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Geological storage of anthropogenic CO; is the most challenging part, as well as with the
most significant environmental risks and impacts, in the CCS process. Environmental monito-
ring is the decisive step for the application of CO, sequestration at the global scale. This book
describes in detail the environmental monitoring methods and measurements for the geological

storage of CO;, and is applicable for governments, researchers and university students.
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Foreword

There is growing recognition and acceptance by the Chinese central government
and companies that CCUS (Carbon Capture, Use and Storage) will play a key role
in China's climate change abatement strategies, particularly in the medium to long
term. China has been making good progress in geological storage of CO,. Some
state-owned companies, such Shenhua group, have started the injection of CO, in-
to geological formations. Considering that environmental issues have become more
important for the geological storage of CO;, and the environmental monitoring in
this field in China is currently minimal or lacking, the purpose of this study is mo-
nitoring knowledge and experiences of geological storage of CO,.

I was honoured to have an opportunity to visit Geoscience Australia (GA) in
Canberra, Australia, as an exchange researcher during 21 Sep.2011 to 17
Dec. 2011. My visit was a part of China Australia Geological Storage of CO, pro-
ject. During my visit, I had a good communication with The University of New
South Wales in Sydney, and the Australian Federal Department of Climate Change
and Energy Efficiency in Canberra, and visited the famous Otway CO, injection
project in Victoria. Most of my time in GA was used on the literature reviews, ask-
ing questions and communications with different people. This report is a summary
of my studies and meetings in Australia.

This book is the achievements and results of this visit and research of Mr. Greg
Leamon and Dr Lancui Liu.

I would like to thank the CAGS project and Geoscience Australia for giving me
such a valuable opportunity to visit Australia. I am sincerely grateful to Jessica Gur-

ney for her help, from the application of this visit to the end of my trip. She helped



me in every possible way and in detail. I would like to express my gratitude to Rick
Causebrook. It was his work and presentations that intrigued my interests and
brought me into the geological storage research. Many thanks to to Li Jia, affiliated
to The Administrative Centre for China’s Agenda 21 (ACCA21) for her arrange-
ments and assistance in the preparations for my visit. I would like to thank Andrew
Feitz for arranging several visits to the field and teaching me so much about monito-
ring. I would like to thank Junhong Chen and his wife Ziging Hong for previding me
the equipments for the fields works. I would like to thank Donghai Xu for his help
and suggestions.

I would like to thank Mei Liu and her husband Fapeng Li, their company and
our friendship keep me away from loneliness and made my time in Canberra a happy
one. Mang tanks to Dr. Li Qi in Institute of Rock and Mechanics, CAS, for his
help and suggesticns. I would like to express my gratitude to Richard Dunsmore,
Tehani Kuske, Liuqi Wang, Zhi Huang, Aleks Kalinowski, Ron Zhu, Jingming
Duan, Karen Higgins, Henry Berko and all those who helped me. Because of the
people above, that my time in GA became interesting and meaningful. Especially, I
would like to give my special thanks to my wife Nan Zhao whose patient love ena-

bled me to complete my overseas work.

Bofeng Cai
October, 2012
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CO, HEHHAEF (CCS) £ CO, WA, ERAMEHFN— N TEREN T
B, CCSHANRYUMMRLRATSARFNEERRL . CCSHRRENE
YRR BB R BTG BERAR, TRET —MHULTAHFR, RA
BE2RBMBEA, HBXMERIECO, EAFRA LRI,

CO, HFH R CCS ERPMBOABZ—, dR CCSEMTBPHA LR
ERBMER—AFH ., AR CO, HERELBEBRETHAE. BEATH
CO, AR MBEFHE LB AT, BEH CO; HAH T HRE L 20 H4 70
FREEBHENMG CO, WMBEHRKE (EOR) TH. K5, FMA CO, A
T MM R R RGEH BN E TR, % CO, HETHTHENARED
BESEMEETR, RER 20 4 70 SFRBHAY, H3] 20 #4290 £R, BB
ERBEAEZHEARI. 20 #4290 FRLE, X—RAZAAESHREA K XE
(IPCC, 2005), M 20 tH#2 90 FERE 4, CO, HFEHEC BN YME— RS %
HHELES, RERASETRARANELRBEZSHUBSNEERRY —,

MR CO; HERFEALRE T HRBMHET RECFETMGIE, WL
WS, WRAMBFNEMT A ISR RLH.

1.1 —EABHENSEELREZSERHEE P HER

ErfEE E (International Energy Agency, IEA) ZEFRBE TN, 28
HLB2CHBER, MLHEKRKH CO: BIMEEFIZE 450 ppm, BIFEE 2050
FERRES &AM 2010 FEEHE 50%, M CCSHERBIER TR 19% CEHE 1-
1) (IEA, 2010), 2025~2030 4E§ifH], CCSH LA BB ERR, HABRERER

B1E “HABhERHETFRA ‘



N EEANTEERERBESACSERER, W CCSUERREREREFRHE.
B S E1E R4S (The Intergovernmental Panel on Climate Change,
IPCC) A%, CCS 3| 2100 4F 2RI R WHB T & G5B 15% ~55% (IPCC,
2005), CCS Rt RMERABESUBHHR T RWEZHRBL. NREEH
CCS, 433 2050 4 CO; W S0 M BALRE 70 (IEA, 2009),

CO; MABARBCBETULRAFEHTREE, TEAREZRILEFATERN
CO;, BHFRMIK CO HHAENBFER. CO: WIBHAILXEZLTFRTIE 30 4,
BAEHE 30OMt R A AL AREH CO;, B 6200km HEMERXREXRENME KX
ZHEBE%. RRKEESHEHHEERK, HTLUNCO; ZHRHERFNELER.
i CO, HEHFHE R A BEMBBEAR, WEREDBE. 2010 FFRURT, BRT
Sleipner, In Salah 1 Snehvit B H4F, Fff CO, b F B &2 CO: M H,
BEIEH CO, HiRHAFETARL . YA T2 CO: MRHFRIME K4, L
MBEFNTRILFAERETAMMRRKIFR. X CO; MEHFRA B HAH
FRABKMBTEKE, RIIDBZED, X CO, HFHFIE. HFEMAKEFRR
FHEATHR. £RBEER CO; HFE WM E 1-1 fizk 1-2,

£ 1-1 IPCC 23 CO, WRHERNWH

HEAH #7488 FR/Gt CO, HEFBH ER/Gt CO,
K 675 900
R FRER 3~15 200
BERAR 1,000 AHE B BE 10° BK

PBAERH . IPCC, 2005.

£ 12 IEA ZRFEME CO; RBFRANER

X8

HigHFRS
/Gt CO.

2020 4E 3 CO,
HER/Mt

2050 4E 8 CO,
HEFR/ Mt

OECD jt3%

2,170~4,650

520

38,100

OECD Bx ¥

120~940

170

15,600

OECD X¥#

800~900

130

14,300

PTEMBE

1,520~3,020

170

37,500

3 A4k OECD

3,480~5,990

250

39,100

23R

8,090~15,500

1,240

144,600

E: OECD—2&F ek 5RRHRA.

BBk H® . IEA, 2009.
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2010~2050 4E #1 [ R i 4 3 FF 145Gt COz. X B BREF F| 2050 444 A it 3400
ACO;, EHETH. RELREHFESHITRA CO, HEHNFRNEXE N (EH
1-2), (BRI, ¥ % H 5k R R s KRR AR e, e/ X 38K - 500 3% 48 i 7t
R YRR RERZ .

% CO;, HETHERLWMRERZZRAMNHFHENTRAXS, —1T
CO; FEHETHNRI EBTREBITHERTRELWRARELRE .

1.2 “HS4EREHTFERRE

K CO, HRHFELBRERE 4 BB HILAMFEH (L 3~104), BiTH
FHEA ULH4), (kM UL AXHAE. CO; BEADRRME GEHRES
it 1000m) HAAZEERY, NTIENFEHRES. —H CO: ELSMITARBE
pEf, HARBEHRAFREIMENBEZA.

HTREE TR CO,, WEW CO, K4, £ CO, WEEREZRD “E
KR”. CO: WEESHEARENEMBH M, HEEXRPREHES 800m A,
CO: MEEWSSIMBARE, KNEEEARENHEM, CO: HEETLS
BN, FBIEFRRER CO, HHELN 750kg/m®, b, CO; ISKRESEWME
AR, ANXAERFAE, PRREATEAESNEESZE. #B3ER 1,000m® K
CO, HABIMT, ZEHT 800m FBMIEFRE, HHT 2km WHEARE, Hi&
BN ER1,000m S B 2. 7m® (B 1-3) . XFREHEMHE KHBUH F B 7 CO, £
FRKHBE] S fp FAME (CO:GeoNet, 2010),

LM XS & CO; HiRHFRE T, X ANLETHIERRS
(5 CO, 9B B AR ZE 650~750ke/m® Z (8, {8 CO, MEERARRE b3 b3k B F
REBEAHER, RAMERFOWRARY, ERAMRBEBABENEH ‘A
), CO: FHABIMEFREN K EN R 200kg/m®, X— “WU” MUY EK
5, CO; # AMEIEFRESIHHE R 450kg/m® (Causebrook, 2010),

PEMBZHRECO ENMEEREASA: HHERE (HAFTSRAOGN
BEXZE); MEHEHNEB:; SANAEE GRYFFLRSEERZMS X
ARABRNLE, DESEERR, ERETHEPEZLERETLUME CO2);
COo. ¥; HABEH GGABRAEKEINER, BERE CO; EARMER A,
RERA Y BRI 2 . FLBRE KT 100K BREREL 2 #b 2 M FL BB
AKFISXNHBREBAHERRERAEEN CO: HE. BEARTFARENSA, H
BEEHTEAEMLMBA, AN0.1 ZXH (mD) GEEHELD BJLLEA (D) B

B1E —SABRBRHFHEA e
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1-3 CO; BEREAFEEL
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BHERE . AMTYEREHELTEIBEEKEAM. BigE, CO, MR

ERERRNBENE (KT 100mD), BHEKBEN, ATUEREEAFEAR CO;
MY BT R, TS FIREBRHZE.

1.3 “—E4mitRHFERE

fBL B CO, MR HFIN M BT EWRRILN EEEMF.

O FRMMBHFZRATEAYE (REHABRENBREN;

@ ZEWHE (FEB), WATFHEZLAARTBELSRE, XHETLB L
CO. M L#&zhfigkw CEE 1-4);

Q@ HMERERT 800m, XHEENMBEAREBR, FREAN CO;: X3
i FRE, AmBKLisFF CO:.

CO; EH AT UEHFZRBHYULREZ M T HET. EH CO HFHMEE
BA SN 4 KR CBEE 1-5):

O FRHMmE. <K

@ CO; RFM/ S RWE;

‘ TE B RY FMEEE N



@ CO; HEEEZIRWE;

@ WIHHBAE .

B M. SRS IALMEA THRERY CO, HfFBERE. B
X EWMSET SUFFRBERIME, FUKERNEZEAARER, ATTUE
8. AR IR CO, R H AWM URIER CO; EARBREHSHAER. R,
B H R FORASER B E CO: WIEARMS A, o LR A BLA 1 46 F+ VA5 A
R MR B AT CO. R . HEN, CHEGH CURBIFME TR
WHERE, BEH SN, BEMUEN. BEBLEA CO, ATLH EOR M EGR
(CO; B RAKIRUIE) B YT CO, FEHAFTHE—LFWIT (BAHRERS
MR, CO, A MATUBA T EOR BAJLTERF 8, % 855 % H MRtk
7% ~23% CE#R 13.2%).,

AWMTLET CO, MAMBBAS RS, FAEAK CO, B4 MR
. EAMAS0%~67%H CO, XHFEAMFREEFMBE, HZELHH
WABHEREFEAMAIEFMUBERF A, TR CO: M LE T LI H B
A K

ERBEAKBRERAB NN CO, HFHFHEZE. BNHERWE B REME
BIE CO, HIRHFER, B BRI 7 500 i TR K 2 #2200 4 76 22 [/
BERIAES AR, 3 BB R AR 1 00 AR W St E B AR

HER CO, MR H AR PRI MIGH—F. HIEAN CO: RABELRE
BRBES (FERFE TMEMTEEF L, BR CO. WERESEMA S %M
FHRER L. B, EWRAAN, BREBTUSEERSEEAE, SHRTM
M7 CO» B FERER R [ERBE. {0 CO, MR 2 89 K S4BT E i — 5 WA
. BHRECO BARBERAERNAMYELE, URENNEEBERR
YERIRE M, X605 T AT ARG S A MBI R T

1.4 Z“SHikwxitFmEAVE

CO: EAHIRE, REE—FRIINMREAIEERKARNETHE P,
HEEFAMEALIR. SWAMLEEA; RREH; BEEAMTLEE. 0¥
B 1-6 frm. BEEREIRES, WEBALE (GHMLEZEE, RABM) 2E
KfERR S BH MG, MARAZEALR OFEENE, 7 LBH WERNSE
P, FEREFNRLEGHMZZLSBIRE (H1-D,
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4 CO: EARIMBEFE, CO, #ARAZR, MXEAEASREFESH K
W, FFUEEAENT, CO: 28tEK, BRWEAER, FMKkRE. B
HCO, MBEEEMT A, ULTBERBRFREN CO, 2ZXR MMM LE
3. HCO; M EBHBEENRELBS, AAREBEERME, ELLERED.
BEBREORRRES. EEMHETFHET, ¥ CO. RHIHA, BjiLHE L83,
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BRESHWHEEA.
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BHET CO: MEMPEHEM. HEBMA CO Wi KELBRABM CO: HHEIK
W, XMEMES CO, BERMEKRBLETHBS, BRET CO: HEMNRLHE,
Sleipner i B fy M B f53H R, KA UMW EA CO, £ 10 FZELTHEE

(4) T {cEBeh

BRTHAN CO. 2 ERARERN, RESRERS CO; HiLhBkmi:,
XERTLEE. 7 BAR CO, REAPRAKAEMEZ2ENBEAITE.
B LEAdRELEE, EXELY ETHEEEEK. Perkins FA (2005) 14
WA EAZ Weyburn i HEy CO; KMEE L 5000 £ A4 S RAFHMNRRLE .

1.5 SR SFhmithmREFHEMSR

43R CCS B3 (Global CCS Institute) ZEH (£ ¥R 2011 4£ CCS BAR)Y
R, 2011 FE@MAETFTARRE (BIA. M. RE. RATMET WRAKRTE
CCSTH® (MYFILUMEKT CCSHHE) 3£F 744, EX T4 ANTHEF, 84
FBITRE, M EEETREIR, X 14 M HE CO, HEERIEBEE 33Mt,

MEE 1-8 B HE 1-9 FAILIF L, JLRMEKM R T HEKF CO,; #h/FH77
WHEEBEMX , JEEMBRMK KRB CCSH EH®451F 25 MR 214, ZH
HEBTMER 62%, HKREMEX OAWHE), MARME (6 AME) FMFE (64
=D

XERCCSHHMAHTRAFBKNBX, AT ERBRUELERE—, M
HECO: HEFRBWEHRAE —. 2011 £ AMBEE CCSTEFH AR
BTHE 2015~2020 4F 74 FF 4R 3 .

M CO; FHAFRE EF CEE 1-10), 6% ML KMBERE CCSHER
FEORTH, 26 B TFHiMBAETEH, UKMRTELRAKRTH, "“ETE
EHEMSETE, A 7T AR E MR,

1.6 HEZSEHmMEEHF

FTEHEER CO HAHNFHEARREAEAMWER. BAFEMN CO; Hiks

® KMEZE CCSHBEN Y. OF CO, HiE. ERAMEFELIR. FHREN D Hu/ HE CO,
HERARLT 80 Hol; RAEMEBERMEESF CO, MERKRDT 40 HM,

F1E —“HAeBBREFRR o



Bk, FEREUENENBELHRE T CO, MR 7 b E B4 8K 5L A
MEFIM S . KA RN CO, R B 77, o LRIE+HE%EAFIERER,
3t B BE IS CO; HER.

R EBURAI S X F CO, 3k, FARMMEHE (CCUS) MilmMEERE
WIERKRE, 3 HiAN CCUS 2ZEH B MK, 7 E R X S %2k SR 7
CO, B P REEERA, (HRTFRPMEMERZBAMRE (2006~ 2020
) HEABERERESFRIERBE T “FREK. WIEH CO; ERHBM KL
FREFEAAEAR: ChERMSBELREETITH (2007 46)) Rl “FE
CO: Hift. FASHELBERSHN; $iT CO, . AASHFHARBLA,
FIR CO; ffk. FASEFRARE. THEEARE”: (FE R SR LB
F573H (2011)) &, HEBRFES T HE 2011 449 CCS RRBRE, BEAN,
HER “MEBBHEEREE (CCS) HARMPFRMMA, BR. HiTTREZSHE
FAHEA (CCUS) RBBREISRT CCUS Pl RUHBM, AT HAD L
WEWE CO, HBESHFSBARMER (EOR) MES, HEME, LEEHS
LUFRT CCS LMBRBMERLR, BRT R LAEBKNMER CO, 1
IR,

o R 7E CCS BB E B TR AME. HEMKELASRT hx
BERFEZTHH (NZEC) TiH., ZWMEME T HEIT B CCS MK RERZ M
R, WIEEHEFR CCS WM. 2010 4, w [ Mo W25 3 A SCHL R 3R 18
WERESL. PEBRFAE. HHAZ. PEREEHMLTERAT. Rl
TR B R SRR BT P ERRE B RIS + 2 R TS A R B E - R
W CO, WEMELAHRME “RE CO, HRMAMRE” LW, HXRE CO, #
FRAEAEE B RO H AT R MK R, 3 1 52 U0 0 X F R S A2 R 1 TR, 2010
£, ERIBOK R I 36 RS 3R CO, IR ATIH (CAGS), BAEMRHHE
CO, M FH MM 847 . B, WRE CO, HFHFHFEL R,

LWREEE, FEECO, MERFFHORAETRAES. PEABMRAS
et B/ B B F 2009 4E7E 7 ARl B FF 8 T 4 4F 1.2 X 10°t i CO, B0 B
(EOR); #EAMATRAHERATT 2010 4, ZILKEBFMEFH CO, W
BiH (EOR), B A 4X104tCO;,

WESE, RPEBANEREDNLSREANERBMA, F 2011 FARK
FEBRKEHEHT CO, BHRBRABEATH, RAELBE 2.1 ZART, &
HELEEA 105t COp, B/NAE 12t, SHEARLEHFHMESE 1~3Mt, AT
HAESHE 2011 4F 10 A, A 104t CO;, HEAFMERARN CO. K & WK

° TR ek R AN



