547-08

45586-04

45586-05

45586-0645587-0345587-05

45655-01

45655-03

45655-06

45658-03 45658-07

45658-09

河15-01 河15-02

河16-04

河2-02

河2-04

河30-03

河51-01

河51-02

河52

河52-01

河60-01

河60-04

河92

河92-01

乔2-04

乔23-03

乔24-01

乔24-03

乔25-02

乔25-03

乔25-05

乔26-01

乔27-01

乔27-04乔28-01

乔28-03
乔29-01乔30-01

乔3-01

乔32-01

乔32-02

乔33-01

乔34-02

乔35-02

乔36-01

乔36-02

乔37-02

乔40-02

乔41-01

乔42-01

乔43-01

乔43-02

42302

45206

45541

43185-03

45541-02

45655-05

45655-07

探111

探133

探147

探164

探166

探167

探174

探195

探196

探199

探208

探21

探212

探265

探306

探320

探416

探44

探447

探448

探449

探45

探450

探95

探168

探203

探238

探246

探353

探84

0 1 1 km
1 : 2 5 0 0 0

探416

 

Prospecting well

43228-01

 

Producing well

43228-01

  

Water injection well

43228-01

  

CO2 injection well

 
   

CO2 injection
   area

 

Mudstone thickness:m

20

 

Mudstone thickness

5.7

18

16

16

16

14

14

14

14

14

14

14

16

16

16

18
18

18

20
20

20

20 20

20

20

20

22

24

22

20

18

14

14

14

12

12

12

12

12

10

18
20

12

10

18

14
12 18

18

18

26

14
12

10

16

16

16

18

20

20

16

12

12

12

10
8

20

22

22

24

24

10

10

10

6

16

38133

38134

43215

43304

45156

45158

45159

45160

45161

45230

45545

45586

38080-01

38082-01

38095-04

38103-02

38133-0138133-04

38134-03

38134-04

38134-06

38135-03

38137-02

38137-05
43185-01

43186-03

43186-05

43186-08

43188-07

43189-02

43189-03

43189-07

43190-03

43190-04

43190-05 43190-08

43191-01

43191-03

43194-03

43194-04

43194-08

43210-08

43210-10

43211-02

43212-02

43212-03

43215-01

43215-04

43221-02

43222-01

43222-05

43223-05

43224-01

43228-01

45004-03

45009-04

45009-08

45021-01

45021-07

45033-01

45033-02

45047-02

45047-04

45156-01

45156-02

45220-01

45220-03

45540-01
45540-03

45542-01
45542-04

45542-05

45543-06

45543-09

45543-10
45544-01 45544-08

45544-09

45545-03

45545-04

45547-01

45547-05

45547-08

45586-04

45586-05

45586-0645587-0345587-05

45655-01

45655-03

45655-06

45658-03 45658-07

45658-09

河15-01河15-02

河16-04

河2-02

河2-04

河30-03

河51-01

河51-02

河52

河52-01

河60-01

河60-04

河92

河92-01

乔2-04

乔23-03

乔24-01

乔24-03

乔25-02

乔25-03

乔25-05

乔26

乔26-01

乔27-01

乔27-04乔28-01

乔28-03
乔29-01乔30-01

乔3-01

乔32-01

乔32-02

乔33-01

乔34-02

乔35-02

乔36-01

乔36-02

乔37-02

乔40-02

乔41-01
乔42-01

乔43-01

乔43-02

42302

45206

45541

43185-03

45541-02

45655-05

45655-07

探111

探133

探147

探164

探166

探167

探174

探191

探195

探196

探199

探208

探21

探212

探265

探306

探320

探416

探44

探447

探448

探449

探45

探450

探95

探168

探191

探203

探238

探246

探353

探84

0 1 1 km
1 : 2 5 0 0 0

探416

 

Prospecting well

43228-01

 

Producing well

43228-01

  

Water injection well

43228-01

  

CO2 injection well

 
   

CO2 injection
   area

  

Mudstone thickness: m

20

 

Mudstone thickness

Regional seals Chang 4+51 (Left): accumulated 
average thickness of shale is 21.92 m. In the CO2 
injection area (red square), the average thickness 
of shale is 22 m. The accumulated  thickness of 
shale can be up to 24 m or more. The overall 
thickness of seal is relatively stable. It meets the 
requirements of trapping CO2 or second trapping. 

Interbed Chang 62 (Right) : an average thickness of 
shale is about 13.86 m. CO2 injection (red square) is in 
the thinnest area of shale. However, thick shale on 
both sides of injection area may seal CO2 laterally 
into the reservoir. 

Caprock characterization 



Sealing Ability of Caprock 
We defined a comprehensive assessment index A according to macroscopic and microcosmic 
parameters as  

0= m ohr P SA
Zk

Caprock Comprehensive 
Assessment  Level 

Ⅰ-The best Ⅱ-Good 
Ⅲ-

Medium 

Ⅳ-

Poorer 

Comprehensive Assessment 
Index A  

A>3.2 2.2<A<3.2 1<A<2.2 A<1 

Mudstone thickness (m) 25.91 21.49 16.92 11.14 

Displacement pressures 

(MPa) 
6.38 6.31 6.28 6.24 

Mudstone stratum ratio 0.71 0.59 0.45 0.29 

Oil saturation (%) 46.98 45.78 45.11 45.13 

Depth (m) 1548.83 1552.28 1554.38 1558.84 

Pressure coefficient 0.86 0.87 0.86 0.87 

Chang 4+51 

Chang 62 

Where h is stacking thickness of caprock; rm is mudstone 
stratum ratio; P0 is displacement pressure; SO is oil 
saturation; Z is burial depth and k is pressure coefficient. 



Modeling of CO2  Storage Body 

Chang 4+51 Chang 4+52 Chang 4+51 Chang 62 

Geologic Structure Model Porosity Model  Permeability Model 

Chang 4+51 Chang 62 

Chang 4+51 Chang 62 

Oil saturation model Displacement pressure model 

CO2 saturation distribution vertically 

CO2 saturation distribution laterally 
after 3 years injection 
5 years later 50 years later 

CO2 leakage risk prediction 



We estimate that the maximum volume for 

CO2 storage in Chang 62 unit is 1.4 ×107m3, 

CO2 capacity is 127,000 t. 

CO2 injection area unit of Chang 61 CO2 injection area unit of Chang 62 



• Fast monitoring techniques near surface and at atmosphere. 

 
• The impact of CO2 leakage on environment. 

– Soil, groundwater, temperature, human health, animals, plants, etc. 
– Purity of CO2 (CO2, H2S, CO, SO2, NOx) 

 
• Quantitatively prove the leakage of CO2 ? 

(9) Environmental monitoring 

5. Technical Description 

Remote sensing image 
on May 11,2011 



    Combining the sample collection device and isotope measureing instrument to 
establish an assay method for 13C and 14C. 
 Using this method, we measured the content of 14C and  13C in near-surface 
before and after CO2 injection and used the Keeling Curve  to determine the  
background value. 

In March, the intercept -6.8 is  
approaching the value of 13C in the 
air,-8.0; In August, the intercept -29.5 
is  approaching the value of 13C in the 
vegetation,-26. 

 After injection of CO2, we have measured the near-surface 13C content around the 
wellhead and 50~100 m from the wellhead. Using the Keeling Curve, the linear intercept is 
-9.7 in March and -17.6 in August , respectively.  
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Keeling Curve in March Keeling Curve in August 



The relationship between the 
dissolution rate and the etching 
apparatus time of CO2. 

The relationship between the 
dissolution rate and the partial 
pressure of CO2. 

 Dissolved CO2 in water may accelerate the digestion of metal 
ion in mineral, the dissolving-out amount is related to the 
etching time and pressure of CO2. 

 If the CO2 came up into the ground water, the content of metal 
ion in ground water will be increased and water quality will be 
changed. 



Environmental monitoring 
near Jingbian CCS site. 



mung bean 

 soybean  

buckwheat  

potato  

 corn 

sorghum  

millet  

broomcorn millet  
 

The impact of CO2 on the morphological indexes of C3 crops. 



soybean 

 mung bean 

buck wheat 

potato 

 corn 

sorghum  

millet  

broomcorn millet  

The impact of CO2 on the biomass of C3 crops.  



The impact of CO2 on the soil composition and properties. 



The number of bacteria (corn) 

The number of fungi (corn) 

The number of actinomycetes (corn) 

The number of bacteria (millet) 

The number of fungi (millet) 

The number of actinomycetes (millet) 

The impact of CO2 on the population of microorganisms. 



Selection of indicative bacteria  

 By  comparing the DGGE electrophoresis of C4 crops under different CO2 
concentration, the study shows:  

 In soil of planting corn , when the CO2 concentration was at 80000 ppm, 
Desulfomicrobium thermophilum can be used as an indicative bacteria.——1 

 In soil of planting sorghum, when the CO2 concentration is at 10000ppm, 
Burkholderia cepacia, Brucella suis, Thiohalocapsahalophil, Porphyromonas 
gingivicanis and Bacteroides intestinalis can be used as indicative bacteria.——5 

 In soil of planting millet,when the CO2 concentration was at 10000ppm, Brucella 
suis, Thiohalocapsa halophil, Pelomonas aquatica, Hydrogenophaga intermedia, 
Prevotella dentalis and Sphingomonas oryziterrae can be used as indicative 
bacteria.——6 

 Brucella suis and  Thiohalocapsa halophil  were the common soil indicative 
bacteria microbes of  sorghum and broom corn millet  at  the 10000ppm of CO2 
concentration. 

 DGGE bands of  millet root soil bacteria were not significantly different, it had  
difficulty to choose the indicative bacteria microbe. 

 There were 10 indicator bacteria microbes being used as indicators of CO2 
leakage . 



CO2 impact for 
animals 

CO2 
impact for mouse 

CO2 
impact for fish 

Semi-lethal 
concentration 
 

The behavior 
influence 
 

The blood gas 
influence 
 

Water quality 
 

Semi-lethal 
flow of CO2  
 

Blood gas 
 



5. Technical Description 
(10) Anticorrosion and wellbore integrity 

Anticorrosion 
During CO2 injection process, the corrosion may severely 

damage the down-hole tubular system. 

 Simulating CO2 injection under different environmental 

condition.  

 Obtain the corrosion rule of the typical materials. 

  Sift and evaluate coating, corrosion and scale inhibitor. 

 Provided the support for corrosion control. 



5. Technical Description 
(11) Anticorrosion and wellbore integrity 

Corrosion effects during CO2 flooding 

Alloying element 

Thermal treatment 

Metallographic structure 

Corrosion product film 

Material 
factors 

Environmental 
factors 

Pressure  

Temperature  

PH value 

Medium ion 

Organic acid 

Microorganism 

H2S 

Dissolved O2 

Flow rate 

Flow pattern 



 Screening corrosion inhibitor. 

 TK70 coating protection. 

 Wellbore corrosion protection device. 

 Coating + sacrificial anode technology. 

 Impressed current cathode protection optimization 
techniques. 

Anticorrosion 

Protection 
fluids Corrosion coupon 

Corrosion coupon 

Bottom of borehole 

Hydraulic anchor 

Bell mouth 

Y221-114-packer 

Inside pipe wall monitoring 
Outside pipe wall monitoring 

Monitoring date 
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rr
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CO2 injection well 
45543-03 

Inside pipe wall monitoring 
Outside pipe wall monitoring 

Monitoring 
date 

CO2 injection well 
45543-03 

Corrosion coupon depth (m) Corrosion coupon depth (m) 

Well name) Well name) 

Inside and 
outside of the 
tubing 
corrosion rate 
is less than 
0.076 mm/a. 



(11) Anticorrosion and wellbore integrity 

We detected the cementing quality of cased 
well by logging Acoustic Variable Density 
in the north of the Jingbian Field. 
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 inhibitor type  

 inhibitor type  

 Test condition: Temperature is 55 0C, flow 
speed is 0.3 m/s , CO2 pressure is 5MPa and 
content is 80 ppm. 

 Test condition: Temperature is 55 0C, flow 
speed is 0.3 m/s , CO2 pressure is 5MPa and 
content is 80 ppm. 

Imidazoline and modified 
imidazoline inhibitor were 
used in Jingbian Field 



6. Conclusions 

 Cheaper CO2 source that captured from coal chemical plant 
makes the full chain Jingbian CCS project into reality.  

 
 CO2-EOR recovered more oil than water injection in low porosity 
and permeability reservoir in Ordos Basin. This inspires more 
companies to invest in CCS in Ordos Basin and China.  

 
 MMV study shows the safety of CO2 geological storage in 
Jingbian CCS site.  

 
Current CO2 leakage from borehole is less than 2% and would 
affect environment and environmental monitoring. When our CO2 
recycle equipment put into use, there will be no CO2 leakage from 
wellbore.  



6. Conclusions 

 It is the first time in China for us to acquire baseline surface soil, 
water, plants and other monitoring data. The integrated and life time 
MMV is necessary and need more funding. 

 
 It is not easy for us to make Jingbian CCS Project into practice. 
There are more obstacles for CCS in China than developed 
countries. However, there are also more opportunities for CCS in 
China. 

 
 Current Jingbian CCS demonstration does not make money, 
however, it creates significant social benefits and environmental 
benefits for our society.   
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