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AKX T, TR ICEASHE TMIERFISHT D HERZ V=4
Vo7l EREZH T3, R o %2 CCS(Carbon dioxide Capture and
Storage) v ¥ =7 F TOHMEREHWELE=2) V72O T~ &K
CEBME=FYU 72 LT, EMQHEMERIEE & # T o kiR A
MEOMBREZHOMCILT, EM 7oy zs MCEHLEEREE2 RS, &
BICZBILRFZO DAL EHET 2DICRM T e =7 MIEH L7k
WMREZ T 741220 THERD,

RO EELRT Y27 FTIEHEEREZHWZE=42T 713647 % S
nNTkyH, TOBEEEZHMEB &L, 2L, T=F IV 7OHNFE, X
I N0 IR FEOpMEHZ RO L ETHY, “BILKFOEE T
HELTWDLDEIMENITHELALOLNTWOIRETHLZ Ebbnol,

A OB OE 13 Gassmann O X (Gassmann, 1951) T/REN D &9
2. AR DOEKOFERE L HRBAEOBEREB LI OABRRTRED, L
MU N B, MBRRENKIZT TR, KE COREDTARMEDIRE T
boYyE. TORARENMEIZR D,

BAEREXD O P HBBANTHEHL COz fafnfiE & 72 25 Ef (Uniform
saturation) O35 E 1L, AR O Gassmann O Z T, BRI HE K O P
R EKE CO2DEBMDOHARHMEAEICESHEZ L LT, CO ML &
YRR EOBEMGEERD D 2N TE D (Wood, 1995), Z hix
Gassmann-Wood ® L L FFITH TW D,

—J7. WBRNIC CO2 A ER T HIZ oA 4 2 & 4y fafl (Patchy saturation)
DY AT E D Gassmann-Wood DR TIEZ OBEFKAERD L Z LR TE A
W, EBA B FIILER A HIIZ COe MR AL, T DETIZT 28 CO2 & RN EHL L T
WOHRETH D, ZOHEITMBIREIKIZ T O &2 HII COs 725 (& #i
L7 MR RIEGICRL > TREFEORERELHAET L, BEOLV
% Hill ® 3 (Hill, 1963) # M5, #5 Z & OMMEfRE T Gassmann O
XTRDD7OH, ZDFHEIX Gassmann-Hill © ik E XA TW 5,



PIE &y I CULA U COz fafnE T MMk E T RE < £ D
ERMOHNTWD (Mavko et al., 2009), Z D7, B HEE S CO:2
BTN 2R 5 72D ICITHBRAN O CO2 & KDIRAIRAE (BRFRE), HHA
s, SofEfm»r, M5 ENRNEITRD,

R 7o Y= MIOLBREPOHFHEKE~D CO [EAEZITRoTZ/NA 1y
Ny b CThHDH (& %X, Satoetal., 2010), ZZ CTIEHEADZD
DHHLMCZE OFEHIZ S RKOBBPHNEH SN CERE=F I > 7 NEE
Sz, CO:DT L —7 Z)—_ D% OB % BLHIH T oW E I
LFoTHRADZZENTE T, £, VIHMHBER N EZ 77 012k THT
D CO:DpMEHEZ E B X DT N TET,

ZOROFEBEE R REOKREE A WT, CO2 i & oI i H
OEEEER L, TOMKE. COLITHTOHIC, WHEFILOIRAETH
MLTWEZERDLhoTo, RIBR RN SEE L7z COo fl B & 5 ik i o
D7 BATHy FTIEIIETOMEHE O & 8o B i ih s o f
MIZT — 2 BHFEELTBY, BFEOHEG CEMRPARARARE THL -2, FHO
T2 & T 5 HDE LT Brie ®X(Brie et al.,, 1995)3 1 H LT\ 5,
L7L, THERBRERRIA =22 HALTKREERT -2 K &
ILTERBATHY, TOWHEHMARERITHBE TRV,

FHIZZoHE T —2 25 HT 57012, #98AREICHE VT COz 8 E ik
LTWAH41E 100% CO2 & ARITEHE T, KITFEBE L THD LWy
MOEBEZZRE L, ZOFZE, AROEHRTE S CO2DBNPFMET DHZ
EETHRLTWD, ZOEZERAT AfAFfE (Critical gas saturation) &
DT Te, EHICZDOXI By EOET LV AEEER S (Modified
Patchy Saturation) ¢ &S 7=, ZOEXIFIAK, FADO _MHMEBITY I = L
— 2 a OB TS HEOLONDIABKBMEOZZX EFIET LD TH D
(7= & 2 1E. Kfg, 2008), ¥ I alb—aronoBHTid, BMBIZEEED
O RBRICKETAPBEBRTE T, BINLRWVWARFETLIELT, T0&E
AR KEBRE L VWILR T, FHICHERAATA=FZLLTHYF-> T
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WNTRA=BICKD T4y T 47 L8R BRI AEME L WS YT
BERELOET A ERITE 2,

FHCTowiRE T — 2 I CEESSMET VEABEMA L, HEEME B
DO EAFOPMICHFIET 2T —F O EZITRI ZENTE, IHITM
7 — 2 MR Z Ik TR BEZRE T MICMX oL, ThEn
DTF—ZIZEERAMETVEZEM Lz, T0OL & O X EIX
CO:2 [E ARMICEM L7-EREKILEE (NMR) MERKENLLRDOZ D &2 AT,
BEREEHREIIHMRORE SO EZLHbRADIENTE, £I756 CO:
PDERTELIEEAMETCE DL, WERBET — X XZ2DO X5 T L THIWEELE
HofaMmEeET VOB ERMBTHY, ZOET VO XY MEZ MR TE I,

WofamET LV EEAT 21X oMoy 4 XOMEEL R L THE L
ERdHDH, #Hmofafe LTHBRUTE 200G EH Mmooy £ XL Huv 5
P DOWEE OB TRE D, HEROERICHTEH SO A IR H
FoilchsneyEATE LTRSS, Thbb, HV2HEROKE
I Uit LTBMIND, AV A ARHFELET LI LI RD, 2
OfEE, IrR 8 OEHfRE L MK OKEN DA TE 5 (Mavko et al.,
2009),

Flo. ORIV A XL, WMoY 525000, HARMEL OMK LY+
FIECRKREVWZENLETH D, BT, TEREOKRR LIFHE D /T X
— X EHAWTEHAE LE oo/ A4 X3RN HlE SNz E A M
H (Xue et al., 2006) (ZmnanLfllx OBy A XX+ RE< o
fafnE LCHBUMENI D LE2RTIERNTEL, SHICRAILCEMOT —%
AW OB (Casparietal., 2011) OfEL I 2L — a bR
“H oY A4 XE LN TH o 72,

CCS LB HE=XIV V7 TIEMTO BILRFZFOSMEMHERD D5 Z
CIERIUCKEZBETHD, EMl7ay =27 FTEHEAFZIY HTe L 9 IZHH
FHAWAI L., HPIZEASI AV SRR FE O S A A R T D 7o 0 12 AR K
NES T 7 % FEN Lo, FRIIPBERE NE 2V F 7 115 Th 5 (Saito et al.,
2006), EFRILHEMA D OWS EIR %2 JH 72 (Yokota et al., 2000), fi##r T
Tx¥—e R4 %L —varo7 3 XA E LTS BRI E &R E
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(Modified-SIRT) % 7z, fER & LT, B EE O FEKE LT,
CO: Doy Az Mg b4 5 Z &N TE T,

F=X VU ORKNRAREEISMEH S zoaMmMEOHEETH D, T
7= . D ERRRE T K0 SR D 7o TE e A VR R P & e b B 3R A Fn E oD B
Rz, VEZ T T 4DX D R MEHEE G AR EERE FIEICEMNT 2
ZLENMETH D,

ZOBAENG, W TS T T ¢ TS AU 72 R E AR I oW TR
AT o To, F OSSR WME I H R T & oo ff sof 1 BE R R R SRS B X T
Ehotlz, O OoOHHBLELT, f v X—=Va VETICETET IZEBEBD
WENREZ N, 22T, $lRffEOAA XL —2 a2 HELT, JEAR
HBCEMNOEBANBHE SN2 VWERE 7oy ML, T8 @EE L2RVE K
LR FEOSMEA E EAX T, TOEBERELLZ, £LT, £ %L —
arvRFOREEERXEOHEKILETENI LB E TR o, TOME,. THA
WY EERTREIKRE Aok, L2rL, MEREHKEOHEL IZEEERDH
S, TNIEEVA MNET T 7 0 OHEEEET VIV XLORMELF XD,

Spetzler 5ITRI LT — X 2 HWTHBOIEN Y EZBETDHNES T 7 4 R
Hr 4T > 72 (2008), MR RIZHEMR TR HZRKDOL AT 26% % "L T
D, THIEME/ERELIZERUMTHY | EEMHSEAFIET LT CO2 fafniE
EHETDE 40000 50%REITA D, L L., COz O 4y A i A 4 o= 3l J&
RTEHEEIZLVA FEST T T A ICHRXTARAKRTH o 72,
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Summary

This paper focuses on the seismic monitoring techniques for CO:
sequestration projects. At first, I review the seismic monitoring
techniques used in the worldwide CCS projects. Next, aiming
quantitative monitoring, I provide a precise relationship between CO:
saturation and seismic velocity, and applied the relationship to well log
data in Nagaoka project. At last, I present a result of seismic
tomography to detect CO:z distribution area in Nagaoka project.

The monitoring techniques using seismic methods have been used in
the most of the CCS projects in the world. The seismic methods are
recognized as an important technique for the CO2 monitoring. However,
the objective of those monitoring is almost to detect underground CO:
distribution area. The evaluation of the amount of underground CO:
was carried out in only several cases and those were almost trials for a
research.

As shown by Gassmann’s equation (Gassmann, 1951), seismic
velocity is determined by the bulk modulus of the dry rock, pore fluid and
porosity. However, when different types of pore fluid such as water and
gas exist in the pore space, the mixing state becomes a serious issue to
compute seismic velocity of the rock.

In the case of the uniform saturation that means CO2 saturation in
all pore space is the same, Gassmann’s equation 1s available with
replacing the bulk modulus of single pore fluid with the effective bulk
modulus of mixed pore fluids (Wood, 1995). This method is called
Gassmann-Wood’s method.

On the other hand, in the case of patchy saturation, seismic
velocity of rock cannot be computed with Gassmann-Woods equation.
Patchy saturation means that CO: invade partially into the rock, and

replace partially water with CO2 in the rock. In this saturation state,
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the effective bulk modulus of the rock can be computed by Hill’s equation
(Hill, 1963). This method is called Gassmann-Hill’s method because each
part of the saturated rock is calculated by Gassmann’s equation.

It is known that two distribution states such as uniform and patchy
saturation make a significant difference on the seismic velocity even if
the COz saturation is same (Mavko et al., 2009). Hence it is important to
find CO: saturation state, whether uniform saturation or patchy
saturation in order to compute CO2 saturation from seismic velocity.

Nagaoka project is a first experiment to inject CO2 into a deep saline
aquifer in Japan (e.g. Sato et al., 2010). In this site three observation
wells were drilled for the monitoring. By using these wells, the
breakthrough and the behavior of CO2 were observed with geophysical
well logging. And the distribution area of the injected CO2 was observed
by a time-lapse cross well seismic tomography.

I researched the quantitative relationship between CO2 saturation
and seismic velocity by using the results of sonic log and neutron log in
Nagaoka project. As a result, I found that underground CO:z saturation
distribution was not uniform. The data calculated from sonic log and
neutron log were fallen between the uniform saturation curve and usual
patchy saturation curve. These data cannot be explained with existing
theories. Brie’s equation is known as a way of the explanation of these
intermediate data (Brie et al., 1995). However, this equation is only
empirical solution which gives the matching between data and the
equation using empirical parameters. This equation has not clear
physical meanings.

I proposed a new idea regarding with the patchy saturation. In
this saturation model, the water does not replace 100% with CO2 and still
exist as residual water in the patchy saturated part. This idea implies
an existence of maximum containable amount of CO2 in the pore space. 1

named the value critical gas saturation. And I also named this idea
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modified patchy saturation. This concept, critical gas saturation,
corresponds to irreducible water saturation, which is used in numerical
2-phase flow simulation (e.g. Ohkuma, 2008). In the field of the
simulation, it is well known as a necessary parameter, which means that
CO2 cannot replace with water fully in pore space due to the capillary
pressure. I was able to propose new idea of having physical meanings
such as critical gas saturation unlike Brie’s equation using empirical
parameters.

I was able to explain Nagaoka’s well log data fallen between the
uniform saturation curve and the usual patchy saturation curve by using
the modified patchy saturation model. Furthermore, for more detailed
analysis, I divided the reservoir into three zones. And I applied the
modified patchy saturation model to the data in three zones individually.
I used critical gas saturation value calculated by NMR log. Replaceable
pore volume is estimated with pore size distribution, which is given by
NMR. The well log data corresponded to the modified patchy saturation
curves using the critical gas saturation computed from NMR log.

It is necessary to consider the partially saturated size for applying
the patchy saturation. Whether we observe patchy saturation or not is
determined by the relationship between the size and the seismic
wavelength. If the patch size is too small compared with seismic
wavelength, it is observed as uniform saturation. Thus, a minimum
size to discriminate the uniform and patchy saturation must exist for
each wavelength. This value can be computed from the diffusion
coefficient of the reservoir and seismic wavelength (Mavko et al., 2009).

It is necessary that the minimum size is much larger than an
individual pore in the rock. I confirmed that the minimum patchy size
calculated with the reservoir parameters of Nagaoka and sonic wave
length was much larger than the individual pore size observed by a thin

section of reservoir rock. Furthermore it was of the same order in the
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size as the numerical simulation in other research using the same data
(Caspari et al., 2011).

In the CCS monitoring, it is also important to obtain underground
CO: distribution area. In Nagaoka project, the cross well tomography
was conducted to obtain underground CO: distribution area using
observation wells drilled around injection well. The type of tomography
is travel time tomography (ray tomography) using the first arrival time
(Saito et al., 2006). The source was OWS which is mechanical source
(Yokota et al., 2000). Modified SIRT was used as the iteration
algorithm which is a key of analysis. The image of underground CO:
distribution area could be obtained as the decreased area of seismic
velocity.

The final goal of geophysical monitoring in CO: sequestration
projects is to observe both CO: distribution area and the COz saturation
in the area. Hence it is necessary to be able to apply the precise
relationship between seismic velocity and CO:z saturation with using
well log data, to the data observed with geophysical exploration method
which can obtain the distribution area, such as cross well tomography.

From its point of view, I focused on the value of seismic velocity
observed with the cross well tomography in Nagaoka project. As a
result, compared with well log data, the amount of decrease in seismic
velocity was small. The influence of the artifact generated in the
inversion analysis was considered. Hence, aiming for an iteration
analysis with regional limitations, I first picked up the ray-paths which
were not observed the time-delay before-after CO:2 injection, and then,
identified the zone where those ray-paths did not pass through as a
distribution area of CO2. And I conducted the iteration only for the
area where the time-delay was observed. As a result, the amount of
velocity decrease becomes larger as expected. But yet, the difference

between the velocity decrease derived from the tomography and that
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derived from well logging still remained. It should be the limitation
resulting from algorism of velocity correction when iteration of the ray
tomography.

Spetzler et al. (2008) conducted an analysis using Nagaoka’s data by
other method that the ray has width. They acquired the results that the
maximum decrease of the velocity was 25%. This is almost similar to the
result of geophysical loggings. And by applying the modified patchy
theory to this value, from 40 to 50% can be computed as a COz saturation.
However, in this analysis, the velocity decreasing area that means COq
distribution area was not clear boundaries compared to the ray

tomography.
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1-1 “ERfERBH P AT OBME

ZERZP O LR FICK DIEEZDR (Green house effect) 286 72 5 3 i
EROBIBALITZ Z8FE, MEL WD ZEBHREIN TS, ZTOXEE L
T, SETERLRF R EZMF TR NED SN TVD, —F, =
Wb fk & 2 s BERIIL L, M FICHTE 3 2 Wb 5 CCS (Carbon dioxide
Capture and Storage) IZRIZIMEDOH 5 “ @bk FHIW LT & LT, £,
fit OHIE T IEN 0 EET 5 £ TOMBE L H1ir (Bridged Technology) & L
T, L oM RFELA TS (IPCC, 2006),

Overview of Geological Storage Options
1 Depleted oil and gas reservoirs e Injected CO,

2 Uuﬁm:hmhmmdaﬂnmgsnmww — Slﬂl‘ﬁdco
3 Deep saline formations — (a) offshore (b) onshore
4 Use of CO, in enhanced coal bed methane recovery

1-1 bR FEH BT O (IPCC, 2006)

ZETETAFDCCSHZHIELT, ZnET, wHERIU (Capture) #55
LA b TP (Storage) oI L TH. HF -~ (bR EE A KR
LENRBR 2L OMERRINTE T, TOEE S O EEZR5E 08
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LT, EAROHM T TO _BIELRFOZEHHZEHR T L2E=2Y 755N
D, EABO ZBILIRFOZFEBHITL 27 CCS #EKT H7-OITITLER
ARTHDEEZLNLTWVD,

T U IFEBICERS ZER PRI, CBILIRFOHFS &
Mo TRt o, @HEZHA~D THRAE) ~3T35H, REFIEASH
T T _BILIKFEORZHET DEERBNRE=F ) v I ~iEALTN Z
EMWEZOLND,

FE=Z VU TOFEE LT, MEEEZHWE S O (4D AT EMERA
VSP, HHHE., WER NE7 7740 2E) BESOERBEEFEL, HfFSh
TW 5, Chadwick et al. (2010) % Sleipner ® 4D ¥ A 2 v 7 OFER %
AWTHEAZFEEL, SOHICEEMIC -MILRFOREEZ RO DAL EIT 25
TWa,

CCS(Carbon Dioxide Capture and Storage)id _F1{k ik 3 & K & 8k H I H»

b RFEDHEEIL, XA T T A R vmEL, ITET D
Bifcd s, SR E L TIT AR, AMICEDKNOBEERCAMBER T T
M, /(BT P LS RERD D,

SE-ElR D)) mE D) EA

AT R A b (B2 g 53~ B T4~
T

=R
(ﬂtﬁ%ﬂﬁili&h&i&tﬁﬂl)

FrEN
(HAKESAEDEM)

1-2 CCS o[ (K. 2011)



FFEOFEITENLD 2 22K, Ok D AMoREERINE B
LT CO:%#J/EAT B 5T EOR (Enhancement Oil Recovery) & FEIE 4L
TWd, 90 L DT FERMOEAKBICIFE T 25 HIETHAKBITE &I
nTnb,

BPRE XG5, EORIIBEH L TWAHBERXRTHLN, £ 9 Thni
BIEWMECRARTAZEN L T TWEZET AHEKTHE I HKEIZ
XoIhod, BETABITEECTANERICH > 2851720 T, @47l
JENGFAET D22 EBRIES LT WD, —F . K TG E o 4 M 28 1 0%
INTIEN R,

F=Z Y TICBNTE, AW I ARSI T RILKRREZ AN
0T, WEEE (HMEREESCERE R LE) CL2E=4Y v 7138
LWZERTHRIND, T LT, #HAKEIFE TIIARTRML TS
FTic Wbk FEZ2 ALD DT, HMEREE, WERZz L S IR ENR
RELKZENMUTHZEDNTHEINTE=FY VTIIEZG TR ENRTHRIN
L, LHREIETIZ, BAABIZHKEICHEXTHEFTICDORNWD LRRES
n<Tws (RITE, 2007).



1-2 ABZED B

AWFFEO HX, BERE2 AW CCS TR DM F o bR E DN
W s ERMIIKNELRDIEMBETH D,

TR bR B P IR O BRI A - T AR OHEN . L < A i A A Y
(EOR) iz iz LCT\Wad, Lo L., ek he s b iy 8 8 il 133 2 [
TIEHHLWEIRRTHY . ZOFEANCY o TEHMESNZAEEE +SICHEL
TEBLLZIEBRMETHDL, ELICONEITETNABHLETAOIH TIX7E
B ObLY A MR HKIZEDZHERKEERTINDY A FRERHIND
NENE, FANCAGRZEEICHETIMENER SN Z LR TR
DN, XTI B AHLERELRD BECHTAZIE L T I7EFIT R
Vo EREAEITHEMICIIEBTICEL TRBY ., S E RS L T
MU &R o> T D,
ZOXORKRNTT, EMichblos T MbtRFELZLZEITHPICHH LT
BLIERKROLND, ZOLDIZITH IO _BLIRFOEEHZE=4V
JLTHAALK ZENMENO>EEIZR D,

FEABEDODE=HF Y T TIEZFOLR_RNVICIGE CEBMNEET S, bbb
W13 D BB TlX Detection (f&H : FTET 2 22 & H) . R D BEFE Tlix Location
(MERE : & ZIWHFETD0), £ L TREBEM CTIX Quantification (&
Bl ENKDBWEET L) LEATHS ZENTRIND,
FEA#BOE=2 Y 7Tk, RfgEEEZIK=a 2 FCE TR mEEE T
NEMEND, TOH5L, BERZHAWEZLOEINETORMPIFE T v Y
=7 PZEWTHo b X<HWWLRTEBY, 612, PREIZEBWVWTHS
BoOERFTu Pz R PP IFE e Y27 MZBWT, bo b bHIfFS
NTW2FIETHDL (RIFEXEE CCSHIgE. 2009), WMEEZHWZRAE
FEE LTI HIEMERE., VSP, MK FE2 7 740, BEBER EN
5,

AKX TIHE=XY v 7 ORKEMR L L TO Quantification (=) %
AfELT, bZHIN TV LSRR E W EFEOBENZMEEL T, Bt
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Figure 1. Time-lapse seismic images of the Sleipner CO, plume. NS inline through the plume (top); plan view of rotal reflection amplitude in
the plume (bottom).
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Layer spreading - observations
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BAIE CO:DIEARBLELEANTH D Z L0 MHHE S (White, 2009),

2.2.4 BYRL 3D KEEMBRAEME (Ir&E O OREZ(L)
(White, 2009)
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Figure 6. Time-lapse traveltime difference maps determined for a subreservoir horizon representing traveltime anomalies associated with
4 : &4
propagation rf»'rmgf; the reserveir.
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P- and SH-wave Tomography (Orbital Vibrator Source) ,::}l A
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BECOEDEBLEZ, ik, —HFOoR—U  Z7HICER, b2 —FHOR
— VTS Fr T+ U R RE L, R R O RRZ 2 0E S
LHHETHD, ZORE, CO27 Y 2 —2ADIHWMEN L S X bk

(Freifeld, 2009) (¢ 2.2.10),

Begin co, End

Injection Breakthrough Injection
. 1. L] H FE T
Injection Well Observation Well H L
1 T i " [ | \
e 1 f I
g 08 — - I ),"'.g"
= 1 H 1 '
2 05! : ! 1650
LE L | | |. | 1658
B . a
§ o TSR 1670
o [} . s
82 AT - - 1680
0 Par 1 P
() 1
02 -1 i 1
268 269 270 271 272 273 274 275 276
30m Day, 2006

2.2.10 CASSM Tk E=#V 7R (Freifeld, 2009)
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(FZ:EA1THEL 2 AROHETE CO o MEM. £ : BRI ToEREN)

23 2EDFE LY

2ETIH, AL DOT—~Th s COMPIFRBICBIT DMK ICLSE=
VTP ROT e e hTEDO LI TW A EMBLL -,

TRTOE=Z VU TFEORPT HMERITIb b X< b Tnd,
HKW TR E LTI, E, ELLORMEMERE, A—V 7%
iz VSP, W8, B8 HERAWEHEER NE 77 7 0 N EE S
NTWS, ZHAFETHMERITAM, RRTAFEEOHETEL OEFKLEM
MR, F ¥ = b ThHDHCOFTRATALFEUEUITARDETH D Z
ENLINETOHEBPHEHTELZ LK Ty FTEHINLTND
FREZEZON D,

L. &7 ey bTOMMBICL D E=2Y 7O RMIE CO A
FPHOMBEIZLE P FE - TWVDE T ENLY, Sleipner TIEi & #9515 HE
EABENORFEREICHT DA o RN—=T a3 V2TV, T E—F R
AL, COffIEZH B L TWVWD, ZORKREIETMOENTWVDHIEAROR
X 8% bR eiool, COeDK~DIEMROEENEZ LND &L
TWd,

LED X7k e, HMEREEICLL2E=4U 7% CO i ITHE O
T=A YU LTELICHEBSE L0, BB EELS CO f8fE %
BEIS RO FHEOBENEETN TV D,

AKX TIHEZOMERROIZDIZ, ZNETOAM - HAREDFIE % B
FRAT, COPTBADOEFELZEEL T, FILLVWETAEZRET D,
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HI3E HMEEHE L COfaMEDREMKROEN

ARETIE CO2 AN E D AT K - THMEREE N LD X 5 ITET D h,
ZOBHIZBW T EEBSBAME VI BMEICL D FEOREZIT ) B,
BB N TR N AT 5 8 A 2RO MMEREIT Gassmann O R & F v THE
o, LinL, BEORLZBEREZ L SHBIRENFELET 285G, 20

DAARRE DA FIZ XL - Tl Gassmann OB ZDOFFHEAHTE v, HEIC
FETLIHEGEHOIMICHFET H5HE6 TIE, HMEREKORD IR RR D, =
NETEZOFIEFIEILIIN TN, ABRTHEINETIZRAVWHLWE X F
ThiHIHEERTEMET VEREL TS,

Gassmann @ = TIIH A R O MR AR+ O B R E, B 3 O %R
B MIBRWNIRIA O BMERE L ILBRRICL > TR E D,

Gassmann OXEH DO 7=, TR ERDEADOFKOHMELREZ KD
LHWVENH DL, BOBEREITZaTZHOWIEENRABRIZL > TRD DL Z &
LAETH LD, FAMNEDE T IMHEBREZH T, ay 27 74V vy 7 A
ETNEBAT 2L L, KX TREFEOTEEZH W,

RKETIFH, TRy 7 74P v 7 ZAFFAIWCHOVTIRA, KIZ Gassmann
DORIZ O TR~ BBENREPEEO S G O MmREDE N (BHE, o
BIR) ZHOWTEHRT L, RBRICHOEMEZ X550 CEE R, BERO
KRELEOBEBTRELIHRAMMEDO OOV A XORMBEIZ OV TR,

31 my 74V v IR ETI

TR Al B 3R R & B B B D PR A R D 5 72 121X, Gassmann O R
ICk o THREAKREEL ST EOAARKOBMEREEZMD 2 L N LE
Thd,

Gassmann ORXOEHIZH = > Tix, BHEO LR, T2 b b MRS E
%@ﬁ@%%%@$Kd%ﬂ5MEﬁ%éo%@kbu\Dy&74&y7
AETNANOBMMAEITY, Oy 7 74V 7 AETNVEHAHDLN, 22T
R FEOIBEMEL, SHICRMTOBEMNZE 2 T, HEHE &
MELEREHNET VIZOWVWTRT,
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By 7T 4Ty RAET AR B L EBEEEROMKR TRESNLD Z &
WEW, ZBILRFOIFREE LD O RWEETIXZ, EF7 L LTIELT
DABENEZOLND, M311CETLVOMEREZRT, 2247 Fk A
YRETFTAEFRTFOREDICE AT = a YRR EL T, R R Lo
HMRLTWS ZERREsTHBREBERIEAT L, Y7 MY U FNIXT 4 v T ¥
RET TR T RIS/ S WRL TG E > T Z &I L » THBRE TR - T
W<, YZRERT 4 v 7DENTEADOHEEREZHAEST 2BEOH W LK
Lk @HR), 2 AF L AV NETATHEOLIBRE, KFO@Y 12k
AT —a ryBRRELLRENED Lc#, S 6k FMIZ/h S 721 2
HES TV BRICE » THBRENMD T 5,

Contact cement Soft/Stiff sand Constant cement

Q0
OO
0.0

SRR

OO
OO
oD

Porosity reduction

v

X 311 vy 774y 7 A T LVOMEN

LUFIZAET VITOWTHMERE (RRE#ER BER) 280 X 51Tk
D %7 FEMIZR T,

(1) a7 AV RMET L

ZOEFETNVIIR TR EMT L5 TCHARKOBIEZREL TWVWDH DT,
B+ OB EMEm CoN NITx 3 5 %E L (Normal and tangential
displacement) (2K » TaHABKOMEEMMER (K, ) SHEIPTER (4, ) 1E5F

24



"HT& 5%,

:Eﬁjﬁﬁp% (3.1.1)
1872 (L-v)? o
5-4y [3C2(1-g) i’ |
;ueff = |: 2 2 P:| (31.2)
52-v)| 2z°(1-v)

772 L.

C: KT OHEEME., g, u: K FOmIMERE, v KFORT Y|
P:#IHE | 2o,

Z ¥ Hertz-Mindrin €7 /v & H T T 5, (Mavko et al., 2009)

(2) Y7 U FET L

ZOET VIR DB WIS RBLFREEE > TN Z EIC ko TR
WA L. ST,

ZOWE DG AR OKREE MR LRI A A 2T DR T O K
BRMESR . MIMEER K6, & A ILBR R g, O RE O RAE M WM R K, G, DIRE
TRESINDEEZD,

LB 0 OREE, KRB L IXHER T 2R BB 2 <G E > TV D RERD
THMEREIIHER L+ TH LM O WA L 2D, K7, KEHw. £
DEEGIZ L > TRE1 OFMEEHITRE D, —FH. FLBREgORE 2 O HMHE
% ¥ 1X Hertz-Mindlin €7 VW TEHRHE TE 5, ¢ 13 A LR =E (Critical
porosity) LM XL, TN B, ABRENREI LD EEEKRREZHERFCX
LI DRETH D, T bbb A KAWL 2R | WERIZAR D T
DIBRETH D, Z OIREBOFEMELREITR 1 OB TR E D,

B4 X Hashin-Shtrikman @ R T4772 9, Hashin-Shtrikman ® /%
MR B ORI 5B OMBEORE N HEEREE RO D LT ITHWD, 4RO
Ga B OMEITK EMERRL O 2 FiH L R D,

BEOMEORENHMMEREERD LS LT DL, Z2ONMARELLATHTH
L, W TRT I LIChRD, i RbHEMAETALE L THAR
Voigt E7 /L & Reuss ET V23 H 5, .12 I T Lo 2 EOYMEN
SRR O HELT H I (IEFH) W L TEDEICEBEL TV NICE-T
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ANEEE OBMERBORD TR R D, K 313 CWETVOANEEET
AT K2 B AR S A bl T . BRI 2 oFI A 2R, Voigt BT LITR
REMAIZE L, Reuss ET AT FICMO MR TELL TWD, EEOY
BTHIOEIBREBIRAATHL2 ZENEL, ZOHAZ O 2 >0 iR
EV D DHEDMMERBORKREELERL, BRET LTV D,

Hashin-Shtrikman €7 /W IZ Z OHER B2 & & | Voigt, Reuss £ 7 /b
ERBVETANEFNTHLZ ENRHH T, ZHEINAL TV D,

3.1.4 D X512 ZDET ML EKEK (Shell) #LThkbv, HEH 1, HEH
2D HLBWERABRICHDEEIFT ERAT, HICHENERINEICHDHE
T TR THMNEEOHMERKITHETE S,
f,

_ 4
(Kz - Kl) T+ fl(Kl +3/u1j

K" =K, +

1

- (3.1.3)

HS+ fz
a #h (,U —u )—1 n 2f1(K1 + 2/11)
2 1

4
Sﬂl(Kl +3fu1j

ZIZTL K Ky B, 2 OB R, oy BE L, 20V, R E 1 2
DIEFES R RT, K™ g™ xZ 1 ZH Hashin-Shtrikman THH L 7= F %)
BEE ORFEHMER, MEEE2RT, BTN BB, - BN TFTRRZ R
T, ERAXEFIBATF1IOEENMWE &, TRIUFTBEZATF 2 OBE RO H»
WeEaRbd,
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VoigtETIL

BEAODBREBEICBEVTUOTH#AFLLNET S

&

> h(eE)
=§};

EE=2¥:§:EG
£

ReussET /L

- BE 1
D g2
E:EETFEH
e : OFTH
o A

£ BEOHE

BEROBREICEVTHEARFLLET S

3.1.2 A%h'E w5 v, Voigt, Reuss T /L

KT

0 0.5
HEHE2OE S

CAMHILE

\I\'\_A

0

02

04 0.6 08 1
EE2DEE

—&— G_voigt
—#— G_reuss

3.1.3 Voigt. Reuss &7 /L O H hIEE O #4175
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M 1

MEE 2

I
70 Calcite + Water

Bulk Modulus (GPa)

0 0.2 0.4 0.6 0.8 1
porosity

3.1.5 Calcite & /K DA ZhBE T L 2 A FE o 3R
Z Z C. HS+, HS— %X Hashin-Shtrikman ® EE. TR Z/ 7,
VRH % Voigt & Reuss O W E % ~7,

V7 h YU RETVIITERAXTREL EREB2ZEBAT 2, Thbb,
3.1.4 DHBET NMIZEB VT AP NETDET NV THD, 2ODT U F
AN — (FLERFRD 0 & 1.0 (65T 2 M m) (ZWG Th 2 4R8 1 134
FORLF 2 O b O FEHEH 0k L) O AR R, S W Th HIkEE 2
TR A AL R g ORB ORI L D, B2 HLBRE L LYy 7 PR
ETFNVOBKIK A K 3.1.6 12577,
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>
>
B
—

KS’ S
REE 2
v
Kuv » Gum @»»Q

0% sz b

X 3.1.6 Y7 ¥ REFILOBRAK

WHE 2 ORI E DO & X O HEREITR FOEMICE > THAETE D
T Hertz-Mindrin ® X2 W5,

zgﬂﬂﬁip% (3.1.1 #)
™M 1822 (1 -v)?
_S-4v 3C2(1_¢)2“2P . (3.1.2 /)
"M T 52-v)| 27%(l-v)? o

=72 L.

C: N FDOEMB, P fBRE | u: KFOMIMER, v: K FORT Y |
P: PREART,

UE, 220 RAUAN—DOWHIIRERRFE Db OO FHEMERE., K
EWVHTITERA IR RD & OMMEREE LT, P OLABERD L & Otk
2 #01X W #& % Hashin-Shtrikman ® TR TERET 2 LR, LT X574
B2V NN

/ 1-¢l¢, ., 4
Ko [ 22000 1 A
KHM +?GHM K+§GHM 3
/ 1-¢/ Gy [ 9Ky +8G (3.1.5)
GSoft:[ ¢ ¢c + _¢ ¢c]—l_ZHM,ZHM — —HM v 98 ]
Gw+zumw G+z,, 6 |\ Kiw+2G,u
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B) AF 4 v 7H v FEFTIL

IOETNATIEHY 7 MU RETAVERLT S R AN — (VI3
ko F- DR, KO WHITEALBREO L T OMMELE) 2H VT
Hashin-Shtrikman ® ERX % AW CHNEE O MEREEZHE TS, T2
HH, X 3.1.4 ® Hashin-Shtrikman O ERZHE T LITB W THEREHE W LT
HETNALCHD, ZOHAE, UTORTRTZENTE D, LBRE L FHIELR
BOBBRIZZEIEROBRE & D,

Kar =L ¢l4, 1- ¢/¢]4 _i

w3 G K+4G
(3.1.6)
_[¢/¢ 1- ¢/¢]__1 §{9K+8G]
G Wtz G+z 6|l K+2G /

(4) 2V RAF U PERAVNET L

IOETNME L E I AV ETNVERULIICHR TOREDICE AV
T=valURRETILIN, bOBREORIIRDLIEEA VT —va VITEITE
P YT MAT 4y 7Y RETFTADOL ) IR MBI FRE 252 L1
FoTHBRENALL TV ET L TH D,

Thbb, VI MAT 4 v 7V U RETALORLD NSO R A R—
EREAVT v a UREELIEMFOBEEREEHR D, W HFO T R A
YR—XY T MAT 4y 7H Y RET LR UMK - OBMERETH D,
BEFXY 7 MY FET L EF L Hashin-shtrikman @ FRXNEZ H v 5,
Zo%GEeE, UTOXTEHETE S,

dlg.  1-¢l4 . 4

K comst = R
e [ KCem + %GCem K + %GCem ] 3 o
(3.1.7)
¢/¢c 1_¢/¢c -1 GCem 9KCem +SGCem
GConst :[ + ] Cem' Cem =
GCem + ZCem G + ZCem 6 KCem + 2GCem

MEITEA T = a DR ELIEKRF DK, & G, PIRD ST ThH DD,
B HIEE LT, BALUTF—3 g UNFEEL TV WAL T O BELREK % H
W T Hertz-Mindrin & CEHHJ 5, Z D & %=, Hertz-Mindrin 5 /LD /X5
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A—LZDOEDTHLHEMBERELS T L0 2T 15,210 8)HiELH D,
BRI, BB O X R ETHHLDT, 4.6.9 2 ENHW
LI TW5,
Uk, 4507 VIZED4BEL Vp OBKREZBERMICEKDT &K 3.1.7
DEITD,

© CEMENT

0 0.1 0.2 0.3 0.4
Porosity

X 3.1.7 4O0DFTNMIZEIDHABREL PHEEOEKOBEAK
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3-2 Gassmann OR. (R EL 1 FEK)

Gassmann @ T E A KO FEELRE D MR E O FHEEREIC L > TE
DEIICETDNERTZENRTED,

BARMICE, TE AR EomMERE] X THERIEWR 7T O RBEMMEE] &
BN PAEZED L E DO Wb 5 FEOKRE#MER] & THBRANYE O K
BRPESR ) B RO THBRE] OMARBRKRTRE 52, BENICIETE A REOKRE
BEPE SR T LLF 0 (8.2.1) T#E S5 (Gassmann, 1953, Mavko et al, 1998),
k. B.22)RIT R T X ICHARKEOMMERIZIHMBANME R RIED L X
TE/ LR,

K

Kd K fluid

'ﬁjiszyJaw+ﬂ&—KmJ (3.2.1)
e L
K, : MAE TR LEEEOEA2KOREMMESE,
Ky, @ B OERBEMESR . K, WL R 1 o AR B R
Koo @ FIBRNYE OKRBEHMER ¢ 0 FLER
Mg = Hary (3.2.2)

=77 L
Uy - R THEI L E 05 ASEORMHRE
PPN & Ak = el VAN RS

ks, BMERCGEHE (v,v,) (TR - @iER L B2 TRINDE
ErxzHWwT, (3.2.3)XL(B.24)KXTEHETX S,

V, =Ky +(413) 1) [ p (3.2.3)
V=t ! p (3.2.4)
p:ps(l_¢)+pfluid¢ (3.2.5)

Tl L,p: BARKOEE., p : WKILWKL T OB, p,. : FERIEEOE
E
3.2-1 12 Gassmann O X DA K 2R3, BIBREANTEAEL 1 RIKOSEE X
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AT O PR B ST A O R R R L AR O R R AL R & LR R B RO
5 EMTE D,

%o e = UF04-o0EHOHKFIC
o0 ‘:. ‘.Q LT DDEFZDEEIZIZR D

EEOKEBEIEE
(o) [
OOo OO OO OO 0.. .. .. ..
00 ;00 40 00 o0 0
LEOEROKE  MBERORGO  RELERO  BRETO
BIERRRAEE  AEEEE B (FLIAE) R
DEE)

3.2-1 Gassmann @ 2D & X X

Gassmann DX DO HIZH 72> TIEOEDEENMLETH D, T IT Mt
WORBEHEPEHVEE I oBBERARK Y LN & Th D, &R
M RDEEAOFHEMBNTENFECEB CIRE L2 0d, SV X
D EHMEFICE o Tt SN OBBRKEZSITICL > TEIL, &
AR TEHIC/R DRy, ZOREE Biot @ (Biot, 1956) Tritik X i
L. EREE BT AAOBREWENRAY v T LBEOLEEERENZ DD T,
HADREREWEOMEICL TR EDL, —HlEZETDHLEREBEEDN1
Darcy CTWAEOREMELS 1 c P O & 213X Z D JHEEEIEH 10°Hz ThH 5 (Mavko
et al, 2009), ZOEEKU LTI DL RFEAEE G Z O XD A AIH
L CiX Gassmann O TWEH TE 20, Z<DEAITE - L REBEFIT/HI W
DT, ZOFEHITEHITHELS D,

3-3 MRMAREIEZDOEE
3.1 TIRIBANIES 1 EEOBAEE R TEXAN, ZOETIELDE
BEWLO., A HARMBECIEEBNTEESIE AR KR LEETH D
WA TSNS 5, COMPIFRICH T 5MRIEEIEL CO & AKTHDHDT

33



2 B ChH D, BMBRNICEEOTRKEZ b 2% 0 ORI ILZ Ok
FoTRAREZZENAMOENTWVD LE XX HBNITKETARD LEHA .
ZOEGN—FETHL TR~ D B E & 585y faFn Tl & O » kR
Bz RE< 25,

(¥ E g

Y8 fa Fn (Uniform Saturation) DREE &%, K MBA T, EEOHRME DR
aHEe (RE) PELHETH D, ZOHE. 3.1 ED Gassmann DN
DB E O MMEREzZILEEL7ET T 3.1.1 ROBEERZOETE Y
7=,

VB EFRAE CTH R LK E AR A L T D BRI 4R o {4 F oL 342 1% 2L
FTOXRTRTZILENTE L, BHEOBBAREKEZ LBV L SDHED &
WMV P> 2R TEDEZAMLADIMKTE T L (Effective fluid
model) & LIS, 72, Gassmann-Woods DX & H I TV 5,

1

S .

Ky = gas_+S_W+—SOII (3.3.1)
K K K,

=77 L
K, : AR OERBER K, « T ADOEKRBEFEMER, K, + KOMKFEHEME
oK, MOEBEHMER, s W AOMME, s, : KOFME, s, : MO

w

B e

RELHBETH/NS 2H
BRCTHMy. HA5IERT

#lEzRT,
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(2)# 4r g fn

oy T E B OWEDO S AARENF > TN T, —HOMRZ%E2IT 1
FEHOWMKENEHO TWDHRETH D, &z, WENRKE CO2 ThiLlL,
b DHESDOMBITERIC CO2 TEM L TWD A, 7R O 45 O M B R A 1L K
DEEDOREDZ L THDH, COHPATRE D L S ICRAEIZEANT D56 1LH
FRFIZ R DA REEREVWEBZ I LN D,

Zo%E. BROEREHERK, UL TFTORXRTED SN 5, Hill (1963) @
KEMEIND, £, TNEOEHS X Gassmann DX TEHETE 50D T,
Gassmann-Hill ® X & & LT TV 5,

-1

S Se 4
K = W4 + 24 -—u (3.3.2)
K, += K, +—=
w 3/u co, 3,U

e L.

S, KRDFIFE, s, : CO: DEIFNE | K, : K THIFN L 7225 A O RBE MR
K, : CO2 THRIFN L 725 A DERFEMER . 4 @ 5 A ORI =R

IR B AR 28 28 L THRIMERIZAE LRV T, HofafikEo CO: T
BOF L7y LK TRIA L7 # B ORI R T2 o, Lo ThaA®
ROMPERIT CO: DBH DR LTEALRY, ZBAT D 0iE P d Iz BR
L7z PHEMMEROM Y THDH, 3.3.2 I P ERZ AT TRROMKICE
b3 ZeEnTED,

-1
M. =[ Sy + Sco, J (3.3.3)
M Mo,

2T, PERBERMBITREOXNTERSNIWEHEL T 5,
M =pV° (3.3.4)
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] B 28 58 42 12

| IK B 53

<1

L E

B 28 58 & 12

CO2 B 4y

3.3.2  HBJy#aFn oA 1Y

(3)Brie ® BB K

g ke & oy ko £ Z iz >0 THRKIZ CO:2 fiafn B &
BRI EE OB E R T & 3.23 DX OIZ D, CO2 AT N DT MIT
WMol &, HoafimoyaR0NIC HEREE XK T 528, HEM
FAKICE T T 2008 8MMTH S,

Brie et al. (1995) 13K & H 2D 2 kDA ZifikE T LI T, £ DG
BE, BRI A—FEZHWTTFRROXRTERD LT,

Kerie = (Kaer = Kgas )= Sy )® + K (3.3.5)

water gas

N PN

Ky @ ADUAEDERBTHME R K, @ KOEBEHMER, K, T2 OKFEH
PER, s, AADEME, e: BRI NNT A —X

ZoORIF, 2 WEDPEATICEDIHIITHMLTWVWDLINAATH LD,
RN T A =2 R NT, HHIOELZ 52 T\,

3.3.3 {2 CO2 faFn i & o M i B oD B4R D LN 2 7R 47

e=10 & TRMFELH LRV s, & PEEEOBRITE oK EIZT
%%, =, e RS R LYERAMREBIZESWolhifie D,
L., elIWBEMERN 2, BBRIUICRD DD,

Brie ® X% Gassmann ORXIZ X 5 AW EEFRICIT W T, PO 2
HORKDIRGREN AN THLITZD, XTI A—ZICLo>THMELTVD D
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DEHLFE XD,

Patchy
2 saturation
[&]
o
g Brie's
g equation
©
3
o
'
- ]
Uniform :
saturation .
]
| :
0% 100%

CO, saturation

¥ 3.3.3 HAFNIKAEIC K 5 P B B & " RAL pR SR B3 RN E oD BE 4R

3-4 BEEHFSEAMETNVORSE
KEoTFT— 2B LT ofafor Ik HBAE L. MENERK
EhboltE®T e L TEIERSF (Modified Patchy saturation) &7 /L
HIEET D, Brie ORI M OEFREL RBAT 57D ICRRIN AT X —X
EEANLER, BESSBEMET L EZH VD Z T, ZOBRICKT 2R
AR 25 B & 72 D
Hoyfafnik, MBRANOWEEZ T A LKICENIZT, 3.3Q)FE TR L HITH
BO—EENERICAATEML TW T, ZOIE»OEHMIEERITAK TR
LTV RETHD (M3.32FM), TDO 200 ORAICKY . A
MELERBEEEROEGRE RO DL ENTEDL, LB T, HANRKEE
L CHARMENENT 256, &RRXMEIX100%ICR 25,
LU, MBROMmOKE T ZOERROREILE A OGN OIS
AL AT AKERERIZERTELRWVWIERMONLTWD, TARRFRAL,
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KEZEBWHTYHA (Drainage Bf) T ATIHEBRTEZ2WAKNEFL, 0
BEIXZMHROBITY I 2L —Ya ol Tk, AEIKETE L WS 4 RTT
HHILTWD,
ZAVIEN S AR BRI
TN T A K- T

DIAATE KL, EEMEOBEBWREBRO T IZER Y IAE N
XN WZEZRLTWD,
WX Mo ITYIal—aryTHOVLS

R Ll N

ol

A
£z
M 3.4.1 I b &
DA O FH KR %R & R

% WO

. g Return to
Relative Permeability Explorer | bea et @

Introduction Submit Data / Feedback

Basal Cambrian Sandstone

INVESTIGATOR(S): Bennion + Bachu

SAMPLE PROPERTIES

@ CO02 (Drainage)
CO02 (Imbibition)
@ Brine (Drainage)

Brina (Imbibition)

ANy K B T

Relative

00z Displacing
ntary Basin.

|. R | ' An Conference and Exhibition, Dallas,

X 3.4.1 —MHEBITYI a2l —a ICHWS NSRS RRE O

ZOROEATIE, REKMFEIZN 0.3 THhd, ThbLMRAEKDKH
30% DEBIFICHIET D KIT ZMILIRFBLBEBBRTERWVWT, TOFEEEET D,

INnFEToOHE S MEG (Patchy saturation theory) Tidzk 100% ? ¥
Gy & AR 100%DEAE E L TH- T, ERROZ &b, T A
FIEEIX 100% £ TR EIFEHR TE U,

LR T 22T HAEMENRKERDOIE 100% TEARS (1 — &
Bk fnE) &7 2 ELEMH ST T L (Modified Patchy saturation
model) ZET L5, I HIT (1 — ANEKEIFME) LR AT R faf & 4
T, FOBEKXKEK 3.4.2 [ZaRT, T ATV, RIS R U CIRRE B R
RO H(3.3.3) ROBEENRKLELRD,
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ORI AERMEL NI BZZIE, BAEAHEEELTET LT D L
XIWCHADHERIL L KEZ Y RAUA—LTIRAICEI TV L D%,
Nur 537K 100% TiEZ2 < AR RZEE L L THER T 2 & RO LI
RELELTERL, TV RAVA=LLEBZEXE2B3BIZL TS (Nur et
al.,1995). (14 3.4.3 2 ),

CITRELEEES pAE T L TIE, BRT AEREOH S &K

100% DA w2 RA U= LEERAICKXY, HAfMEL P R
OB EEL, BRI ToRICIDEHTE 5,
s. S.. )
M — _W+&
eﬁ(MW Mmj (3.4.1)
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Vp - CO2 saturation (20th—-26th:1113-1118m)
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223 . ‘WA“A' * 25
5 2 2 ’.??\ ‘ LI ]
- L
> 21 r °
) M fﬁﬁ‘:’\{b-‘_
§ ou Thggoee?

1.9 M Sy .A‘.l‘*é..i
2 qg | TR agl

1.7

16 [

1.5

-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6
CO2 Saturation

Xl 4.3.5 COgz i F1 B & o 3 5 B oo BE 1%
(20~26 M H., ®EKXM 1113~1118m)

¥ 4.3.5 1%, COz il L D HMIT - T R & (T MR B OE 28 L Tu
KERFZRLTWD, BIBROFOKEER L7 CO2 28 WM HE DK T % 5l
FRZILTCVWDHZERNDND, £z, COMEN 05 BELY K&/t
TR LNFEEET, CO: ffEIC ERN/FET L LA XD, 8.3 BT
R LTZAEEMHS AT (Modified Patchy Saturation) €7 /VIZE T DR S
ZfAMEDOFELEZ THREE D,

B)ET NI X 2 BRI & DL

3.3 TR~ K 91Z CO2 B Fn i & WML DML DBISRZ I 7 v A il s
LDERTHIEDIZITEADET VR LETH S, HEMIZIE Gassmann O
Xz M HRICERERORBEBERLE, ZRODULEDD D,

3.1 EIZ/RT XL DIT, CO DHFRE M RIE D X 5 IR E M2 b >
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WECHTLH2ETVIZ 4 HE (2227 hEA VR, avAZ A
e YZbMH U R AT 409y 7H 08 BEREZLND, WEXNLETH
2K INIE (X P E A 2.5km/s B2 &/ & <, E o HERIREAR AN IO & BT L
WZEbH, BRI TEEDVES AT T a vy BHEVREL TN
ZERTRINTE, FOD, ZZTRERY 7MY RETAEZRALLE, F
FRRICY 7 MY RETLVOBKXK ZRT,

(N3
KMGS //
IREE 2
¥
Kuv » G M
0% AL ¢ g

3.1.6 Y7 ¥ v FEFILOEEAM(FE)

Y7 RV RETFTATEVIRE CREEL : My o MR L8®b H
VVIREE CIRRE 2@ BRIV ILBR R (EARE L TR TE R RSB E) oL &
D% % Hashin-Strikman @ FREXTRATHZ LIk T, HAE
KoM RE & ILREORKE 52 5,

IRAE 1 O Ak BE R 7 O R B IR SR & W SR 0T, 2 sk oD ML 23 R AR R
HCHERSBERBOINVGET LI ELEZR L CRF2aE L EORAK
L, AREKTEOREGNELWEREL T HIl ¥ (4.3.2X) 2 H
WTEHRE L, ZoRIT oK FORFEMMEREMIMEREL ZNZ., FHh
FH LD EEMEH LEZb0E2ZL T2 TE-ZHDTHD, A, K
T E O E #BIEL Mavko et al. (1998) L 0 | 1% (K =36.6, G =45.0) |
¥itix (K=21.0, 6=7.00 & L7 (BiLiZwnwdnb GPa),
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K. :%[Z K+ (Y fiKi‘l)fl]
=25+ (2 )]

2T, f o [EETP OB OERE R Ky 0 AR O BRI PR

Whe 2 0 MR EIL 8.1 Tk * 72 X 5 1€ Hertz-Mindlin ® X T HE T %,
FFREIC IR NG A =2 IT AT (Effective Pressure) . BL{Z K

(Coordination number) & L= (Critical Porosity) T®H 5., H s
NEFFBBORELZ S &1, BT Fo#EMBThHLNR, T2 LD
EMEEZTHRE Lz, BRALREIL Zone2 DFORKOILMEDOH L 7 — ¥
EDOBEME I TIRE LT,

FABLWCETLVOFRBICHWEER —BE2TRT,

ANIET11% 0.01GPa Bl #ix 9. e A LB K13 0.5 & L7, SEMAL 1 DIk
FEPELR T HiIll O PN ToOFE#KRETH D, 72 Kuv & Gum 1T
Hertz-Mindlin DX THE LHERTH DL, TOEPONRT A =X 2Lz
T, KOEE, KOEBEBEERRET R REZME->TWND,

(4.3.2)

#4311 =T NVOHBEIIHWEEEHD &

Effective Pressure P (GPa) 0.01
Coordination number n 9
Critical porosity ®Po 0.5
Grain bulk modulus Ks (GPa) 27.74
Grain shear modulus Gs (GPa) 19.06
Knim (GPa) 0.88
GHm (GPa) 1.22
Grain density (g/cm®) 2.507
Water density (g/cm®) 1.00
CO2 density (g/cm’) 0.623
Water bulk modulus (GPa) 2.5
CO2 bulk modulus (GPa) 0.0465
Average porosity @ 0.25
Critical gas saturation Sgc 0.5
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THHEDRITA—=FERHWTHELEZY 7 Vv FET 00 i #R
(Gassmann DR T/K T IEZL D) LEARIOET — X 2 F — 1 — 1
AL7EbDEX43611CRT, BEVW—HEZRLTWSLEE XD,

35
+ BEF—%

- i

o,

£

S 3

z

3

2

225

-]

2

-8

1.5

Porosity

X 436 Y7 Yo RETLOFFEEBERKE (900-1280m)

V7 R RETFTLVEAAGHEET VE L TCEMAL, BHA OB KO HEMEE
$eaRw, 33T TR LEFSBMARIEIC O W T PIHEE L CO2 a1 E O H
it 2 SR 72, SR iE &3, HE M (Uniform), AT A f@ME (2
T 05 & L) IZKAHEER ST (Modified Patchy) . ¥ fafn o
R (Patchy-Voigt), Brie ®#&5 X (e=2,3) ThH D, €D LIC 18 FINn D
26 M HE CTOWEXM 1113~1118m D7 B ATy hTF—F b4 — — 1L
4 L7z, K 4.3.712xm7,
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Vp - CO, Saturation (Critical gas saturation : 0.5)
2.
. e | | niform

2.7 e | Jsual patchy

2.6 Brie (e=2) ]
s D ' Brie (e=3) -
S e ModifiedPatchy| |
824
£ * log (18-26th)
‘-4—3” 2.3
©c 2.2
o
L 21
% 2
|§ 1.9 rov y <1 A 3 "
o g Sofd

1.7

1.6

0 0.2 0.4 0.6
CO2 saturation

X 4.3.7 CO2fafnfE & P ¥l K 0 B R
(5 Bham AR & REAE R O A — N — 1 o)

4.3.7 XV, Brie®X, BEMOBEMET AN LIS EMT —Z 258 L
TWbHZENbID,

CO:BEFIE N K& W4 0.4 DL EIZoW TR, BET — %13 & o H
THMHBARETHDL, L2L, CO2f@MMEN/NIWNEHBZITHOWTIE, K
T ZITBERER O MR L HBRIC L TR,

EEMICS, “BIERFBIEFAEICENZNT T, EAShDLIED, ~AHE
W, FEHOMICEERGEE> TS EWVWIHERE T 5, ROKH%E
MITTRETDOIRARTALER R DL ZATH D,

B, T TEHEATABIE 0.5 ERELTWVWDHIN, TOZYHEITHON
TELT L, 3BB3ETHHBRRZLOIC, TZTTOMKT AEMEIT COBEH)
DIEHO HFERMES I 2 —2a L ICBT S RBABMEDEZ LRLT
b, Rifo7uo =7 bTiTbhEEEY I 2 —2a TR, AEIKE

il
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L LT, 42.9~66.5% L #EE L T 25 (B 135 A M BR B8 5% 0E 3 5 767 AF 4
. 2004), REjKEFNE & B R T A E OBRIT (BRI A ffE=
100% — RNEVKEAFNEE) 72D T, AT AEFED 33.5%~57.1% 0¥ I =
L=y a UV CTRESINTEMETH D, Liono T, ABRMEE LM, YLUKE
N, TVv—0 AN =B A I T DA N =<y F 22k _BibR#FED
e L v Ialb— P LEHEEY I 2L —2a VOREMBOMIZA-TE
DRZEREENR D,

(/N EEXB~DBEERDBEET LOEA

Brie DRI N T A —FeZ LS D Z LIk, HHMF&EHE O Y
fafn (BRS 7 A 100%) OFHICHFEET 27— 2 2R TH D,
LML, BB THL-D, TOPEHPRERITIZI- XD L,

3.4 Tk ~_72 X 512, Brie DXLV ICHMT—F 2T 5 kL

EEHEfMET VB L, BRATAMMELESED HIEEH
W%,Brie DAL B MHENOREREREZEL LN TED, T 2bbL,

EHTES CO: D& (EVWH AT 1 -AEpKBME) 22352
LIk, HElOT—FZHHARETH D,

8 O E oy R0 oo BE G dh AR IR R T R fS R S 100% TH D, £
Uniform ® % — 7 X Tz o fiffk 279, % L T Modified patchy ® 7 —
TR EOFMICNEST D, AT A AMELZSIELZLITL->T, 1A
M ICHHEO A A -V OWMBERIBHREMS 2 LN TE D,

INFET, HEARBEEFEHMLLTCBE L TR HE > TERN, EED
SEMETAVOEMAEZ S > & X< AD2720IC, IFREXIREZ 3 HREXMIZ
530 %5, Sato et al. (2010) [FHATR A RE L EMICHRFT T2 & EE DO XHIZ
LI ENRTEDHELTWD,

X 4.3.8 IZNT R OWEXM &2 XML Lk REnmd, P EEESSAm
L COz MDA IR, & 51 FMI (FLEED LKA A A — ) D FEHE 2
5 3WEXM (Upper., Middle, Bottom) 2431752 & & LTz,
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1111

1112

1113

1114

Depth (m)

1117

1118

1119

1129
P-wave VeIOC|ty (km/s)

CO Satljratloh

X 4.3.8 fEHT XF G DG E X 051k

ZOHA FTIE CO2 DJEARICA — T VR — /L THEBKILE (NMR) #
JE AT STV, BERKEEHREILFBROY A X0 5 M2 BAE+T 52 L
MTED, TORAZK 4.3.9 (1277, SIS IC K - THI 2 b2 KFE R
FORFEOWALITHBANOREICEHE L RPN LREICED LN T & A
W20, HEAaREoBbiZkbitTn<,

ZOREBIZHEBRARE THIERES VI ERERIZELS 2L, ST/ ST g
RrIZE L 22, MEICIEHBROBROEMLELTRY . £ OREHEIZHEB O L
REM BB L TV D,

¢ 4.3.10 (T A% HE 5 3L 05 6 g oo I E A5 RAR I 2 on 97, Al 2N R O 72
OREE, Mt N T OME LA RT3, Tabb, MEIHERO K S, itz
DEERLTWVWDHZ EIZRD,

MOLNTVWAEEIICHBORESONMIZBRBRICEELE 25, HHEIC
#HiToH, 2>EVREBERIHFETLHHBEOREEOKTMAE FFV (Free fluid
volume) . #iF 72 W O K & X% BFV(Bounded fluid volume) & FETOY, #ib
BT ZORERMOREM % 33msec ERBIICERD TWVD (MHEEAEYS,
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1998)

\ YR, TR AR

Elgk, =W

;41. 2 o Lo
B

R[]

B, TR A A

CPMG 7 F IV R EE

4.3.9 Kk

N frme-flusd parosty.

% 4.3.10 KRS ILE (NMR) B o H|E G 5 X

FFV LR T AME OB EE 2L L KB TE 28N A T A
METHLPE, LTOXNET D

Sga = FFF,K@.T (4.3.3)

T2 TSy MRARN AAME, FFV : Free fluid volume, @ LB %2R,

LRI A KB FE I TFTOXTRIBTE 5,
Sm:BFE‘}'@? (4.3.4)

Z TS, AT AFE ., BFV : Bounded fluid volume., @ &fLRE%
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ZNC A
AL RBEICHMES N FFV 2 W TR T A M E 2558 L2 R 2 X

=

4311125 T, £ — 2 TOEXEHEEL K FIZRT,

1113 .
7
L._\_H___
11135 e
™
114 / Upper: 0.46
J|
1114 5 -
)
1115 [.f Middle: 0.39
= 11155 A
B I)
T o6
I' Bottom: 0.51
1116.5 1
1117 /ff
1117.5 |
1118 r\ : :
0 02 04 06

Critical CO, Saturation

X 4.3.11 NMR fE D FFV 76 - I =B R4 A fFn

Upper Y — > O FHfEix 0.46, LA T, Middle ¥ — > i 0.39, Bottom >/
— 1% 0.51 R T,

—F5. M43 12 1K EORHEFRBNOHE O COfaME L2 HA#HX
L R%E NMRRE DO FFV L8 WEEROBIC R T, EhEE LEEK
DOHMOAEHIIEDORE TCORRKBAMELRLTEY, AT AMMEL S
BEXDHENTED, TORKMEIZ06ZEZRLTWVWD, bbb X i
ARG IE NMR g o FFV 26k 2 b o L FEEOBEmICH 5, L Eo 2 &
MHEbIZOZEZITEEEOEWFIEL VR D,
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1113

/™

11133 ——

1114

11143

1113 Iy

11153

Depth (m)

1116

Max: 0.6

1116.3

1117

1117.5

1118 I \ L L 24 I L L

0 02 04 06 0 02 04 0.6
Critical CO, Saturation CO, Saturation

4.3.12 HHETHRENOHETE LR T A E G X)

NMR#E D FEV L L RO AR T AfafEOMEH W TZEL TN O X H
T Modified Patchy saturation ® #ift =5 %, T O LIcHREHK R E 4 — N —

Lo Lic, RFICETBIC, BT R &2 B g o g bRk o o
H D D KAE Z X % Modified Patchy saturation ® #ifg & 5/ 72,

M 4.3.13 77 5[4 4.3.15 2. 4 — > ® Modified Patchy saturation i #
EER R 2 TRT, BMEMRIISBOELZEHL L TWD, T —EHED
B3 % £ 5, AT AFAME X NMR BE O FFV ) LR -4V — v Offi &
kT RRE OB O RDIERKE 0.6 2T XTHOY—r THWEZ,
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P-wave Velocity (km/s)

P-wave Velocity (km/s)

L Bottom
sub-interval
\ Modified patchy
AN Sgc=0.51
\ e Modified patchy
N Sgc=0.60
Patchy

~ |
1.8- Uniform ] i
17 | | | | | | | | |
0 01 02 03 04 05 06 07 08 09
CO2 saturation
4.3.13 Bottom Y —IZHIT 5K EHimdh R & BE R
2.7
2.6¢ Middle |
”5 Modified patchy sub-interval |
S N Sgc=0.39
Modified patchy 7
Sgc=0.60 |
Patchy
~_ ] 4
~__ |
1.97 Uniform ]
1.8 .
17 | | | | | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

CO2 saturation

X 4.3.14 Middle Y — > I2BIT A& Mamndhi & Mgt R
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Upper g
sub-interval

N
g o
T

Modified patchy
Sgc=0.46

Modified patchy
Sgc=0.60 i

Patchy

SN
N W b

N
N [l
T

P-wave Velocity (km/s)

Uniform

17 | | |

= =
o ©

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
CO2 saturation

o

X 4.3.15 Upper ¥ — 28T 5 & Himdh i & s ks 5

INLORMNL LD K HITEE
BLHBALTWD, BT R
ET—42&EX<{HoTWV5,

UbEoZ b fEESSaMET VIX @R FEEAREO PR EE L CO:
B OB EZ, AT AEME L WOBEZ AW THRRWHN A A —
Db EITEIFTLHZ ENRDNoT,

HaoffmET VRERORBT — ¥ %
TRE RS B s & SR b 7o B R Y
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4-4ARMY A FTORMOEMDOY A X

4-3 TR L2 L 20T, RV A b Tid Zmeqb k13 # 2 83 Fn (Patchy
saturation)REEICH 2 L B2 b5 (IEEMICITEEMRMET V),

ARETIE, 3.6 ETHBARIZEDBMOY A XKD 2FikEE T, #a
RSB SN TV L TRINDIEMI A MCEMH LIZHERIZOWTRT,

1) E@MYy A vToOEoBRAMOBRRY A X
JE#FRE D 13N(3.5.1) K W iIRB R, kMR, LR, K0 EMESR .,
MR O JEMERE TRE D,

_77¢(ﬂf| +:pr) (3.5.1 H45)

ZCTD,Px,1, 4 By, B (Z T SEBAR KL, BT 2B R RPELR B
LB A O EMRE. MBROEMBEEEZ =T,

PEABAREL % SR D 2 T2 @ T 0 B 72 R R AR BT 1B B o0 R BR I AR o oD B b R
DENVLDOTH D, 4, BRFEERIZAKE CO27 D T Z TIRADKMESRLZ
MnWd, £/ 3.5 BTl K DT, Hie Ak D AR B3 M BR oo #6672 201
ML TRENVWEEZEZONDDO T, MKDOEMBEIZTE2E 25,

RO EORER, LRz ZzhZh, BEIEOCE (72 & 2 iF. KfE
(2008)) 75 10 2 U ZLvr— (mD), 25% & L7z, WEOWIEITKDH D
ZRAWT, IKFEEMER, iR r 22 2.5GPa, 1mPa-s & L7z, M
VN T SRR o0 JE BT E R E o JE B D 20kHz & L7z, £LOHTE 4.4.1
(e N S
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#* 4.4.1 PEHURENC H W T2 RE YR E

k (i2% % mD) 10
Kr Gt 1 AR Ff M 3R Pa) 2.50E+09
n (e 1A B ME AR 2L Pa*s) 1.00E-03
f (JE ¥ % Hz) 20000
@ (fLBRHR) 0.250

Mzﬁ? (3.5.7 E#8)

2T, AW HEITf
oo AEHWTR(@B5.6) TEAELEZR/NNOEI DO Y 4 XX
7.9mm & 72> 7,

(2)F & L BKFT

BRI BNT CODEMITEROMBICE LR -TEHID I L
WRESND, DF VD EHRITEL OMBEY A XLV b+ REVEMETEZ
HZERTHEND(X3.2.25 K, HiB).

] B 28 58 12

| K ES 4y

] B 28 58 & 12

CO2 &4y

3.3.2 (M) ¥ aafn o[
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RV A boOFREBEOSAHERFBEBESTE 2 4.4.3 (2737, ARV
— LYV EVEFEBRSRATWD, SREOFHEMKR 7.9mm & EH OBMET
BT, Bofafmomg/ A4 X3 #HxofBKREY +oKR&EL< . KRS
A FPOITREE T EERREOHKEE THoaMmEeBll cE s LazmL T
2o

X 4.4.3 EMOIrEEO®EFEMEESE (Xue et al.,2006)

Caspariet al. (2011) IR CEMY A bOT =X 2 HWT, 7% LT
BEOY A XOANEEH S % EET S5 CRM (Continuous Random media) £
TNHERWEBEEY I 2 —va ViCX s THDEMOY A XE2RDTND,
RMOTFT =2 2H5HTE5 HONALHKRIT Imm 256 5SmmBETHY | b
NonDOAROFRREEREA—F—Th 2,
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) Characteristic patch sizes
10 - - - : — - =
+ CRM3D

* CRM1D

E .
=S depth interval: —~
= 10 1114.1-114.6 m S
= : - — /
2 i
= \
= - T
=2 '
"o, -3
e 10 -
5
¥
depth interval:
1116.2 - 1116.T m
107 : : : : : !
0 0.1 0.2 0.3 0.4 0.5 0.6

co . Saturation

444 BEI I 2L — 3 X DHENBSEBAMY A4 X

(Caspari et al., (2011) )

4-5 4AEDE LD

JEAXI R ORI g O RE XK E 23 LT, CO: DREZENfMR I BT
DEEBEEETETFRBEOT -2 2@t Lz, 3. PR BEOSEAEZEAW
HEET LD ET L, BEOEMREIZ SV THG Rz Rk o TH
ERE R B Lz, TOME. FARETHELM AN OEIREICH D 2
LB bhrol,

SEOFEFRICE Y, COs i IFEICB W Tk, CO2 1T B D &l R
WRECHFICRERICEAISN D 2O, HEZHRMZ 2T T o< v L
LTWS RRAAITRE 2 & L3R | REEITHEHSIIC CO N EHR L T
WS EWIHEKE I bo xRN HBEOLNTLEVZ D,

R TOMEMET — 2 138 Oy afm e yEmmoPRICHFEL T
2o ZOHFZE, TN ETHE Brie DFRBRAICL VB S TS, LrL,
TNIEEMHAOERPAR TR, BRI A —ZIZL V@RISR S DT
Hol-, KFETEOHOLILICHERATAAIMELVWHI>MEEZEAL, BEEHTY
fid f1 (Modified Patchy saturation) E 7 LV R EZ L7-, ThiZ k- T, FHEIZ
FEST L7 —ZTRABRLYHOEBEZ & bR > THMAAREIC 2 > 7,
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WA & o T, HW 2 PR o & BRI X - TH oy fafn & U C Bl
RENEINT 2y 7T HZENLETHDL, HEKROKERIC K-> T, BT
RRRRDOIHEETMOY A ANHFEIET D, A, BRMOIFEEDO/NNT X —4
bbbV T, VA XZFHAELEL, TZOMEITX. SAOHMETEOKENLH
FHLTRYRECTH o/, EHICHELUEMOT —% % H i3l 0580 i &

LIFEIFRETH -7,
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BHE R oY/ MBI HEMEBENEST T 7 0 0HE
23]

4.2 ETRRXZEXHICBMHZFHA LcE=2Y 7L L TYERED
ViR LEmBS N, WEBBEOE -0 REZT, EAFHLLEASIZ CO2 R
BLHICEZE (LA 720 —) LEZLZ, SEYWHEOEL L L TR R
52&ETHD, LrLs, ZOHETIE, COBEAND I ELHGICEH
ELRghEImHT2 2Ty, RM7e =2 F TR, FRTOFHE
RVIalb—va A2 T 4IC&0 ERBE SO D 2 EHIZ CO2 23 BLRIF

ZEET L EHEL THBESNTZLDD, CO:NBRICHZELRN-TD
BIENENTZY LSS, MBICEXD2E=2V 723 TEARA+STHDL L
Exabil, £ T, EAHZHD 2 KO RALHEN L T, JUHM D CO:
DEHEE=F) 7T LHFELLT, KR FEZ7 77 0 BNEtE ST,

5.1 I E F L T oOME

(DERALEZERADOEE
B IR AL OB-2 L O R £ 900m ~ 1,212m 2 4m i fE CHLE L 7=, 4R A1
OB-3fL D EREIOOM~1,228m (2 4mfi] bR THIE L 72, EIRA & RS 2B E
LEKMOYHIKZKME1.1IC5R:T, bbb LB 2RO HITEHE T
E22<  FRA—FErobHGTTNTVD, LALRRL, DT HiLCO:z
JEATREAR T O ST ERE (K160m) ([~ iE+m/hS o T, F— ¥
ZHDHERELTHIWEZER T, T2 TAMIE TR, BRAEZIRAL

PREWTEICKRE LTI 2175 2L & Lk, FEEMET. Zkx (Wm
CEZTHHMICITEEN—E) EIRELTL,
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OB-3 OB-2

e visw
IW-1
oB-3 . io0p-z oB-3 oB-2
o =
sS0Lce
reaiuan: 00 - 1212 m
SO0~ 1998 m B @ intarval
@4m interval B
2000 ;
ﬂ
£
&
g
1100 *
1200 3
» SOLIFCE
@ receiver
#r CO2 injecion point 2 S0 100m
X5.1.1 ERSEZRSAZE®E L7ZXEOSUERNX
(27 — 2B ik

BRMESE O IRIZIE, OWSIEJR 2 Wiz, OWSO XX % [X5.1.212 77,
ZO\RBFEIZ, YT EmoeBUEEABREANKTICES, £0 it Y
VT EN TN —THEHI IR T 550 TH D, N~ —IFEX
FT—H —THEZX EFONTEAROMBIC L > TS, FEEME RO T
YENEFTBT OMAEMAIC R o T WD, SINAKFIZEE N U728 ML,
VY —FBIC Lo TEMD D ZZ T, BREICHBEROSIN KD E N EE
D, ZTHHBFBEICED VMR E > THBPICEET L O TH D,
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TP
Triggering
Geophone
Electric
ﬂ; Motor
| 1
RiEte .
é %% SPng
=| HED
- 1
= Catcher
=
“E?###,Emmu
Multi-] ayered
Drigks
;I'
$103mm

X5.1.2 OWSZEJH O [X

SRICIT, 24aDONA RT3 07 LA =T N EMEH L, 7 — % &
I, OYO Geospacett B DAS-1Z /M L. AIDEHOY 7V » FEREIZ125
pseck Lic, MIEHIEL L TE, ETNNA Fe 7 2l EOREIZET S
., IR L TEREREDOERS TOREZITo 2B, ~NA Fua 74 VIRE
EBEISEL, 1O R 7 ORI 2mOEERHEEZ 1 N—F 5
ZEMTELOT, BXRREFMMZ I =T 572014 RBEOHEZAT -
7o
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BFNESTTA4EBDEIAIVT

WM FEZ T T 403, T E TICRSLLIC R T6EIZE L 72, COJE AR
W1, R—=Z2F A UHIE (BLS) &ZFE L7z, COJEANERHITIEL, COJE
A &3, 200t, £I6. 200t, I8, 900tDF P TE =% U > 7 HlE (MS1~
MS3) Z FEfi L7z, COJEAIL, EA&EALO, 400t THK T LD, =4 1U »
JHEZ, TOEHK (MS4) BXTV9I» H#%E (MSh) IZb N ThnEMML I,

%511 WMHERNESTS T T4 EEOEA I T

Baseline Survey BLS before injection Feb. 2003
injection started Jul. 2003

MS1 3,200 t-CO, Jan. 2004

MS2 6,200 t-CO, Jul. 2004

Monitoring Surveys MS3 8,900 t-CO, Nov. 2004
injection ended Jan. 2005

MS4 10,400 t-CO, Jan. 2005

mss  Jmonthsafter 50 o0

injection ended

(4)7 — & AT 7 ik

W L7 J7ikiE. RS oo YU SRR BB o 18D A B s B S R
JCWIE N O PE R P EE S A RO DB ER NE7 T 7 0 EMENDF
ETHD, WEERNESZ T 7 0 T, BT —2 (WEER) 58K
MWD Ar = A (REOWE) OMBMETH L0, EHREENDN->T
WHIEA NN =Da VKo THERMAERD D EITR LS THDLIN, £D
WAL DN R D D NEHWE S MITHKAFT 20T, HEREOMBE LR > TLE
Y. T, MBIET NV ARE L., TSk 2B AR & 8L E R o 5% =
HNSLKTLEOETNVDOEELZHRY KT EWVWIFRELZ L LI D2/,
RATIEIRELS 3DODAT v 7T TEZDLHZENTEDL, Thbb, (a)
MEVERF OB . D)W E T VORE. ()EESMET VL OFHHERD 3
AT v T ThbD, UF., THLZENICHOWTEHHT S,
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(a) W) B A& R D Ft A B D

HABMD I, TRTHBRICE > TTo T, BRIET —Z 0D HAR - 72H)
B E R 2l da CAER R 2 ER L. SUH LB T — & o 1) B A R bR D3
T REEMFICAEI L), MBI EROTRAE L EZHE VKL, COJEARD
NR— 27 A CRIERF (BLS) OER iR 2 XM5.1.3I127 7,

Traveltime (msec)
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X5.1.3 JEARIDOX—RAT A HER (BLS) o & Kl ##

MWMET LVOHRE
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WELSMET VIZ, WHZz/hS /UL EEAMIZHE L, HEVIC—EDOR
EE5Z2Z LIk TRIELE, BT OB MOR S 1%, YiHAME
HED 120~ 1125 EN A /M A X THO, TR E/hshtEricL T
H, DR THBBORIKIZ/RS, £ 2 CTABEIZE W Tk, COE AJE i
OY M HEER160m D 1/208 LT, EADOEIMOE S Z8me Lz, HE
HMoES (Ero@ds) X, BERACZRAOREME S C4me L,

N=ZF A4 VRET —EZBT OO OMNPET VT, W8ERT —% %2 H
WA A B & E L7z (BPT; Back Projection Technique) (2 X
STHEL, BPTIC L 2K LD A r —3 2 (HEOWE) XK TEX
Shd,

N
s =3ofren )30, 610
= =
2T, SBPIRIGEEORAD A — R A TONIIE B O T — & O#HER,
HZiFEROT — 2 OEBVjFERO LV EZ BRI IES, LIIERDODT — 4
DEWEHMETH D,

nE, E=F2 VUV THET —F OMFTRICIE, N— 2T A 2 HIEO K
R (EENEZZL) Z2PMETAELE, ZHIE, EASNTZCO2D 5y
MEE A G Wm o < —H o PRI, LR THEAICL s THERE
B2 Z ISl m 2 Er 6 AiEknweEZE2ond0 T, XR—RX 7
AVOREZHNODEMBTDLTNTHLEZERXTLTLOTH D,

()3 FE 53 A1 & 7 /b O FE A K

FROMBETVICH LT, STHEE RDBOERLEHERKZFET
5, ZHICZITHuygens® JF B B S < WMFHREOEZ Wi, Z OEFREER
EBMEROKRELRD, EREENNSLKRDIELOICHEET VEAEIEL
oo BIET VLAY XL E L TIE, S BMFE R E BHERTE (Modified-SIRT;
Simultaneous Iterative Reconstruction Technique) W% 7=, K7 /13
JALZE 2B EVD A =R ABERITRATEIND,

AS, _Z(TO 1,8, /T°) ilij (5.1.2)
i=1

i=1
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2. SAEERORBNLDEERO AT —R A, ASAIEH OB LD A1 —
FAEER, TCNIFEROT — 2 OFtEER, TOCNIFE R O T — % OERIE
ZCIFEROT — A OEMBNEHOR LV EZ BB T AIES 2T RT,
HWEETLVOEBEIZ. A=A EXTROT-ASTZMET 22 LIk -
TAiT 9,

B, R=AT A ET —Z O TIE, ERHEmERE L ET LE
E#20EVE L, £/, TE=X IV Z7HET — X O Tid, ML
[T 4500 100R TR & Il L7z, IR o HEICIT, kA2 b H I &4 2 RMS &
Rrk 22 2 W7o,

= :\/ZN:(TiO —TiC)Z/N (5.1.3)

i=1
BEODEERBIODAONRL oA TIEEHET LN, E=F
VIBEDT = HABITICEB WX, ROELRBEEEAZT,

5.2 MK NETS T T4 KR

(1)CO2 FE A il D B M 3% 3 B D 43 i

EROFETEHMER L COEART (BLS) O AilkrmX GEE -
77 5) & 521120 T, MORRGTEZ, BTICHWEZRZEEL %,
FTOBNVOEEMIZIECLTZATEHEY DS LEZLOTHDI BEARNEEE %
HOZNEREELZRT, NEZ T L2OMEDHHRWIZIE., TEBREIC
PURHE T m 77 A Ve 2%k 4m (MET T 7 4 fBTREDO O & DD E L
ODEmIELEFRL) TERCEHLTENESTTLER—OH T —X55 TRRLIEHE
WM ZRT, MBEBIXZRFBIICIEZ =L TV D,
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IW-1

depth (m)

A thin high velocity
laver called “Zone-17

CO,injection laver
called “Zone-2"

aquifer
~  velocity
(lem/sec)
33
31

X 5.2.1 COz £ AR (BLS) o 3 B 4y 4 Wr ifi X

7L, BElBRE CHRIZIEZ OGN TWD Zone-1 LI 5E (&#E
ERE) XhEZ T 74 TlEBRHIATWRY, ZHUIENEZ T 7 4 O fERE
DODREFENI EVE, TRICRT RO RHEHLEEZEZOND,

BRI BT B R E LR HIREREIAREREEAL TR,
WEOLHHFICE L TEERICIS O 2 AROERELEHET D5, TOHB
BT oHEEEHOTRIALX—D 5L EEOLEZLHET DR ALX—0RD
<IN TEHEBEXLND,

ZOD, GUFMEBEHEARE N OBE CTIX, & 25BN +57%Tx
NE—ZROTHEETERN2TEHDEERILND,

(2)CO EAIC X 2 MM HEE O Eb
BHOEIOFE=FY U TMEOKEENEZ 7 L%5K 5221277, IORK
ARAGEF, ATEDOR—=2F 4 VRERRLFERTH D, BHEMBESELRE
fish TWLD8, T2 RLEDIF, K521 LR, X=X T A VFORE
FEoa 774 LVTHD,
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X 5.2.2 KEMETOBMER NET T 7 0 OFER

M 521 D=7 4 HMEMRE LD E HAKENLEHO CO2EA
AT THEENEFEMILLLELOICR RS, ZOHRELILZHARICT S
O, FEZFV U ITHOREERX—2AF 4 VHIERNLDOELFETRT Z L
Elin, BEEEV ol TR TERE L,

M)L—Jﬁﬁmw, (5.2.1)

BLS
T2, VeslE RN — AT A VHIERORE, VusiZE=2 U 7 HEROF
—E N OHEEERT,
M 5231 5ROE=FY THEDOHEENMRNES T L E2RT, ME
AL, T_XTORMRBICENT, EAMEZFLICHEERTEARLAD,
MS1 HIE X, Table.l /R L7 & Y 2004 4F 1 HIZEM LA, FE 2
A 12 BIZEIN7cmETiX., CO: BNBBHFICR=E L Z &2 RT 21k

dlffernce
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FERLONATWarole, DE D CO BT ET 2 LIATIC MR ~

77740 CODoHERATWEZ LT b,

Depth
(m)
D@{ :

OB-2 lg

top of the
- aquifer

e 200
{m)
1000 Velocity
: . ._ - difference
1100 T2 B N — - g
=5} - -1 Bl =0
1200 il . [E8 hiw =13
o F | | _.4
L= i - =-5
& OB-2®W i, !—-m
X 5.23 =4V 7HEDOHELENENET T L
MS2 T FEAR TR CRCIAN Y E WL EF~NIKN -T2 &

WFIn%, ZHWEMMBEOT v 7T 4 v T HEASOILRER TH Y | HWEKT

WRFEASNTZ CO:DFEFBHEZRA TWDHET T, BRRBHELEZXOND,
Pl ohe<holc, £, RIZFEL

MS3 Tix MS2 & bR TRk x7%
NLHN, MS3 UK MSH S CITHEELIEN T BHI SN o T2,

WAL TFRLE L TIEZ.MSTI TR AK3.0% . MS2LL TR KK3.5%THh -7,
PR B 2N BfE L D 1T

N
(4

HEAR TR R R T O, COEAMMMNETHY
LR TR TFRIZ/NEL 25, OB-2 BHOEHMKREBIC LS P Ik
ZHICHIET 5 MS2

CO2 DEIFER ., kK 20% DK TFHREZ /L TWD A,
HEMIZIZFE ALK T L

Dot b2 277 7 0 Tk, OB-2 St

T2y, Zhid, RECHEERTITARONIZWEEGABM I T 2m £ E
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EHEFICHENTD, ENVEESE Am LT ABMKO NE S T T 0 TIEEHEKT
R TCE Lol BEbn b,

L ZAT, COJEANMEZFLE LMK O®EEME FiZ, COzDEA
WL > THMEEEENMET LEZEEZ LN, ZOKRTEMNGE EHTB X
OETFTHIZMOL2HROEERTHAROLND, Z51E CO2EAXFEED

IO TV 2 b, CO:DFEICLD2HERTIE LT 5 &, COz il
DODHIBIZHRIWL TWVWDHZ LD, ZOFREERFROFKEHDO D, %
FHOIBMEERICE DM 21T -7 (Saito et al., 2006), ZIZ XA,

COWROFEEMTHIZ, KEROD A A MV Ik TANT EBEAE T4
Bl THLHZ ERDMro TS,

(3) WEK THEHEBOFERMEICET 2K
ZZTIEET, HEKR NESZ T 7 I K o THEK T2 A S 72 HI A,
TR ZOHER FTHRAGFET HZ LIC Lo TERRENTLZDICHMRK S
NEbDOTHLZ L E2MRT L, Wi, NET T T4 MITIC L BB ELT
BN AnT EoEE/KTHRIZ, ToEKZ2E0RT 2B 2HoT — X2 I|2E

REEADBH SN WZ TR0 T, 202 L 2R T D,

5.2.4 (a)~(IZix. 5 OEIER»LOEEILEE ~T, &K OLEH
OIX, WEERLEERREZRAOMEAG DY OMBREKE MS5 3 &
EIWFERNET TAICERTRRILELDODTH D,
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RBINLOWEBIT, MSS#E FE 7 7 223 LT, BidDORAL ~2 2D
JFHICH &S PBERFRIBICEI > TRODZERERBETH D, PR LN
DX, BLS HIE~MS5 HlE CHR&G LEF —SREEOWK ks ERT
Tuy hLlEbDOThDH, PL—ARELLDHH, BLS~MS3 & MS3~
MS5 D 2 DD KI5 T LT,

5.2.4(a)ld, EIRSEE 1032m, ZHWRAEE 1076~1100m O i ¥ i &
Thod, TRXTOZRBEEDORELEKICHE EFOEIITR ARV, L
WoT, WHO N BBT H2EENCCMET LTV EEIE, BHoMEK
T TIER< BB THLEZZOND,

5.2.4(b)1%. EIRSEE 1064m, ZHWAEE 1104~1128m D 25L&
ThdH, EELEOVEMIEE RS L, BLS &xf LT, MS1, MS2, MS3
ELVERERDBEALTHWDLZERDNDL, TNHDOT —Z OFEMIT CO2JEA
XRE R ORER T OL LA NPT H LR IICFE WL THDR, 2O
DTCERICEERTAEZ > TEY, LR THEHFELETHRBRTE 2RBE
CEROEANBHEINTZbDEEZDLZENTE D,

5.2.4(c)iF . EIRAEE 1100m, ZIRAEE 1052~1068m D I 7 5T %
Thod, TWHOT—XOHEMHIE, COEAXRNRBE LOX vy v 7y s
ZFHBBLTVWS, HERKTRINESZ I L0 ZOEHSITITEHER TFTHRARLLL
LR, ZIZIWRLEEEREICITEROENLIZIAOARNI LG, ZO®
B TEHRIIBGB LI EEZDLNLD,

5.2.4(d)IF . EIRAEE 1140m, ZHRAEE 1000~1024m D WY A0
Thb, WHLEHEIZET SINLERAEWNE OO, BLSIZx LT MS1, MS2 &
ERPREBATWSHEFR R TERND, —FH. MS2 IR IX MS5 £ THEROIE
NWRBBE S22, LEENos T, 2L OEMMAERT 5K I, COJE
A& 6, 200t ® MS2 Wl & TR FEAZA . £ LR ITEE &
fELTwnwZanEnz b,

5.2.4(e)id. EIRAEE 1180m., SZIRATEE 1028~1052m D ¥ ¥ 5L ik
Thd, 2Ok SIN EBEWA BLS & MS1 OEREITIEEAL L,
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MS1 & MS2 oM CAERENLNAE L, MS2 25 MS5 £ TIXEROELN 7
WERDZENTED, T bbb, ZhAOLOEMNBET 28I TIL, CO2
JEABRGE 25 8,200t FE AKRED MS1 £ TIHHEMR FTRNEZ 53, ZD#% CO:
MZOEBICEZEL CMS2KAETICHEERTRAEEZ LD EEZEZI LN D,
ED XS, BTOT—FIZOWVWTEROENLLBIN I NG NET
v 7 LEMENLRBH SR Ao hT — X OWERRBEOAREZXRT D &,
X 5.25 DXHICD, T72bb, ZIIKRINEZEREFFS>T — X ITE
RENAWNRBH SN T RWVWO T, TALOEMNEERT LEEIL, EEEL
MWIRWEMRTES, LT, ZoWmKX ETHEBAOEAEK E 7> T
LS, BERKTHEEHMRA—BT 23T THD, TZTRICERD L H 7%
AR N AE IR A I BR L o AT A R A AT E oM LA K o T,

MS3 485

X 5.2.5 ERFENDNBIN S NIRRT — F O PR

(4) B EEAR T S8R & IR L 7= f# A7

WM FEZ 7 7 410k o TR SN CO2 JE AT 5 oM 3 E DK
THRIL KRKTH 35%FREL, FERMRES 27 V0 70 0 EHER RIS
NRTCEFDEINCHAEVETH->7-, TOERFRKILZ, BBROEAEICHD & EBD
N2, EEOEREMRTHREZEE L CTEALZERER, AN N—Va ildo
TR—fEEICE S S, ELWHEERTENRD G50, [KEE OB
BOFREIZIY, BEREBOICERENR Y SN, AKOEEMK Fiko
HWEKTEN/ NS RoTLEY, FVEIZEWEERKRTEZRDD7ZDIC
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TABOBRBAFAATRTH S,

ZOMMPRFEOOE DL LT, EEMK TSR Z DA GRS DM 8B 2
bivsd, =& 2 IERMIEH (Yokota et al., 2003) 1. WIAEANIZ LD A
BRI (EOR) O =% U v 72 HML LI HAMEER TS 77 412
BWT, HELZLIIHENTOARIDZEWVWIRELEANL THITZITH 2
FICXY, MENTOEARKOEXBZBEERS AR cE22 20T
W5,

TR R B, EROEBRPBIIN R ol T — % OWEBEK %
Wrmlci AT 2L, MERFmRAEARE 25, EEICIE, HERNRZD
T HEE LR OERITIZE A EEMR R EREAVSBN ST L
HWrEN2WHEE LD, TOZABEID BRRAWVEHEHIFAN CHEKT
MEZSTLEZLZONRRETHSH, TI T, HERKTHZM 5.2.6 D&
IR E L, ZOHEANIE T THENRT T2 &0 HIRE DT TR 21T

277,

The wvelocity reduction 1s
allowed only in the ray
paths blank area.

Top of the aquifer

X 5.2.6 FERFEID o - ERRKIC L B2 A

ZOMHIBRUANE, AR OFMER T VT Y XA EREOMENT 21T o712, #R
EHELCERNEZ T AL LTH 5.2.7 17T, @R LoOHAICIE, CO:
FEANJEOEEK TS ETHITHOLMENHEERSNATLE -2,
Bl R A & AT ClX, 2D OBGBMNFAE LM CIEHENE(L LR NE L
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T L TWDD, BBRITAARBE DLW, BBROEERNIC X > TR
SN T\ EREZEN, T THIR L2 #BHER FERANICE > Sz, &
FE=F VAT VIR T OHER TEORKMIZ, MST TiE 11.3%,
MS2 LTl 18.4% & 72 o 7=,

Depth

1000 —=
1100 —

1200 .

X 5.2.7 WEEEZEABICHIRE L NEZ T 7 0 TR

(5) WM DIENVEBR LI NES T 7 1 AT

Spetzler HIZR U EMOT —Z 2 H W T, ¥lEIR KDL >IckEbD ET5
VA NEZ T 7 4 DFMITICK LT, RHDIENRY (ZLRXARY 2 —5)
HEo Tlab b & T 2 (Finit frequency 5, NFTF F—F v ik ; X
5.2.8)IC X > TICNET T 7 4 OfREFT 21T > T % (Spetzler et al., 2008),

ZOHEE, VA MNEST T T 0 LR HEMRTHEBENTH D RE DR
ERTAEEZTH, WBRIZER YV Z > TV O LEDICHKL BB T 52 &M
T, HEBEZHVIRTZENTE D,

M 5.2 9 IZMEMNK RERT, HERTEIT2BPEREN GO, ZOEIZ
FEBREOMRRLEELENTH D,

IR L, BESSBEMETVAEEMT DL, K 40205 50% D CO:
fmELHBLZ LN TE D,

LA FEZ T 7 4 TREEZEEEAZHRL TS HRK 14.3% O HEKT
Thol,
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LorLeinb, ZOITTEIIVA FET T 7 01T, oA & PHE B2
B L TIEAHBERHERE > T D,

A) Distance (m)

=

Distance (m)
50 100 150 200

-2

-15

-104

Off SR-plane distance (m)

0.2 0.1 0 -0.1
Sensitivity to 40 velocity (22 m™)

5.2.8 WDIENV ZEZET D NET T 7 4 I Hik
(Spetzler et al.. 2008)

A) Distance (m)
100 150 200

I E— ]
-500 -400 -300 -200 -100 0

4D velocity (m/s)
5.2.9 Spetzler HIZ XL D NET T 7 ¢ fREHTHE R

(Spetzler et al., 2008)
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5.3 bEDFE LD LHEE

;%l

CO: DEANBEDOH KITHE > T, EEMK FROIER & HER T RO K2R
BTN . ZDEL LY CO2% 8,900t EA L7 MS3KF R ETOENATH Y
ZALE MS5 £ TEMB R bl n o7z,

EWRFNEZ T 7 4 THEEARNEREZBRERFIZAD KOICEELTNZ
AN, FRICEERE (WTAREEE) v 28T 5, "ABRELE
WBT 2o TELVOEENBIEINRD, TOED, MVIELFHEIC
BWT, R2REBLTWAIMITBEESNLLN, SAR@EBE LRI D EE
DENVORETEEISNILEE LR D,

CO: Oy A fEl 1T, IR CTIREEEKE 2D, EAROHMRIZE D
BROTHERTENRESLS R L, MBERELZLELRDMES T 7 4 TIHA
WEBDNRAOSORNEE LTBHMSNDZ LIZhDH, CO2 Doy
WA NZANEE L2720, HERMEESN RS RD, TOZEN, EAR

WA TBRET CO2 A o HER W ENZE L2 ozl & & %
bivd,

FEAKTHDO COz 7V 22— L OB ORWAE ICHUIFEHERE N7 T
T4 ER TS, L Laens, 3FM@) TR X ST CO fafnjE &
MR HEOERIZIE ATV ZADHALEZHLTND, T2 5 CO [EARF
(Dranage R#8) 1L EL# ) CO2 i Fn FE o 25 {12 B M 8 5o B 1 U ©° b 2 28
FEAT DK DR AKE (Imbibition K #8) Tik, CO:2 A A L T ik
WEHEDOEIT/ NSV, 2D, JEAKTHD CO27 VU 22— LDOBE) % M
VW EETLEOLXDZLITEARICHERTHELWEEZEZOND, ZOFEMKEIT
WK, FEMECTCLRLTH 5,

BT o2mE/KRE BT 2L, MK MNEZ T 7 4 IC X 2B H

TEOHEE/K TFTRIT/NSLSMETESNTWVWD, ZHiE, ZOEHOFE TR
K5, WIg8hERINES 77 TCHELIBREERENMME T2 &, HEMKTHE
WA RAR@EB LR, HEREIN R DD THD,

Spetzler HIZ X LTI, HOBREORER FHAEZ 2 LR EIE L 722
KRV HEBENRINBRSRDEVIWBERFNES T 7 4 ORKZ, K
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BUZIEN D 2522809 2 THioTWD, T72bb, EHRICTENZ Y B H
HDICEERTHEHBEOKR FTENSSHIBERE 2D EHRPODEEMKT
TSR O JE 0 25 R LT O WM OILA Y OfE0 N 2B EN A @il L CEEELE
LT L THS,
ZOENT I R DOEEM T 25% & WO RBEAE L RREOCMENIE S
Niz, BEEMSEMETVICLD & Z O CO RN 40 5 50% & 72
5., LovL., WEERNEZ T 7 0 OFTHERICESTEBOIENY &5
T 5 Z O TIXEBEOHBRIIEIR T DL 0IC > TV D,
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BE6E ETL®

ARG SCTIE . MR BT K o THEPIZ TR S T R A bR S oD 4y AT i B
CEAMEZMD Z L2 AME LT, LFTOFEEHIZOWTHZEZIT -2,

A, RO EFER CCSFuy =7 TR EELZH W ZE=4%
VIR EDEIIICHEA SN TWDI N EHHANT, TO/RE, FLALETXTO
7Yl FT, BERICEAELEZE =X U7 3EEES N TWE, 2t
AT ARETCO FEICHETIMAREZOEFEMHE XL LITMA T, 2 E
T CE MR T IEEENZTOHBTHLLEEZOND,

LInLRNoAMTARE LR RS, EALL_BLREFAFOMBEL L
T, P CORMRIER KRBT AT, L0 RYEIC (FBHHIC) 5
ZERTHEENE, BMEEREEICL o CoMbRFEMME (&) 2R LD
TG METCORMIKRERRELRFA L MNIRD, Z0EWHEIZT D
D, HAEZI 70RO nbBMLES LT vy s 74Py 7 RO
REMWT, BWEEM, $Hofafns B 250mREICR L CE &I MR
W E DA & R D T,

EBREORMOT —2IC#H T2 & 2 E TOHEGRICRWEE T &4
MOPMICT =R ML TWDLZ ERbhol,

IOT =IO MERHT LD, HLWEZT THHEERSEMNE
T ERARE LT @ Oy T fERE 21X 100% CO2 > T D,
L2rL, v Ialb—varonpB A KEFfFE (Irreducible water
saturation) E\WIHIEZX L HDH L O, BADOT X TOMMIX CO: & EHT
ERVEBRDLDONBERTH D, H R ORI FE 512 100% LU T D CO:2
MEZH5 2T, MofamMETs v12EEEL, TAEBEERHSEMNET LV LELH
P 7o, TS O 100% LA F O CO, Sl XA T A fafn g & 4 5
7=

K 6.1 EtofXMERT,
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Usual Modified
patchy patchy
saturation saturation

water part water part
+ (mixing) + (mixing)
-FuII CO2 part -COZ part with critical gas saturation

X 6.1 1#H Oy AL & AE EE Ay faFn T 7 L 0K

Fo. MRS LT, EARSEE 3 XHICHH L TEIES T
FOMEMEAIT o 2, BBAILE (NMR) BE 2 545 51 % FFV (Free fluid
volume) Z W TH AT AMEDOEZHHET L ENTE D, TOMHEEH
W EEESSMET L OMGIL . WHRKET — X 23T 52 LN TE I,

Rl 7oy hBWT, R M2 277 7 010k >THidF D CO D4 A
WA AERD T2, WO FIEEINEER TS T 7 4 Th D, A%
WS THIEE L CHBICE DX N TERE, UL, #HEKT O
EIXTERREO LD LV /INShole, ZHIE, ERMNEZ T 7 4 ORI
BT, BOBERENKR T T2 L HMERO LA X2 TZ0E LV Z@EE L 7Z<
0, MEMETESNRL 2D THD, WHROILNY 2 5B 5 M
FoTHERTOMMER RSS20 BEBELERBED 26% 1”5 b1,

DOFEFIXE EER 5 3 F1E T L TIiX 40-50% D COf3ffE L 72 %5, =72 L
CO2 DAy AP &\ 5 BLA D IS RHAB B ERF NEZ T 7 4101
HoTWVW5H,

HWRICEHRBENTE CO2DE=F Y > 7 ORI 7 B A4 A6 &P o 41 2
EXEDEDORETH D,

ARBFFE T T O CO2 D & Z FME R HE N bR 5 Hika FElL LT,

OHEE, SEEISATEAAZEET S FIEICEBL TSI EREER
Lo TOFEITWERE NET T T7 4 ThHo2, VSP Tho72 0| K4HEH
BRECTHLILERZOND, BEHMAAZFFIIRD 2720I120%, IE M 72 &P
CRIFICER MR EEZRDD ZEALETH DL, LE L, #HEEZME
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TEDLFEITMBEFEICHNT, YROZ LN 6, EMAR MR ®EE % K
DL EFHEVHRBELLTVARY, FPEZTI T 4ICO2NTIEEOHMB L I
W L7272y, VSP RO EHEEAE R & KFKEZME S FIEIEES v —4
VA (HVEWEE XBE) WEBRTHZENLETH D, THILK SRR
Zxt T o4 RN =VarilkoTRaNDN, BfE, ZORKETHSENHDT
HHEEETARY, ZTOA U NR=VarOEEZ ETF TV Z RS BME
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