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CCS-geoengineering: the only one reasonable climate geoengineering technology at pre

N A
KOIDE, Hitoshi'*

L IRBRAER EHIBR S 2 5 I
IClimate Change Geosystem
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JEFOD CCSYA LYY =7V 71E, CO2[EIY - B, CO2[H/Y « CO2-EOR/EGR K5 CO2WLIY « B, K& CO2
LN « CO2-EOR/EGR B X UHE R CO2V A 7)) V7% &L, CCSYATY Y7 V7 Id N4 CO24E
HZEERT 20, KKTORE CO2%WINT %, CCSYATY Y7V V71X, HIRE COEEICIT TR ZRE
L&D LT BT, RoEWERZRISNEDT, W—DRIREREIAI V=TIV ITEiTH B,
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The influence of measurement methods on evaluation of threshold pressures

B gL NEP IEA
KAMEYA, Hiroshi! ; ONO, Masak}*
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LOyo Corporation

IR E AT AFE O O A MEERFSICHBWT, EilfEo > —IVIkREE LTAL w ¥ a )b RESOFHIDA LA E TH
%, ALwa)VRENZ, HAZBRFEALLBIC, MU ICHEGR R ZADOHRNAVE L B D DREDTF iz E% LT
W5, ALwya)V RENEES S 7=DICiE, FEAT S HAOFERENBEDIST], MBUKE, RSN E %R R
WCHBLEEB 27568, ThEMMCRBEIRE Sk En S RmENE 2N U CEEEMRERET 5T Lic X
DIBNCEHET 285858 H 5. BIEDHNE O MERAL Y 2V REJOFEMNAEETH B 1Y, Kk it Bt » 14
A5l >TL %, 2D, ZFHEOFEZHA L TENS ORBEZIERT 2iBADTDODN TV S, CO2
HirpErE T, O #EEER CO2Z[MH LIz ALy ¥ a)b RIEJTRER, ON2AHRAZMH LA Ly > a) FIEJERER, O.
IKEREAGRERD SHEE LTz A L > a )V RIES, DREEENZHEEDRZ WV, BNOFEGITHB L, [ LREROE
MR ZEZE TN L TV L T55580NE, WMBEOREEMESMERGIEDENICK D, —H Loz
IMELH B, Tz, ENOMRFENZHZEDD, ZTORIERZHEDEZ TRV, FEELIZENNDIRE, WEIC
FLUTTOIFMFEORBMEFINEL, FEROEICOWVTHH 2T 2.

RS CO2B XU N2 HAZMEH UT-idB 2 Ll % &, miED AL Y 3 )b RIEHOZZFEROEERES DENT
AR B IGE M2V, 2L, RRFEROEWIRE DTG, SR OERIKAED 55 < [6] Uikl Tk Uitk z175 T
ENHEL W28, JREEDBEWVICK DFEROENECZLEND 5, —/7, KEEAGRBO SHEES NS ALY a)b FE
JNEN2 HADSRDENBEEIZIFEEED, FNLUTICESGENZ V., TNSIEARORTHESAREEHORE, ¥
K URREf RS T2 U 2 R EINIEIC X 250 8hE 2 55,

HAENT, gL A REIEMAE 5T LEEY, WEZEAETIEEL, b AEEIREZ2 58820,
DX I %5GE, RONTHEORE ARG TE L, BEME TE2HOMABRERZIH L CGHEiZiTS T &
PR BT EMEEI NS, 65T, AL TIHNE LU IMEHISEIFROIrH i 23 E T 2FRICL HEEEEZ N5,

F—"T—R: AL a)V RES, EilUE, > —VEE
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Evaluation of permeabily fault related damage zone in sandstone from a viewpoint of
microstructure

[ AT NI = N =T (R 4 [
SATO, Minoru™* ; TAKEMURA, Takato? : TAKAHASHI, Manabl? ; ANMA, Ryo!

VIRPOREE, 2 AR, ® SRR BT
1Tsukuba University?Nihon University,>National Institute of Advanced Industrial Science and Technology

Wi EICTE R E N2 B A=Y =2 Cld. WBIEISED DN THMERD L 5 2 LS N TV, WiE
B XOWELFHEO X A=YV =%, HTNEREIH TOFRAOBENC K E 87 NIFT T2, AMBAFES CO, .
AR UINA RL— bR EOH FEREFH 70y 2 7 MW TR EESHENEEETH 5, WigoBEKIEcBE L
TREMNEBXTENTEKRBENM DN TE O, WEEPOBE S NIWiES, AU IR 2 7 L—Y A M iEd
ZWE OB RES & D &K F U (Zhang and Tullis. 1998) DX A—I V' —V TldRES B E E RVl (o
27 kD XD & BEKENE L 5B T EARENT VS (Fowles and Burley. 1994) AHT3E TIXENE/KRER TH A —

DV = EHHIREED B G DB KR T B & L eI, KRR T Y A— 2 —TFH U TZERRRDZEREE 0 DL
BI—@E7KI$L<_"D(/‘T%,T\ L7z,

RN BRI H T TR U 72 2 i Uz, BRI U 72D 2 B8 90mm i & 180mmD A #EIE L € —f
SIWTEAEBRZ T TV, WIER R 2B LTz EBICA A=Y — 2Okl & U Tl E A M ELE 50mm, & E 25mm
OMMRZEIE U, G30HE 5MPa, 10MPadZ&fC o Y = > F7V)L AT (Brace et al. 196805 /Kitlifi 217>
120 BKERER Tl A N X OB N O E M 72 £ 58 U T2 g% fi# (Hsieh et al. 1981 >R 7z, F 7z, BIMIHEAS 51
WKWifED 53EEH S K S 1 0-10mm 10-20mm 20-30mm  30-40mmé& ZNZN 10mmDF 2 — 7 Z{ER L, /KEERa
VA =R =T W TR KRB EZIE Uz, RS S TOARWYIHIREED R & R DOIRICEE L TGk
%%TTO 7’:_0

BKEREROFE R, WIHPRIEED R T AR T SMPad & & B /KI%E1Z 9.49 X 10 2m/s, 10MPad & & 2.52 X
10°°mis ThoTze — R A=YV =2 OB TIXARIHITE SMPad & & DOiE/KIREIZ 1.41X 10~8m/s, 10MPad &
%13 2.70X 10 %m/s &, %Dﬂ;ﬁikﬁmuftﬂck D %@‘7k1+a5175‘k%b\}:b\5%%75‘ SNz, KIRO Y A—RZ—TIZ, ¥
HHIRAEDERL TILEZEBRHR N 7.9%TH D | FATIE 0.1 p mAFEDZE Bé?%yb\éﬂbm\to B A=) — Dk
DZERRRIL 5%R(11% T, ﬂ”%ﬁﬁb\%mﬁ%ﬁ& Bé#@F’%HHB?t:*HB%LiE%htmo Tehy, ZERRER AR T BT LT D
<IZE, 0.1 p mABEOZERELSIRD L. 0.555 10 p m DLEEIA EWERED IS 2 N R SNz, WIHPIRE
DEDERX A=YV =V OZERRIZIFD L T0EH, HIE UTZRBORE—Hc K 20D EEMEE H 5 70, HIEE
R LU TERTZ0END %, — /7 TEERNLERVNEODICED 5T, X A=YV — 2Dtk D] ioh\‘éﬂd—f*ﬁ
WBREVEWVS RS, BIIC K D SN NEIN B O E Nz T &0, b FhYEES] U T2 MR
LizkEZEN%,

F—T— R BKRE, BKEAER, KRR O X — 22— ZERRR A, B AW
Keywords: permeability, permeability test, mercury porosimetry, pore-size distribution, shear test
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F/KEAFEHRICDOWT & HER S 2 WV 2 BN AE FZERIC K B 1%
Injection-induced seismicity: insights gained from laboratory “AE study using sedimen-

tary rocks

T BRR 1 R R 2 2 R 2
LEI, Xinglin'* ; LI, Xiaying? ; LI, Qi?

VSRR BT, 2 PERAR S AT
!Geological Survey of Japan, AIST, Japaimstitute of Rock and Soil Mechanics, Chinese Academy of Science

Injection-induced seismicity associated with applications, in which fluids are intensively pressed into deep formations such
as Enhanced Geothermal System (EGS), fracking shale gas, geological sequence of CO2, have attracted growing attentiol
Motivated by the desire to better understand the mechanism of damaging events so that they can be avoided or mitigated, v
have started an integrated study on rock fracturing and fault reactivation in multiscales. In the present paper, we present son
preliminary results of an ongoing experimental study utilizing acoustic emission technique in laboratory. Samples of typical
sedimentary rocks collected from Sichuan basin, China, where a number of injection-induced seismic swarms with sizable eartt
guakes ranging up to M4™5 have been observed in some gas/oil reservoirs. Since most injection-induced earthquakes are local
in sedimentary formations of a wide range of lithology and depth, the fracturing behaviors of such rocks are thus important. In
order to investigate the role of over pressured fluid in triggering fault instability, the authors carried out two rock fracture tests
under tri-axial compression in laboratory. Detailed space-time distribution of acoustic emission due to microcracking was usec
to examine pre-failure damages and failure behaviors. Our experimental results demonstrate that dolomitic limestone, shale, al
porous sandstone from the Sichuan basin show both brittle and ductile fracturing behaviors depending on a humber of factor
including drainage condition and confining pressure.

F—T— F: AE, UM, SaidE, QKA MRS
Keywords: Acoustic emission (AE), Microfracture, Rock fracture, Injection-induced earthquake, Sedimentary rocks
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FRACEEFEHIERIC BEFR L 7GR MK O/KE FH AL - CO2BIIM DS F 2TV - 7
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Geochemical reproduction of deep water related to Matsushiro earthquake swarm fo
TOUGH-FLAC simulation

B R U i EEL L R 22
OKUYAMA, Yasuko!* ; FUNATSU, Takahiré ; FUJII, Takashi

LR Kt P R BRI I 2 T
Hnstitute for Geo-Resources and Environment, AIST

CO2i i Cld, Bridic & &0 FORBRIAED FHI 2 &, afo#nnsg e - Fryvyoav
DI & 2 HR MRS, ik K 2 M NMEEORE, BHEOBEREOEEE/R L) PRELEZD, Thohs
CTHHE CO2MRMT 5 EMREZINTVS. TOXS REINHSREZRR T Ik, Ik aERt FRAEDZE
YT BFEE LTHEHEINZON, TEa/1IA-mRRENEKRS 2 2 L— 3] ThHa. ERHTIET AV A, a—
LA« N—=2 LA ENIIEZEATASBHFE L 72 TOUGH-FLAC (Rutquist et al., 2002k, EE#RZ 5 L3 2 DHED CO2
HirP PRI E AT RE & 3 2 55217 > T\ % (Funatsu et al., 2012) 2 DY 2 2 L— 3 VIIFE T, CO20DMH Fifidh &
ERANIREDT— R EZHEET S, KR TRINSDT—2E LT, EFEMRRHINT 1965-196 7 I Tl E
7o TRMRBEREHNE ) & Z U hES Mgk s & O CO2B /KB OB T — 2 Z VT W5, Wt FEE LT, COo2
P OREBERICNT ST F 2TV - TFHFa TR E S35,

Hirp RN PE S MR T CO2DFREN R L Tid, WrRIichh 2 RS E 27z 3 g /K D7 hY, CO2 DA E L
TWETZLENS. TOYH CO2MPIFEDY R 2 L— 3 > TClE, IS E UTHIEE T IVNO/KEFREDE Y
x5 2 50805 5. HiE/KOYWIRIE, IR E T2 TCOEFFOKEICHDEHEE L, PIIHEE L
THZ22BZ MRS, A TMREEEERZFF 250« 7704735 TOUGH-FLACY R 2L —¥ 3> Tld, &
i (EETIV) ICENZ bR T T-dicike CO2ZETIVNICHEAT S, Z2 T, TNHICDW TR YAl
ETBRENDS. IMREEHEZ WS & LIz 1ii%E (Cappaetal., 2009 Tld, JEAM/KOME S IERE% S5mo/l &%
LTW3. U USSR OGTHKORERLZIRTZE D S 1&, BEREHNEEICBEMR U 7= WITRIEER K O IR 1213 % hic
o EHEEETNTWS CRER - H5, 2001; 5 HIEA, 2002.

bbux, 2010-201LEICH ) T MR OFRE T, EEKOFENED 5 NBEK « FTHKO R 1S 7.
ZTNHOKEB X UREE « KERINMALIIX, el & Ho@ U 7R iviBed b iz, bivkoigs « IKERINIALLE,
FNAARLED/INE IR TRAKIREAAE L, FRIKERK D BIRIERI ORI LIciE B 5. DT LidbiH/KDOMgEE - /KEFN
REEDY, KokE, ZNX O EWLZERNMKICEEKE DEGICKDIRE S Z L 2FEKT 5. HEKMEZAREN S, R
M OEHOKIE Y IR EZ 5N TV 5. STHKDOZERNRLEDN R 2 HDIEEICIE, Giggenbach(1992pMEME L
727 andesitic watér OFEIEMNFEIES S. T, WIEMNZA/KOIES « KERINEED andesitic wateD i/ IMEICH 5 &
REL, BESDNZREFEOHIHKDENKLEN SHREZ HES o7z, TD 5 AT, ROEHRL L T DKOKE
WD X, FHRNEEHOKD/KEZ RD Tz, FENTEDIREX, #KIEATH -, [FERIC HCO3IZ DWW THEE L 724
HRENS, i I2L—a TRET ZIE - 5Tl CO2BEBFRILBAIMN TH Tt EABENS.

F—U—F:C0O2 Hihird, MREERIE, 7722 - 7 a7, #ifis, TOUGH-FLAC, Hi /7S
Keywords: CO2 geological storage, Matsushiro earthquake swarm, natural analogue, dynamic leakage, TOUGH-FLAC, salinity
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KFE COBt R 1 M B 2y MREIEIHI (2D 3) —7&H Cranfieldy 1

L CHUMREIDEII E N TWiRnoh ?—
Seismic monitoring at the commercial-scale CO2 geological storage site, Cranfield, U.S

(Part 3)

R RS Y REAS il YR 1] EHE 2 R E—RR 3 A BoR
TAKAGISHI, Maklkol* ; HASHIMOTO, Tsutomt ; HORIKAWA, Shiged ; KUSUNOSE, Kinichird ; XUE, Zigiu'

LN R N M BRER S e S H IS, 2 U a—a oL 2 Y RS, 3 M TEGE N SRR AR T
IRITE, 2Suncoh Consultants Co., LtdAIST

CO, M BRI T 2 My IMEBIFAE O TREME S SR SN TV S, FEAIC K > THEUZM/MENZ. 5D COo, FEA
YA MCEKBEZR) VITHERIEBEEZTCER T ZF 2a— RN HRBEDAXRY N THDB &#ﬁiéh“a\é LhL
N5, CCSOEMICBVTIE, FHCHREROMEREETH % HAT CCSHinE A 12t LMl

ZREOBESNSEAYTA MBI BHMMREIT=2Y) V THNETH 5,

RITE Ti&. KEDOTO—L VR « )N—27 L—ERTIZEAT (LBNL), T FY AKRZEHENIZEAE (BEG) Hiffs U CREAIH
1B COy EAY A+ TREIIC K SHUIMREIBII 21T, COy HEA &V MREIFEA: DBIHRMEIC DWW TIENZ Z1T> TV
%, TOBMTHESNSHAZHOTREROEND CCSHALFER®, CCSDEMLDESE ToE A My IMREIERNITIAIC
DWVWTHET « BRI L ZHME LTV,

BUAD 1 MEKE I 2y EMD CranfieldfiHHTH %, < O TIE CO,-EORIC & © RO BRI 2 i L T\
%, 20084ED SAERT 10075 t DA CO, FAZEML TH O, BHEFTIC 4 005 b L ED CO, HEEER] 3.1kmic
NS 2 HIEA O ERE (FLBRHE 20730% (27E% 107200mD I EN T\ 5, RITE Tld CranfieldifiFHIC 38V TH
/NIRETETARE 2 RS U, 20114F 12 A & 0 #if Bl A H= M L T\ 3B, éﬂrﬁﬂﬂaci\ ) 3km O JE | 6 By TEEE 100m
ICERE LT 3O MREIF D SR X N5, T—ZIERIZ 24bit D fREERE T B MEFHC X > T > 7)) » F %
200HZ CEEETN TV S,

BUUBHEED SHHEE TIC 2 FELLEAFSAEL TV A A, Cranfield 1 = TH/MEENIBIE N Tz, BHEEIE
HIBHELLR DV E a— 2 e HIIC K > TSN TV S E DD, N H—SNTBIE R T TR HE Ok L
ICKBNT /AR, EEREEAREDKEDEINES /A X, HIRHEBICOF I N TS,

ARE T, TOBPESREZRE 2 T, &4 Cranfieldy 1 b THUMREIDERIE Wb - O DWW TR &
YA FDENEH T EDERZITICERZITI. £ 1. LD U BUIEOMATRE 125 1=, AREHIHE
TEHITZ 2R/ T =F 2 — REHEE Uz, BRI, FEDY T ZF 12— RE 52 GO EGK L, Z0D
B 2B D ) A XL~N)L L Uz, T OREH. BEIFIEEE 3.2km OKFEEEEE 1km, BrRERE 3.1km) IZBWT, 1
BT MwO.7 DL E. K EFTRIT MW0.A DL EDS T =F 2 — REFRIDAXRY FHBRIFGETH S T LS M E 7R
Tzo Fle. BEESLL EOBMUIMREIDY A b THRAE L TOARWEEICDW T, Cranfieldic 3513 % i £ O£l A: pErG B
BEOIZ S 2 T E R 21T .

ARE L AR R A Ra R [ RICGERRIU e 2Rl EA R E RS O—B L LTiTbnis,

F—T—K: CO, iy ®d, U IMREIBIA, FifAEA

Keywords: CQgeological storage, Seismic monitoring, fluid injection
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Bio-CCSICBId 28 AR Y A7 FHHlIDHL D #HF (2)
Risk Assessment Study of Bio-CCS (2)

HIH 5 1 oA B0 b BT AT L Enk Bal Y s ARl BE R L vE #hE] L R (S Y
TANAKA, Atsuko'* ; SAKAMOTO, Yasuhidé ; HIGASHINO, Haruyukt ; SUZUMURA, Masahird ; KANO, Yuki® ;
MAYUMI, Daisuke' ; YUJI, Nishi' ; NAKAO, Shinsuké

UOM) EREANRE AW

I'National Institute of Advanced Industrial Science and Technology (AIST)

CO2 i (CCS)DEELAEMY Ak D—D & x> TV AREMA ZAHICIEREIND A FFEENTED,
JENTEMAEYI OBSBEZ TG U Tl X 2 i Z e, #ilta T3 VF—ZFEOBIMMEEL 125, L, BS
5. WA AR EN O X % X2 U EREENIN CO2NED FRIC K> Tl bEhB T 2R L, Thid
CCSY A MTEI B RATABFOBIROAHENZRITHRALEEZ %,

FEkpIc i FERESIC 38U B A YIEEN 2 £ & U 1= ¥il- 75 CCSEli 2 NI T B 72Iid,. X R AR CO2[EE&D
TE IR Al FIE DN ERE E 2% AIFFEE. CCS EMAMIRSHEZ Rl UTe T3 )V F—HFERRi D7 7 R 7 b D
ERNRFHMEZ1 TV, Brbdii O M & SR 25l 3 2 A MBS ET IV 2T 28D T, RD2DDY 77—
RICK > THIMEL TS,

1) CCS & AEYIRSRE D) = DAY 2 75 fiRiH
2) CCS & M EIHEARE DRl S 3 SR O %5 D FTH

AFHRTIE, YT 7—<2)D, CCSTUtRICBIBHBEETIVOZEE L X2V FERICDNTOY AT Mz &L fE

WEDIHTIT DN T DR DB ZFHET 5,

F—"T— F: CO2HHplirH, CCS, A Z VHlli, 74—V C VT A AZT 4, VAT TEAAY N, ARV HA
Keywords: CO2 Geological Storage, CCS, Methanogenesis, Feasibility study, Risk assessment, Methane gas
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Horizontal wells placement optimization for CO2 geological storage in confined aquifers
subjected to brine recycling
Horizontal wells placement optimization for CO2 geological storage in confined aquifers
subjected to brine recycling

Vilcaez Javiel* ; Li Hualong' ; Sato Kozd
VILCAEZ, Javier* ; LI, Hualong' ; SATO, Kozd

LGraduate School of Engineering, The University of Tokyo
LGraduate School of Engineering, The University of Tokyo

Geological storage of C{has potential of mitigating COemissions into the atmosphere. £i@ geological formations can
be trapped through solubility, residual, mineral, and structural trapping mechanisms. Of these trapping mechanisms structur
trapping is likely to be the least secure because @&umulated at the cap-rock can potentially leak through pressure-induced
fractures in the cap-rock.

In order to maximize the trapping of G@nd at the same time prevent the leakage of Gacement of injection and produc-
tion wells were optimized in a saline aquifer subjected to brine recycling under the constraint of a fixed maximum bottomhole
pressure which corresponds to the breakthrough pressure of the cap-rock. Contrary to previous well placement optimizatio
studies, in this study the target geological formation is a confined saline aquifer, permeability is heterogonous (10 - 100 md)
and wells for CQ and brine injection are horizontal. TOUGH2-ECO2N and an iterative Latin hypercube sampling optimization
method were employed for the multiphase flow and optimization calculations, respectively. Optimization variables included the
locations of two CQ injection wells and one brine production well, as well as the injection rate of Te total volume of the
geological model is 20 knx 20 km x 0.1 km which has 4 layers initially containing only brine at a temperature € 4hd
pressure of 10 MPa at the top layer. Simulations were performed for 30 years,ahfgCtion at rates of 5 - 20 kg/s, and 10
years of brine production and/or recycling. The two injection wells for brine recycling were located above the4wijeCtion
wells.

Optimizations of wells placement were performed for two scenarios: 1) injection gfft@out brine recycling, and 2) injec-
tion of CO, with brine recycling. Our optimization results indicate that placing brine injection wells aboyer(ation wells
in conjunction with equal fractions of brine recycling and £i@jection to each well leads to highest amounts of dissolution
and residual trapping of CO The trapping of C@ was improved by 5.4% with brine recycling in comparison to the trapping
of CO, obtained without recycling (13.26 Mt). Although G@vas confirmed to be produced along with brine from production
wells located near the injection wells, placement of the production well has shown to have little to no affect on the trapping of
CO, under the given conditions. With regard to the optimal placement of injection wells, 3 and 6 potential areas were clearly
identified for scenario 1 and 2, respectively. It is theorized that heterogeneous permeability formations may have multiple loca
optima; however this is yet to be confirmed.

Keywords: CO2 geological storage, Well placement, Brine recycling, Optimization

1/1



Japan Geoscience Union Meeting 2014 0/0)

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ];;g’{;‘sgiem

Union

HRE31-09 215419 FFR:5 H 2 H 11:45-12:00

CO2< A 7 N7 )Vl RS g & 2 O ikt o _ _
Reservoir Rocks of CO2 Micro-Bubble Storage (CMS) and its Dissolution Characteris-
tics

B (BRI ZhP AR NN B R = SRR 2 RS AT 2
SUZUKI, Kenichirou* ; MIYOSHI, Satoshi ; HITOMI, Takashi ; OKUZAWA, Koichi® ; MIIDA, Hideaki? ; YUKI, Noriyuki 2

U (KR KM, 2 oy =7 v e
!Obayashi Corporatio?Engineering Advancement Association of Japan (ENAA)

CCSHfIC X BIRERNRA AHIIDR—F T+ VA D 1 DI CO2< A 7\ T)IVHIFEE (CMS) ¥ AT LHMERE
NTWV%, CMSOHEAIL, CO27AfKEM F/KEEWTZ L THD, 17T )L L CO2IAEIRT % L4
T BENTIVEZTIDD TNEWTzdIREY A7 &7, CO2TE/KIZTREN L b iz, FLOEAIY) &K
L. Wb aHRtEN, LH UABOHHIEBENIC OV TEERIGHEET N TWIERVONEIRTH %,

COWETIE. ARE. E. BIREZHWTS A 70NV X B CO2VARKZ - T-TARRIER 2 200 L. VARRE:
P2 FHANRTAERICOWTIE T %, KKUE FTO2 Ny FIAfRRER & @R UAfRRR 2 S0 U, TAMLEE, TAHA 4>
ZEN, ENOER A S PR RE S IR SRS DWW Tigdn L7z,
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CO I EZI LT3 NIC B2 F—=V F A FOBIK - 18I
Dawsonite synthesis/dissolution experiment under the relevant condition ptiger-
ground storage

B HEAER 5 Ak SIORER 2+ ; ik 2815 !
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Geochemical trapping is a mechanism for defining the longer-term security ptiGd@erground storage. Especially, mineral
trapping improves the storage security by the transformation reaction of injectedli@@d or supercritical phase) to carbonate
minerals.

Recently, several studies based on the computer simulation predicted the formations of dawsonite {N@MTE) as an
initial phase of mineral trapping and that dawsonite may play important role for the storage security in the early stage of CO
storage. However, it has not been reported the formation of dawsonite in the experiments under the relevant condition, of the CC
underground storage to date and the problem "whether dawsonite will be formed in thee€®voir and will contribute the
improvement of the C@storage security” is still remaining.

In this study, therefore, we conduct the synthesis/dissolution experiments of dawsonite undes tese®@ir condition and
discuss the formation/preservation condition of dawsonite. We further discuss the possibility of dawsonite formation in the CO
reservoir based on our experimental results.
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Liquid carbon dioxide storage beneath man-made hydrate-seal layers
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19894F, K% 1335 mykifi 3.8 COMME b = 7 iFESIH C Sakaiet al. (1990 HKIAD “FE{LIKZI/KFW) (CO, /KFIH))
ZHA LT &I, NAERE BLREZEOKRTD S OREREZ R UIZ CD TW I YOS T bIc K E IafiligZz 5
ZTeo HARYEGOWRED HIE L IZWOME, &0 D HAMEHTIEH 300mETEIC [THAMEEAK] HdH D, 4.4 MPal,
10 CLLREWVS CO, KRR LI WEZESRMCH %o T DI T B HFEIC N U THlED 5 O KRS T
BT 7 AnRER S RETHEICH TS (K, 2013, Sakaid DBIEBIDEE A, COy /KFIYI I [ 2 & HE
FEYIEBRHPICEFEL TWS EEI N, COy e NHODEE (n=7~ 8 Tp=1.07~ 1.04gcn?) HEEKEE K
DREVSD, ZOREIMNELTE, 1l NIHFET 5137 DA itk FExE ER0 LI 5FE (p=0.92gcnr? &4
HEND) OB L TOEMNENNY 7 & UTHEKET %,

Koide et al. (1997) 1%, MBI T OHEREY) A ORIBRH CERT 2 ATHEMD H % CO, KFINE. FHLOEUEICEET
ZHADHERRKRHEK K D B BEMENGE. TO ERZWIFZ EHE#RL TV 5, I CO, B LSBT L TR
capzE T B L Lz, TNEDIFT, CO /KNP THREINZS —IVEZ NANICERIEE T ENTELINDTE
IR S 20 T DR, @ERIRDOZESITE COy /KFMEIERIENICE T L TONRTAEMRZ iz, LAL, K
fi (2012 &, CO, /KFIWE L1 SR £ CICHERE DR X 1 migEE Hh . HEREYIRIEKHD CO, (ag HER
ISR EE L 72D . CO, IRHATA 0.1 kg-CQ m2y L LI FIcHiz6NB & LTWV5,

BHEREREIE, MPEMEERIRDHR N 2 7IC2UICTEBIAA TV T, A 1.1 kmDIPEIC 440 mOERED
HoTWa, ZOKIRITERZE U T 10 CZZ 750728, CO, IKFWIDZEEIMNEIERINCIA S 0TS . WHE FD
M IIE T TR D TRV AL ] TH O BEOHF T RENLOKLTEE) & FRORHE 2D &L, BlERE
KILFEYIDHETH A 5 o IKFEITNCIEKIED O E 72 38 A TR NBIBRIC COy K2 B E B T o —IUikREZ & 72
B2 EMNTENL., KO MiOHBEANICHIA CO, 2K 5 EMAHEL 2%, W[5 (2012 &, CO, =X)LV 3
VA HIENICE AT % )TERIRE L, RSO B L CHiH» B HIENICE T F T CO, ZIXDIAD S T &R
LTW5%, TOHETY—IVEEERKTENE, OIS TO @BLREBOMEEEREHMNINTSH S (KB,

WEEERRICID S 1 5 kmx & /710 1 km O ORI BV T, WE FOAREE 200 mic DWW TARILERER 10 %7
Dk CO, IiEZE A NL CO A RT oy VmIE 1 E N 5%,

SEHR - WPEBRIE D (2012)FB 1 Hh B 2e AT o2 ©5 N11024; Koide et al. (1997) Energy22(2/3) 279-283, Kl

Z & (2012) —ME(bIRE Y T A L — b ORI FHEEEE, 55 23 [ T2 VAR YU L KEBZ & (2013) H A L2225
HET RS (20134EEMTFKRL) 152-154; Sakaiet al. (1990) Science248, 1093-1096.
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1/2



3
c
@ i
=gsi
LAk
1.% |
\ ® '
o
0
N
-
Lo
by
N
—
M _.‘.m [
N = | B
o LR I FAASSte [
To} v [
\._m..} ﬁ = | i
o Auu.. : [}
53 U i ¥
— . Ll I} a | K
" [12] ri |
w ..m g o [ i
o — 1k
=11] [ Iy
S 8 p | s
<+ 8 2 @ 1 R
— M wn [
o e 2 |y RSN
NS & e
mm D.m g
. — 1, AR
o e
oo < | | [l e
20 g ISR
== 8 =] COARARR RN
g S 8 D KRR
CE D Ly el
2988 | KRR
5E 8 —
- RN
®.< B RARY
Q= o = / / I
=B v o
Q ﬁm = ) e
-, i
QO = = i
ws g = [
0 2 p h -
og 8 O e
G 1 . A @
= — = - [
T < — S TR / f
m O ) ™ ] [ I
pA m % ¢
a [+ ]
-0 -

2/2



