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Development of Tracer Testing Procedure and its Application
at the Hijiori Hot Dry Rock Test Site

by Isao Matsunaga

SYNOPSIS

After first oil crisis the Japanese Government have strongly supported researches and
development of alternate energy sources of oil, such as solar, geothermal, wind, and coal liquefaction
and gasification, under a national program named °‘Sunshine Projects’. Hot Dry Rock (HDR)
geothermal energy is one of promising energy sources due to its environmental amenities, widely
distribution, and huge resource base. Hence a HDR energy research and development program was
selected as a program under the Sunshine Projects since 1975.

After finishing small field experiments at a test site near Mt. Yakedake in the central Japan, a
HDR R&D program was started in a small caldera at Hijiori in Tohoku district by the New Energy
and Industrial Development Organization (NEDO) under the Sunshine project. The object of this
program is to develop and test key technologies for the development of a HDR power generation
system. During the first phase of the Hijiori program from 1985 to 1991, a reservoir was developed
by hydraulic stimulations in a granitic basement at a depth of 1800 m. A three month circulation was
successfully conducted to extract heat from the reservoir between an injection well SKG-2 and three
production wells, HDR-1, HDR-2, and HDR-3. The thermal energy recovered from the reservoir
reached about 8 MW. After accomplishment of the shallow reservoir, a deep reservoir at a depth of
2200 m had been developed in the second phase since 1992. After establishing a two reservoirs and
multi-well system with two injection wells of SKG-2 and HDR-1 and two production wells of
HDR-2 and HDR-3, a long term circulation test (LTCT) had been carried out about two years for
demonstrating and evaluating performance of the Hijiori HDR system.

At each stage of development NEOD conducted circulation tests to evaluate the Hijiori
reservoir. The characterization of the fluid flow and heat transfer behavior of an HDR reservoir is
very important to predict reservoir lifetime. Beside measurements of flow, temperature, and pressure
at surface, pressure-temperature-flow (PTS) logging, geochemical monitoring of circulation fluid,
and microseismic monitoring had been conducted by NEDO to characterize the reservoir. We
conducted tracer experiments for determining flow regime and its changes in the reservoir.
Experimental techniques ha?e been developed for conducting tracer experiments in a unique
multi-fracture and multi-well HDR system at Hijiori. Residence time distribution (RTD) analysis and
numerical simulation by FEHM are employed for characterizing flow regime in the reservoir.

In chapter 2, the HDR concept was introduced and technologies for development of HDR heat



extraction system were reviewed. R&D activities in the world and also at Japan were briefed.
Afterward, R&D at the Hijiori test site was chronologically reviewed in detail. Finally, the
importance of geochemical techniques which have been used to investigate HDR reservoir was
introduced.

Selection of new tracers and also characterization of their thermal stability were described in
chapter 3. Salt are conventionally used for tracer tests in geothermal reservoir. Sodium fluorescein
was also used but unstable under high temperature. New tracers were required for conducting a
multi-tracer experiment and also repeated experiments without increasing background level.
Laboratory experiments under high temperatures and experiments at Hijiori and Kakkonda
geothermal field were conducted to choose suitable tracers. Two inert reagents, sodium tungstate and
ammonium molybdate, were selected from inorganic reagents. Dye tracers, sodium fluorescein
uranine), rhodamine B, and amino acid G were also checked in laboratory and at fields. Although
thermal stability was not so high at laboratory experiments, uranine indicated high stability in a high
temperature region of around 200°C in HDR-2. Considering its advantages of cost and high
sensitivity, uranine has been routinely used for experiments.

In chapter 4, hydrodynamic dispersion of tracer was examined in wells HDR-1 and HDR-3. As
reservoir volume was one tenth order of that in an injection well, tracer dispersion in the injection
well modify tracer concentration to a reservoir. The linear dispersion coefficient should be obtained
to estimate tracer concentration into the reservoir. Tracer experiments during deepening drilling in
HDR-1 and HDR-3 were carried out and the dispersion length oy of around 0.1 m was obtained by
matching tracer response curves of linear dispersion with measured concentration of circulation mud.
Using obtained o, suitable tracer injection duration for the LTCT was estimated as 5 minutes or
more. By considering the result surface instrument of tracer injection was designed for LTCT.

In chapter 5, a RTD method of tracer response analysis was briefed. Then the method was
applied for tracer experiments carried out in the upper reservoir. Anisotropic flow toward each
production well indicated that HDR-2 and HDR-3 connected a major flow path from injection well
SKG-2 while HDR-1 weakly connected through paralleled fractures to SKG-2. Changes of tracer
response curves during the three-month circulation indicated that temporal variations in flow paths
occurred in the region between SKG-2 and three production wells. Those changes were remarkable
initiated by shut-in operation during each stage of the single well production from HDR-1, HDR-2,
and HDR-3, respectively.

In chapter 6, flow, thermal, and tracer data collected during the three-month circulation test at
the upper reservoir were matched using a planer fracture model on a finite element mesh. A finite
element heat and mass transfer, FEHM, code was used to the simulation. Area of each planer fracture
was adjusted to match the production temperature change at each feed zone. Then the tracer response

was matched by adjusting the fracture aperture. The simulation results indicate that the heat
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extraction area of the flow paths extend during the circulation. The aperture of the flow paths ranges
2 mm to 14 mm. The values obtained seem to be in a reasonable range, although it is greater than
those found by other investigation of HDR reservoirs.

During the long-term circulation test we carried out tracer experiments every two or three
months for monitoring flow regime in the reservoir. Procedures and results of the experiments were
described in chapter 7. Two or three kind of tracer reagents among potassium salts, uranine, and
naphthalene sulfonates were dissolved in water and pumped in to the deep reservoir at the first half
stage and to the both shallow and deep reservoirs in the latter half stage. Fluids from two production
wells HDR-2a and HDR-3 were sampled and analyzed to obtain tracer response curves. A fiber-optic
fluoremeter was also applied to obtain real time data of uranine concentration.

PTS logs were obstructed by anhydrite scales in the deeper part of HDR-2 and HDR-3. Hence
the quantitative analysis of the tracer experiments under the complexity of the flow regime in the
multi-well and multi-fracture system was restricted by luck of flow data. Comparison of each tracer
response curve suggests that the flow regime in the reservoir was severely affected by injection flow
rates, temperature draw down in the reservoir and also anhydrite precipitation in the production
wells.

Chapter 8 drew up conclusions of this study and described technological issues need for future

development of the HDR heat extraction system.
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AFVADA—2 T4 —LDa— X< )17 & (Rosemanowes) Tik, R RETIEBITKAROEIILE B
B REL TR, KEMR: (hydraulic fracturing) (ZXVFT2RT7 T 7 F ¥ #ERTHEOEDE, BIEK
EHEATALCEVBEFOSINE 28 L THEES BT A/KERB (hydraulic stimulation) &\ MO HE&E
DAY EE ZHNBEINNT/R o7~ (Richards et al, 1994), K2-1iIZ7 =2 bbb T EIEHERRAAEFICE 2.5
NTCWHDRIFEREET Ve AFVATEZLN TN ET AR L TRT,
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X 2-1 7=l DHEEICBTOEBOKERETF77F %ET V(a) EAF) R
— A2 )Y AZEBITHKIEFBIC L DK REIN B OERIZED HDR FFEEET /L (b).

1980 R HIC AL T, T HEH O BRI EL | (HEICEKREO &V WESFETLIT T
ADY Y (Soultz) THORBRDIEED L, KERBOBSIZEICELL T, JiHLEAEO R WiELE



WEXHAFERTHHLEEZOLNDLIIT 2o TE(Jung, 1992), B ARIZBWTHEREILKZED 7 L—T 0
R IR A & (Hot Wet Rock; HWR) ¢ L CIZIERIROBESZIRE L | £ R A IR COBUKES
(2R L &HEL TV V5 (Takahashi and Hashida, 1992),

ZNDI5Z HDR BREDOFLERDT T 7 F v ERDOBADERLLS T, HDR (ZBEIZEIRE TIZH 5D
BK - HRRDOFET DITBBAREL TQORVFEKREDEVEE | LV ) TEHE (Tester et al., 1989) 535,
[H2RWHIRIC DT> TRERNICRT XL X —2 B 3 720120E (RS AT HEAREITON
BEDHHME ZT 5] VD IRV TE 2 (Batchelor, 1989b) 12K > T& iz, TOEMK TIL, HDR L2kt
TR H B DORNTIZZIUT E BT RITAR S0 25 (Sass, 1996) 53, BAFRITZHT-0 HDR DB A%
B2 BOIEATHI R EE VRV HB AT AW ZERTES, ZO AL T, IEA (EE X
NX—HER) O RNFX—FMH N7 0 s FL0HET 1997 F 3 AICRELZEIREFHEZ RS TiL, #
3k HDR DOEHEICEELTHEERIATONDO A THFEEZMI TH T HLET XX —5HEN
N—ZRTHETHEMERREL, KT D HDR OJER R SEERAL TS (B, 1998), F7-, HDR
DEHEDOHTHLT AUA TS, HDR BAFE THE o= A7 T BABH R (CREMRRYICIE AL . B R
NEX—BZ %D 5 Enhanced Geothermal System (EGS) &\ HH#E& %" L TR Y (Clifton and
Entingh, 1998), HDR BAZ AT OB BESED L T3,

BRI ~7=L5IZ HDR DR A THRT RLF —BIIK THD, 207, HDR DHEEZNRAYIZE
DT EMTEmESL TEIUT, Fl A TaEc VG IR B2 KIBIZ K T&5D, X iX Armstead and Tester
(1987) 1Z7EEE 10km £ T HDR &I &% 1x10°Quads (1Quads=2.93x10*MWht HB\ L 2.52x10"
keal) LEELTWD, ZORITOBEDER RN — 14 B (1994 4T 5.1x10" keal) D 50 FEITH
BT D, HOOEEITREICHERE TOREAELIBHIFTREEELEICLZBRREHEDOD, EFEDO
BEREIIHELICREINWTEZDLEITHDN, BRI AWM, JRF ., R HBER RS Mo =L
F—LWgTHL, TORFERIIHNTU LBV RLETHS,

BT, Sass and Robertson-Tait (1998)i37 AUN B DK HIZLHIR DB RBLE T, WV T7A N =T
M D Geysers, Coso, Salton Sea, r/3F | Steamboat Spring, Dixie Valley, =4 Roosevelt & Soda
Lake &V ) g A3 iR L7= EGS DR~ TD, ZHOITBREBRETOLOEEH T AVABEHOE
EHBHIRE 72 L TEY, EGS (5V Md HDR) 1L BRI 2 HIBVE R ThHZLEREBL TV5,

EMNIZRBN TS, Hror X — - EELITRE R (NEDO) IZL> TV BIR & O FEH
T TV5 (NEDO, 1994), ZOFE Tid, T ETH ARSI TI TN BB R BEREDT —5
ZRV RETEDOK T Lz 29 HURM DLEMR M 2R HIHBHEET S 18 HIRkEREL . AFEEICE
S THRE 3km £TD 250 CLL ELOBIRES 1.4x10'7 keal, FE 3~5km DH D% 4.9x1017 keal LREL
T3 (X 2-2), NEDO (ZLHRE TIIEBROHNIHRET —4&FEA (DS L, BICHE SR
EMRL VAR TIVEDOBVWEREFTME Lo T\D, TEARERICRETILE, T T
2,900 75 kW (20 £F) &% 9,800 75 kW (20 £F) £720 (3 2-1) . 1998 FHIEDHIZARER 52 7 kW L
NT2HH %<, HDR BB ERBREERL A TR AR BRIV —BR THLIZLBRALNTHS,
NEDO DFHEEREIIH ETHIERB B A3 R L L= (REFHEHIRIZ T 55D THY, HDR €D
bOERENRETIVITERBEIIEICERDFEMELHS,
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LI QS DR

X REIPERE (200°C~3km) A
. ;j;m @ >507kW (204F)
aED - =2 O 20~50/kW(20%)

AR o o mwm O <20FKW(20£)

[X] 2-2 NEDO HhZ0EHFf 2 Hisk 2 HBIN L [ENIZEITS HDR &EIRA E Hiigk
(NEDO, 1994)
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2-3 @A RO RN

2-3-1 BHFE T OREE
HDR MHRHIMEEL TATFAF —Z2EOHTIZIE, MRERIEB TEAEOE SR IZEAS

BETHD OB L IEDLERSHD, ZO0TDITiE, O RLLDIEBOERE RO 7T RERI;N.
QR L EIRDOABLER STUHEEE T AH5N. QBEBVH T O DOMBEEL 7T 7F YT
(RERR) 5207, @QERLT=7F727F ¥ DIEAVEEEBL THRME O D OMEBRERE (T8 E) 2155700
BT, ©FFE DL BRI, 2 ROICEEEVH T2 OMEER - FhEERIT, @RV L 8D
FIRERF NI —EOERT AL ETHD (Raxk, 1993), X 2-3 |Z HDR BB OS2 FIHEZ R T, Zh
BRI N —FRRERIC SN DEE ZBNDH, —F TENOIEEICL - TEHM. 2R
HHZITH = OIFE B AR T DI LB TEIZD AT 2T MLV DY 7 My 22 B i BB
HEEESTNG,

Rk AN -—-:""_'

()iF&E (DI FHARH

| nwm
HEH AR
—> T |
(e) B B TEER-
R aER
5%+ 1% /
(d)3 8 (HEH) (HEER(RE)

(X 2-3 EiRE AR RO FIR
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OIZBALTiE, RO BUK - R RO T 2 BT E % B fEL7-b O DA RAYC HDR B Tho
VB ENENEEZLNDD T, EDOBRERMOISANRELRD, F-QIZBELTH, XHRLRD
HDR FUZBHH I AT A2 EDZ D7D, BB ~DOMAEDEARSLITEB OOV HL 8%
WIEICERE T 272012, ELZ BRI > TERREH 21T LERH DM, HERD BRI
W EDRERFRELE 2 D, B, L THHRERDREELH D IIBF A HE N OFE TH D, 1€
2T, @~®7 HDR BAF TH.LE R EHT LD Z LN TEB,

FEREM(1999)% . BRI R EZ ST RE LT IERDOHBR BRTF OBRIZ 4t T HDR RO tX
ERE. R, B, EEO4BREICR L., ARBMB LOEEGRERME COM TV RAT AR —HITY
AT LI — H T AT DA S DL — T MR ZEIZ Lo TRBEDH TV AT LR EH THL
ZA HDR BREDORKOFBEH THHLERRTNB,

2-3-2 REWREBRAN

HDR {TEEDHE . RYUMICHOIZVZEL TR RN F— 28T 5720101, WICRES (B
BEELFED) . LOLRBIHERO D RN T 5 7F v % WD RANTENDI DB R AL ReRD, FilE
BT TEZXTHD, [RIZ20 MW BIEDOREFHZABET DL, 1R H72040 200 t DERRELEL TS,
ZOEHRKEOEKAZEHMLEL TBRYH T72HITi%, 200 F m* OBBREME OB RER L
ELRE I TV 5 (Bachelor, 1989a), TNEBIZIM DT T7F ¥ THEIETHE 1.4 km HFHLL LD
EX2T7I7F % BEL, ETOHRERNLITNZRN, 20D FARD/NEIRBED T 577 F % 0b
BRHEITRBIE D TAT THRERNDEZLNTEE, TN TH, 450 m W HFDT7I7F %L LT 10
BLELRRD,

ZDISNTKRBMERT F77F ¥ 2 EHTDITRO LN EEZEZ LN TWDDIL, KEBBEFTTHD,
KIEBHTIX, SIHOMRLRIREE2 Sy —FICIVERAL, ZORMICEEDKEEAL TER
2777 F % 58D, ZOEMIE 1940 ERE ¥ITA METE BN LA WO BB LN T 572D BFKS
N7=b DT, BEA MO I CITEESHF L T—RAZHEDIL TS (Hubert, 1987), LvL, BE7R
EDORDEE R E xR LT 5 A MIFEELILEY, HDR (231 2K BT, MR TL
PHIEBEDOLOBRENEREXRLT B0, EHTIRBOMEMEE DR CHBENRZ WV, 207D,
OBHLE T F T RE2THE Xy 1 — % 3L T 5 (Dreesen and Miller, 1985) , @ #RETH D —ER
W — o AT —%REL., 0 LHITKEEATIEDO AT OB HE T H/-0ICR) v
TVaqrERVfHF 7 PBR 7 — 0 754 —%&fE R 35 (Smith et al,, 1983) , QX R X O FEICH
FHEZITV, 20O LD — 0 T —8)—3 7 U CTKEBBREIT) MBI Et, 1988) ZDHiEM
RODILTNDD, KEMRZRKEBEITI- DI+ 30 2 HESL T HE TITIEE o TR, Fz,
BEICHIE CTh ik ~7- 512, HDR B ERS THEBE T8 BIIRAROBIN B B EL KEBBEITOER
IZENLEIN B O BRER CERWVIEEITKRENZENR > TE (Murphy et al, 1983;Richards et
al,, 1994), ZD7=¥ | BIZ5| oRVBEBIZIVFE KO BN T F7F ¥ RERIND LN LG | BEFFED
RRDBIN B RV aA L MR IBHZLIZIV BB DOFZKEN I T DL DOFBEIFESLL T&z, ZDTD K
T KEBERLIVS L LAKEREH DV IIHHHE LS T RLEEDLNEEZLN TV
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(Richards et al., 1994) ,

2-3-3 HEEH

HDR ZBWTiE, SiH~DATHREACL o TEKRMEOH ELIZT7 57 F ¥iX, B ZITI20
DEBFRAEOFEEELL T CRKEEBRBRELL TEAIND -0, TOEE (F7H L EH) 2 1EE
FTRENEEILRD, KERBICLDTF7F x DERFTRLE DL, HIEFEREROFZKIE,
ME, RAROEFIN B OREBEZOERICKE SIS (21 Haimson and Fairhurst, 1969; Daneshy,
1973; Pine and Batchelor, 1984) , 20728 | HiHOMWEIFIZH/SNE2T 2 AWV TRMBHIEOHER
SRR OB AT NS (121 Genter and Traineau, 1992; Dezayes et al., 1995; &JIIf, 1995), F
7z, SIHARBICEOYH B OEBRIEROMEE S, #BF KA F A L7 BHTV (Borehole Televiewer) |
EREH O NI ANER| A LT FMI (Formation Micro-imager)X> FMS (Formation Micro-scanner) %
MIHNFTRICEBIZEI> TRRBINEB OFENRITOIL TS (Tenzer et al, 1991; Genter, et al.,
1995),
757F xDEBRTRIEH BEICEE TS0, EEES RS URWAZREB LR T 5701013, E
BUZ T T F X BRE DENIEB T EERITIERL, 777 F v DL TIZEEFLRBE T 202 K5
BZELEETHD, ZOHDITIE, SiHNLCHBENLEEOBEEMTON TN (FE, 1990) ., HiE
BLEESNTOB0E, KEBHEFIZHAE TS AE (Acoustic Emission) Z V2 FETHD, 28, K
JERE LB |2 3 A T B8/ N F 2DV T, A TIE— R 20N #i BB (Microseismic) EFRIEIL TV 523,
AR TREMICBW TR THS AE ZEAT5,

AE OF| X, HDR ORFFEFRR I EH SN FIEI D BN D LANL (K-> THED DL, TTHN 38
VTR AW BRI E T ELL TR S AMRITES BRI - (Albright and Pearson, 1982), 2D 5k
X, BRTA3FMICERBL- 2 —CLbX PR OAEINLEOBIK T MER D, PHEESEOE
ERERZEDDEREE RO T, BRZRELIHETELDOTHD, LML, BRI ARITIIE AE BAER
DB BERRENIEE T KREARDEVIR B DD, ZDTed | HIRLCHHANTOZ KRB EZTIAN
7= BIRREBTOND I oTE, FIIE, T CIXEEH OB Z IR E T OB, #F Ry hE
HLHNEHBOFBEARE RO OLBESMERD | RFLREREZT TS (4 K, 1995,

Bl BUZ AE OBBESH 720 T2< | AE DEFFICE ENDHZLDEREFI AL THDR ORTEEH#
A2 LVBEMITIER LI LW EBREEFZE MTC 2= b8 1995 £E235 1998 2N TiThh,
£ 22 ITRTIOICHAEED HDR ERFTHOLN T —2 X RITHE 4 O HThiv: (TE,
1996) , N7 Y= Z7MT 2001 EETHLO P = 7he LTSN (Murphy et al,, 2000) , ZDH%b
AT HY) =R TS L, TSN TIERPHRROR R, RBOELBREISh TV,
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# 2-2 MTC 7u¥ /b TiThii- AE BhEDRFZE L AR Fik FrE, 1996)

FrBET7 | ERER |FILuME 25700 | BRMNE | AESSRAE .
RS St~y 257 i ik 5S4~ D% AERZSti% SWD
avoA—IL 9) &
J N g O O O o) O o) 0 0
JzbEIL o) ®T o) 0
Y b (CK) [e)
B @) [@) [e) ) o)
B Q @ 0O
E B B o)
A 18 T O 5
2z ILINVH
i o | o o Q o) 0

2-3-4 PEBR - FhENERAT

BB - RBETCBAL TiL, 777 F v NOTREIZVDNTIER L, Zh i WhICHIE TE B0 03 REE
125, 777 F v NI DOEBIZEL TUTROIFEBIFME TREL R <543, HDR BrEE 8 DR IR
BEUEERTIERER A TA—ZLL T, EEREOBERE. BRMADEIR (HHU Tz kA
R) | IFEBOTMEBIEN (TFEE A E—F U RAHDVTBIZA L E—F VR LEITNTND) D3225H
% (fi 21T Richards et al., 1994), EEREDOREIIRBERZOBIRICEEBL KIZTH, TORBEL
ISHDREE I AT LORENREGELE XD ETRICEE ThD, BRMEBFHIZAEREDOBREN
PIZELSTH, BV BB CRIICAERBBEENTRAZLIITEBOEMN D& LEERT B,
bTHD, e, MAEDEUNES BER/TGA—FTHD, \ KLEIROMAENEIR CETH, AR
LTI ThHNIE, BAITBASNAT RN — BT A BRBRENZ = R VX —BIT/NEARD, &
T, BRMBELBILHEKE ~OBAKOWNG E B LU TUIbiaien, 155 ELRIEIZR>TLB, A4
SE—HRATBEM R ERREIEAIDICKLEREN, b EAFLAEFMOZELAERET
Blo=bDELTEEIN TS (B2 IX Murphy, 1981), A2 —F LV RIBBRICHLERR T D
RENCEREICERT 20T, BEIAMNIEZEBERITT, 2072, HDR FFERBOREMEEE 2D
SEIIIENR (BK) BELBIZRHBEER/ T A—FD—DLEX LTV (Murphy et al, 1999),

THHENFTA—FZ B BIIBREIT> COABRICHIR CHBEITRD OIS, HDR IFEEORFEE
M L35 DI EEDRELZR A ETBEZLITRSDNTHD, Zhb/ 3T A—F BT BB DTN
R THEIZBERLE>TWDE1HTHD, FIZiE. RIMEEL CRIBDOBKEEELLSLT
Dl EAFLEEHBORBBLZIATERBREREELKESBAUIR VS, T 3ZLIZE>THEIZAY
=S ADEIML , FEORIRIMET § DRI DD, Eic, 777F ¥ DFAMEDRE A —
F U APMEVG AT, BABEEIRD AR TTLS,

EETIThI/Z HDR b ATV AT AOREHIB WO TE, A —F 20D BEEELL T 0.1MPa-
s*kg! 248 L TV /= (Batchelor, 1989b) , Hyodo et al.(1995)I3 47D B ih T BB 123617 AR RBR
DAE—=F L ATDNTEHEL . SIHEED AL —F AR BT HIL0, EEHADOBR O
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EEBRREINIEERRL TV, T EmIFEE DA B —F A% | MPas-kg! BBE T, LY TD
BERRRBRTIT 0.2 MPa*s-kg” ERIZIRVVEEERL T35,

750 F 2 NOWEIRENL, 75 7F + DB O ICE > THEAERKESEN T D0, BRADEAS
L EbIT, BBDOISTVRERKELEET B, Willis-Richards et al.(1995)iX, 777 F ¥ D& A WiEE)
WCHBTIEIN . 777 F v DRO BT IR/NEIEN ., 777 F v REDIRBD 3 D%/ T A—F
LLTAV., £ E? HDR IFE B D s - 3 E 1T~ TCVNB, 7, B5F Tl Duchane (1998)4 FE £ 8
BTOXFEB/RT —XOUBEIToTNS (K 2-3),

B BT B EROE THRA7285Z, REMELEL TBHHA{TO DI EROT7 77 F + (§)
BUELRD, ZOT) | fHA DTFI7F T DONWTIET Tk, 777F Y B EOBREZIE 5L E
Er/pD, ZORICBLTIE 1995, 1996 D4R LRI IT Ttz E T2 o0kt BRI LA RAR
(Nagai and Tenma, 1997)338:& L/25, ZORBR TIX L E THIFEEOH THRVWTFEBERAIRDL
L (Tenma et al., 1996) . BED 757 F ¥ COMBHIBEOREESZREL TS,

#2-3 RO FE HDR FEBOREHB/RT —F

FERREMETEABREZNIARZNIAIR® K & . =
km BIW M|EH MPali B Us|E IR E %
JzvbhkENL s o=
s 1 % 2.9 0.6 8 6 90 HRAVOBEERAT A
JzvbhbEL AL EEROATLA. B
g 2 m 3 6.5 27 6 % leeoRTL
n—x<v/%2 26 3.5 10 20-25 80 %gé’gmﬁﬁ' BER
B o 1.823 0.7 3-5 13 79 ENHEEATLA
B—HRHTCOLT2RS

B Ml 0.7-1.0 1.3 7 7-8 25 25 L
vy oo oyl 3 240 245 2025 100 Eﬁiﬁ’fggﬁ ;’;’;R

Duchane (1998) Table 1 & Table 2 #{E1E

EFNENDTZ7F % IZB T HMENR AR T 5729121, 1B - J£ /) - it & (Pressure-Temperature
-Spinner ; PTS) RIE B E R FE THD, PTS RERIBEEN DO —LebITREZFHHITDR
DOEEERZ1 2DV U TITHARATELD T, ZOV U TR HRNIBW—BEETLETaE, £
DB LNA P OEIEEH BN LI AEOFEE RDDHZLNTED, HDR i E TITAERBIZ
Lo THERENT=ZHARESN-RE LB BEE L L TEATH20, IFEREOEhEREHNICE=FY
CTFTRIENEETHD, M TIIEEBPITEVIRL PTS REEITHZEZIVBONEL DT7F77F
YZLOFR, REOKREMEZEICL T, IFEBOAEMEFMEATON TS (BAMM, 1992), %
72, PTS BERE ROV TEIE Y 2L — 3 aiZdbeyF U 72TV, TN TENWDT 77 F x DB
EEHEEN T TS (K, 1994),

HDR BFEEDBE. RAEDHA SR BRFDOROBERLENBILBIN TNARD, N—3
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RBOCMEDOHALFER T DE=FV THREMR IR B O DIZ A2 F B L7205 5 (Rodrigues et al.,
1995), T TId, N ENOM/BRBRT LI —VBREBREITV, N — Y O BRI ORTE B A
ZROTNHD (B 21Xk KA, 1994)

2-3-5 RTEEEIE BT

K ERERE:, G, TEIR - FhEAD B EANE . IR P ICBHIHE AT L2 1ED, EEET DLV —E D
RIS BN 2 ETHD, ZHICH L T, 22 TRADETE B M AT LI, RElIChhREL
THATRNX —ZEETEOMTEME AT A (ITEE) 21E57-0 2, HDREERTIENETLD
B CRBEREERITO DI LEREREE/DIEELIC, (FEBRICBERNELITBREN TELEINE
HIW - T D7D DEMENRD, T, FFEEIHE I TN ENDOEELEZITEEL, £hth
DEFAT T OPTCETINDMAHEL TN ETIBRRTEF AT ER TAHE SN E,

— RO HBBK RO FELRRD, HDR TIZBUHIL AT A~DHAY O LR D H I AT & T
R B BIZBIRTES, #Z, HDREFEE TiX, Vot A TRIH I AT LEEDLEARRE
) — U IRESNDT D | BEN DR REGML O DITITEAKRDT F7F ¥ N TO BN
RF OREFEEVDICRENBRE TIRB TEEONREELL-> TS, Lt MBS ABT R ¥ —
BT, ERNICITEERNICE L ONL 0RO T, BhHAETIZ O TEBOBEIIR 2 IZET
L, ZHUCON TREREGELL TD, Fiz, ZNLIMNID 7T F % T BT HIEBR LY DR, i
EPLOELH O LSS 7 77 F Y NOFRENCEBERIE T, ZOLHRT7T7F ¥y NIRRT
ZTOEEENENDORBETEETOLLHIC, FRORAL FRIL THEHEEEZDTLNITE
B D BHE 2D,

FHrCiE, LEITREOM%E. THFEBOBBLEL T, INETEHLEEIL R CTEHE
DHLFHFNRE ., K- EEERRREZITOILLLIZ, BRABREIToTE R, ZhHORROM, IrEEO
HHIZLBERELDT —FRBBIN TN, I ITTITbn CEREFELAELNIIrEEER
EDBRER2-4UTELDT (B, 1996) , BIRIZHENL HHRNOITONIHEBREELZRTIE., HiHOE
HIZ Lo TRAOH FHEBRBHFEONS, [T TiE, 2R ETIZHDR-1, HDR-2, HDR-3D & HUH 23R
ENTVD, TNODHFHEHITHERIIL, I RE DR EZEE T 27D ICARY MIICaT &
BRE LTz, ZNHaT DEIIBFMA =TI 7 TRREN20 , a7 HOFNEB O FMER DL
Lo THBBDOT 77 F ¥ HERIZONWTOIFBRE/DHI LB TED (KM, 1989), £z, ZhbaTizo
W TEVRERDPLBIFIERORIECEHIREE T TOaT7FEAKRER (kakit, 1993), HMERBREITV (&
JUIt, 1989)  BRAGL =T — 23T 2 8IES =L —LaitERSh TS,

BRI RN TR~ 801 AL B HEOFRIIIT BB ORI ICEE THDHAS, TRE D H!
B I DBPE I —RENC AV TO DK ERFEEIL, HDROBEITITEITIRE EOFIFKICE-T
ERE#ERILNEN, ZODBHRRICRETIRANOTII/F YO FRHOMELHEE LY, =
TERVBRALEIS ARIEI TN TS, BiE &L TIBHBEI P ORKENRCBIS LD 7T
FxX (VI T AT 2a—ARTF7F %) R0, A BLDOISHERICEDTF77F % (RTHA—NTL—7
TN DR S EEBITRA BIS S OHEBITH TS (] 21X Sato et al,, 1990;[E8, 1997), #%F
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&L TixDSCA (Differential Strain Curve Analysis) . ASR (Anelastic Strain Recovery) . AE, DRA
(Deformation Rate Analysis) Z# 20D FERRRBEIN TS (FIZITAR, 1992), FFIZBNTHE
IZDSCAMERIZ KV FAL BIG /123 RO B (Oikawa et al, 1993, 2000; K&JIIfth, 1995) . a7 BRI D
WEINIEISNDOFMERMTIEREBELNTND, T2, AEORBEEBORITEREEIZLT
R B RRIR OIS NHEE DL ITH TV 5 (Comet and Yin, 1995; Tezuka and Niitsuma, 2000; Sasaki and
Kaieda, 2002) ,

& 2-4 THETITIT HDR EBE TITONIATEEHE OO OB EFHELThOLIZ

Lo TELNAEEER

=Rt | REBESSH | 7575 | FKAE | BREE | HEEAR
AW TA ik 3

a7 pHERR © ©

2T 75 0F Y fEAT O ©

BHTV#HI A ©)

A =T R VR G O A

HWEHNES ST 4— O O

AE#®H @) @) A

B KRB O ©

PTSHE O © ©

Wit b AR A O JaN

o —HHBR O A ©

BONIBEHROEIZL-T: 0. O, ADJEIZHEL

HUHRHIRIZIIA =7 R — A RECBHTVE RIS D HHARNDORBE R IThI, 75 7F v RERHEY
— BT AT — B3RS 72 (NEDO, 1990; NEDO, 1993), ¥z, 757 F ¥ D #E@ER LT AP
B3 57 — 2B, HARBROEFHRHRBL T AKX T, MTNCBOTOLIZLIRERSL T
VW5 (Kadowaki, 1996)

T BN OMENRLZEE T2 L TRERRIIEDTEETHD, 777F YOMBRILITEAFR
AEHOVLOFHECRMEES ICEMICET D, 2070, [T Tt LEiTE B T2:8R~37 A [
D, EFTHERE T, A MORBRBRBROIEMIN TE, ZOLORBRABROBEITIT, EA-LE
EmMEORE, B, BELZMEEL TERL TS, /-, SN TIIPTSRENTh I, AR
AFEHALE , F BB IZ OV THLNT — BB TV, BT, PTSRBLHRIIELITIZLIZED,
BIHABICBITHMERERCEORIE(LLELI. B BT 21T L TEERT —F#LioT
VW5 (B At 1992; Miyairi et al,, 1996) , £/, B L 72 LI BRBRBRO AT IZH 43 HKRER D £l
Sh, BEICDIBFEBOLEASBRSN TS (BRI, 1993; Kadowaki, 1996), Eic, HHR
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REBRPITITTRAEOH LR D=2V 7R —FRBRLITON TEY, M CIIEEH T LM
ROBOBIEAKRETFIF »NOBEFBEKEDREFRIZT TR, 77 7F ¥ N TOBADERITH
EAEINTOAIEBALIIT/R > TS (Fazk i, 1994; Matsunaga et al., 1995a; 1995b, 2000)

PLERAR B FEIC > THEIETAERIT.

QFICTTIOF/ONDE A DAY, BEH I ITFEAMEICEE T2,

Q=7 RBHTVEIER LI L TELNE 7T 7F X DB 3R LIRALB IS /7

O ARBRIOBRRBRIZI->THOND T T F ¥ DB AR,

GOREBRARIZI > THLN LB HOFE AR L £ ORBREICE 200,
IZRBITED, 2B, OrD@DIEEIL, HRETHEECHEFBIR T — /PSS DNERENHD
~LNEFIZE S THD, Tz, BARBLBERRBRIZ OV UL, IFEB O A — IS/ — B —(b20E
FRUT=ZEB 2R REL TN LERIEREBD7-OICIIERIC B Lz DI REBRBIE iz o7
DREF LG BOIRTHERDHD,

SRR MORDAT Y7 1E, ZNO/OLNTZEZDEREEICLTHFERBORREEETDHLLELIZ,
BEII=2L—a il FRIZITHZETHD, #BBAR Tl TOUGH2, TETRAD, STAR,
FEHM Z2E VO DOIFBE S 1= —FBEHAENTEY, HiILTid EGS X HDR IR DLEO7R 75
7 F 2 NOBZHE Il —h 572912 GEOCRAKC X° FRACTURE 728 D Ea—RNHHREINT
V% (Kohl and Hopkirk, 1995; Sanyal et al., 2000; Swenson et al., 1999) , f#TIZBIL TiLE#HF & NEDO
EHED1IOTHAZHEBHIEDOEE PEHEL 2L —Lal 2iToTVD, ERIFCIIRATTEX
E R CHRBEIN B - HEBEE REFRET—N FEHM (Zyvoloski et al., 1988) % VT, E#F
IFE B COBBRABRKE ROy F 7 (LA, 1990; 1991; K, 1994) %, RHIBERRRBROV =
L—3ar 1755 (Tenma et al., 2001; K, 2003), 7z, D/ISC L& bz @ EED#H
BT 77F ¥ e R BRI 3 RTDT7I7F % ET VHIMER TR —ROBZELIThI (F
T8, 2003) . ERO=HE&BFEN HDR §FEEOFMELHRMEROHRREDOIEY — 1L
TBAF L7z GEOR3D LDV 7H LN TV,

2-4 FEICBITAEIBE RO IRG

2-4-1 HREEO®EEEBERORES

R THEAIZ HDR O SEZREL 2T AV A OuRT FEAB MR RFTICED T = NV TOHE
EREZDLEL T, 1970 FREZ DD 1980 ERIFTIIAF VAT =0 T — N Du—X< )Y RAY
D7 7NV 7 (Falkenberg) & 7 F /~(Urach), 75V AD T+ AT - EF— 2 (La
Mayet-de-Montagne), H ADBEHEIZF WCHSERABGSNE (Parker, 1989b; Kappelmeyer and
Rummel, 1987; Haenel, 1982; Cornet, 1989; 5, 1984), 7 = F BRI NERRNT, ZhbiX i
bEBEMOFFHIC LA/ MR ERNETHol, 1980 ERDEEITIT, AV —FT DT 77—y
71 (Fjallbacka) T/NEAK /215 EBRANPAEY (Eliasson et al,, 1988) , 1 —X~ /A TCII BB OB EIX
100°CLLFEEWSDD 2,000m FOHUHE AWK 2ERORMBRARI I TOh, BRELXBHELL
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KPR AT DDOBRE BT,

1980 FREFICADL, AMBEFENRLEL TWHLELITH = RN X —FERBEIMEFTICR->TE
720 ZOIIRMEZDOHT, #7 D HDR ALY —RLTWeT AR TIE, TRVF—E O ZAEREF
ZE BB DORDDIRE | 1996 FEIZIT OV T = MoV EBRE VA ENBIZE -7, LiL, HDR B%
DT-OITEEDL N2 B DEAMIL, TERF DO HBABRR IR TEDH DM EL, EGS ~DREMBR 2 BN
Ko TWAZENT 2-2 TRARZEBVTHS,

—F . F—ay N TIEERFEOILRITHIR BN IG T 57D ERBBOKEHH LI, o—
A= PR, DINBIRRAYVEBEIZLNT T AV D 35 FR DM LB AR VY HRRIRE
h, G EROERBTOI, BIE, VWY TIHSROBERELBEHELT EC{A-TROHEIZL
D RBHEZRFHIGRERD T TS (Gerard et al., 1997; Weidler et al., 2002), —7F, ZHVETHEEIX
BENEE XD TV A —ANFUT ORI R BB O KRERE A BRI FEETIILH
BABANTA2D, HDR 2% 3 AR 038 E0 TV D (Wyborn et al,, 1997), 1993 FEIZIIEMNBUIFTBO =
FNFX—IFRRB AL ERL T, RAT FEREa— 0 U+ — AT 0= N L TSR —r
$L1L K5 (Camborne School of Mines; CSM) D5 2\ T HDR DX#EEAHREL, —=—H TRy
—/L XM D Hunter Valley {ZBWTMIBROSIHICLABHEIE BB CTTHETORBRERNOEH
R B L-IE81 %44 = (Chopra and Wyborn, 1998), Z D%, B4 —ARFUT M D Cooper
Basin {2\ T, BfIE &4 E AL ¥ O HDR R EFFOBIREHBE ML H 23, 2003 F54 41
1% 4km LLED HDR J78 & DR ZE 3D HiL TV 5 (Geodynamic, 2003) , £7z, SR O HIE L3z
EEZDLNAALATY, 1996 IR Hi BRE (Deep Heat Mining; DHM) FHEIN RS, BukF|H
EREXFBIRLTA—EMIIENT 2,000m 77 ADHTHBEIBBEIES LS &L TV 3 (Hopkirk, 1999),
INOEAEOBRBERIITEBAEEENRELZATIZHBEL TOAR, BBOIS A FMERCHEAEEN
EFNENRR->TEY, FERBORNROFELETRR>TNS,

A ZARIZRVTD HDR ~DERVAEAT AL 1975 FIUTBEE Y ¥ EHEDO—RELT
NERIRFTRET GRERT) CEMBFEESBtsS-, TR, 5B IR BEE ERIILEE C/NAER B
5 EBR (FED, 1984) DD DNBLEBIT, KAV EELIZT7 2 NBVTO IEA HER L RIBFZEIZS AL ,
KBRS AT DERICBE T 28 LW AT O BG LR 7= (B, 1984)

HDR ERIFFFEH T 28I, BEEN DI R ITICEBRE 2B 1L T, NEDO IZX->THIF 1,500m LA
FRIZIEAHEIR (>250°C) DTEREPIEA 2182 HDR RO DERFKINERL BRLL-BSE
RO B (Matsunaga, 1995b) , 2000 FED>5 2002 2T TEBSIN-EHBRARICL>THE
TOEREENIHRT Lz (lakb, 2003), ¥z, EBAFRIFEFT TIL, BEOTT77F ¥ L AT LDERR
ZEELT, KEROEBIZBWCRBERNED O (B 21X - ALEF, 1996) . 2001 FEITEHEE#ET
L7 MIHED, 2002) , ZOIORBBERICIDEMEAR S ITOII-—F T, RIAXRETIIIHE D
HERFERICIVERIFECZENRBRE P LELZHRELZEET CTEBY, B CIIERBERIE 77
7N LB DT —< Db L TEBO KZEICLDIEFFEBTOIL (T, 1996), ZHETRA A&
[E? HDR HGERBOBMELHAROBEL K 2-5 LK 2-6 ITELDD,
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7 xRV TO IEA RFFFEAE T L TH 01, HZABEED IEA ZEMERFEILREL T
23, 1997 ££3 A |2 HDR LIRES BT BT 287222 i B3R L7z, HDR IZBL T, BAZFRIY—
FELT, TAUD AL A, AFYR, EC, Z—AFUTRBIL, TNEFTOFEORBREEIZLTFRY
T2 T YV LB EFF R HIEZIL, 2007 FEETHBESN DT E THD (B, 1996; Mongillo and
Nieva, 2003), £z, HILKZEEH.LNT 1995~1998 D], LA ° NEDO HEOXEEZIFTTa—
AT 4y + =3Iy al (Acoustic Emission; AE) (2 XA TE B O & K 3 AICEE 2 E BRIk R AF 5
(More-Than-Cloud; MTC &) BNEMSHT, BlEHN T, ALIFE B DT T ML BT AT D
#RZEHELE IRERE BB BEO =D OITE B O —HIEAR | I BT 2E R R~ RN
REN TV,

T, ERBIOGEVRGERBREERBINTELTTVADINY | TAVADT =/ e AFY
ADu—R7 ) JATEBITHRAEIVFELIIB~RD,

2-4-2 TS5V ATOBRBER
TTUADY N EEBRIGT ANTRAT AT DI F K 50km, T4 HIERFHOEBRICMLEL TWD, Vv
VR TIIB RN R LI TV B EA £ S EOHBERE FICRELZAHOREREINLIThiL.
£ DOPHMBBEISH T2 3—ay 0P THEROHIR AE D BV O #ilghe L Tambiv T,
YV TORFBEEENL 1987 F0DRBEN, RE 1,400mELRICIAASFE RS EBE T LT
GPK-1 (& 3,590m) . GPK-2(3,876m) . EPS-1(2,227m)® 3 ADHHBEHI I TB, K 2-4 120
VEBRGOVHEEL AE BEIEE LR 7 (Baria et al., 1995),

3

GPK-2

5
N S TR L xTA*. e

SOAAIT N N CA R <
I PR AN o NN
N B ASRSEMNST T Rt i N
14C0m;
& ) - o
1307 C

i
3 e (2227.m)

PLAN VIEW OF THE NETWORK s 1
Faie 4,
Ng 4550 i
* ‘Em s’
Qfm }i i
Gekz g i
+ 3 m i 160°C
01 R I
L $Ogm )E?lm ﬁ Walt hisods tge aMars. i" <—. -3500m
- Bostorh fiots. servan igeaNomn

B42-4 77 AV HDR EBRFOHH (GPK-1, GPK-2) 83X N AE & #IFLAL
{& (Baria et al., 1995).
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1993 £EIZIE GPK-1 FIZIBW TR MK ERIB A 21T AL, A EET 45,000m® DABEASNI,
ZOKERREPICBEASN . AR T IICERLED, BbBEKESKEIN DT — Ty
2—EH FTOEVEE ThH o, 1995 FiZiX AE O5FiT 5 GPK-1 HOMEMIK 450m 1% BAEIC
GPK-2 FHAMEHIZI, 1995 ££L 1996 421X GPK-2 H DM G A I E T 57 DK ERIE S E i X
iz, & 2-5121% 1993 L 1995 EDHHAIMOERICB RISz AE DBIR A 27T (Jones et al.,
1996) . AE DIREZ LD AR R KEFIBIZLE 75 7F ¥y OERITIFALBIG D5 H
(Rummel and Baumgirtner, 1991) 7217 C72<, FMI #2J&=° EPS-1 Ha7 OFFENSHLIZENTWA
BEBFEOT7T77F X DEMF I (Dezayes et al., 1995) DEBEZ T TCNBEEZ LN TS (Jones et al,
1995) , 1994~1995 £EIZH T T, GPK-1 H0bITh - KERBIZ LV ERINTZTF7F %ITHL T,
GPK-1 HEARDOHK 450m BN - EFF CO#EE% BIELL T GPK-2 HaMBHIS iz,

J t"uy K
(b) SIDE ELEVATION 1650

1 (¢) PLAN VIEW ‘ . ' (d) SIDE ELEVA:I‘ION 1750
X 2-5 1993 4£& 1995 FEDOHLHFIK THE RS- AE OBIR53 A (Jones et al., 1996)

1995 EDEITid. GPK-2 Z7EA S, GPK-1 ZHEAFLL TREBHERRITOI, UL R—AR
TERAVERBRTIZ137COBKE 20 I's" TEETIZLZRIIL TS, RBRPICEERTAEET
DIeHIZ L — Y RBATTOI A, 6 EMORBRBIE PIC b —FORIRIIRO LT | KEERET
8 (<10,000 m®) DIEFEARIREN TV V5 (Aquilina et al., 1996), 1996 4£9 H iZiZ GPK-2 ¥iHH D E
EARBIZIDHIHREA T, BICHRBREER L2 1997 EEMLHKITINT T4y A BOBR
RERMNIThiL, GPK-2 & GPK-1 ORI TAE 28 F m’ OFMAMBBEREN, FHT 10~1IMW D=
RNFE—ZHHTAZLITRIIL TS (Baria et al,, 1998), ZOREREZEICL T, LV EROBEROER
Z BT Skm £ T GPK-2 HOBEE R 1T, TREETE B DR R MR HED 5 TV 5 (Baria et al., 2000;
Weidler et al., 2002),
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2-4-3 TAVHTOBRBGEER

T AVHTIE, 1974 =2 — A% M D/ SA TR (Valles) W7 ZOBERSMNLE ST D7 = b
VEAT, HREHID HDR VAT LD (B 1HEHE) BRthI, 7=V N BV EBRGIT IR S
Fe3 @< (89 65°C km-1) . Lxb AN T FIEBNC LD HEREDELND DRI BEL GERSW -, &
NTHERNZ L > TMBSN = 7L TV TREDIE A EIZ GT-2 YT (RE 2.9 km, 1BE 197°C) 5
HHIXHL, —EOKERABITONKIT, FTEAFELT EE-1 #HEHISH., R TRADERI A
FANRFERLUIZ (K 2-6) , ZOVAT LEFETHT250, 1978 FEFIHIZIZ 75 H H. Fick ¥z 28 A M.
2 T 1980 FIZ1E 286 B EIDBIRBEBROB T, ZOOMEERABR T, T 2.7 km fHEDIFE
BD 2~3MW OBRTRALX—%HHTAZLIIRHILT, ZNOE 1 E O EZRERIZOWTIT
Dash et al. (1981) BSEELWHREEAT > QD F7=, 1983 £EiZiT Journal Volcanology and Geothermal
Research [ZRE BB HENL TS,

S i',-.'l‘f, AN

Volcaaic and 50
N Sedirpon(arv Rocks
: : N R
1000 ST
Precambrian Gneiss
E
-
£ [&]
S 20004 &
L GT,ZB Gneiss and L 150 ©
e Mafic Schist 3
= . -
: 2
9 e
> Phase | { Bibtite . % S
g 3000 Gran.ac‘iicfu ‘1 200 -
- Gneiss. Schist, Granodiorite. '\ 1]
Granite, Metavolcanic Rock
! I 250
Phase 11
4000+
- 300
TUUs00m . ¢

Horizontal Position {m)

2-5 7= bhB/L HDR ERFO 18- 28 3B BIT A H L T E W

ZNOEIHDKERIZE - T, HDR 2HEBICEGhH FIRERZ LA EFES N2 i1T50%>, HDR BAFED
LTS R D IR, RO L FHER MBI A DR AR FEORBRII TR AT RER LD FIES
iz, £2, ZORNZ, BFE HDR BIRICRZED TERWHIHAN AE BRI 2150 L3 55O
R — T RBEOITE B M FENRRFER SN (Bl 21X Albright and Pearson, 1982; Tester et al.,
1982) , B 1HAFE CIIATE BRI/ NS BRICIDBER TRELY 722N, 1979 FhDHEY
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KRB RTEERR % B L E 23 E A BRI, ZOMABREEIL. £D% [EA EERER
WFFEL7RD ., 1981~1986 EIid R M LD EEL B ML THBERNSED LN (1], 1984),

EOMAFE TITIEAFBLOEEHLL T EE-2 & EE-3 O2ADHHBREEISI, ZO%2ARDHH
A KEBHI L > TEBIE A5 E THo= (K 2-6), 7o M BV E 1R ERHEVITHIER I
FTLizt=h>, B2HFHE CTIIBR I AT LEHB THIHVE LD RBEZLL TVD, BB RER
KX, IHBEDO 77 7F ¥ ET VO EEEMOFEHEBEICE TUIDTIIFITFYOEE T Mm%
FHRIL., EEHLEAFHO 2RO FH 2 KEBHIEL > TREILIEZ L THD, FiFOEHIS N
1980 ERFDITAMAEHEROAMMEHIY 7 OFEIEBEL TOREALVOEFERHoT2b DD,
EE-2 & EE-3 M3 % #BHI L7=1% EE-2 #0:01Thn iz % 00 OKERHTIE, BESN TW-ELs
HOEMERFOBEDT T/ F Y IIRAER T EE-3 HLOMFEFERTIIENTEAeh o7, 1982 £
12 BIZiX EE2 #1°5 21,000m’ 48X H1EAZITHR B K ERF:(Massive Hydraulic Fracturing;
MHP)®EMEL722, ZN THEBEISN AE i3S PRI T FRERRD A ERL, EE-3 &
DEFERERTHIENTEeh oz, ZDH%, EE-3 DL KEMBEITONZNERY AT LEE
R BZENTET, BKEITIX EE-3 #bDRIBYIC k- CE@AER T A LIThol,

1996 FEEIZIZZ DT E % AV Tly A B #E BB (Initial Closed-loop Flow Test; ICFT) 374
#7=(Dash, 1989), MHF <2 ICFT 215517~ AE DOREHTH#E 220 ICFT Br DY HNRER 05, KE
BRI L THELNE T F7F X ZNETE L TORLIREMRL DO TIIRL, BLDTIFIF X1 E
HITHABDESTWAEE X bz (B 21X Dreesen, et al., 1987; Murphy et al., 1983),

ICFT 28412 B KT LD IEA SEFRFFRITK T L, TO®RITT AV LM B THRESMRSILZ, =X
X —E(DOE)FFETFEDORDDOF TR 2 (THIR AT LAOBZRBERED DL, 1992 FH5 1993 F(TH>
TR HER RS (Long Term Flow Test; LTFT) 23177z, LTFT i DFH TAMW ORIEETT
W, ZORETE B OREIK TREDONWEN0 | REOBEORICKERFBELRDRKEL
T%ETIET 758V HF BRFERHEDI T2 (Duchane, 1995; Brown, 1997),

Z D, LANL Tid DOE OIF R TENBEFIZHL IR T T, BEOHHEF T oy =/ e #ED
BEVHTFUAEED HDR RO EM LA BHELZ, L)L, DOE X EAIIT 1995 FEFKIZ7 = bt
NORRSEREL, LML—F T, DOE [3EREVER THY  HOIRBINREITADRED DI
V=72 XX —ThD HDR DRRAREZFED i Tide,| fEREHBEE 5 L D HAT R Fii 2 B
2R 722530, BRI ARG THD, ZDT=®, 2-3 Thlk<72L5Z DOE iX EGS DIE#E K/
FIZKEBL TND, Fio, 1997 FICkERE S 172 IEA HIBVE R 5 E (b S 0L . HDR (EGS) DORR M
BLOERBHBEIRE O FEMZFICEE T2 7 4RI EHSHEL TN,

2-4-4 AFXVRTOHIFER

AXYAD HDR BAREFEIL, I—2 U — VR FHDH — 2 AFRY A (Carnmenellis) TEfdE 7V URITHD
a—Ew ) URRABEERGLL T, 7oA —VELILKE (CSM) DR R V—F 12> TEmS Iz,
2-7 ICEBRGOMEBEZRT, 27—~ /72 HDR FIHERD LRI OV TIL, CSM DFFREIZLY
2 MOARLL TEELDHIL TS (Parker, 1989b) , T/, BFEE B N D B4 B B 32 FHI-OH{ L 6y
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723z BEL TEEL W L E = — (Richards et al., 1992; Richards et al., 1994) 232X T3,

n—A< /YA CTOREHEIIHIEERFEOERIZL > TREBOOHBIZ 2T b5, F1HMMIT
1977~1980 T TN /= EMEEROERE T, LS BIHIC 300m OHIFH2ARZIHIL . KERBIZL
STHEHSLFHEE SRV THRRRBRE EH LI,

1980 FEIZBAtAS - FE2HIHIMIT, FIiZ3>DHIM (24, 2B, 20) 125017 H15, B 2A #1 (1980~
1983) T 2.1 km DOHLHE2AMHIL . A BRI LV ESTHBZEBESELOL L7208, IEAH(RHL2)
LAEHRAIDEOEEIIAR 4T, MAEOEIREIL 30%LEL, A E—F B FEHT 1.8MPa's:
kg! LHEBHEE A o7, ZOREELT RH11 FOMmHEI S ESERENOBEFERNBOFmE—EL,
WERABRRBIE ST 0EE DN, 2O | 5 2B # (1983~1986) Tid. & 2A HicfThh /K
RO AE BRI RE2EICL T, HF- Ui HRA15)% 2.6km £THHIL-, RH12 H& RH1S5 HH
OWBEFERRBRIZIY, FEBOBAENINZ L EREN2D, 8 2C HiLL TR ORKELE
BT 5-DICRHOBRAR> I TOI,

KEY

SW ENGLAND

CARNMENELLIS GRANITE

LIZARD POINTF.

GEQOLOGICAL SKETCH MAP OF TEST AREA

2-7 B—R~= /7 A0D CSMHDR EBRIBOALELEDOHE
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#2C HIORHERMERIZ, 1986 4 10 A1AHD 1988 94 30 H ETO2EMERIIL/A3, KX
{EDDAT—INTmTHND (Parker, 1989a), FH1AT — U TIHIEARBELZ BB ICEMEE, IFE
EOFEMEHELARR L2, ZORE, MBIIRESRORETHDOITEATES 24kg s’ OIFT, HEA
[EAIE 10MPa, A B —F R 0.6MPa-s kg RBZ LB D 0T, BoRT—CTIIIFERBENET
T BIZDIZAEE (RHIS) FIZE U R— VR THRBL TEERIT o120 R T OEERITEYT57
FxDHAENROONTZ, D70, AL IEDT-DIZ 7 ay S rOTEANM TN, BERBREHK
LI EIRAT — U Tk, AEREOBERT (1°C/H) B#BHL, N—FREBRICEVIEAF(RHI2)
FUBEE L AEEHRHLS) LMEDOBICREDER S HRINT, o, EAREBEZ —ELLTWAIZbLH
2yb 5T RHIS 2>H04ERNERLTZ,

1988 DO E T FEIMBHEIL, 2 — U — WIZHEBE BIL 727 u A7 SO HDR VAT A
FRETOIIEX BRI, VAT LAOBESEREF BTN, L L, REICLELRHIROBKEELD
(21X 6km bOTIHENELTHIELRE | I XD K THREN TRWEORERIZEL, BN TOIFERZ
k&N, FRETICEBSNELOEMT EC 7Pz sh L TEBMSN TOBY LY TEMSH
AZ L7277 (Garnish et al., 1992),

AXYABIBREFHEBEHEORMKIL, TAII 7= M eV TOERKE R4 LFERY AN, /NEEE
BRODERBERICHREED - RE, ERVPRBIELLI-E 2RI A>TH BRI AL LR EHRLZ A
ThB, £z, BBROBENELILD -T2 ENEVLT, HATANCIZZ IS ERIEL R R IB IR
VAT LEEDIENTERZLET, REBRERDPICEL RRLBITOI, ZOMERFLNTVD
(Parker, 1989b),

2-5 TEiREAOBRR

it #rHDREBR 13 A LD FANALE § AEAEMFIE2kmD T LT O REIIIAIBEL T3 (K
2-8), #1 T ERTO I Pr K TRHEREM ICRBENDKBIEEN WV R EN T LT T NI,
L BED2ODRRN, FANTIORMEIMNITIATIBRIHY, H<HOBHEHELTHAT
bote, ZOT | BBF43ENGIBFI48EIIHT TERSN - BEIRFAELIE, 16k B DR %
BRI, R4 ICIIHE A ERTIC LA 2 EHBAERFE, BMSIEICIIhBRBEEREL, —E
DFENTONTE ., BITHERSAENLIEFISTREITHNT TL, AHMEIRBARIRIC L > THIBAFEERT
DRRFRIZIANT T2 VT T NE O HBRE - REN TN, ZORE-BE TIL, SKG-1~SKG-6DHL
FOBAISNN, +oRBK-RLKEEETICEST, BEHEITPIEESN, FHERBRICE
> THRHISNZ6RDHFHON, HVT ZHNE AR S 72SKG-2H13., EE 1,500m LA THE
Pk B A 720 | BRIRE D 1,800mfHEDIREIX250°CIZE LTz, Ll TERPIRRE N TOE
KIEIHEL BUKRPERRDOAEEEBIIELRD > T, ZORBORBIZ OV TIIAS - R (2002) 23
HIFrEBBERLOME LT T 7F v RIZOVTEED - R RICTERESN TS,

T ATIOBEMTIE, AMERARICEIIRAE - BELWITLT, BRSAEIIIINT 7NEE
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R TREAMBEERRERELL 2RO HBEEIS Nz, T/, BFRSSE, S6EIZiX, [FLIT
Fig | BB R REREICBV T, AT IFAROAE, FHHIERIZ BV TeARDTIFHFSBAIS I,

REHBBARBREFAEDO—REL CSKG2HDOBERIZHEIZ N7 54E-AHD-1 7%, HIZRERE
D —BREL TEBRS O R R M km T I HI S ZN56-DZ-6 128V Th | BITE TIERE1,502m~
1,504mT, % ¥ T1,688m~ 1,801 m CIE R EMR AR L TBY, W7 7EMOEREIITFmBE O
HBEBIEAHLTNDbDLFRENT, 20X, OFAKEDE, MIBDOTEREEDIERVA,
SKG2H 721 CRLAL O F THRERIN TV AL, Oft s BRI B L SKG-2H7217 Tl
BRFH LU TERTRERSKG-1HB LT 7R REIIESN TN 2L BIZ@ERFLL THORIA
EOBHETERFTRERZL, OF EHBIZH L TR F - T3 B I Th o2 L, OEREIC+4
1K ERLOFNIDOHERFTRERZ LA 0D, BiRE BB ERFLL CGELEEFLE 2N, Z
Dz, BRMIVENZLAT7 = M eV TOBRBERK T %O, BN TOEREZMBAR ICHEIT-E
BRiGL LT BESNT,

X 2-8 Jir HDR EBRBONME. INF TR E TS SKG-1 H:&
B30 ST-1~ST-10 | AE DB RN

I CO BB E BB E O FE — AL, BBFSIE (19844F) IZEMINT=SKG-2H D FREIRFTAE
Thb, BBFI60F (19854F) D> HIINEDODEE LD | 7 = M /L TOEBRIERIBFZEI K T L721986
ENDITBFEFENABLL . EFRBRTEVCETEBOBRELEL T, Il B &R L BEIK BB
W, ALIFE B D3R TR e SRR L T TRER VAT AEERO DT/ F v~y L 7RO
HI 53 R AT . A B o0 B S B R B B R AP BT &V O HDRBAR I C L B AR — B DO BRI O
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BRN/EDLN, ZNODRBITHBRINERE, ZHERILE, AMERMRE, EHPRHRFRO
AOFEFEHENEML | EEEMRE IR (S RRAFERMER., € 0% BERREENTRA TR
IINEDOREFEEL I I L THRBERICBML, Bbh =T —F OEITiH %2 ML 7=,

I3 COHDRBAFEIL, KELZ2ODEREITHT B ENTES, BIH, 1991FE T TORTHIIIRE,800m
thiEExHREL T LM E B OB BTN, TORITIEE2,200mfHEE A RICTHITEE OB
25D B (Matsunaga, 1994; Sato and Ikawa, 1995; &)1/, 1996; Nagai and Tenma, 1997) , 20004E%>
BH2002FZANT THF BB R DR EL D L2 R RABRS S, RBROKHZITIT100kW/ NS
AFV—V AT ML DR EL EfES - (Kawasaki et al., 2002), X2-9iZF B R AR EMHERFEOITE
B ORBEBEABIITFR T,

HDR-3

HDR-2
; SKG-2

1810m

>

1505m

Uppaer Reservoir
(1800m,250C)

HDR:2a

Lower Reservoir
{2200m,2707C)

2205m

X2-9 KHTHDRETEBOERK. 1500m iDL S Bifka EICBIZET HE TS
BiFEbr— U7 (BBRVE D) BEREIN., T LAEIZEIE 2o TnD

LERTE R OBARE TIL, 7 19864 IZBEFD FIHSKG-2H FUEHEN DO FIH Rz LD 757 F
YEIERL . B1987EICEEHHDR- 1 HEMEIL CTF7F ¥ LMFETHZLITRIIL, F1988F (221
FDOBRBBREIT o7, TOREREOLFLIEORIEOM L BIEL TI989FEIZEA RN
o> B8 g W2 111 CTHDR-2 3 (1,910m) %, BIZ19904EITIXIEA SNSRI DT 8 121617 THDR-3
HU (1,907m) ZHRHIL . £ O EMRBR AR (19894117 A M. 199141237 A M) £ L=, iz,
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19914E11T»7237 A BIOBR R T, IBE150~180CH KRR 2R EL TAE (HIXEL0%)
+AZEICHRIIL, HEEEDE ML B ARICBWO THHDROE SN #E S AT RER L2 EEL -
(Matsunaga and Yamaguchi, 1992), LERTRIEEERERER Tld. T ETRIEREE: (HDVVIAKERIE)
WCEDER LA TEE B OB H T—RANIE LN T IARDEAFLEIRDEEHF LD,
WbwaF Ty b AT MIEABERF R TIERL BAHDOENDTF7F R L T, EAFEZEL
AT2RDGIHEZEEL ., BIRERL LT 5L ) BFEOXRREIN B AE WV, #HEEEDEM O E
ICBLIZ VAT ATV B 2T o 72 VI T LR KREREM TH D, ZDO LR EHHBOBERARIL,
AENRBIEOBELE SR RLX — 2RI H 372D (2 Armstead& Tester (1987) HMRRL
7 25 H AT @ (multi-bore reservoirs) DE—HrERZLD TH-T-,

HDREEZ BHELEZROBBAT /LT, KEOBUK-RRE. REUIMEZEL TEETHIENE
ERBRELEZON, ZFODITIE, BEOHEKRKICHERNATF I7537F %Il IDEEL, iITEEOR
R EB OB O OITEBMOBRBEERBMLELE X DN, 207D, 19261613, B
B #H HEE B T 520, FHOIVEIROEBANCIVEBEOKELR THITEE ORRBE I E
HoT,

TERETE B OBAFIL . 19924E (CHDR- 13 FEROBITERH>52,000m’ HAED K EHI B 24T > THERL
BT BT T, 199348 L 19944E 12 F LE FLHDR-3 5 (2,303m) EHDR-2H: (2,303m) DFEHEITV .
19954EL19964E D 2[E], TR MR BRI EM I, ZNDO TFRBRAROKERLEIZ, HIFRHEER
DA ED S (Nagai and Tenma, 1997;Tenma and Iwakiri, 1998) , 2000411 A 2L HATE R B D
ERiS - (fefE - [, 2001;0ikawa et al., 2001 ; Kawasaki et al., 2002) , REATEERARBRO BAIILUT
DIdTFLDHHND,

@ HITCERLIEIRE A TR R OmMBEME R OITE B 8 %10E - M35,
@ IhETEHBOLNFFIFEBOBMBIZE SO THELLMTITEETT VOXELR
BRARICL > THERL, BEEAEREI AT L2ERTADICLERERFENEREE

£15,
® BHIREEILBEWHEZIT., EAMLEHEERREO LM ITILEbIC, ERLD
=ODOBREE T 5,

F2ERICB LA R HER AR, AEICEM L7 HDR-1 #2350 THEFE B ~D MK, 78
BRRBRL, %D SKG2 HAERHE L LHIFERE~DEAL, ¥ ITEML7- HDR-1 00 THET
BRE~DOEAZRIRIZITIT 27 MBRBBRICOTOND, R¥EDT 27 NVEIRBERTIL, 1980 42
AT AV A7 2 R e IZBWTEERORE B THOILTLR 22 5012, 100kW A FV—H A7
NUAT LB RWERELERSN,

RYBRABRIT 2002 F8ARTHR T L. FTERG TORREEIZE TR T L7 (e ki, 2003),
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2-6 PREOHILFERELIN —VHER

2-6-1 BB T HFMENFE D7D DR FEHFIE

777 F ¥ AORERILZIBE T 572012, H{LERNFIENBEEREEEZ R, ZTTWHHIER(L
FHFIHELT, MAOHLERELI — P RBROMEE LT, MELL HDR IFEENOMHT5
HEIVITEBERBIL (OMEDBEFERT B BHONNIEOEI LI EBNOEREFIOIET
DRTIE—ETD, BIERITEENLRE T2 (HAVIHEL W) BICEEOEBREOM TER
CRAETIER., K. REEOMEERICIIREDEBER DT OEAIORISHDRERSCEREEL
HETIHLDOTHS (H]Z2iX Althaus and Edmunds, 1987; McCartney, 1987), ZAUZntL T, % EIX1ER
DD E B~ EATIRBICT— I — L2 EEZABBITHML, B TFORFE BN EEBL T
BUOHIRITEHL TERORERPREDENID, FFEERNOMERE ., 2. MENREEZHEEL
IHETHHDOTHD,

2-6-2 FAEOH{LFEFE

HERIL R FEON, FEOHLZREICEAL T, £ HDR IFERBEHNOFELEELOM DM
BERICEDMRAEDELHBEALLDT0  BDHE(HEL BVEL TOFMMIIRETHD, LAl
£ 2-TITRT I, RRBBRBEOIEBANREEHE LM | H{EFREDOKBNI HDR AR DAL
FEBHIZBIRL TWVD,

K 27 HEOHLFERED BRLRAIERRBIUELILORER

#F ffi H B BB - ALERFR A DB TE K 52 w &
f"ﬁﬁiﬁ HARG | BHLF | ED
ST BE B I - B DR SLERGRAE
T IZBE T A5 o o(FhV) AE.REE. 77
I7F I8
SrERoRMWER T
_____ WE e e e
TI7F DR ENE o o
BRIE (O, - R 2EEHR) o o o BERD
BN HHERART— NV ER) o o 0 o DO. Eh, H,S %

B2, 7T ADY VY EBRGTIE, HKFIRIZE DT B &R I, HEAKEBRIR IR ->T&
TeRE P DL ZER S BELZ B THZLICEY, 77 7F ¥ ORBUZ OV TEHE T2 RAMB 2SN TN
(Pawels et al., 1992), iTE B EMRZESIITONABRARR TIL. FEREERTIChoT-mBEOWE
TERR 3 D3R TLAIEN D, TER AT DB EE{Lh i EE B A B H#E E 134T 5 (Robinson, et al.,
1987; Kiho and Ohsumi, 1992), %7z, AFY AR —F < /TR T, BREETOTN BEIZLET7T57
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F X BOHEE (Andrew, et al, 1987)%°, Na, Li EOHEMELZEIZL-BZHRERDOHEEDRL
(Richard and Savage, 1989) % P& B FFli D7 IZfE 4 DRAPRIN TS,

PERBIHBA TS, Fr BB IR 2 HEE 3 572 I b SR E # (1] 21X Fournier and Truesdell, 1973)
ML EEEIL TV D, HDR PR ICB W CHETE R EOHE T LR E A —RAICA VO
TV (121 Grigsby et al,, 1989) 23, ZOHEREE I MM ABRIBREL XM TIHOD, BROBESR
e CHEA-TEBMORIER 5 IR BIZE T DICIIBRREOIE RN O BRI ETE, &
IS BB ERE T 2+ R TETORNEE X BTV (Murphy et al, 1981),

BR/EHEICO2L, BRMEICLIE ALY OEROMIRENODITHIZEY, 75 7F %D
FEEDIL RSN RAEL | BRIMAEDRBICEMNICH L RITTIENEZLND, F, Fifkl
DERIMZEVEAEDEEL, TN TREDETAREEB AT, 777F Y OREHENRRET
BAREMEDI D BFFRE B DO FEMLLEEIZER T2 (B 21 Shoji et al,, 1990) , E7=, BRIADILFERL
i3 UHARLHROEE TCORT—LRBEROBELLBRT 20T, FrEBDFMIT TR
HHOT=DDERN — T2 TUDID REREBERIET, €-o T RFICOVITE EEF LTED
LR DBE DITEL LD EFRITILENRDD, iz, REBRRRIZIOB/RMEOE=
FV 7EG TR BRI HDR ERBITEB OB AL AV ZENERIZIDK-EGRIGEDORE
(Charles, 1978; Savage et al., 1992; Azaroual and Fouillac, 1997; #7kfifi, 1997; Plagnes et al.,, 2000; &
5, 2000) R0, K-EHERIGERERLBMES I2L —a ORI A FEIRED RIS LR DFE
fii (Savage, 1986; Azaroual and Fouillac, 1997; Durst and Vuataz, 2001) 23fTioh B L1272 >TE, L
L. KIS HETHERGEMOBHS, BRIZBIIARIGHREEDT — 4O HES, MENKEIZIT
DL EDELDERIZEST, v Iab—ar TR EBOBRR L+ DI R LT R 25
DETITIIE TR, Fo, KFEITE R LREMOILFERIGICLAELE TR TR BRI ik
D OB L TOREHR TERWV, —RICEIZH T AIRERBNEVIRRBHD, ZDTDH,
ITE B DIRENR L& 3 3572 D12iE, ISR ARB M —F R B LIZUIEEMiS I D,

2-6-3 hL—93RBR

Fo—HRBRIT, LTOIIRFRBHY, IrBEEO MR LM 5 L TROARFED1S
Tho,

® HDR {TEEICRITDMEOHBENRE, ABEHNLERNE, BF, KHRORBLZEERHLZL

BTES,

& BUIRL TR TEO/-OIITEEORRRRRELZFMTED,

® RRLUBHBES ATOIZENTES,

o HULHBRFELBIRT HZLICIV BRI ANTRBREZITIZEN TED,

IO, —RO BT TR R A O HDR ERBIZISWOTHLIZTLITM — 3 38R
Toh, iFEBOBEEOMESCTEDTEIFEM AT TV 5 (Tester et al., 1982; Robinson et al.,
1987; Pawels, et al., 1991;Rodrigues et al., 1995;Matsunaga et al., 1995c, 1998, 2001, 2002; Aquilina et al.,
1998 ; i, 2002) , %52, HDR [FEEOH A ITITEAKPE O FEEERMBIARD20D, YF ¥ —
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DAL ESRA AR TRVVERB DO MBTE I LB T iFEENOREREIZ ZVFEL S V)
FERDD, —FH T ITERE (7 77F %) NOTNIZT TR MHRNOREPRBROBRICKETD
WMDY HD, BiZ, BEOT7A— A ROFMEITOHE . BARMGRT —FbIVELAR570D, h—
YRBROT —FETTIRMD T — 22 E O IR G RERPEREIZRD, SIHNOREIA A —H 3R
BRIZRIETTEBIZOWTUIFBAETIHM T 5, T, FTICRITS EHIFEEERELIZMN —F3R
BROMBITIZOWTIBSELEOET, BIC LA TH2ODIFEBENRELRHABRARPOI
— P RBROMBITIC OV TLETETHLIR RS,

R —HREBRITIE ER L 72 d5 R B 0F R H 58, JOFELSFEBOMEREFM T 572010,
ASHIRDIH72R —F ORZENE EN T (Jones, et al., 1992; Murphy, et al., 1999) ,

o fHEIZHERTEDOMN —V

o HRDOIHEEBIZEFTESON —

o FIHNTHEHTEXAOIN —H 8 (AR TR

o BEEICHTIFRBEDOIDDOIN —H

AEICER TEDMN —HEL T, BHIDES . AFRBVRVBES . ZlEDOR T, ~Nas vt
RN — Y DEAPEYELE OIS, BB — Iz OV TIRBADES B IERSN
TERY, #hETERE CHER T35 E8ITIXZO R TORIBLETHS (Home, 1986; Adams and Davis,
1991), BHEE 2O LT IHFLED I — V2 BT ERE M EAT I, 2ZKRFEDT L
— IO BB ITH T B (Rose, 1998; Rose et al., 2000), F7-, h—H DR EMHITIZER
BEZ T JRAED pH CEMLIB TR IR, I B e aDEEEOEELE 2L (Jones, et al., 1992) .
R MIROE A REICHOTRHBRMELEZOND, Z0720 | EHEMERSNLTNBET7 VL&A
NTOWTERN TOFHM EREED TV 5 (FZ Eftl, 2003),

REBRBEOBELRIET RO, BEON — 2 AL THEOKEAZITHIZENEZLNS,
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T=DDF =72 N — Y DBEEIT o7, TNHIZOWTITEIE THLIB RS,

3FHOHANBEBRHINTIFEOBBICEL UL, @2 07 77F yO AT EiE XD EYICHEE
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1T = EEN 5D (Tester, et al., 1982), EHEN —HFOHEITITREBREDEVVZOITEARNSD
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NDDIIHT 7 A= — TN EERLISIHNERRE P —ThHD, 2Dy —2RRET 57
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FERB AL — I TEHIAE S LD TR, BRRE T, LbRIEERE TR T 5L R0 &R
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7E Tk ~~% (Matsunaga et al., 2001, 2002; Yanagisawa, 2003)
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