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Abstract

In the case of geological disposal of high level radioactive wastes, a coupled phenomenon involving thermal (T),
hydrological (H), and mechanical (M) processes occurs in the buffer materials and surrounding rocks. This coupled
phenomenon implies hydromechanical (HM) processes by heat dispersion, thermomechanical (TM) processes by
ground water seepage, and thermohydrological (TH) processes by swelling of buffer materfals and deformation of
surrounding rocks.

Therefore the responses of buffer and rock mass cannot be predicted by the models considering each processes
independently.

In the research herein, the study was made on the mechanisms of water movement in the buffer under the
temperature gradient conditions and also the reviews were made to develop the coupled model, and the code for
thermal, hydrological and mechanical (FHM) processes of engineering barriers.

Furthermore, buffer compaction tests were performed in order to study the design of in-situ thermal, hydrological

and mechanical (THM) experiment,

Work performed by HAZAMA Corporation under contact with Power Reactor and Nuclear Fuel Development
Corporation (PNC).
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DZONEBEN TV B, b.RBREELOKSHEDHEDOHRT ¥ Y 2 M EHY Ao TS DI,
FEICHAMEERT Yy VEFLTEY, 20X BEVET VY v VORFETBREE EASHE
B3 o L W) EYHEORSBERS L. kG FUBRESICHVATNEED (BE) dEFNV
DAZA—~TVELTERERALTWS, ¢ d, e e 70 2BAPLOEFTUbERoTWAED, 371
RESE LTRSBROBERTINCHF TR LIAS v, BRI ZULBEATREDS EBRE <
AP BH, BEROBRT LV I VT I ~ORBFEETEET L <y O HESFIE S5,
IO EERD L, BRABIRCHRIIBVT, WT OIS OREZEALLERRET IV E
BB LB TREETh D, E0L) LERCATFAFTRCTIE. FRORE, /52— 50
RE, BHBEROFBLEIBAPLEZR L, PRHVBERLDLEEbRE, #2771, EAHFEAERIC
BT, FEFWFEDT I M7y FFLOFHFTED LI IHBENRZOH, H520VERBOHEE»5D
A3 79 MEED X 3Tl bk EOBBIL R ol D UBETH 5o 5%, WHT. FIHTF—/5—
%y P DBE, KEHFAOREES, BESEONE, BIEROKBEZNELE LOWERR L OX
BEED, COEFVTRMLTVEHRH I VIREETIREBERIH 50 THIE, Fhizgst#
BT EFLETHE ), |

e, CHITOMATHPI - LEBEELAL LT, BEMTOASBE L BEESOFHISHED
REGEBETEZ 2PUETHIMATERTCHEI L THD, BETHT, HEOBEICK 2T, &
BRI GAHES —DDEEII LD LW T ETHE, Thiz, FHEO—DORELVIETHA ),
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24 BEREHRELAB—K-—-HERI-F

240 T39T7TFLJIOEA

DECOVALEXDBMT1B X UBOBN DD 2 T v 7 7Y IV VOB Tl 75927 VN
BEREICRRATEEFOR 22, T2, BABREORFES T CEAT LI LHFTRTH 2,
S50, SEIGEKBEOBNEFEELBA L,

(1) 75977 VcEkB3EXEROEH

AEODRELZ T v I F VN ERGT, BEUERD L BREEFED L) CHETE 20
TRET A, 77 v I TFrUNTIE, BRBEELTOL I ICEENS,

kij =%(P,m§ij-P,-j) . . (2-20)
Py = ﬂTpI: L:mL,?' 283nmEm,r,f) dQdrdt. (2-21)

T r@37 39 OREE R TvIE. ni3Y T v ZICEELREMAY PV, Enrix
() DR FFD Y Ty 7 OREESH., Q e, p IEMERU- VDT vy 78, A
BRFHFRETVOBEIN2E 2588 TH D,

(2) HEFRETVILOES
ISy IFYINCEBES Ty S IR BBRMBRMTOL ) 1k B,

O rim rtm
Fijpr = TPL ]0 Lr3ninjnkn1E(n,r,t) dQdrdt (2-23)

CIT R Iy 7 OEERETHY, ¢ REAMAETH 2, ZOMEIE. 12075y 7 &
DHEEMME L CAMEANEL 2 5 v 7 OB S CTRLAEI RS, H2-2007 5 v 7 OBWETHD, =
ST, Iy I LTR, BWEHTOTAPELTWA I LICEREET 5,

—H. BETE Y 7 BT S EEBRE. FHEEGEREL T, KRN0 L) I0HET 5,
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8.?0 =El{(1 + Woudjt - v ydujou= Moy (2-24)

::ﬁ‘Eu%yﬁE\vuﬁ?vym?5%;%¢7uv9%®%%ﬁ\ﬁﬁwﬁ%ﬁbfﬁb
SHOHTRL, 77y 7AOHMKESBETIEETT Y 78IC@ L, LAHsT, Bh7oy
CIBOERIZ, K (2-24) TRLZED . REHTRIZE LTV,

TTVITFYINTE, 7T 7 OUTAEEETUy S ROVTAERLEDEIZIEICLYE
BEEOUTAPERTE L LEET S, ZORER. ERFEHZOESILERFHICHINAZLO
Tl H, CORREERIERCL > TREFICENEZELFTH D,

L72%o T, |

£j= £ + £ (2-25)

Ebo LUK (2-24) . (2-22) 2RAL., BEBREYERTILRANL ) 1IR3,

&i = Minou + Crig Our+ (T - To)S:;
= (Myu + Cig) Ong - CijaOpa P + ¢ (T - To)dy; (2-26)

PEEY, BA—UFTABBRERO LI TR S,

1 1 ; '
0= Ty &y+ Tyjig CuP - TpiSy A T-Ty ) (2-27)

n(+)

Be-20 735 v 7OEzH
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T,
Tijet = Mg + Ciju (2-28)

ThHbo 3 (2-27) PESEADCHEN THWEH-UTFAERICR S,
RROFHEE LT, £9| ERTOC, *AHEMBOELr — 2200 TkD 5,

(f.‘.‘) t

i ) | %u
€< Ciin Curz Ciiz Cnzz Ciizs Crss o

© Cizir Ciziz Ciz13 Cizzz Crazs Crass )

€13 V_| Cis11 Ciziz Cizis Crzaz Ciszs Cisss O13

1

Eg';) Ca211 Ca212 Ca213 Cazzz Cazas  Casz Oy,

© Cas1i Ca312 Cazi3 Cazmpz Cazzz Caass : (2-29)
&3 L C3311 C3312 C3313 Czzzz Casps Cazszz || 923

(c) ) !

€33 O33

CREFEMTAREOHSIE, F=OFMOFARRIIETIE RS, LizdtoT, Cp KB L
TREBOTADFRGHDREBICE B,
RIC, EREEEO I TSAT VAL SR CEL B,

1 0o -Y¥ o ¥
(m) E 0 E E
£i 1+v
P 0 21E¥ 0 0 0 0 |/,
€2 G1a
(m) 1+ v
%% | o o 21£¥ o o o o1
032
&9 ¥ o0 o L 0 -y
(m) E : E E 023 (2-30)
&3 0o 0o o o 2ltv g 033
(m) E
E Y 0 0 v 0 1
. E "E E

S KADTFHEPTADORMEEMA, R (2-29) & (2-30) 2RLEDEBILIZLY, Ty
THNT 5,

—21+v,._p
€13 E OB
&3 =2 1—;;:2 023=0

6‘33=-10'11-£022+-1-033 (2-31)

E E E
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(3) BRIREEIEDE ) HF

BMT1, 3TIRREST O vy 7 HICEH L Tid, —MEHREE LHRBEFSION TS, £, BF
7y s DEBRERSIOETRIZDT, KAOHREEERIT D,

Omax = Omin = O¢
Omin < OT (2-32)

—~7H. 7 F v 7B LTI, Mohr-Coulumb®DBEBRENLE L 5N T VD, 75 v ZIZFOHN
BEZoTWEDT, 7597 LORAKAZ, BHCHVWLEBERPSZS vy 70FME e+
ZEEAICEE L, ZOXYHHOEAMNERCTHAET 50 £/, 75 v 2 CBERHAOBH
ByYyFRDIEH RS, £72, 79 v 7OFRBEERO LS IZ, AYEAHTET2 2L IcEE
LTRROEEE T B,

0'122c+0‘22tan¢

Tpp > o’ (2-33)
ZIT.
gy = ouBikB (2-34)

THY, BHARTEALNBEEY Y v 7 ATH 2,

Bi; = cos @ sin@ |
v . (2-35)
-sin® cos#

$hz, BAREOBELS AROEHETROB ZLHTE B, 77 v 7 HOBKEOL . SRA
FRELT, 799 7BOECLY, ROBZLFTED, 75 v 2 IBOEILE. 7T v 7 A
OFAFYYNEEEL, 7Ty 7 LEEFMOVTAL DEHTE B,

gg = euBubi (2-36)
kyj = kBB (2-37)
Febhaf @sn

ZLT. COEH SNBSS EOBERCEEET D E 0L D, BAERT YV LOEL
RO D,
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4 ZEFER

PEZEED, 759 7F VLB EALLEFVOZRFEZEFZTEUTOL IR 2,

[% Tijk ( %l + %1,k ) - Tid & T- To )+ AT, ikiCripfh - Z)]J, =0 (2-39)
kikij oh
—=h ;! -pPfnS —
{ Pf TR F Pfo rPfBBP >
oh ou; ; oT (2-40)
-prCyy——-p —+ ppon Sy —=10
W) o~ PP =5t opon Srbr
oT
(PCy )m Et— +nsppCyV T i - Ko T i
T | O (o (2-41)
+ﬂSrT'EI’— 1 th+§-( I-n) T,Tjkl(’)'k.;TS}-(ulJ+uJ,z)—0

LTERTH2ULERSH L, 7z, SHETI, INHEHEFS 2 EFFRENEZDOT,
Newton-Raphsontgkz T, YUEEIEZ T4 L 512, AR TE o7

2.4.2 BoussinesgiTftlHBWA

77T NVEEALIZEFTNICE S ICBoussinesqitUDEA T o712 ENFTOEFLT
REFEOFEEOBREELIIREMISEIIBOWTOAEREIN TV, 2T, BBICRLZLICLIE

EEErLELD BARNMBARETEET L2012, RO L9 2BoussinesgEi Ul 2T HRET N2
A

-Ah =-Ap + pgd;3
=-Ap + pal1 - Br(T - To)leSis | - (2-42)
=-Aho -Brop (T - To)gdin

€ DFER. Boussinesqiiflz W& Ik BREME T LA R4 L. Bousssinesqit MK
RS HOFEEELEEbE TEBLTORRRISBEEbL W Edtbh ol

2.4.3 REVO#:

BEGOMER, &Y - FH-LH0BRTH ), TERLFELOERE VS LE TR, EHRED
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BRI, ST ICAREE EFVLTAPPEELRRA Y P ThHD, FEFEOFETIE. FPESHOR
MEHFEZEFVETHILICLD, TEORFRASINS, —F, EREDFETIE, —RIZTH
—MEERT 5T, FREROHEOAY—MEL2ERTHI LICL Y, TEMRFREENS, LD
L. 208, Ay Y2 RFEPBEDLNRZZENE L, AvVaOBENIIL VBN TAEMRRDZLIC
Y. BARLBEI LR B, LizAto T, IMTIC, REMNIZFEOLZ VL) RFETEREKLLTO
SHLETFVERBETI2PVEETHS ) LEDIE,

EHREDONF A —FREIZBWT, ERL L AT, S/EE B (Representative Elementary
Volume; REV) LIRIENE, RIFIA—FNF—EE L2 L) BHROFETHL, 20 L9 R ERIHF
CELZVREIE, NIAFERETLIIENWL, NTA—F X, FOXIBERERRICILT
ROLNBREDDTHD, T, £7, FOREVOFELRESE T v 7 7o IyNVERVT
BETY 2. ELT. BEFEONIFA—F R ENERHLPLREVRILHZ2BREAWVT, 79y 77
YYNMIENEET D, SREIICTAHI LD, BETIERVEETHRARESHEBICLD, &
BEICHBNRTA—FBO L ) 2 HEE 3OV DIC 2%, REVEERLALERNT A -FOREAE
E2-22i277 T

REV for element 1

........

Element 1

AR
......

Element 2

REV for element 2

222 REVEERLAER/ICT A —2DREH
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244 HLIUVAETFLDOEA

(1) EFLVOHE

ABRTZVAETAILE, AFVROTF YT v VREOT V—TH1963E AR L EHESS
L URPBEFELRTICTI2BERTH L, ZOEFNME, CANESD, EHEGHELCHEBL
D=DODMFEERCT, HLOEHERLTH Y., BICHERE (Ciical state) I2BWT, £ 3
WEF=FRABMBDICLAEETHRESNDZ L WIERHERI-HLARELHAL WA L2514
EXHb, CRED, AAZVAEFVNOILEZYFHINVATA M) — (Critical state theory)
EREREZ LBV,

ZOEFIVOEHIIFE2-230REHE & FFITh 5 ¥ ARG, FHERESIp. BEe TS
NBZRTEMTRSN, ZORREMBICTLODLRD LIRS,

QO FEHEFRESBIURRBEERE (wetkB3) Tldu R 2—H (Roscoe surface) #38-

T:ﬁﬁﬁ’\tfr_éo
@ BEFHITKELIRE (dybRR) 26k, ¥ 2L 7H (Hvorslev surface) %58 - TR
'\}::iI:.%o

® ZUFANAFAFIA4Y (CSL) iHOWIEHTTCORBENEETHY)., TRAI—HE
Ry 2L 7HIRIOBT—HT 5,

@ LEOHLZE (state boundary surface & FREh 2 2 L b5 3) CHT N FIEEEH %R
To

=0 DIRETZOHE Zp-q HICHRET 5 LE2-24081C 2 %, CSLOBRBIIRAMTILEEMDE

BB >Tnd, &, HHDHARBITMATHS LT3 L, ZRICHT HRAHEIEHEINICERS
N, MHREFLECAMPEEZ L FOBE L BET S, KB, Oginalk 2 DRRICIERSH
WAL VAETNVTQ=0TRRBE R > TB Y., MELEAFDTRERTAMERIRE 2,
ZIT, ENTYR La=0TERMNEIpEICEEII L 5 & ) 12 LD HModified & Erh 7= 5E AN
ATZVAETNTHL, REMEDETIZLD &, CAMEENPREVEECIMBEI LI VISR
C—EHL, ASWEZILEEBEDEFAPRL—ETE LI TH S,
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A«

HvorsievilE

223 #L7L1ORERFHE

. Original

F2-24 HLT7L A1 EFILORBRREE
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(2 ERROFER

%9, p-e@MBRICIOWVTHRS,, F2-23Tnorami consolidation line(NCL) & & % OA%EE OIER
BEPLBONSEBHT, —iRiCe-logp) CEET S LEBICEIZEFEOATVE, ThE
e} TEE L THARDERPHE LN, EOWEE-ALT D, Fo, EERBRTHORINTHEL
NS HRDe-INP)EROEE & -k T2, ERBOEFHEIARNTELONE,

V=V,- A in(p) (2-43)

T, Vildin(p) 0 ($hbbp=l) OBROERTH D, £ LR CEBBREEERY TBE
BRATVD, AL, BRFRRIAR TSI 6NS,

V = Vie-xin(p) (2-44)

V, REDRITRETFRESLEPIREEL TS,
RiZ, CABICOWTER 5, CSLIIRRTHEN S,

q=Mp (2-45)
V =I'- Ain(p) (2-48)

C I THp-VERICCSLERE L L EDinp)=0 L DX R TH 1, FOME X IIEFHERE-43) &
FIATHBEEEEN TS, 2-45 LB ORRICp-qEEE~OCSLOBERTH 5,
RIFNVF-RBIZOVTEZLS, AP L > THBENAZANF—DHFRAROL I IIEE
ha,

pde + qdeP (2-47)

ALT LAETVORERGZ OSBHEET AN T — S RIEEIC X > TERERT 2 LIRET
HEZAHILHD,

Lizdts T,
pde + qde? = M plde?| (2-48)

I TMp 12@-45 L D ABTAICE Ly, ERICBWTCSLETRAEASE - HERGTBEL {
THDOTHERERUVTAEGTED L2 VRBREL TR TII IR B, 8T, o TEKH:E
2B, BEXUE IBRAHEICEE I CBROTAEGE PELLEVIERTHS, Tl LM
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Boha,
dpde + dgde? = 0 (2-49)

(2-48), 249Nk D Ld’%HE L, MOHBERXETRE. 2-43). 24X RV TRISENE
WET D ERAOEKME REHER) BELh3,

M,
= Z<2(r+ A- -V - Aln(p)) (2-50)

SHTRRBEDRE 20T, TRRBHERVTAPFOTAELERET 5 LE L TR/
A= ERD, R E I ENTES,

245 EROBREROZED

BREAENOBAREIEOLI DS v 7 F v INREAL, RBICHBTL DI L7 LA
EFVDEALTTo. LAL, o REBEGHLRBEHOENES, SR L LHE LAETF LTI
<, OPHET, BILEZOEBERECEASATWEEWI ZETRALLDDTH S, Lidis
T INSOBAEORIEEIRZRENTWEV, B2 Ty 77V IMCEL TR, B4 0BZEEH
TFIATE 25T, — R TESHEE TV ERIET 2 0OThH S, BREETF ¥ VLV ofegERT
ATy HEKERNICEL(2VWEZA2bH D, TOFAMICELTIRENAL SV, 7AZ LA
EFVICHL TRICAHETOBBERTHY) . RELBEFHTCRITCEOEH ¢ To /2 Lk
T REFEOLAYT— 2 a v OHITL 5 CUEAOREDHER EIERB LTV RY,
COUPLEK B L TREEBEETHWALHROBRELR T, YOI 2E2HPEL-OPEEELTHL,
EFNEERRIETALEYDHS I,

LIS, BEROGSIEEYDEHOFREFENEFER N Z2o0P S FARENSEV, ZHICELTIE
EZRBPFELVOT, BRTIEIHE?D L)%, BROETFVIE, KALOETFLL, Biefko
ERRNZEPLETVEBLTEETI LALVoOFHEROL S KBbh b,
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3. B—K—ISHER TSN, 32— FORYMEOTE
3.1 DECOVALEX
3.1.1 ®|E

DECOVALEX & 12, SKIFH.L: & %2 o THT% » TV ZHYDROCOIN, INTRAVAL & v E BRIEREIRF
RTTVz7 b O—EDLDTHD, 70T x 7 bk, (acronym for international co-operétive )
project for fhe DE velopment of CO upled models and their VAL idation against EX periments in
nuclear waste isolation) & 235 ZROT b P55H 5 & YT, BEEYLSCr b ERMED 2 —

FREL ZORIEICHT 5 ERLEFETH 5,

DECOVALEXit# & & L CLBL® C.F.Tsnag. Expert: L UNGION.BartonAS&im LTH b, 2 |
LTZEEBY S ERMEIRRL TV 2HEEFSML TV 3, 7L ¥ Vit XY= —F YD Royal
Institute of Technology®StepanssonZdE A4 L Tvr 3,

F7FT s MiE, 19914 O Fk X ) DECOVALEX 125885 S 1, 19944124 T L., HE.
DECOVALEX IDERFEICH B, ELFEEHARTL, N FT—2F7AMIBZa—FRE, 7R For—
AL LEAEL DB, LT, BERBORITH 5,

ATV 2y MR, AT x—FUEED, TAVA, TIVAL HFF, AFVAR, 745

F. AAZAZLCHFPZMLTE Y, SEFEHBICHEXRIRTES L) IChoT 3, BEPS
3. BRFEFROATEML T2,

DECOVALEX liiPhase 1. Phase2, Phase 3™3PhaseTH#a; &1, Phase 1 Cid2o0 N> F < —
FTAMEIDDFA M r—ANHBE N/, BRE LTI, R¥Fv—7 52 M (BLFBMT1)
D77=74—NFOMBICRYEAN, £L T, Phase 2T F7~-2 72 +3 (L FBMTS)
THLH=T 74— FOREIZEY BA, Phase 3TIXFA b4 —23 (BIFTC3) . 7A ¥ —
A5 (LLFTCS) 1ZHh AT,



3.1.2 BMT1

(1) st

@ BPasRt

BMT1ZRIS-1IZRT Bk, ARV D DL WERICAS B> S BEAN H 5 HE 0% — K~ G/

FETH 5. AAHIIGL—470MD L 25 IZ500mDEE L 6OMOB &% b2, HAFHO BINL,

KFHPE 2 BOEFEEFEOL Y S /6OBELXE >y 2o R D, £y PORBOMNE

FRET D720, Bty P EDx=1250m, z=500mDHEZED LI ITERESA TV, T

BEREBIL. RMICFTII LRI T —AFRESATB Y, ZREFROF —R IOV THREET

9o MHEICH o Tid, FEBELZEFN (H2IF. DEME ) £HAVWTL X wL., EELEFN
(BHELEBLIFEMS: &) 2HVTD Ly,

500 m i
1

470 m

I.
I
{1250, 500} qr

AJ éo m

1000m

X4

a starting point for fracture generation

3000 m

X3-1 BMT1D#faFEmR4t B8Rty b

31 BT -8R

BEOBMENSYE | Caset | Case2 | Case3
BEEE(1/m) 1x10% | 2x107% | 4x10*
BZLEIRE(m) 100 50 25




@ HEeH - BRRH

TS 0° Lk o', WRD LI ICEF SRS,

X.

| 0?7.:'393
.=, for0=x =3000 0=<z= 1000 (3-1)

I T, p=2670 kg/m®, g=9.8m/s*TH 3,
BREHIES 20 LI IS5 L 5N5,

]
+

E3-2 AHFeUEREH ARG

=0 for0 = x = 3000 and z=0
Ca=-(1000-2)pg forx=0and0 = z = 1000 _
Taa=-(1000-2z)pg forx =3000 and0 = z < 1000 (3-2)

T, n3ENTHE, T/, HEFIIFHERTH 5,
@ KEFHIME - RS

PHRKESA L, BB-310RT & I 2R 4M & Bl EEBA TRo b NKESFAE B %,
BREFRIRRNTHFI6N5,

H=H,+hcosf 7(x-x, ¥ L ] foro = x = 3000 andz = 1000
g=0 forx=0,0=z= 1000
forx =3000, 0 = z < 1000
for0 = x = 3000x =0 (39)

ZZT, Hy=100m, h=25m, L=3000m. x,=1250mTdH 5,
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Ho= z_+ 2 COS{M{x - x_1/L]
-

r_——//i_‘-‘_'—"—-——-———_;

F3-3 KEPWERES

o -]

= 283 K

| T
AREERRRRRARENRRRRARAERREENRERRRRNNNANNENRARRRANARRNRENENN

x

PTT T T T T I T T 1T I T 1171717171

R

F3-4 BAFENEREMSE
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@ BHFHNH - FRES

WENRESAITIRESER.0 K/IMTHAH, H4IRTEREEDS b, ERBOBRTF v 7
AR CDBEEARICED LI ICEZILEND S,
T, BETHIATE PO OBNARY Y ORABIXRATELLN S,

Q) =Qe” (3-4)

ZIT, Q=0.5Wm’, £#=0.02 /yearTH 3,
® NSA-4%
BRPNOEET Ty FBGDINF A — F{HIIFRI20 LI IZEL LR TS,

T, BRI T AT XA —FREID LI ICHELZ LTS,
BTROEE o L R £ B L TIXRATEHE L LN D,

pr=poll-B(T-T,)] (3-5)

ZIT, p~1000kg/m’. £ =6X10"*1/K, T,=293 '"KTH 5%,

[1+ v{(T- T0)] (3-6)

3

A
o

"=

ZITy pe=1X10°Nsec/m®, »=3.2X10%1/°KTH %,

KOIFHC, 1EC,=4200 Jkg, CTHEI LR TS,

® HBROER

FMAREES-SIRT X ) 2BRMETORE, KH, WHE, B, BH. EH%E10, 25, 50,

100, 150, 500EFICEE T 2,



Iv

VI

]|3-2 BEITOyIBEDINTA—%

NG RA—F & e
YT 60 GPa
K7V 0.23
B 2670kg/m’
— B #E R R 200 MPa
{HARERRE 10 MPa
PR 3W/m,'K
Mk 900 J/kg, K
B TRIRE 9.0X10°1/°K
AR 10° keo * XA > 7 BOF D BAE
MEAEAR RS Keo=Kiso=10°m/s  |kyg © Bl 55 x /BOFEDBARRE
#3-3 BROMM
NG RA—F &
EEHEIME 100 GPa/m
& AR 10 GPa/m
AN 0.1 MPa
R 30°
FAVAS v —f 0
fRAREREE 0 MPa
I I III
: S 5"
8 77 a;i 8] 10"
i

H3-5 EHAANOAE (B4 m)
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(2) BRFE

BMT1%THAMES 2 i\ TR 177 o feo BT 247740 204013, B3-1. |3 1NTIRL 882
MMENLERE EOL IR ALPFMETCHo 7o ZOBFTIE, 241THHAL T v 2
FYYNEEAL, BEOFEEICLARFRPREFFERTEI LI,
7TV ITY/NTE, RB2, ITRENLEFT Oy 7 LAROYEOW S & BT IS AL
TENTE DB,

T, 70T UINMERVT, SEHOBEEHRISERBEFEDL Y ISFHFETELONE
BT L7z SEOBN TR, BAREIDPERE CRESFTH20T, WHBEREE o TWD A5,
TZTORENT, BMTICH LT Ty 7 7 Y YABSHETE 508 POBZO=DIZfT% 277

9. RE2NEZRTKEL, £y FOBRBERESEFZRB LT, Py RODERDEI 2%,

3
py=( 32731 72 )2

732 33577 /A 3-7)

CCZCT, AREBTHS, chEHWDE E, BREHT VY INVMIKRRO LIS,

- 3
kij=( 33577 -732 )2:_;__ (3-8)

=732 32731

COFEERDBEUTOLI T2 B,

(339994 0 a2 (3-9)

0 32308.6/ A

FEOEFRLZDZDE., WEy POESORHNEREHPLTH S,
FLT, EOREOEHAMIE, /3, /64D, BREFME—FT S, ZOEMIZ. i=1/12
& 4=10°PsEBGT, 75y 7Bt RRDBE

t=103m (3-10)

Eb, TOMER, IRIS00MIZEDTHOME LTI, #PKREWVETH 545, T hitPHiEe s
N BKBREPLEB TR CEICRE IR TWAI L E, FOEIPRREDTHEIERNL, =
Dy 7y 7 BREREEOFHELRLTVE L DLBRTE2, 27 F v 27P207 Sy 7iE%
ATEGECRI Iy /P LBERIIEOIEREFETE, TEREROERTRT LTy 2
B OEREIRD LN B,
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np=2.28X10° ' (3-11)

HE Tk, 2FROMBREII10° TH20T, RYDBETTy 7 BFFROBBRHIIRO LS

K5,

n,=9.77X10* (3-12)

ZOEFZHTHEIDPEIPIZOVTIE, BRVELVEZATHHH ZORVYFv—FF R
b TR, EBRE & BRI HICHERE RN D 2HE T VO T, HBRFCELTIEELAON
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3.1.3 BMT1 (EBingg#)
(1) BEEG

BMT1DEMBEITE 77 VA F-LOR[ICI VITRo4dOT, DEMEDKEEN L 1) BFEIC
TE5 L) KHENLEREEIRDLNZLDTH S, 31 2CRAFERYFEATHEMEAT
Wi, ENAFEMEZE THRESh TWw 3, F4, FEBERRIEHEOTH - 7245, SEITKAE
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Bo FEDbBBILSEF S x BOFHORBUZ > THEL COBRFIF 2B, LT, 5
T6DBEPBRBEFMIIERLTVE I LHEHD 5, H3-26 3R ERLAETH S, =
DD RRIZSHAR O3B DV EEICES b 0 TEOMOBEIE LTV v, FEE D
BAAEREBERL. BHLE LD ICEOEBAIEN > TV BRTISD B,

Tio, REAREBEMAICBIBEMERLTWA; BAEHMIZS00FE£OEBEN0. 4D EES
KRS, E0MEIZ233cmTH B, RISREWEIBYLENThb, - MBI : &t
200MOBICH > THH LR METHSD . FULIEHMAEICERTRML TV B, BAA IS
BLTOROE ERRD B, SRS BET] 0B VBB L DEEL. ZHEA & TS
BISARERL VD LEbha, LaL, BEEE DFEIVAE VD EEREE b 0T
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£3-4 BARKCHITIENM

Displacement components at monitoring points (unit : m)

Time No. 1 4 9 13
10 ux 0.002 0.001 0.001 -0.001
: uy -0.001]  0.001 0.003 0.004
25 ux 0.002 0.001]  0.001% -0.003
uy -0.002 0.003 0.005 0.006
50 ux 0:001 0.005 0.004 -0.010
uy . -0.001 0.012 0.015 0.010
100 ux -0.002 0.013 0.028 -0.014
uy 0.003 0.040 9.04?’ - 0.019]
150 ux -(.005 0.024 0.044 -0.006
uy 0.00?_L __0.070 0.080 0.026
200 ux -0.007 0.034 0.054 0.004
| uy 0.011 0.096 0.109 0.030
300 ux -0.011 0.057 0.067 0.022
. uy 0.020 0.151 0.160 0.040
500 ux -0.016 0.089 0.079 0.049
uy 0.043 0.248 0.235 0.062
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#®3-5 HEAIRICEIBIEH

Stress componentsat monitoring points (unit : MPa) '

Time . Effective stress _ Total stress

] No. 2 1 6 7T 9 i4 | No. 2 6 | 9 14
10 ox | 3.28] B8.67] B8.61] 13.50f ax 3.27] B.66] 8.59] 14,16
oy 3.28( 8.68] 9.28| 14.34] oy 3.28] 8.87] 9.26] 14.68
25 ox 3.28] 8.68] 8.63| 12.93| o X 3.27] 8.66; 8.58] 14.17
gy | 3.28] 8.69] 9.30| 13.93] oy 3.28] 8.671 9.26] 14.69
50 ox' | 3.28] 8.68] 8.64] 12.08] ox 3.27] 8.66] 8.59] 14.18
oy’ | 3.20] 8.69] 9.32 13.74] oy 3.28] 8.67] 9.27] 14.69
100 ax 3.28| 8.69] 8.631 12.08] ox 3.27{ 8.67] 8.58] 14.18
oy | 329 8.69] 9.32[ 13.87] oy 3.27] 8.67) 9.27] 14.67
150 | ox' | 3.28] 8.69] 8.62] 12.07] ox 3.27] 8.67f 8.59] 14.18
oy 3.29| 8.69] 9.32] 14.04; ovy 3.27] 8.67] 9.27| 14.66
200 | ox | 3.28] 8.69] 8.62] 12.07| ox | 3.27] B.67] 8.59] 14.18
oy | 3.29) B.69] 9.32] 14.16] oy 3.27}__8.67] 9.27] 14.66|
300 ox 3.28{ B8.69] 8.62] 12.06] ox 3.27] 8.67] 8.58] 14.17
ay 3.28] 8.69] 9.31| 14.32] oy 3.28] 8.67) 98.27] 14,66
500 | ox | 3.28] 8.69] 8.61] 12.06] ox | 3.27| 8,67 8.59 1417
gy 3.28| 8.69] 9.30] 14.45| ov 3.28| 8.67] 9.27] 14.65
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#3-6 HEEERTSRE

Evolution of flow rate (unit; m*m/year)
Time(year) | 23 ~ |34 1 38 314
10 ~3.32E-04 -3.08E-04] - 6.82E-05 1.73E-04
25 -7.24E-04 -6.97E-04 6.59E-05 1.42E-04
S0 -8.33E-04 -7.84E-Q4 6.12E-05 1.74E-04
100] _ -8.55E-04 -71.99E-04 5.02E-03 1.55E-04
150 -8.67E-04 -8.25E-(4 6.59E-05 1.69E-04
S00 -8.39E-04 -8.07E-Q4 1.26E-05 1.53E-04
®37 WHALEGSEE
Temperature at momtonng 'p'd:i'n'ts' (unit: ° K)
— L T ——
No. 0 10 25 S0. 100 150 500
3 290.5 290.5 290.5 290.5 291.4 293.0 300.7
12 298.0 323.7 340.9 347.9 341.2 3343 316.3
14 297.1 326.1 355.3 374.0 370.9 362.6 328.0
15 297.1 311.6 326.2 335.6 334.1 330.2 315.1
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3.1.4 BMT3
(1) BRATSRAE
O BAEHEE

BMT3ik, E3-301TRT#RIT, M4 k¥ A WELOS0mxS0mDEIMDENT Th b, BT,
b ANOREIB L UF v 2R ~REC LB MBSERGBEENTO B, YAV, BT
S00mDHWEIZH D, FOKE SIEEI-300D) IKRT LI IIEHX5m, BSMOEERTHZ, F+
SRR M ANDT2EMDEZ A, RESMODLOFERENS,

FREEICIE, EE-B3IIRTHAAESRESRA TS, THiZ, A MY —287ad s 35T
DUIHRICBT AARERFSEREALLDTH B, BFEHEE LT, Es0RBOTLLE
EREBIUAE. 2L TARBFRESNTVS,

@ HERIEMHF

HI3-321052 bRy SMAEERT. LI b ¥ AVEET. 500mEEELTE Y. B
HERER DD, SREME. TH. AERGEESHOBILEE LIRS 4 FERTHY .
EmBWERRICR o Tna,

ZOMBRIEEBEREGTIBNT, EREF%25,

@ KEBHEM

F3-331C 52 b KBRS ERT, 2Tk, T KERBEEICHL ERELTED.
ERERICEENCHLT M TAENRE SN T3, Z2OMOTH, AhFino-luxERTH
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FHIR I, BUEOKEFELOICEESN2EEEAERIIL 5,

@ BHFHRM

3-34i25 2 bR EHEGERT, DHIISERETHY, 300°KTH 5, TH. £5
fiEno-fluxER THZ b, ERMIXWHREICEE SN &L L> T2,
s, BEIE. REFEFISELLE, FYy A5 —HroRBB T3, BHEIZQ -047X
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10°Wim* Th ), BFEEH £120.02 1yearTh B, T/, b ¥ ANEEEREESRIBESR
TED, BEZHEITWMTH . b2 FIVARIZS00 K ICAESh TV 5,

® #HEmIOEX

E3-3551ﬁ¢®ﬁﬁi@ﬁ%ﬁ<To Y. F-BREE, BHEOUNHREOEIRCHD, SB
EEHBOKORABETH 2, 2O P Y AVNOHTROBAFIZIZEE I 2 o2/, ¥+ =X
—WhoORBPIEE S,

ATRERIE , WEIFMRER ORE, BHIE L » A%, BREABERORE, RBBIE, ZLT
BOFHEDWE, £ LTREFERC R o tBATOREEZHET I LICh>oTWE, Lk
T, AECBT 5L, 3 RBITEVRET A LR B,

BREUNDOBET Iy 7 G085 A — FEIIFRI-BOIIICEI LTV,
o, BRISHT 597 A -5 ER3-9D LD ILEL BN TV B,
WTFRDOEE o L HERE  ICH L TIRIRRTEI NS,

pr=poll-2(T-Tp)] (3-13)

TIT, p,=1000kg/m’, g =6x10%1/K. T,=293 KT %,

[1+v(T- 7)) (3-14)

ZIT. mo=1X10°Nsec/m?, »=3.2x10%1/"KTH 5,
KDHEC, 13C, =4200 Jkg, CTHE L LN TV,
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RI8 BRIV IBHDINTA—%

NG A—% f& k3

Y IE 60GPa

K7V U’ 0.23

R 2670kg/m®
—BhEMETREE 200 MPa

AR 10 MPa

BARELRE 3Wm,’K

it 900 Jikg, K

B RIAEL 9.0X10°1/°K
AR 10 Keo : XEHA* & = /BDF R FHRFRE
I EREL Keo = Kiso= 10" mv/s kiso : X8l 55 x /6D FFIDBKFAEL

#3909 BROMME

NG A—F &

EEFHE 100 GPa/m

& AW 10 GPa/m

iz =) 0.1 MPa

BEZEA 30°
FLVLA 5y —£ 0’

BRI 0 MPa
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Selfweight of overburden rocks

YyYryy  YYYY TYY Y f ¥ 7

Q-

| Gz_'°=cx°=-pg (500-2)

'%. 0.0
- +gx0
l.
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[3-33 KEBFAWBEREMS L AMHRMSE
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- " Sequence 1

* Initial hydro -

I |
T= 1r° constant)
]

I

To=27TC

Fe=H({T-T,)

F=0
R3-34 HOIPEIBEREL & AR

Mechanical defbrmation

mechanical I Mechanical cée!ormation *
an ana ...
equilibrium | water flow into tunnal water flow into tunnel
d .
i he:;1 fILix__:' 5
S B RV B B S8V}
I | -
=0 t=t* t=t"+100years
(excavation) (heating) i
Sequence 2 | Sequence 3 |

(43-35 #FEFSOEX
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oIl MRS, BREBOLEMEEET IR OBEFHICOVWTIR, SEVEFATI, B
ZEATNRIDVTVLOT, ENEFERETLARFMEMBLRETHI LI LV, 4HD
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BEREOEMMCH LT, BABRROIARFERCETIREBOTFMTH S LIREL T,
FOHFEDEHEHEL TRHARITL ). Thbd. IBABBCSETHICEE G ISHE
VT, BRIENELEEL,

@ BROKEHHEROMH

AMETHF AN RRERIRROBIE L O BROPMIBLERE BIUAE, L TR
BAESZONTWE, COFRPSL 7T v 77 v I VEEBL OLEGBHEOBMENEREHIB
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Aperture (m)

Angle of fractures (radian)
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Probability {percent)

b) BEONHH (ERSH)
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01 .1 1 5102®0 50 7080 9095 99 99.99.99

Probability (percent)
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Ehd, LL. OB, Ay Va2 EFErBELhIZ LA E L, Ay v aDBEN LD EBIRT S
BHRRRBIEITRN, BMORLHILIIRD, LiAoT, M. REMICFBEORVE I 2
FETERGL LTOEMLEFVERETIHHFEETHS) LEDNE,
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Water flux in the tunnel

Steady
Analysis
y Heat flux
t=0 o tmax %4100
Excavation Hydraulic maximum
pseudo-steady temperature
state at heat source
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H3-42 BAFICAVWERBESRE A v o
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Water flux
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®3-10 t'=30FEDFr— I 3%

Water flux across the monitoring segments

Time
(year}

Monitorin

segments

ABCD

EF

FG

GH

HE

{=0

0.0

0.0

0.0

0.0

0.0

t=1/12

1.63E-08

3.83E-11

-7.79E-10

2.71E-11

1.02E-11

=t*

3.16E-09| 6.98E-10

-1.50E-09

-8.20E-10

8.94E-10

t=t"+1

3.34E-09

9.58E-10

-1.65E-09]-1.21E-09

1.96E-09

=tmax

3.53E-09

9.48E-10

-1.62E-09|-1.23€-09

1.51E-09

t=t*+30"

3.20E-09

6.79E-10

-1.65E-09|-8.55E-10

7.44E-10

t=t"+100

2.94E-09

5.51E-10

-1.37E-09

-7.35E-10

4.49E-10
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|3-11, 1211+ =304 L 3000ENH LD BMATCOBARSE R LTV B, t+=304ED 7 — 2
TRREAT o 5o/ N CARoT0B, —H, tx=3000ENF —ATiEF- RO IEHIFE LT
vy THE*=3000FEDr—A TP A NVELOKERKEETIC L2 KE 2B HHR
ELTWB 20 THD, #3-13, 1413t = 304 L3000ENH SN BWATOELER LTS,
WY — A THREAHEMIE2MMIZE R > Twvid, t* + 30FEICE T AREFMEM X e+ = 304D
F=RZOHBKEL BoTVEN, TREH=30E0F —ADEBEOLTINS V1B THE, T
T AL SRR+ BOFENFFITFATEL TH D, +=3000FNF — A T18.3mm, t* =30
FOr —AT189MMTH B, H3-461Et* ~ 308N — A Drx + 1E L+ +30ETOLMHHERL
T%o REDP O+ 30FERITIIABRICL D REICHEL AEICER L CVE I LT 5, B
HEd ERITI0MFEICL TRLT VB, E3-471dt,, B0 EEH5HTH 5, HHl & BEEIC L3
BRTRLZLNTED,
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8311 t'=30FE04 - ZAOIEHES

Stresses compbnents at monitoring points (t*=30)

Time Stresses- Monitoring points
components
{year) (MPa) A B C D E F G H
1=0 o XX -13.11| -13.03| -12.95( -13.03| -13.29| -12.89] -12.89} -13.28
o2z -13.11{-13.03{ -12.95{ -13.03] -13.29| -12.89{ -12.88| -13.29
t=112 o XX -14,76] -5.01}-25.02f -5.11}-13.24] -12.39]| -12.39] -13.22
. 622z -3.81| -18.69{. -7.941 -19.47| -12.95| -13.02] -13.44| -13.17
t=t* g XX -14.91] -6.06|-25.06! -5.99|-14.13{-13.49| -13.86} -14.18|
ozz -4.49| -19.91] -8.58{ -20.70] -14.22] -14.49| -15.28} -14.49
t=t*+1 o XX -8.31| -5.69|-23.49{ -5.41!-11.84 -'13.22 -13.37/-11.87
a2z -0.61| -20.65| -8.28|-21.39] -10.10] -14.64] -15.35! -10.30
t=tmax @ XX -8.03| -5.42}-23.49| -4.92] -9.67]-12.95]-12.73}] -8.31
(1=t*+4) c 2z 0.05| -20.06{ -8.09| -20.50| -6.82|-14.30|-14.62| -6.85
1=t*+30 o XX -11.18| -5.37|-24.82| -4.68| -8.95|-12.85/-12.19] -8.37
czz -0.93| -18.54| -7.99|-18.69} -5.23|-13.59]-13.27| -4.95
t=t*+100 g XX. -13.88 -5.95|-24.92} -5.66[-13.12}-13.64| -13.51]| -12.88
o 27 - -3.56| -19.72] -8.44|-20.36} -12.34| -14.62] -14.96} -12.36
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#23-12 t*=3000FE D4/ —XDEHES

Stresses components at monitoring points ({*=steady)

Time Stresses Monitoring points
components '

(year) (MPa) A B C D E F G H
t=0 oxx |-13.11}-13.03| -12.95| -13.03| -13.29{ -12.89| -12.89] -13.29
o2z .13.11] -13.03| -12.95| -13.03{ -13.29| -12.89] -12.89( -13.29
t=1/12 cxx |-14.76! -5.01|-25.02| -5.11]-13.24]-12.39{-12.39|-13.22
072 -3.91[-18.69| -7.94|-19.47| -12.95| -13.02| -13.44| -13.17
t=t* o XX -14.62| -6.18]-24.72| -6.07|-14.91}-14.00] -13.98| -14.86
‘o2z -4.54| -20.36| -8.59| -21.24| -15.45} -15.38| -15.60] -15.62
tat* st & XX .8.03| -5.80|-23.20{ -5.48-12.70]-13.59 -13.59{ -12.43
o7z -0.69}-21.14| -8.29}-21.93|-11.28| -15.23| -15.75{ -11.36
t=tmax o XX .7.77! -5.52|-23.25| -4.99}-10.26|-13.29|-12.92| -9.83
(t=t*+4) 612z -0.02-20.45| -8.11|-21.04| -7.83|-14.81|-15.03| -7.76
=430 oxx  |-11.00] -5.41-24.72] -4.72] -9.17|-13.12|-12.29| -8.57
o2z .0.95| -18.74| -7.99|-18.84] -5.60|-13.83|-13.46| -5.29
t=t*+100 o XX -13.83| -5.96|-24.87| -5.66|-13.15|-13.66|-13.51{-12.97
o2z .3.56| -19.82| -8.44|-20.40| -12.43| -14.64| -14.96| -12.43
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FT3-13 t*=30FENIr—2AOEMRS

Displacement components at monitoring points (t*=30)

Time |Displacement Monitoring points
components .

(year) {mm) A B C D E F G H
t=0 Ux 0.0/ o0 o0 0.0 00 00 00 00
Uz 00| o0 00 o0 o0l 00 00 00
t=1/12 Ux 02| 63 01 -48 09 16| -1.2] --0.8
- Uz 57| -2.21 -6.00 -2.00 0.4 -26 -24 03
=t* Ux 0.2 6.1 0.1 -48 1.0 1.8 -1.3] -0.9
Uz 3,81 -4.3 -8.4 -41| -0.8] -54] -49] -0.9
t=t*4+1 Ux 0.2 '52.- 01 -3.8 -0.8 1.2 -0.8 0.8
Uz ggl -0.8 -50 -0.4f 08 -19 -1.3 06
t=tmax " Ux 0] 53 o4 -39 -11] 1.3 -0.8 1.2
(t=t*+4) Uz 13.3] 4.2 -0.1f 4.3 44| -314 3.6/ 3.9
" t=t*+30 Ux 02l 61 o04] -471 -01l 20| -1.4] 0.2
Uz 18.9] 11.0f 7.3 11.0f 10.0] 10.4| 1081 97
t=t"+100 Ux 02l 6.0 04} -46 07 18 -1.31 -0.6
' Uz 72 -1.0] -50 -0.8 1.8 -2.0 -1.5] 1.4
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314 " =3000FEDr —ADOTRRES

Displacement components at monitoring points (t*=steady)

Time |Displacement Monitoring points
components )
(year) (mm) - A B C D E F G H
t=0 Ux 0.0l o0 o0 o0 o0 00 00 00
. Uz ool ool 00 o0 00 o0 00 00
t=1/12 Ux 0.2l 6.3 o014 -48 0.9 16/ -1.21 -0.8
Uz 571 -22 -60 -20 04 -28 -24 03
t=t* Ux 02| s9 o1 -45 09 1.6 -1.21 -0.8
Uz 1.7 -6.6| -10.9| -6.4{ -2.2f -7.9| -7.4] -2.7
t=t*+1 Ux . o2l 50 o4 -3 -071 1.1 -08 o9
Uz 6.8 -2.8| -7.51 -26| -0.70 -4.3 -3.7 -1.1
t=tmax Ux 020 52 o1 -38 -1.2 12 -08 1.3
(t=t*+4) Uz -~ 118l 22/ -23 23 =28 08 1.5 25
t=t*+30 Ux . 0.2 6.1 0.1 -4.6| -0.2 19| -1.3 0.3
Uz 18.3] 10.3| 65 103] 95 8.6 102 9.1
t=t"+100 Ux 0.2 8.0 0.1} -4.6 0.7 1.8] -1.3) -056
Uz 74 11| -5.2| -098] 17 -221 -17] 13
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$]3-15 t*=30FENF —~ADERE

Temperatures at moni_tori'nlg' points (C)  (t=30)

Time

Monitering points

{year) A B C D E - F G H
t=0 27.00 2700 270 270 270 27.0{ 2700 27.0
t=1/12 27.0|  27.0 270 270 270 270/ 27.0f 27.0
t=t* 27.0] 27.0, 2700 27.0{ 270 - 27.0 270 270
t=t*+1 36.1f 28.0] 27.3 28.2] 46.0{ 28.1] 285 46.0
t=tmax 37.5| 28.7] 28.2 29.1| 64.3 31.3] 328/ 645
t=t*+30 35.2] 20.0| 29.71 2971 752 36.4] 382 759
t=t*+100 292l 276 279 278 415 300 309 41.8
#3-16 t'=3000FED5—ZDEE
Temperatures at monitorinig points ('C)  (t*=steady)
Time Monitoring points
{year) A B C D E: F G H
t=0 27.0f 27.0f 27.0f 27.0 27.0 27.00 27.0f 27.0
t=1/12 27.0f 27.00 27.0 270 270, 27.00 27.0] 27.0
t=t* o700 270 270l 270 270 270 270 27.0
t=t"+1 38.1| 28.0] 273 282 46,0 281] 28.5 46.0
t=tmax 37.5| 28.7] 282 29.1| 6431 313 328 645
t=t*+30 352 29.00 207 297 752 36.4 39.21 759
t=t*+100 20.2| 276 279 27.8 415 30.0 30.9 41.7

3-58




——

-

Il Lk ti 1 ¢3¢ 181t Lit lllll!

180‘0 [ L] + L] I ] T L 11 L] L} L ‘I ]
: . .

160.0 : -

140.0 LE _

¢ 20.0
100.0
80.0
60.0 L

40.0 |
o000l Ly,
0 2 4 6 8 10

Time (t* +year) =
Ternperature at heating point

oTg]

b
=3

F3-48 t*=30FE04F— ADOEHFEDEERIFT(L

3-59



1
b
3
1
3
3
?
]
., & L,
o 3 A -
_2 SR 3
Z = B
— h—;,::f i
f/p’;;'“ %
h { éﬁ% 1 1 h
2 pAEIPA3 2
SRAWA
|y Y
‘g ‘4\_)/
H L
]
at+1%
i
\ 2
:
£ ‘5
&
?

3-60

J.€00LC=0L
2.2008~-02
A,400F-02
3,400E-02
3.100E-02
4.000E~0Z
4,200E+02
4,490E+02

1.000E+02
3.200E+02
3.400E+02
3.800E+02
3.300E+02
4,000Ev02
1.300E+02
1.4006+02



Ot + 304

)

e
el

_

z/”\

ey

f‘l' Wy
\4 -

LN N VI R FY Pye

d) t* + 1005

H3-49 t' =300 —2ADBRESH

3-61

O~y ML LN e

3.000E+02
. IO0EYO2
3.100E+902
3.600E+02
3, 500802
4.000E+02
1.1008+02
4.,1C0E+02

3.000E+02
3. 100E4+02
3.400E+02
3.600E+02
3.300E+02
4.000F+02
4.2008+02
4.400E+02



3.1.5 BMT3 (GBANEEHR)
(1) Wt

BMT3DENAETIE, 1 F1 ADAHerbetDIRFIZL DT o dDTH S, BITICBI 2 RH
FHmEEARTH L, £3. F—REE, BRGWOTHKECERTH Y., BERITIEN%
DRDFEABRTH L, ZOF Y AVAOBTROMAMIZIZEE LR o/B, Sy 5 —%h
LORBYIEL 5o CORMORLELHT ROMADERRE, T 45 bRAFIER O E FH
B THBBEF— AL o TZOMYECAFEEELTHorz, LidioT, SECON NIk
WOB—EEH L7 DIREN R EN, BRENLER L TORY TH 5,

3, WEE D X RAVANOHTRORARF1BERORARL R TEOEN 1 LU TICR -
RERADKHTSH DL, $obbEE-15)ATHIERINS,

tr=min{t:Q0()=0.990(¢-1week)} (3-15)

L7z T, SEIZOEHICH:, tFHREL, BIFFERL.,

RAEOEMS. DERELS, KEZN G, BOZENES. ARINAOES YOy 7RG O8
5x?5ﬁ\%ﬁtﬁ?%ﬂﬁ}—&ﬂﬁ@aﬁ&ﬁ%%o

Tz, E3-5012, BlRRUEIEONEL R T, BRINTVIHNRUTICRTED Th 5.

Point A -H LR, B, B

Line Tand T L BEEAE, ERICEE R SR OGHA
Segments ABCD, EF, FG, GH . Water flux

Region 1-9 B, BAREORRLEA ST A

BATRE R, BN EEAORE, EHRL »BH. BAMKBER () OWRE, BHRE 1£,
ZL T30, 100 #ORE, ZLTREFREICE oA (I, TOWREZHRETLIILICE -
Tw3,
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| |
| |
1 I 2 | 3
I | A( 0.0, 0.0)
B 4 G | B(2525)
5 % DT C(0.0, 5.0)
4 | | 6 D(2.5, 2.5)
1I . . I
! 5 A I E(-7.5,-7.5)
E H F(-7.5, 7.5)
— % — — — - G(7.5,7.5)
| | H( 7.5,-7.5)
7 | 8 |9 |
| l
| : |

I
F3-50 EERERMHEART b

(2) FRATFER
]O B Ut DRTE

B3-51i b Y A VANDH TR ORABOERE/LERL2ZLDTH B, (3-15)RKETE, t
TRDO/-ETH, =27weekst 2 o7z, T, I-S2ICEHABOIEOKRBESHE RS, BRI L ht*
27weekst LB E, AEQETHFELELTWADIZ, P AVDOEEICESRLI ENFDI S,

6.0 10° -

5.0 10° [

4.010%

3.010°

2.0 10° | \
~

1.0 107 Lol H—

Water flux

Iili!ll'll_lllll

T 17

o(¢ i {4 S SRR SERERE ENFSPSEFES PRSI BRSPS
0 20 40 60 80 100
Time(week)
H3-51 PR IANORARBHTER
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200
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100 \
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-1 00 i 1 1 ] L L L 1 1 1 L L 1 1 1 1 I 1 ]
-25 -15 -5 5 15 25
: Abscissa(m)

[3-52 k2 RIEDOKEIHE

E3-53ICAFEP L TORBEEREMETRT, Ch L) AFREIRABERISETRARCE -
TVBIEHFbhd, LadFoT, tu=t'+4.5TH 5,

180
160
140
120
100

80

80

40

20’ b S B S T S T [ S R F IR S N

0 5 10 15 20
Time(t*+year)
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@ BAER

R1TREWRERTDLRBLRL TV, HFRELOBERNBIBEL THL L NS
BRETHD, Py RANVANOHTROFARIIBRIFESRABEICE o 2 BSt  ,TEREL ST
V5o BI3-54HKEG DERLELTH 5, B IBERBROBRFEDOLOIELTNEBE
EWGHB b Y RVEDDEZ+30EE TET LT, 20OH+100E2 5 BEE LI D T

%o

®/3-17 BRARERTIHE

Time Monitoring segments

(year) ABCD EF FG GH HE

t=0 0.00 0.00 '0.00 0.00 0.00
t=1/12 |2.30x10® | 5.08%10™" | -6.55X10™ | 2.53x 10" | 1.01x10™
t=t* 1.22X10% | 1.54X10™ | -2.72x10° | 2.75%10™ | 1.02X10™"°
t=t*+1 | 1.01X10° | 1.04%x10° | -2.51x10° | -1.33%x10° | 2.36%10°
ttmex | 8.27X10° | 1.38X10° | -2.06X10° | -1.66X10° | 2.29%x10*
t=t"+30 |5.24X10° | 8.33X10™ | -1.75%10° | -1.08X10° | 1.02X10°
t=t"+100 | 3.88X10® | 583X 107" | -1.59X10? | -7.53x 10" | 4.78X 107"
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FR-1BICE BN TORH B RI-1UIEME R o ]3-18D b=t BV THAT ¢ 755 o
EBHNIChoTWD Zedbdd, R3-19L ) BAEMLII + 0LV BT D FATOERERMT
H0., 19.09mMmTH b, ZOMEIE, 3.1.4TH%30, 3000 LBELLI—A LD REREL 25
Tvd, TR ZE2TAE £V ) BRREICREL /-0, KEOETAEL, £0LOE DI
TEFEASVDTH D, H3-553EE 1B 2 KFRHOERE(L. F3-5613 8 l# I 2
B AEESHOBERELTH B, ThLLIVRBRICL VREREAPEL TV I LHETD 5,
¥7x, BE3-57ik 1=1/12, t . V' +3VETOEMGHERL T 5, lﬂ@ﬁ‘%%&ﬁ%?ﬁ#:i%?&%ﬁi
BENC L AERBICERTAEWZ EFFPE, ZI2T, ERI100BICLTERLTY S,

#3-18 BFHARICH I BHLAES

Time Stresses ' ' Monitoring points
(year) components
(MPa) A B C D E F G H
o Xx -13.11| -13.03| -12.95| -13.03| -13.29| -12.89{ -12.89| -13.29
=0 ozz -13.11| -13.03] -12.95] -13.03| -13.29| -12.89| -12.89| -13.29
o XX -14.76| -4.98|-24.97| -5.00| -13.24| -12.39| -12.39{ -138.22
=z oz -3.90} -18.69| -7.94|-19.47| -12.95| -13.02} -13.44| -13.17
. o XX -15.21| -5.64|-25.36| -5.60|-13.22| -12.46{ -12.65| -13.22
=t o2z -4.33| -19.13| -8.41]| -19.77| -12.92| -13.17| -13.81| -13.17
) o XX -8.77| -5.51|-23.89| -5.24|-11.43} -12.39| -12.68] -11.38
=t 52z -0.63| -20.06| -8.24| -20.60| -9.28| -13.56| -14.35| -9.56
tt o XX -8.37] -5.30(-23.84| -4.78| -8.93| -12.43| -12.39| -8.64
(t=t*+4.5) o2z 0.13| -19.52| -8.07| -19.82| -5.65| -13.54| -14.03| -5.74
) o XX -11.38| -5.38|-24.92| -4.69| -8.92] -12.88| -12.16{ -8.36
=90 527 -1.01| -18.49| -8.01|-18.54| -5.16| -13.49| -13.19| -4.91
) o XX -13.88| -5.98|-24.92| -5.68|-13.17| -13.66] -13.51| -12.97
=00 o2z -3.59{ -19.82| -8.45| -20.40| -12.43| -14.64| -14.96| -12.48
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+3-19 SHHEECHTAIBMARS

Time Displacement Monitoring points.
components
(year)
(mm) A B C D E F G H
Ux 0.00| 0.00{ 0.00| 0.00! 0.00| 0.00| 0.00| 0.00
t=0
Uz 0.00; 0.00| 0.00; 0.00 0.00| 0.00/ 0.00{ 0.00
N Ux 0.23| 6.30| 0.10| -4.81 0.85] 1.57| -1.23| -0.79
t=1/12
' Uz 5.68! -2.21| -6.01| -2.01 0.40; -2.63| -2.35| 0.25
Ux 0.23| 6.31;{ 0.10| -4.82| 0.92| 1.69| -1.37| -0.87
f=t*
Uz 5.55| -2.31| -68.06| -2.07| 0.43; -2.87| -2.57{ 0.27
Ux 0.24, 546 0.10| -3.99, -0.53 1.27] -0.91 0.67
t=t*+1
Uz 10.03| 0.92| -3.23| 1.12| 1.68{ 0.06| 0.45| 1.60
t=t, Ux 0.24| 554 0.09| -4.07| -099 1.41]| -094]| 1.09
(t=t"+4.5) Uz 15.23| 6.37] 2.33] 6.51| 5.66| 5.57{ 6.06/ 552
Ux 0.24| 6.20| 0.07| -4.74| -0.08| 2.03| -1.43| 0.18
t=t*+30
Uz 19.09] 11.22| 7.57| 11.28| 10.16{ 10.68| 11.24| 9.89
Ux 0.23| 6.02( 0.08{ -4.60| 0.69| 1.79| -1.30| -0.60
t=t*+100
Uz 7.05| -1.13| -5.18| -0.94| 1.68| -2.21| -1.67| 1.30
25 Iitllllll T 1 T 7T T 1T 7T T T 1T 7T
Y(m) 1
-10
-15
-20 : t=+30
_25 -I 1 ] 2 i I 1 i [l i 1 I{I L I\I I\IEI!IIII 1 11 jIII_
-25 -20 -15 -10 -5 0 5 10
Stress component ¢ XX (MPa)
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Stress component
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RI0BFHRATICBTAHEELT R L Tnd, RIFIIHEL TV EA Tit=t , KBV TIBENS
BIZRoTVEY, ZOMOAITt=t" +0FEIIBVTRENRE I > Twa, H3-58i2EME1
KB ARmENEREN., H3-59 IR 0 ICB T2 BECERELTH S, H3-60I3RESH
DEBEMTH 5, [3-59, 60L HREEHHRICOML, BPEEFIEELTWVAE I L5545,
ZOZEPLRBEII BT AHROBENNENZ LFTP DL,

#+®3-20 HEBARICH T 3EE (C)
Time Monitoring points

(year) A B C D E F G H

t=0 27.00| 27.00| 27.00| 27.00( 27.00| 27.00| 27.00 27.00

t=1/12 27.00| 27.00, 27.00| 27.00{ 27.00| 27.00; 27.00| 27.00

=t 27.00 27.00| 27.00; 27.00| 27.00| 27.00| 27.00| 27.00

t=t"+1 35.77| 27.93| 27.24| 28.04| 43.88| 27.90| 28.21! 43.90

t=trax 37.47| 28.78| 28,37| 29.20| 66.01| 31.74| 33.32 66.22

t=t"+30 34.91| 28.92| 29.70| 29.61 74.44| 36.27; 39.07{ 75.11

t=t*+100 | 29.11, 27.56| 27.86| 27.77| 41.10| 29.94| 30.82| 41.33

| tte100

-10 : n = ]
-15 % 7% Tttt
20 [ [ =

. max
{ ‘I\ t=t*+30

-25 L0 { :
0 50 100 150 200
Temperature ()

3-58 HRAHR 1ICH T2 BEOBREIL
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X3-59 BB 1 1265173 BEOERET{L

He-61I B BRI BHLHMBSHORB A P YT 25 RT, HBREEEE L LIIKE (-
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EAHDERBEIIONT TS 5o BARED MIRE L ERICERE &b (BT 5 BRI A S L.

=430 THRIRELZoT VA, FLT, t=t"+100FETITHITHAS LTV 2,
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At + 15

b} tmax
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3.1.6 TC3
(1) #]E

TC3L L TREH AEBROBN T4, RERTHES WBEM + 0RESHRR. A55
MERMEREICO TR ER LB T oz, BFEEBLUBRICH /99X -7 1%
23.3LFAMTH B,

2 BEECER
FEFTOBZ. BHERAXTER LY,

T =QA8 (3-16)

CCTAGEEREAREOENT TH S, aldRHTH Y, BEEOELABRBEE»SHET 5,
FS-83ICHEICHVIEFVEETRY, FFEFTIZ. EROEBRE 7Y —I1C L, EBBOERH0
Kad L) TR0 L) LEEH S22, ChEREREICSVTRETLIBEELE L,
ZLT, EEE R{EI LD ICaDEERE Lz, H8-64cHERELTT. AHICIBTHES
KAMETH Y, ERVBNERTH S, TOERBLN-OERATOEY TH D,

- fNﬁadV no flow
EREEREEENE
R ¥

no flow . — no flow

- o
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o = 17000 (gfem®) (3-17)

TCIDBIT T LOBEEOEHRD D L TR TR o7,
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(3) TCIDFEMBER

Zliﬁ@ﬁ:’%‘%iiﬁzkﬂﬁb: 2 ﬁ@kﬂ%ﬁﬁ%ﬁ@ﬁ@ﬁwﬁ%t BLTHAEDT, HFROHERDA %
R¥o CNGIEIDECOVALEXD T A b7y — AL LTEHEL, BHELLZERTH L, Z0PE. 2
BLELDLIDEZ, RHEE L TrOEL2E L Cnhdofal  THE, L7zdo T, KE BT S
TEHod 2 BB A6 HIn LT b,

H3-65( AR P OB 7. H3-661XAR EH O BHEAK LAH & RTo ERISBEH B O
=5~ DEETHD, Thbb, x=0emIF— K=ty ZILHELLEZEBATSHY,
x=30emANEAILM TH B, 7o, BERL—F —DHLBIBITIHETH5, |

M3-671 RS HOBESHERTo (a) 57 AROZRESE, (b) 5+ HEOR
FRERERTo T, () B1r FROBTERTH D, T/, E3-68ICId BRSO KR
REBFRERERT. (a) . (b) BENRFNRLD 2HAK B 2ERERTH B, 71,

3-91



(c) HSr AR ERTHY. (d) 1 r FROBFERETH S,
| F3-214L GL-150cm, -300em., -400cmic BT 51 » B, 5r B OBBEARETH L, &

3-223FERRIC L ¥ Bk, 5 r B0 BEE., #|3-2311 17 B RO, |I-241E5 *rﬁ BoIEHT
H5b,
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€6-€

(a) RERFER (54 RA1R)

X3-67

(b) BETEER (5 + B#)

AENH (C) OXBRER ERITEROLER

(c) BRtARER (1 v R1R)



76-€

(a) ZBER (5 HAH)
#im1 (No.1~6)

[X3-68

\

20

FL%)

\

(b) EB#ER (5HA%) (c) BREER (5 HBM) (d) BAREEER (1 HAH)

Wim2 (No.7~12)

WRIEM OIMERTE TOEKES (36) ORBRIER & BRIFEROLE



]3-21 HHEESKE (%)

after 1 month

after 5 months

X(cm)
GL-400 | GL-300 | GL-150 | GL-400 | GL-300 | GL-150

83.995 40.83 40.83 40.83 40.83 40.83 40.83
83.97 40.89 40.91 40.91 40.83 40.83 40.83
83.925 40.97 40.99 40.99 40.89 40.91 40.91
83.7 40.92 40.92 40.91 40.96 40.98 40.97
83.25 40.79 40.78 40.76 40.93 40.93 40.90
82 40.46 40.44 40.38 40.80 40.79 40.72
79.5 37.35 37.38 36.63 40.56 40.56 40.39
76.5 31.82 32.07 30.42 40.31 40.30 39.24
73.5 28.24 28.60 27.18 39.26 38.99 36.49
- 70 26.97 27.18 26.63 35.91 34.92 32.67
66 26.74 26.90 26.59 32.03 29.37 29.38
62 26.43 26.44 26.59 28.80 2412 27.44
58 27.01 27.31 26.57 22.03 16.15 26.55
55 23.82 22.38 26.42 17.08 10.38 26.26
53 26.32 26.17
49 26.43 26.30
43 26.50 26.54
37.5 26.49 26.66
32.5 26.51 26.69
26 26.52 26.54
11 26.53 26.18
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#+#3-22 RE (C)

after Tmonth

after 5 months

x(cm)
GL-400 { GL-300 | GL-150 | GL-400 | GL-300 | GL-150
84 24.83 26.81 21.11 36.45 38.92 32.17
83.99 24.84 26.81 21.11 36.45 38.93 32.17
83.95 24.84 26.82 21.11 36.46 38.94 32.17
83.9 24.85 26.83 21.11 36.47 38.95 32.18
83.5 24.94 26.94 21.13 36.56 39.07 32.20
83 25.04 27.06] 21.16 36.67 39.21 32.23
81 25.46 27.60 21.26 37.13 39.80 32.35
78 26.17 28.47 21.43 37.88 40.73 32.53
75 27.03 29.51 21.62 38.66 41.73 32.72
72 28.05 30.69 21.83 39.57 42.85 32.91
68 29.58 32.42 22.11 41.01 44.53 33.19
64 31.33 34.29 22.39 42.75 46.40 33.50
60 33.43 36.32 22.68 44.90 48.42 33.82
56 36.00 38.46 22.97 47.93 50.63 34.14
54 37.73 39.78 23.11 50.13 52.21 34.30
52 23.24 34.45
46 23.62 34.87
40 23.94 35.24
35 24.20 35.52
30 24.44 35.78
22 24.75 36.11
0 25.24 36.62

3-96




#+3-23 IH (MPa)

after 1 month

GL-400 GL-300 GL-150
X(cm)
Gr oz or 6z or oz

83.895| -0.043| 0.033] -0.050{ 0.015| -0.060| 0.002
83.97| -0.115| 0.003| -0.121| -0.015| -0.131| -0.029
83.925| -0.115| 0.002} -0.122| -0.015| -0.131| -0.029
83.7| -0.114| 0.003{ -0.121| -0.015] -0.130| -0.029
83.25| -0.112| 0.004; -0.119| -0.014{ -0.128| -0.028
82| -0.107| 0.006{ -0.115| -0.012| -0.123| -0.026
79.5, -0.074, 0.021] -0.083| 0.003| -0.085|- -0.009
76.51 -0.018| 0.047{ -0.030| 0.026; -0.023| 0.018
73.5! 0.017| 0.064{ 0.004| 0.041 0.009{ 0.032
70 0.028| 0.070{ 0.018| 0.047 0.015{ 0.035
66| 0.031| 0.071 0.021 0.048 0.015{ 0.035
62 0.032{ 0.073| 0.024] 0.049 0.015{ 0.035
58 0.027 0.071 0.017{ 0.046 0.015; 0.035
55| 0.031| 0.073] 0.024] 0.049 0.014| 0.036
53 0.013| 0.036
49 0.014| 0.037
43 0.015{ 0.037
37.5 0.016{ 0.037
32.5 0.017{ 0.038
26 0.018{ 0.038
11 0.023; 0.042
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#+£3-24 K5H (MPa)

after 5 months

GL-400 GL-300 GL-150
X{cm)
or oz cr oz or oz

83.995| -0.047| 0.033| -0.053 0.011| -0.062 0.002
83.97| -0.118| 0.002| -0.123| -0.019] -0.133| -0.028
83.925| -0.118| 0.002| -0.124| -0.020{ -0.133| -0.028
83.7| -0.119| 0.001| -0.124| -0.020| -0.133| -0.029
83.25| -0.117| 0.002| -0.123| -0.019| -0.132| -0.028
82| -0.112| 0.003| -0.120| -0.018} -0.128] -0.027
79.5( -0.105| 0.007| -0.114| -0.014| -0.123{ -0.025
76.5] -0.085| 0.017| -0.094| -0.005| -0.110| -0.017
73.5| -0.063{ 0.033| -0.061 0.010| -0.081 -0.003
70| -0.021 0.049{ -0.032 0.023| -0.042 0.017
66| 0.002| 0.083{ -0.012 0.032| -0.007 0.033
62| 0.021 0.074| -0.007 0.034 0.010 0.039
58| 0.036| 0.083| 0.002 0.038 0.015 0.041
55| 0.034| 0.081 0.035 0.052 0.017 0.045
53 0.016 0.047
49 0.017 0.050
43 0.019 0.053
37.5 0.021 0.055
32.5 0.024 0.056
26 0.029 0.056
11 0.045 0.059
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3.1.7 TCs
(1) #BE

Phase3DTCSIZ DWW Tid, BARO¥AMEMEICHE L CETORF TR 2 72
BREADEAFBEZZORERR (F72R) CREEKFT S, FT7RALEARFELD
MRICOVTORIIERL VHE TR TE Y, Baronl3ER_{L S MW EK L EEO S
HOWERE L T REMICHEL, 02520F TOIRCHEZ RO THEDIEEL L, JRCHEE 7
BEE 2 ¢ ANBERERRO L) TRELTWE Y,

T = Oy -lan (JRC -lo ‘la_ci) + ¢b) (3-18)

n

TIT. T HAKRE
o, EBIGH
JRC . RE D E # R TIRE
JCS | FEHERE O EAEREE
Py IO PR ETOEESRS

LaL. JRCEREBHICL IR TV DS 7AR R ERENICER T 2700 8B H+ 3R
bR.Tseb DEIELZ KA L DB B , 22Tk, KTESLORFIIESTE. FESEEDT 7 4
AMPLEE, AN SAMEBHOEGEE RS S,

- (2) gAMRECHEFIE

BRWICAEREDZ 75 R 2 K3-600HICRIET 5, 22 Tid, typeA. B. CO 3 HEo i3
BIZOWTHELBIZTRT. 772 AidtypeAr StypeClili B3 I2oh/hE {BoTWwd, FL
T, By 7 b ETHFAGO L TAHFRIZBEH L, THROMRELE2L2WEH 0T A
TRy, RAWENUE BEEMVvOBFREY X025, H3-70i2typeADBREI OV THEELH
TRT . B3-71(a). (b). (c)idtypeA, B. CIZ2oWTEFNEFNEERE FIHICHE o THA B hru &
BEEZENVOREE ROLBERTH L, AVFEEHEIIL ) ROZERTH D, EFFAHLO
EBRERTHD, H3-71(a). (). QLD T T FANWPEL RBICON, ERER L EERHENE
CTEHLTETWRILFTPE, Thid, FHEFETETERARTOWBEIZR I TV
WA®, FTRAPHOEERHVEER I E BT T A REESEEIC R 0L Ebhs,
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type A

type B

type C

L=120.0mm

3-89 HHAFOFR
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type A

u= 10.00 mm
v= 2.67mm

u=3.00 mm u=15.00 mm
v=1.52 mm v= 2.66 mm

[3-70 HEAGKED L AKH
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Experiment
® Estimated

on= 5.0 kgf/cm?2

10.0 kgf/cm2
@

20.0 kgf/cm?2

5.0 10.0 15.0 20.0 25.0
10 u (mm)
(@ typeA
A Experiment
4.0 I @®  Estimated
10.0 kgf/cm?é
3.0 " g on=5.0 kgf/cm?2
20 20.0 kgf/cm?
1.0
O o I .
5.0 10.0 15.0 20.0 25.0
1.0 u (mm)
fb) typeB
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Experiment
4.0 ® Estimated

on= 5.0 kgf/cm?

5.0 10.0 15.0 20.0 25.0
u (mm)

©) typeC
B3-71 HES hicgAKEN & EEEFUVOBIRORERE & O
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(3) TCS~DEFEH

RIFHEFEETCOIIOWTHA L, FEEFER. TEREORAR RISV THEET S
bOTHLY, NRCENRBENLF— S FRBROHLTH o led, SHEHRIBRMEDCF—F B
WTRE TR ok, T2bL, ARREOS 7 A A ZABMEOES LIRE LT, HREORIE
DAL, BIS-T2ART D TH D, 7o, TOEEHH*ES-73F T,

FHEFER, REBRYF2ATHLBEOAEENTETHE, LA L, EBROBROSHIL
SR THE, £IT, 3RTMEBET 73R % 2RI LT 7R ACEBRET A DI TFISRT 2
F—A%EZI, F—AlZEARAREETRET 7R ACOVTRARTTIGEZ SR AL
RBEFTRACODVWTHEELLEETHE, THIEIMPIOEFROIREL RLBETH 5,

L
Zg = (i:l:[ (g—:)zdu

T A2IEAMAREBELRFAOZMEOFH, $hbbI 7R ADOFHERVOTHEEETR-
TTBETHE, HB-TALEFNFNIOVWTHE LLEREET TR T,

R, ZOXAMENuE ZFEEVvOBREREY SEAREM L ¥ ARSI OBEE ZRRL D kD
B

T= 0y tan gp + Oy -%—:—:- (3-20)

\1/2
(3-19)

2T, EEISH o F2MPa, FREEEA 133 LREL.

K(@-44)IC & D, BHE L7 AKEN L2 ASHOME % ES-77IRY . F4NRCIZX H4T
DRICEBERTEI-76. 7718 T KB-7613 ¢ AME L EBELMOME. H3-7713¢ AKE
MERABWBIORRTH D, H3-74L [3-76, F3-76 LE3-7T74 2L, ¥ —R 1 ZBVT
i, ERERTPRIBERTECHRLBbNDb, FRIF LY, BAENLBESTREFRROHE
FEHELFALTIEEHICEP L VEHTE2I O LEESNL, SRRIARFEOXEEIZOW
TORFSLEILEZ->TLB3DEEDRS,
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7 (MPa)
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NORMAL DISPLACEMENT up {mm)

SHEAR STRESS, MPa
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3.2 COUPLE
3.2.1 #E

COUPLERAAY v } BIORBOERED LRI T2 20 ORETH ). TOBIILEEH LD
DEBEEALSDIIE B, BIEOHEL 2EORY y M BDHEOMEEIC L 285 £ 2 DEHERO
BEH OB, BEEPSORBILZBMTH D, HoT. LHITELIC L 5B, BE - 257
CEABMEE - BBLYIS, FOBEOMTE LT, BRI TR+ T ), WEE
BRI ETH B, RELILEIC B B MBIEEEI BB 7 — 5 ARV O TR Y RIS &
T L E CDuhamel- NeumanERX C5- 2 2 LA Ta v, 20, REZLOBEZIIERELT, %0
THEAR TN AR E T2, RBRTHCAHBIIAEETH), KESEINLE
THEo BRTEEMRBITHTDLTORVOT, L0 LS hBHE R E0FH% 58 5
A, EEE LTHEEMBEAURHERTI L3 FRLCH v vy 7EFLE BV,

3.2.2 BER

HER I — 8T8 120kg/om®, BHTEEAMEXI10%kglom®, R7 VvV RO3BEDRKETH D,
REO—BRNZFEREELTERDL S 2BEIEEbRL TV S, '

1) BRHRECOEDTA LAy —

2) EEBREHRECORBOTALAF v —
3) EAVF—YavilIARTREOHILES
4) B&itHE%

CHODA, BRIBVWTEOREOHEEEZ M. LOBREORAMD DT 5HhTERT
ERFPBRTES, SHOBBRICHLTED L) BIEH L ALROFT AL RVISH S 5 E F AL
LEPeITHRROEBEES LADETELZLERSHS 5, FLT, ROEE LRTNIEL S
WEy MNEROEHEER, FOLT, VR EEFVERBRTAIEIFETHL EBbNE, L
L2ns, BRTREDL ) RERNLERFL L EINTHRVERTHIOT, B, REIHLT
bRCHWLNEAAI VA F A TOEFNVOBEE R LI,

3-109



3.2.3 COUPLE®D#4R

(1) BEARSf & DiEE

SEOBHTIECOUPLEDBERRORBRE R L OILEE, SHET 5 MHIE ORI RREEO T
WERZB o BT 2 RTETHAMESIC ERD A A7 LA EFNEEA L D2 BV,
A EETICH V\f:%ﬁﬁ#iﬁb%$%ﬁl§&# LIRWHEGOZEABRERCLLEH L D EHY
2o ABDT VATFIVICHELRYEMEIZA. 4. M, [-1TH 3,

EERTROJKELAREPOBELHVTA, «2RdL, #OB, HEROEELH~ A
BIFR THEE10~20MPad B TEAL A S TBILSE L E DL 2 L d 6. ZOHMICEBRKIEH 3D 2
bOLEEL, A Lk DB S/ TRBREIOMPaLITOF— % T2 F NP EOF—5T A %
KDz BREES-T8ICRT, T2, kOMORLMFBRIET 2-0ICROFETH, « +RKDO7, —
BAE AR U U= MRS O . B AHRBRE R, 5kKD bhzloMPall TOE 2 5
HRET TOV Y TEERT Y V% AT, P=(0420,). K=E/3/(1-2v). K=(14e)P/ D BEH S « %
RD1zo TIT, HRKEBDHOREPSBRLZ VLD LEE LS. UEOBRELE LD LE
3210 L B, PRREPLRDAL & c OEIBEOMRETOMBERSTH SIFEAEREREW
A R OEEL e @d ALV REREL LTV D, TR ZHERRP —HEP S kD7
YYIRERT VY RREFRSOREEZR T CECHUTALMEHP RO DT, 2240
REBREROFLEINTWEDEBbI 2, 22 T4HEIR, EERBEED LB LA, cOfE
TRV ZEIIL 7z, EFERRIEIp s oWV CitBRHE 183 2 OB TI0MPak (R L7ze M.,
L= DWW T M=6sing/(3-sing), I-l1=e+A In pd<f=33+, e=0.67, A=1.37, p~1.02 X10%glem®Z AL
TENTNRON, IO ORRLFITICHVHEME 322107,
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#3-21 FRERLSSEHLEZA. «

102

BRoOTIC LSBT A K
IEEAER 0.0261 | 0.00651
HhZE {7 i FE A B - 0.73
RZEN F e AR - 1.2

#+3-22 BATICHAW-EE

" H [
RFVHE v 0.2
Yor® E 2.31E+07 glem®
R e 0.67
AEEEA ¢ 33-
M 1.33
r-1 16.47
A 1.37
K 0.33
pc 1.02E+08 g/cm?®
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(2) RRATHE

BT 2 RPEO TAETN CRBEOKFHED 4 50 1 EFVEHAV, £7, WA WCT
RoltBHHBRTNES BN, BHNENPSNST A —FDF ) Tb—Ya »&#Fhotz, Wl
DAy ¥ 2 lEES-TICRT, BREFRIFEICRTED ©, BEASER CREZERE 20T I,
KEEEER CAKMIE75emE Lz, T, ﬁﬁfﬁﬁ#ﬂhﬂ%@%ﬁﬁfﬁ% BELA,

AR OB R T H3-80ITTF, FBIkY Y V3% RI-22RLAMEEZHVb 0, 5EICLED
D IBELLZLDOHER EEUOEROBMEBLEEBLALDTHE, v FEE5~10f512 5L
SEL ERAFER EFBHERFELE) T Ltbh b,

£, ES-BICENMEEBDIZHRE LAY Y FRTRD LHEEO BHSHTE R L. EWED
mﬂ&ammjoﬁﬁ%¢¢K¢mmmmﬂ%ﬁﬁt\%@ﬂ%%ﬂﬁ%ﬁﬁk%ﬁbt%@f%%o
FRC LS, EAEIFHBELD 2L NS TWd, IBH D2OBRERITEF G HAHE
RALTwRERFRAICAIS 2HE0ERMTH Y. LEOTLEHITEHIER STV 24y,
—77 BETEIHIALEZRE FBEDO O TAPLEH LTV, fEoT. #RELTWS EHSEH
EC(RL2-oTEY, BIRICHETAZ LIZgELY,

HmBE, JROLEESES
CES

S 2N N m

R, KALEESER
FrESER

TATATATATATATATATAT

[aES N [ T

F3-79 HHIRTOA v > 1A EHEREY
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F3-82~84 1M BROBHHRISOV TR, TRPROMFO2IWE L o iz 2 L FRTHE
THbo H3-82 WA M ENTO0kgHem* L 20kgicm®DIBEE Th b, HALLAF A2 LB 0, HERST,
JA38 & 70kgffom’ % A L2285 W ISR AR LT v B, [E3-83 & AT 4 B AT70kgfem? &
70kgllcn’OBFETH 5, ZOFHRETIE, BERASILELEORCHEERHIRE L TWS, H3-8411R
R E A 60kgl/iem? L 20kgl/cm* DB A TH 5, ZDRERETIR, ITIZEIBERIEE L TV,

BEPS, 2FHMTRERLDREEOWEL P2 &, BREFEORE VEN AICESBIREL, 2
FATHLRZSOHEEPT 5L, BERSILELO 8% B0 ICHlESIC, PO SILE
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1. LAYOUT OF SENSORS INSTALLED IN ROCK MASS

In order to measure the changes of temperature, pore pressure and
stress in the rock mass, various sensors are installed. These sensors
are installed according to Figure 1. These sensors are connected to
the data logger system, so it is possible to acquire the data
automatically.

Fracturel
I I
// Fracture2
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racture3

R
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,
,
;
,
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b

U rlasto meter A strain gauge (BS76)

A Trivec [[1Joint deformeter

O Pore pressure transducer with thermometer

B Borehole strain meter (MBS40-2C)

Q@ Surface displacement transducer & Joint transducer

Figure 1 Layout of sensors installed in rock mass



2 SPECIFICATIONS
2.1 PORE PRESSURE TRANSDUCER WITH THERMOMETER (BP-2KBT)

Usually these pore pressure transducers are used for measuring
infiltration pressure and uplift pressure in a dam body, etc. They
have a flat filter at their head and are embedded in concrete or
installed at the bottom of a borehole. This sensor can measure the
pore pressures and the temperatures at the same time.

This time, they are fixed at the surface of stainless rod with
rubber packers and are installed in the borehole, so it is possible to
measure the pore pressure and the temperature of water between packers
in the borehole. '

In Table 1, specifications of pore pressure transducer are shown.

Table 1. Specifications of pore pressure transducer

Maker Kyowa (Japan)
Capacity 0 to 0.196 MPa
Accuracy 98><10-5 MPa

Rated output voltage 0.75 mvV/V or more
Non-linearity. 2 %RO
Recommended excitation 2 to 10V
Input/Output resistance 350 &
Safe temperature range -30 to +80°C
Resistance to water 150 %
pressure
Outside diameter 30 mm
Weight 0.320 kg
Amount 29
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Figure 2 1Installation of pore pressure transducer with packer system

2.2 JOINT DEFORMETER (JH-600)

This Joint deformeter consists of three LVDTs (Linear Variable
Displacement Transducer) and two bodies which make it possible to
adjust the wall surface of the borehole with the expanded contact pins
(Figure 3). Three LVDTs are set to measure three orthogonal directions,
and these Joint deformeters are installed at the point where the
borehole cut the fracture, so it is possible to measure three
orthogonal directions of the displacement between two region of the
rock mass divided by the fracture.

In Table 2, specifications of Joint deformeter are shown.



Contact pin

Displacement
transducer
(LVDT)

Setting guide

Borehole Contact pin

Sealing membrance

Fracture

Figure 3 1Installation of Joint deformeter in the borehole



Table 2 Specifications of Joint deformeter

Maker MEC (Japan)
‘ -3
Measuring range +2.5X10 " m
-6 o
Accuracy 5X10 " m-

x-direction
Direction " y-direction

z-direction: i

Applicable borehole size" TNt 0.076 m" -
Output oo 210V (0.25 mm/V) (Amplified)
Size Outside diameter 56 mm(without contact pin)
. Length 450 mm(without contact pin)
Weight'_ R 1.0 kg
Amount ool fr 2




2.3 STRAIN GAUGE (BS-75)

This strain gauge can measure the strain of one direction of
borehole diameter (Figure 4), so two strain gauges are installed in
the almost same depth of the borehole, and it is possible to measure
the changes of strain of the orthogonal two directions in the same
plane normal to the borehole axis (Figure5).

In Table 3, specifications of Strain gauge (BS-75) are shown.

20 mm

75 mm -

Figure 4 Schematic view of Strain gauge (BS-75)
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Figure 5 Installation of Strain gauge (BS-75)

Table 3 Specifications of BS-75

Maker Kyowa (Japan)
3

Measuring range 10
5

Accuracy 10

Rated output voltage 1l mvV/V or more

Non-linearity 2 3RO or less

Recommended excitation 10V

Input/Output resistance 350 Q

Safe temperature range -10 to +60°C

Resistance to water pressure 0.098 MPa

Weight 0.120 kg
Amount 6




2.4 BOREHOLE STRAIN METER (MBS40-2C)

This borehole strain meter consists of two set of the strain
meters and the quantities measured directly are the strains of
borehole diameter in orthogonal two directions in the same plane

normal to the borehole axis.

In Table 4, specifications of Borehole strain meter (MBS 40) are

shown.

Figure 6
(MBS40-2C)

0

Strain meter

Strain meter

™

Body

Schematic view of structure of Borehole strain meter

Table 4 Specifications of Borehole strain meter (MBS 40)

Maker

Measuring range

Techno Sugava

1077 to 10

{Japan)
-3

Accuracy 10-6 (0.0030 V)
Direction 2 directions (an orthogonal
axis)
Safe temperature range -5 to +50°C

Type Water proof
Size | Outside diameter 40 mm
Length 248 mm
Weigqs £55 kg
Amount 2




2.5 TRIVEC

In order to measure the distribution of all three displacement

- vector components along a borehole the Trivec probe can be applied.
The quantities measured directly are the axial strain and the
inclinations s,, and s, in two vertical planes normal to each other
through the borehole axis. The instrument represents a further
development of the Sliding Micrometer which is a device to measure the
distribution of the axial strain along boreholes of arbitrary
direction. Thus the Trivec is basically a Sliding Micrometer provided
with an inclinometer sensor (servo accelerometer ) which is rotated by
means of two micro-motors to stop fittings in the subsequent positions
90 degrees apart from one another. In contrast to the common borehole
inclinometer technique with a smooth casing the Trivec casing is
provided with a chain of reference points having the form of ring-
shaped measuring marks at intervals of 1.00 m (Figure 7).

In Table 5, specifications of Trivec are shown.

Table S'Specifications of Trivec

Maker  SOL EXPERTS
LTD. (Switzerland)
Base length 1.0m
Measuring range +0.010 m
Micrometer Sensitivity lo—sm
Accuracy i3X1ﬂ_6 m
Measuring range +14.5° to the vertical
Inclinometer| Sensitivity 5%10°° m/m{1")
Accuracy +5%10°° m/m(10")
Working temperature 0°C to +40 °C |
Amount 2
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<———(Casing

4 ———Measuring mark

Instrument in position

Figure 7 The Imeasuring principle of Trivec using a chain of
reference points along a vertical borehole
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2.6 ELASTO METER

This system can measure the loading pressure against the wall
surface of borehole by packer expansion and the change of the diameter
of borehole, so the stress-strain curves can be obtained.

Pump system Elasto meter
Figure 8 Schematic view of Elasto meter measuring system

Table 6 Specifications of Elasto meter

Maki _ DIA Consultant (Japan) _
Measuring item pressure, displacement
Measuring range Pressure 0.098 to 1%9.6 MPa
Displacement 0.000l m to 0.0999 m
Output __ Stress~-Strain Curve
Amount 1
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2.7 SURFACE DISPLACEMENT TRANSDUCER (PI GAUGE)

This surface displacement transducer can measure the change of
aperture of the fracture by strain gauge. Two surface displacement
transducer are set, shown Figure 9, so it is possible to monitor the
shear movement along to the surface of rock mass. And this surface
displacement transducer can be removable and repeatedly usable.

Table 7 Specifications of Surface displacement transducer

Maker Kyowa (Japan)
Tension strain' 2.0%(0.00140 m)max
Compression strain 0.3%(0.00021 m)max
Rated output voltage +1 mv/V
Non-linearity 2 %RO
Recommended excitation 2 to 10V
Input,/Output resistance 350 Q
Safe temperature range -10 to +60°C
Distance between marks 70 mm
| Weight O_;_Lio kg
Amount 8
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Figure 9 Schematic view of installation of Surface
displacement transducer
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2.8 JOINT TRANSDUCER (AXIAL STRAIN GAUGE)
This joint transducer can measure displacement normal to the

surface of rock mass. This is installed as shown in Figure 10. In
Table 8, specifications of Joint transducer are shown.

Joint trnasducer %

Data logger system

fix to rock
T} LRt rhrry
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o,
)

iy
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fracture
Figure 10 Schematic view of Installation of Joint transducer at
the surface of rock mass

Table 8 Specifidations of Jeint transducer

| Makei__r= Tokzo Sokki (Japan)
Measuring range 0.0100 m
Accuracy 0.1 %
Rated output voltage 0.005 V/V or more
Non-linearity 0.1 %RO
Recommended excitation 2 V or less
Input/Output resistance 350 £
Safe temperature range 0°C to +60°C
Length 123 mm
Outside diameter 20 mm
Weight 0.090 kg
Amount 4
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2.9 STRESS PROPERTY METER (S200)

This system is developed by Serata Geomechanics, Inc., USA, to
measure the principal stresses and properties of in situ rock mass.
This system is applicable to both soft and hard rock because maximum
loading is high(68.6Mpa). Principal stresses are measured by Double
Fracturing Method which is based that the directions of primary
fractures produced by loading are in agreement with the direction of
principal stresses. The diameter displacements of four directions in
the same plane normal to the axis can be measured by eight LVDTs.

In Table 9, specifications of Stress property meter are shown.

Table 9 Spééificatibns df'Stress property meter

Maker - - Serata Geomechanics, Inc. (USA)
Maximum Pressure 68.6 MPa
Borehole size 76 mm
Length of loading 0il pressure
Sensitivity Pressure 9.8X1ﬂ_4MPa
Displacement 0.001 mm

4 directions at angles of 45° in

Measuring direction horizontal plane (by LVDT)
Size of Length 219 mm
Probe Outside diameten 71 mm
Weight 22 kg
Water proof < 9.8 MPa

Maximum principal stress
Output Minimum principal stress

Unconfined compressive strength

Young’s modulus
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3 COCRDINATES OF SENSORS

Figure 11 shows the location of boreholes and sensors. A series of
KBH and KBM are the location of boreholes and a series of PI are the
location of sensors installed con the rock surface. Boreholes KBH3,

KBH4, KBM6 and KBM7 are oblique.

In Table 10, sensor numbers, measurement numbers and coordinates
of all sensors installed in the rock are shown.

17



Table 10(1) Sensors installed in the rock

Sensor Sensor{ Measurement | Measurement Coordinate(m) | Borehole| Section
Number Number X y z or place

Pore PT-1| Pore pressure H-1 -10.339| -11.764] -3.598 KBH1 |KBH1-1
pressure 2l Pore pressure H-2 -10.338 -11.764] -4.948| KBHi1 | KBH1-2
transducer 3 Pore pressure H-3 -10.338 -11.764] -6.523] KBHi1 |KBH1-3
with 4 Pore pressure H-4 -10.338 -11.7684] -8.323] KBH1 |KBH1-4
thermometér 5 Pore pressure H-5 -10.338} -11.764] -10.023|] KBH1 |KBH1-5
8| Pore pressure H-6 -10.301} -12.237] -3.667] KBH2Z |KBH2-1

7| Pore pressure H-7 -10.301] -12.237] -5.567] KBH2z |KBH2-2

8 Pore pressure H-8 -10.301} -12.237 -7;.517 KBH2 | KBH2-3

9 Pore pressure H-9 -10.301) -12.237] -9.567] KBHZ2 |KBH2-4

100 Pore pressure H-10 9.226; -10.342] -3.525] KBH3 |} KBH3-1

11] Pore pressure H-11 -9.277 -10.080 -4.888] KBH3 |KBH3-2

12 Pore pressure H-12 -9.335, -8.785| -6.446] KBH3 |[KBH3-3

13 Pore pressure H-13 -9.397| -8.466| -8.114f KBH3 | KBH34

14 Pore pressure H-14 -9.462| -9.129| -9.881} KBH3 |[KBH3-5

15 Pore pressure H-15 -8.656) -10.314| -3.530| KBH4 | KBH4-1

16 Pore pressure H-16 -8.723| -10.026/ -5.051| KBH4 {KBH4-2

17| Pore pressure H-17 -8.806| -9.663| -5.965| KBH4 |KBH4-3

18 Pore pressure H-18 -8.884| -9.328) -8.732| KBH4 |KBH4-4

19 Pore pressure H-19 -8.944] -9.068] -10.107| KBH4 |KBH4-5

20| Pore pressure H-20 -11.603| -9.306] -3.633( KBH5 |KBH5-1
21 Pore pressure H-21 -11.603] -9.306 -5.183] KBH5 |KBH5-2

221 Pore pressure H-22 -11.603} -8.30§ -6.783] KBHS |KBH5-3

231 Pore pressure H-23 -11.603] -9.306) -8.333] KBHS |KBH54

241 Pore pressure H-24 -11.603| -9.306) -9.883] KBHS |KBHS5-5

25 Pore pressure H-25 -12.035 -8.896| -3.532| KBH6 |KBH#6-1

26 Pore pressure H-26 -12.035| -8.8%6| -5.282| KBH6E6 |KBH6-2

27} Pore pressure H-27 -12.035| -8.896| -7.082] KBH6 |KBH6-3

28 Pore pressure H-28 -12.035 -8.896| -8.582] KBH6 |KBH6&6-4

29 Pore pressure H-29 -12.035] -8.896| -10.032] KBH& | KBH6-5
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Table 10(2) Sensors installed in the rock

Sensor Sensor | Measurement | Measurement Coordinate(m) | Borehole | Section
Number | Number X y z or place
Pore PT-1| Temperature T-1 -10.338| -11.764| -3.598| KBH1 |KBH1-1
pressure 2| Temperature T2 -10.338| -11.764| -4.948| KBH1 |KBH1-2
transducer 3| Temperature T-3 -10.338] -11.764| -6.523| KBHt1 |KBH1-3
with 4| Temperature T-4 -10.338] -11.764| -8.323| KBHt1 |KBHi-4
thermometer 5} Temperature T-5 ~10.338( -11.764| -10.023] KBHt |KBH1-5
8| Temperature T-6 -10.301| -12.237| -3.667| KBH2 |KBH2-1
7| Temperature 17 -10.301j -12.237| -5.567| KBH2 |KBH2-2
8] Temperature T-8 -10.301} -12.237| -7.517| KBH2 |[KBH2-3
9I Temperature T-9 -10.301} -12.237| -9.567| KBH2 |[KBH2-4
10% Temperature T-10 -9.226| -10.342| -3.525| KBH3 |KBH3-1
11| Temperature T-11 -9.277| -10.080{ -4.899] KBH3 |KBH3-2
12| Temperature T-12 -9.335| -9.785f -6.446f KBH3 |KBH3-3
13| Temperature T-13 -9.397, -9.466] -8.114 KBH3 |[KBH3-4
14| Temperature T-14 -8.462| -9.129| -9.881| KBH3 |[KBH3-5
15] Temperature T-15 -8.656| -10.314| -8.530| KBH4 |KBH4-1
16| Temperature T-18 -8.723( -10.026| -5.0511 KBH4 |KBH4-2
17{ Temperature T-17 -8.806] -9.663] -6.965] KBH4 |KBH4-3
18| Temperature T-18 -8.884| -9.328| -8.732| KBH4 |KBH44
19] Temperature T-19 -8.844! -0.088( ~10.107| KBH4 |KBH4-5
20| Temperature T-20 -11.603| -9.306| -3.633| KBHS |KBH5-1
21| Temperature T-21 -11.603| -9.306| -5.183] KBHS5 |KBH5-2
22| Temperature T-22 -11.603| -9.306] -6.783| KBH5 [KBH5-3
23| Temperature T-23 -11.603| -9.308| -8.333] KBH5 [KBH5-4
241 Temperature T-24 -11.603| -9.306f -9.883| KBHS5 |KBH5-5
25| Temperature T-25 -12.035| -8.896| -3.5632( KBH6 |KBHB-1
26| Temperature T-26 -12.035| -8.896| -5.282| KBHE |KBHs&-2
27| Temperature T-27 -12.035] -8.896; -7.0821 KBH6 |KBHG-3|
28| Temperature T-28 -12.035| -8.896] -8.582{ KBH& |KBH&-4
29} Temperature T-29 -12.035] -8.896| -10.032| KBH6 |KBH6-5
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Table 10(3) Sensors installed in the rock

Sensor Sensor| Measurement | Measurement Coordinate(m) | Borehole
Number Number X ¥y z or place
Strain gauge 8SD-1 Strain(r) M-1 -12.042] -10.453( -4.408] KBM1
2 Strain() M-2 -12.042] -10.453] -4.408] KBM1
3 Strain(r) M-3 -12.042| -10.453| -7.408| KBM1
4 Strain(0) M-4 -12.042| -10.453] -7.408| KBM1
5 Strain(r) M-5 -12.042| -10.453} -10.408] KBM1
6 Strain(e) M-6 -12.042| -10.453) -10.408| KBM1
Borehole SB-1 Strain(r) M-7 -10.013| -11.342) -5.360, KBM2
strain meter 1 Strain(g) M-8 -10.013] -11.342] -5.360| KBM2
S5B-24 Sfrain(r) M-9 -8.913 -11.672] -5.480] KBM3
2 Strain(@) M-10 -8.913 -11.672] -5.480, KBM3
Thermocouple TC-1l Temperature T-30 -12.042| -10.453] -4.408] KBM1
2 Temperature T-31 -12.042| -10.453( -7.408| KBMA1
3 Temperature T-32 -12.042| -10.453| -10.408| KBM1
4 Temperature T-33 -10.013| -11.342] -5.360] KBM2
5 Temperature T-34 -8.913 -11.672] -5.480| KBMS3
Joint JM-1] Displacement M-11 -11.107| -11.871 -6.359] KBMS6
deformeter 1] Displacement M-12 -11.107| -11.871] -6.359] KBM6
11 Displacement M-13 -11.107] -11.871] -6.359) KBM®6
JM-2! Displacement M-14 -9.225 -10.352] -5.635 KBMY
2 Displacement M-15 -9.228 -10.352) -5.635 KBMY
21 Displacement M-16 -9.225 -10.352| -5.635 KBM7
Joint T-1 Displacement M-17 -7.6899| -9.819] -2.5420 PH
transducer Displacement M-18 -11.304] -8.995| -2.436| Pi2
Displacement M-19 -12.570; -10.078 -2.196) Pi3
Displacement M-20 -11.635) -11.869| -2.340| P4
Surface P-1| Displacement(45) M-21 -7.699 -9.819| -2.542 PI1
displacement 2| Displacement(30) M-22 -7.699 -9.819] -2.542] PH
transducer 3 Displacement(45) M-23 -11.304) -8.895( -2.438] PI2
4 Displacement(90) M-24 -11.304) -8.885 -2.436) PI2
5 Displacement(45) M-25 -12.570| -10.078) -2.196| PI3
6| Displacement({30) M-26 -12.570| -10.078; -2.196] PI3
7] Displacement(45) M-27 -11.635| -11.869; -2.340; Pl4
8 Displacement(80) M-28 -11.635 -11.869, -2.340; Pl4
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1. INTRODUCTION

Power reactor and Nuclear Fuel Development Corporation (PNC)
has conducted the activities of geoscientific R&D program. In
order to understand the deep geological condition in fractured
crystalline rock, PNC initiated the in-situ experiments in the
Kamaishi Mine, where early Cretaceous granodiorite hosts the
experiments [1,2].

The coupled thermo-hydro-mechanical (T-H-M) experiment in
situ has been planned as a task of Kamaishi in-situ experiments
in order to establish the coupled T-H-M conceptual models and to
build up confidence to the mathematical models and computer
codes. The program of T-H-M experiment is divided into five
phases; Excavation of Drifts, Measurement of Rock Properties,
Excavation of Test Pit, Setting up of Bentonite, and T-H-M test
[3]. The experimental drift was opened, 5mX10m in square and 7m
in height, by drill and blast method and then seven boreholes
were drilled. At first we carried out fracture surveys and
reported about statistical characterization of fracture geometry

[4].

After fracture survey, hydraulic tests were conducted in a
cluster of seven boreholes to obtain the hydraulic properties at
the Kamaishi T-H-M experiment site. This report describes the
results of hydraulic tests.

2. LAYOUT OF EXPERIMENT

The Kamaishi Mine is located approximately 600km north of
Tokyo. The bedrock in this area consists of Paleazoic sedimentary
rock, Cretaceous sedimentary rock and igneocus complexes. The
facilities of T-H-M experiment are located at a drift 550m above
sea level (EL 550m drift) in the Cretaceous-age Kurihashi
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granodiorite. The statistical characterization of fracture
geometry of the test site are described by Fujita et al. [4].

Figure 1 shows the location of seven boreholes at the test
site. This figure also shows the fracture map on the floor of the
experimental drift. KBH7 is the center of the test pit.
Orientation, length, diameter and coordinate data for the

boreholes are given in Table 1.

Table 1 Orientation, length and diameter data

Borehole Dip direction Dip Length Diameter Coordinate(m)
(deg) (deg) {m) (mm}) X Y z
KBHI1 - 90 8.0 66 -10.338 -11.764 -2.373
KBH2 - 90 8.0 66 =10.301 =-12.237 -2.267
KBH3 . 349 79 8.0 66 -9.189 -10.534 -2.519
KBH4 347 79 8.0 66 -8.611 -10.509 -2.499
KBHS - S0 8.0 66 -11.603 -9.306 -2.283
KBHS - %0 8.0 66 -12.035 -8.896 -2.282
KBH7 S0 8.0 76 -10.571 -10.356 =-2.357

3. BHYDRAULIC TEST

3.1 TEST1

After excavation of the boreholes, water 1level in each
borehole was measured. Figure 2 shows the results. Although all
boreholes were excavated near each other, water levels were quite
different. Prior to the hydraulic test, packers and piezometers
were set up in the monitoring hole KBH1l, KBH3 and KBHS. Figure 3
shows the location of packers in KBH1, KBH3 and KBHS5. Five
intervals in each hole were isolated using pneumatic packers.
Each interval was equipped with piezometer. Figure 3 also shows

fracture location in boreholes, in which strike and dip are not
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taken into consideration. Straight lines are open fractures and
dotted lines are closed fractures. Taking these fracture
locations into account, locations of packers were decided.
Injection was carried out at other boreholes (KBH2, KBH4, KBH6,
KBH7). KBH2, KBH4 and KBH6 had seven injection intervals and KBH7
had six injection intervals, each 1m, as shown in Figure 3.
Figure 4 shows the initial pressure distributions in the
injection holes. Pressures of KBH7 were quite high compared to
other boreholes. Using these boreholes two type tests were
conducted, one was injection test at a constant pressure, and the
other was at a constant flow rate. Constant presSure tests were
conducted using all injection intervals. In these tests injection
flow rates over lcm’/min were measured. Then constant injection
flow rate tests were carried out at a few intervals, where
injection flow rate at the time of constant pressure tests were
relatively higher.

Figures 5-8 show the time history of injection pressure and
injection flow rate at the constant pressure tests. In the KBH2,
flow rates of three sections were over lcm’/min. In the same way,
at three sections of KBH4, three sections of KBH6 and five
sections of KBH7, flow rate were over lcm’/min. Table 2 shows the
results of constant pressure tests. Prior to injection, initial
pressure heads were measured at injection intervals. From this
result, it is known that initial pressure head does not show
hydrostatic pressure distribution and KBH7 crosses high pressure
zone. Each borehole has one injection interval where injection
flow rate is much higher than other intervals of the same
borehole. When injection was carried out at these sections, a few
responses at monitoring sections in monitoring boreholes were
observed. Observed response sections are also given in Table 2.
There are open fractures at these injection intervals and
response sections. It indicates that these fractures are
permeable. In this table, the injection flow rates at the
sections where constant flow rate tests were carried out were

given. Figures 9-12 show the time history of injection pressure

24



and injection flow rate at the constant flow rate tests. In the
case of constant injection test, increase of injection pressure
was slow. Furthermore it reveals that it took more time to be

steady state as the section’s permeability decreased.

3.2 HYDRAULIC CONDUCTIVITY

Using the results of constant pressure test, permeability at
the injection sections were obtained from eq. (1)
€ _in(L)

Fw

k=27th (1)

where k(cm/s) is the permeability, Q(cm’/s) is the injection
flow rate, L(cm) is the injection interval length, hk(cm) is the
pressure head, r,(cm) is the radius of boreholes.

Figure 13 shows the permeability distributions in the
injection boreholes. Permeability at the section where injection
flow rate is lowered than 1.0cm’/min is smaller than 107%cm/s.
This figure predicts there is high permeable =zone at the
approximately 3m depth. Figure 14 shows the result of observed
connections. There were few connections, and connections were
only observed when injections were carried out at the high
permeable sections. However, connections between the high
permeable sections and the zone at the approximately 3m depth
were few. Therefore, it is conceivable that high permeable zone
does not exist and all injection boreholes cross the permeable
fractures accidentally at the approximately 3m depth. These
results reveal that the permeability at this site is small as a

whole but a small number of high permeable fractures exist.

3.3 TEST2
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After TESTLl, packers and piezometers were set up in the KBH2Z,
KBH4 and KBH6. The results of TEST1l indicated that open fracture
at the approximately 2m depth in KBH3 was permeable. Then packers
and piezometers in the KBH3 were pushed off by 20cm aloft. About
KBH7, the section from 2m to 4m depth showed high permeability,
so injected interval was set up at this section. Figure 15 shows
the locations of injected/monitoring sections in KBH1-7. In this
condition, initial pressures Weré measured again. Figure 16 shows
the results. Constant pressure injection was carried out at each
injected section and responses were monitored at the otherx
sections to obtain connectivity. Figure 17 shows the result.
Injection tubes installed at the sections of KBH1-6 is very thin,
so it was very difficult to inject satisfactorily to the high
permeable sections. For this reason, responses were not observed

at the all sections even if injection was carried out at the high
permeable section.
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Table 2 Results of constant pressure test
KBH2 ] 66 mm
Depth Length | Initial |Injection| Flow Rate| Response | Injection test at
Section Pressure| Pressure section |constant flow rate
G.L.{m} (m} (kgf/cm’)| (kgf/em?) | (cm’/min) {cm’/min)
1~2 KBHZ2;1 1 0.05 3 9.0 10
2~3 KBH2; 2 1 0.06 3 <1
3~4 KBH2; 3 1 0.07 3 3300.0 KBHL-1 3000
4~5 KBH2;4 1 0.14 3 <l
5~6 KBH2; 5 1 0.37 3 <l
6~7 KBH2; 6 1 0.3 3 <l
7~8 KBHZ;7 i 0.05 3 7.9 8
KBH4 4 66 mm
Depth Length | Initial |Injection] Flow Rate| Response | Injection test at
Section Pressure| Pressure section |constant flow rate
G.L.{m}) (m) | (kgf/em®y| (kgf/cm®) | (em’/min) (cm’/min)
1~2 KBH4;1 1 0 3 <l
2~3 KBH4 ;2 1 0 3 700.0 KBH1-4,5-5 700
3~4 KBH4; 3 1 0.15 3 <1
4~5 KBH4; 4 1 0.14 3 6.1 6
5~6 KBH4; 5 1 0.29 3 3.7
6~7 KBH4; 6 1 0.48 3 <1
7~8 KBH4 ;7 1 0.79 3 <1
KBH6 $ 66 mm
Depth Length; Initial |[Injection|Flow Rate| Response | Imjection test at
Section Pressure| Pressure section |[constant flow rate
G.L. (m) (m) (kgf/om’y | (kgf/em’) | (cm’/min) {cm’ /min )
1~2 KBHG6;1 1 0 3 2.5
2~3 KBHE; 2 1 0.14 3 2.7 5
3~4 KBH6; 3 1 ¢.14 3 2600.0 KBH5-1 2500
4~5 | KBH6;4 1 0.5 3 <1
5~6 KBH6; 5 1 0.66 3 <1
67 KBH6E; 6 1 0.59 3 <1
7~8 KBH6; 7 1 0.55 3 <1
KBH7 ¢ 76 mm
Depth Length | Initial |Injection|Flow Ratel Response | Injection test at
Section Pressure| Pressure section |[constant flow rate
G.L. (m) (m) | (kgfsem’y| (kgf/cm’) | (em’/min) {cm’ /min)
2~3 KBH7;1 1 1.1 4 94.1 120
3~4 KBH7;2 1 0.07 3 1470.0 KBH1-3,4,5 1500
4=~5 KBH7;3 1 4.1 5 1.6
5~6 KBH7 ; 4 1 3.3 [ 1.8
6~7 KBH7:5 1 1.5 3 19.0 18
7~8 KBH7;6 1 0.6 3 <1

27




Figure 1 Location of boreholes
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Water levels in the boreholes.

Figure 2
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KBH1 KBH2 KBH3 KBH4 KBH5 KBH6 KBH7

— open fracture

----- closed fracture <———» Injection interval

Figure 3 Location of packers and fractures in the boreholes
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Figure 14 Result of connectivity investigation (TEST1).

42



KBH2-4 D
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Figure 17 Result of connectivity investigation (TEST2).
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4 EXAMINATION OF HYDRAULIC TESTS

4.1 OBJECTIVES

The regime of the ground water flow through rock mass may be
very different from the one through porous scil ground because the
figure of the void is effected by the cracks or fractures in the
rock mass, which derive the strong anisotropy and heterogeneity.
Many recent numerical models expressing the flow in the fractured
rock mass try to model directly such void structures or to make an
equivalent continuum to the fractured permeable rocks. In such
models, the fracture observation results are used to introduce the
fracture structure in a numerical model. The fracture aperture,
which is difficult to measure directly in the field observation,
has been calibrated in many cases by using the permeability
obtained from the in-situ tests because it is difficult to tell
the hydraulically important void from many openings. Moreover it
may be difficult to infer accurately the fracture structure in the
rock mass by using the limited observation results about the
fracture geometry. From above reasons, many uncertainties may
remain for discontinuous and continuous modeling approaches as a
matter of fact. Moreover, it should be noticed that there is
already the concept for the flow field to calculate analytically
the permeability from the in-situ tests. Thus, if the analytical
model giving the permeability from the in-situ tests is different
from the numerical one, the fracture aperture calibrated from such

a permeability does not make a correct sense in the model.

To overcome or assist such uncertainties, the general flow
model proposed by Barker is used to examine the hydraulic tests in
Kamaishi, which considers the flow aspect by the dimension of real
number. In the process, the real number dimension is found by
fitting the observed results on the type curve of each real number
dimension and then the permeability and storativity are calculated
for the dimensional model. In this chapter, firstly, the type
curve for the constant pressure and flow rate tests are derived
briefly on the basis of the Barker's theory. Secondly, the results



at Kamaishi are examined by this theory. The fractional dimension
obtained from such a type curve does not have a concrete physical
meaning, however this will become the index for the change in the
fracture structure introduced by the pressure change and indicate
the degree of the anisotropy. Moreover, the correct hydraulic
properties matched for the ground status can be examined because
the observed results will be represented so well by the real
number dimension model, whereas the conventional approach used to
obtain the permeability from the in-situ tests is assuming some
dimension and flow aspect.

It can be also recognized from this theory that the
permeability derived from the tests is not inherent as a ground
property, but the coefficient in a given flow model. Thirdly, the
distribution of the hydraulic properties are examined, which will

help to consider the statistical characteristics of the field.

4.2 THEORY
4.2.1 GOVERNING EQUATIONS AND CONDITIONS

The continuity equation of ground water flow in the rock mass
from the injection well is given as followings by Barker{5];

o of Mol or

1 3k Ji[ ,.-la_k)

(2)
where the a, is Ry&g; in which Ry is the permeability and Ssf is
the specific storage coefficient of the fractured rock mass. n is
the real number dimension from 1 to 3, A is the total head in the
rock mass and r is the distance from the central point of the
injection hole.

The following equation is used to express the skin effect
around the injection hole;
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oh
Hah_Sf“’?a? Fe=ry (3)

where Sf is the non dimensional coefficient of skin effect, H is
the total head in the injection hole and ry is the radius of the

injection hole.

The conservation equation in the injection hole is given as

aH 3-n n-lah
Sw""a?“Q'l'be Ct.nrw ; rr, (4)

where Sy is the storage capacity of the source which is given as
nrwz, Q is the injection rate. a is given as

2nn12

% =TT (5}

3 -1
where I' is the gamma function. b %En”" implies the area through

which the injected water goes in n dimensional way. Thus, this

dimension is [L]%®. This is the point of Barker's theory. Figure 18
shows the schematic view of the area given by this equation with
some specific values of »n..

a) 1 dimension b) 2 dimension ¢) 3 dimension

Figure 18 Schematic view of the flow area for different
dimensional model
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A boundary condition is introduced which states the heat is

zero at infinite distance from the source.
h(eo, ) =0
The boundary condition at the source is given as
H=H, for constant pressure test

2=0, for constant flow rate test

It will normally be assumed that the initial conditio

the head is zero through the system.

h(r0)=H(0)=0

4.2.2 DERIVATION OF TYPE CURVE OF CONSTANT PRESSURE TEST

The following non dimensional parameters are defined:

h,,aﬁ;

O Q

K fb3_"a,,r',‘,' !

(6)

(7)

n is that

(8)

(9)

(10)

(11)

(12)

Substituting into the equations (2), (3) and (4), we obtain

ohy, n-10h, 3%k,

_— —_— }
ot r, drp, drp?

oh
HDEhD—Sfﬁ

rp=1
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(14}

(15)



where B is mHO/(Ssfb @ rw™), ¥ is Holrw.

Laplace transforms can be used successfully to solve the
equations. The subsidiary equations are:

h_ n-1 ah—p 82;1:)

T, o +W (16)
— — Ok,
Hy=h,-S~—2
p="hp Sarg rpe1 {(17)
— - oh,
BHDP'=QD+'_Y‘§T‘£
D

rp=1 * (18)

The transformed boundary condition at the source is
= 1
HDHE . (19)

The general sclutions for the equation (16) is of the form:

hp = CEY K/ Pro) + DOl Pro) (20)

where Iy and Ky are modified Bessel functions of nth order of the

first and second kind, respectively. n is 1-w/2. The coefficient

C(p) in the equation (20) is found to be nil since the restricted
boundary condition: '

Jim_ 5,=0 (21)

So the general solution in this case is given as

hy = CE K/ pro) (22)

The derivative of the above equation at the surface of the
source is written as

o
S -G, (23
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Substituting the equations (22) and (23), the equation (14) is
rewritten as

7, = CO)K./P)+ SypK.- /7)) (24)

from which the function C(p) can be determined.

Substituting the equations (22), (23) and C(p) from (24), the
equation (15) is given as

- \/EKV—E(JE)
=H Y&
O D{Bp"' K/p)+SypK,_\Wp) [

(25)

The transformed boundary condition (19) can be applied to the

above equation. Finally, the transformed injection flow rate ig
given as

Q_=l Bp +7 VPK,_ 1/P)
°p K4/ + S\PK,_1(/p)

(26)

By using a numerical Laplace inversion technique, the Qp as a
function of time can be obtained for any dimension. In this case,
the numerical inversion scheme introduced by Stehfest[6] is used,
of which accuracy was confirmed by Karasaki[7]. The validation of
the results in this case are examined by comparing with the flow
rate at the steady state. The steady injection flow rate of the
constant pressure test is obtained like following for dimensions
- greater than two:

=0, (1 =1 -2vS )

Hr-m - 4n[_vab3-n.v ( 27 )

By using the definition of @, QOp and ¥, the above equation is

rewritten with the non dimensional parameters as

Zyv
Qo= 12vs; (28)
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By comparison of this wvalue with the Qp obtained from the
equation (26) at the large tp, it is examined if the numerical

Laplace inversion is successfully completed.

Substituting ((p) of the equation (24) into the equation (22)
and applying the boundary condition of the equation (19), the
transformed head in the rock mass is given as

r;Kv(\/ErD)
P{K/P) + SWPK, /7)) (29)

Ay -

The behavior of the head at the observed well during the
constant pressure test is examined with this equation.

4.2.3 DERIVATION OF TYPE CURVE OF CONSTANT FLOW RATE TEST

In this case, the following dimensionless parameters are
defined as used in the usual well problem:

p K :—l(h,.—h)

b O (30)
H Kjba_"anr;_l H .
b=~p. —(HiH) (31)
Q
Qn“aﬂ (32)

It will normally be assumed that the initial head 1is =zero
throughout the system. So A =0 and H; = 0. It would be understood

from the equations (30)y and (31) that the dimensionless parameters
hp and Hp in this case imply the dimensionless drawdown in the

rock mass and at the source, respectively.

Substituting the equations (30) and (31) into the equations
(2) and (3), the same equations to the equations (16) and (17) can
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be obtained. For the equation (4), the following equation with the
dimensionless parameters are obtained: '

oH, 0 ok,
ot, b &b,yl (33)

where M = ar,/Sgd’aur,!. The equations (23), (24) and (25) hold in
this case. Substituting these equations into the subsidiary

equation of (33), the transformed dimensionless head at the source

isg given as

7K, /P) )']

Hy==0, t
’ QD(T]p K/P)+SppK, (/P oo

The transformed boundary condition of the equation (7) for the
constant flow rate test are applied to the above equation. The
final form of the transformed dimensionless head at the source is
written as

-1
fT m__l_ ,rl 1 ﬁKv—l(\/E)
2=\ Y TR WY+ YK, 17

(35)

By using the numerical Laplace inversion scheme, the type
curve for the constant flow rate test can be obtained.

4.3 TYPE CURVES OF CONSTANT PRESSURE AND FLOW RATE TESTS
4.3.1 CONSTANT PRESSURE TESTS

Figure 19 shows several log-log plots of QOp and #p for some

dimensions, which is the type curves of the constant pressure test
with B of 5.28X105-and ¥ of 132. The skin effect, S, is set to be

Zzero. While this curve is not sensitive for the wvalue of B. the
curve moves vertically according to the value of . In order to

apply this curve for a constant pressure test, the value of ¥ has
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to be firstly identified from the applied head, Hp, and the radius
of the injection hole, r,. The type curves for some dimensions are
made in terms of the value of Y and the dimension is identified by
fitting the log-log plots of the observed Q and t to the type
curves. From the matching point, +the permeability, Kr, is
calculated with the equation (12) by using the value of B and a,

which is calculated from the dimension, s, with the equation (5).
S¢ is evaluated from Ky, fp, t and r, with the equation (10} .

4.3.2 CONSTANT FLOW RATE TESTS

Figure 20 shows the several log-log plots of Hp and fp with n
of 100 for some dimensions. This curve is dependent on the value
of 7. Thus, fitting process with log-log plot of the measured H
and ¢t can be carried out with the type curves for some values of n
and then the best fitting curve has to be found. This process

would be programmed in the computer code. Similarly to the process
in the case of the constant pressure test, Kr is calculated

through the values of Hp and H of the matching point for the best
fitted curve of the dimension, n, and then sz is evaluated in
terms of Ky, tp, ¢ and ry

10° 10*
4 (R
10 1000 //u
1000 100 ;’/‘?:
100 e 1.9 10 »-‘/"":""’F:j’:?'.ﬁ._.'_
F e a— VR o R = v
10 S Iu_ 1 1
1 ; Sy 0.1
0.1 B Ty 0.01
(4107} 4 5 6 7 8 0.001 4 S 6 7 8
1 10 100 1000 10* 10° 10° 10° 10 T 10 100 1000 10° 10° 10° 10° 10
T T

D D

Figure 19 Constant pressure test Figure 20 Constant flow rate test
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4.4 EXAMINATION OF KAMAISHI IN-SITU TESTS
4.4.1 SINGLE BOREHOLE TESTS

In Kamaishi area, the constant pressure and flow rate tests
were carried out by using four boreholes, KBH1, 3, 5 and 7. The
above method applied to those tests and Table 3 shows the results
for the constant pressure tests. Table 4 shows the results for the
constant flow rate tests., The results of the constant flow rate
tests were difficult to fit to the type curve because the pressure
in the injection section rose in a different way from the ideal
way assumed in the analytical method. Thus, the number of the
borehcles are limited for the examination. The results obtained by
the examination are, however, similar to the ones for the constant
pressure results. Therefore, the consideration about the hydraulic
properties is carried out by mainly using the constant pressure
test results.

The geometric mean of the permeability from the constant
pressure tests, which were injected by the same pressure of 3
kg/cm®, is 2.5><10ﬂm/s and the standard deviation of 1n(K) is 3.1.
The distribution of the permeability can be assumed to be
lognormal one as shown in Pigure 21. The average of the dimension
is 2.2 and the standard deviation is 0.46. The distribution of the

dimension can be assumed to be normal one as shown in Figure 22.

Figure 23 shows the autocorrelation coefficient of the
" permeability as a function of distance, x, from which the
correlation length, A, can be estimated by assuming the
distribution as the exponential function; i.e., ne*mm N should be
less than 1 which is corresponding to the nugget effect of zero.
It is found from Figure 23 that the correlation length is 1.54m
and n is 0.0182. 7m is very high, which means the big nugget effect.
However, this high T is derived from the large wvariance of the
data at the distance of 1m which is the minimum distance between
measuring points. If the nugget effect is assumed to be zero, i.e.
N of 1, the correlation length become 0.624m. Anyway, the
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correlation length of the permeability is wvery short. Figure 24
shows the autocorrelation length of the dimension as a function of
distance. As similar to the permeability, if m is assumed to be 1,
the correlation length of the dimension is 0.57m, which is also
very short. This means that the hydraulic property and flow aspect
are drastically changing at a short distance. Thus, it may be said

that the heterogeneity and anisotropy of the flow filed are very
high in this area.

In the constant pressure tests, the injection pressure was
raised step by step at KBH2;3, KBH4;2 and KBH6;3. The examination
results for the pressure increasing tests are summarized in Table
5. Figure 25, 26 and 27 shows the relations of the pressure with
the permeability and the dimension. It is seen from those figures
that the permeability is increasing with pressure and the peak
value exists during pressure increasing process. Moreover, it is
found that the dimension is increasing for all cases. When the
dimension is high, the permeability is estimated as a low value
even if the same flow rate is observed for some injection pressure.
Thus, the existence of the peak of the permeability is relating to
the dimension increasing process. These results may be useful to

make a model considering the mechanical coupling with flow problem.
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Table 3 Results of the constant pressure tests

Case | Dimension Kf (m/s) Sf (1/m) KfiSf (m’/s)
KBH2;1 1.3 1.17E-09 1.25E-06 9.36E-04
KBH2; 3 2.6 1.18E-05 3.75E-04 3.15E-02
KBH2:;5 2.1 8.85E-11 6.788-07 1.31E-04
KBH2;7 2.1 1.83E-09 4.06E-06 4.51E-04
KBH4:;1 2.1 3.67E-10 2.B1lE-06 1.318-04
KBH4; 2 2.1 1.76E-07 6.50E-04 2.71E-04
KBH4 ;3 2.9 6.22E-10 1.29E-05 4.82E-05
KBH4; 4 2.3 1.85E-09 1.24E-05 1.57E-04
KBH4;5 2.1 4.058-10 2.10E+00 1.93E-10
KBH4;6 2.1 2.80E-10 1.34E-06 2.08E-04
KBHS6; 1 1.1 2.12E-10 7.82E-07 2.71E-04
KBH6; 2 2.1 8.04E-10 5.94E-06 1.35E-04
KBH6; 3 2.9 2.50E-06 3.88E-02 6.44E-05
KBH6; 4 2.6 6.77E-11 2.18E-06 3.11E-05
KBH7;:1 2.9 4 .29E-07 3.17E-03 1.35E-04
KBH7; 2 2.1 1.65E-06 2.70E-14 6.11E+07
KBH7;4 2.6 3.77E-10 1.27E-04 2.97E-06
KBH7;5 2.1 3.64E-10 2.25E-05 1.62E-05
KBH7;6 2.9 4.34E-08 1.27E-04 3.42E-04
KBHT7 ;7 2.1 2.13E-10 1.70R-05 1.25E-05

Table 4 Results of the constant flow rate tests
Case |Dimension| Kf (m/s) Sf (1/m) |KfASf (m’/s)

KBH2;1 1.1 2.76E-08 3.81E-06 7.24E-03

KBH2; 3 2.2 6.78E-05 4.36E-02 1.56E-03

KBH2; 7 1.8 4.03E-09 1.47E-05 2.74B-04

KBH4;2 1.9 6.22E-07 B.57E-04 7.26E-04

RKBH4 ;4 1.4 5.87E-10 B.62E-05 6.81E-06

KBHE; 2 1.7 1.40E-09 1.79E-04 7.82E-06

KBHG; 3 1.2 1.44E-06 3.96E-04 3.64E-03

KBH7;2 2.6 5.56E-07 1.28E-04 4.34E-03

KBH7:3 1.8 1.70E-06 3.53E-03 4 .82E-04

KBH7; 6 1.8 2.26E-08 7.83E-06 2.89E-03
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Table 5 Results of pressure increasing tests

Case | Pressure |Dimensicn|{ Kf (m/s) Sf (1/m) |KfISf (m’/s)
(kgf/cm?)
1 2.1 1.26E-06 7.25E-03 1.74E-04
KBH2:;3 2 2.4 1.35E-05 1.55E-01 8.71E-05
3 2.6 1.18E-05 3.75E-04 3.15E-02
1 1.4 1.36E-07 5.52E-04 2.46E-04
KBH4; 2 2 2.5 4.29E-06 7.76E-01 5.53E-06
3 2.3 4.46E-07 2.03E-09 2.20E+02
1 1.6 3.63E-07 1.01E-03 3.59E-04
KBH6; 3 2 2.7 3.53E-06 2,.52E-01 1.40E-05
3 2.5 1.35E-05 2.98E-01 4.53E-05
4 2.7 1.75E-06 9.14E-07 1.91E+00

4.4.2 INTERFERENCE TESTS

During the hydraulic tests using single borehole, the'pressure
changes were observed at KBH1l, 3 and 5. Among tests, the pressure
changes were clearly observed at a few boreholes in the constant
flow rate tests. Those tests also become the interference tests.
The examination results of the interference tests are summarized
in Table 6, in which 7 observations are analyzed. Figure 28 shows
the comparison of the permeability between injection and
observation sections. It 1is found from this figure that the
hydraulic conductivities examined at the observation section are
larger than the one at the injection section. Figure 29 shows the
same relation about the dimension. It is found in this case that
the dimension does not have clear relation between observation and
injection sections. The permeability at the observation section

may reflex the flow paths between two boreholes while the one at
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the injection section may be effected by the paths in the more

larger region. The dimension may represent the average flow aspect

in such a region. Since the dimension does not have clear tendency

between injection and observation section,

not be dependent on the volume of the flow region. On the contrast

the way to flow might

!

the permeability may be influenced by the volume of the flow

region.

Table 6 Results of interference'tests‘

Injection KBH2; 3 KBH4; 2 KBHG; 3 KBH7;3

section

Observed KBH1-1 | KBH1-4 | KBH5~5 | KBEH5-1 | KBH1-3 | KBH1-4 | KBH1-5
section

Distance{m) 2.172 4.383 6.056 2.242 1.642 2.932 4.4386
Unit X| =-0.0548] -0.3482] -0.4919 0.2252 0.2259 0.1265 0.0827
direction|Y 0.2192] -0.4280 0.0761] -0.1708| -0.8642 -0.4840 -0.3163
vector 2 0.9742] -0.8339] -0.8339 0.5594 -0.4501] -0.8660 ~0.9449
b (m) 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Qo (m/s) 0.18 0.042 0.042 0.15 0.09 0.09 0.09
Dimension 2.9 2.1 2.9 2.6 1.1 1.4 1.1
Kf(m/s) 6.98E~05] 1.19E-05| L.11E-05| 6.53E-06]| 4.58E-04{ 1.80E-04| 4.12E-05
Sf(l/m) 1.07E-03} 2.94E-03| 6.07E~04| 1.50E-03{ 1.06E-02{ 3.12E-02]| 1.51E-02
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4.4.3 ESTIMATION OF PERMEABILITY TENSOR

Next, these response at the observation wells are analyzed by
using the theory proposed by Hsieh, et al[8]. which can obtain the
permeability tensor from the interference test.

The unit vector between injection and observation points is e.
If the diffusion coefficient (KfSs) tensor, U, exists for the

region, the following equation is given;

S,

5

K (e) (36)

Tyt

where j of ¢j is not the components of the vector but the test

number of interference tests. The development of this eguation is
written as

Ss
Ke) (37)

2 2 2
ejl U” +€J‘2 Uzz +€J3 U33 +2eﬂe}2U12 +2612813U23 +26jlef3U|3 =

where e¢j is the components of the €¢j vector. The right hand
side is obtained from the analytical examination mentioned above.
There are 6 unknown variables, i.e., Ujj, Uj2, Uj3, U2, U3 and
U33. Thus, if 6 interference tests having a different direction
are carried out, 6 equations can be given by using 6 different
vectors, e (j=1,6). When the number of the interference tests is
over 6, the method of least squares is applied. After getting the
component of U, the principal values of U are examined whether
those values are all positive or not. Since the tensor, U, is the

positive definite, all principal values should be positive.

In Kamaishi area, 7 interference tests are carried out as
shown in Table 6. By using those data, the permeability tensor can
be examined. It should be noticed at this stage that the distance
between points is 1.6-4.5m. Table 7 shows the principal values of
the permeability tensor obtained from the interference tests.
Since one of three principal values becomes negative, it seems to
be difficult that the permeability tensor of the volume, about a
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few meter cubic, is used for calculation., This result can be
inferred from the fact that the correlation length is less than I1m.
A few meter cubic in this area may have a heterogeneous effect of
the permeability. Table 8 indicates the direction of the principal

values.
Table 7 Principal values of permeability tensor
Permeability (m/s)
K1 K2 K3
0.00947132 | -0.082434 0.0838627
Table 8 Direction of principal values
Direction of the principal values
X Y 2
K1 0.942128 | 0.0721943| -0.327389
K2 -0.208547( -0.6384 -0.740914
K3 0.262495 [ -0.766312| 0.586398
5. SUMMARY

Results of these experiments indicate that permeability
around T-H-M experiment site is very low as a whole but a few
high permeable fractures exist. Accordingly, when we will carry
out evaluation of result of coupled thermo-hydro-mechanical
experiment, it will be important how we will evaluate these
fractures. Furthermore, connectivity with these permeable
fractures exists at the 3m depth below experiment drift floor.
This depth 1s the same as planned depth of center of heater for

T-H-M experiment. This is an interesting result.
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Group | Colums | Format | Symbol Description
A 1 80| A TITLE FiZE DHead Title
B |1 5| 15 | NUMNP | #is@
6 10 15 NUMNP2 | #SimomkE
11 15 15 NUMEL Vv FEER
16 - 20| 15 IMNL 0 : B OFFERELZER LV
1 HEOEEEEZER TS
21 25 15 ISTD 0 : FEEEHET
1 BRI
26 30 15 IJOINT VaAd v I ERK
31 35 15 IPLN 0 : FHBT
1 S RRERaT
36 40 15 IVAP 0 | BERKBETER L2V
1 I ESAKBHEEET S
41 - 45| 15 IUNIT 0 : BALFRA (m, t. 8)
1 D BAIRA (em, g, 8)
46 55| F10.0 ALF 0.0 : IEES
0.5 : FRES
1.0 REES
56 - 65| F10.0 ALF2 lteration D E A fFiF6-%k (0~ 1)
66 75| F10.0 | TIMEQUT 7 ¥ A FARRE R
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Group | Colums | Format | Symbol Description
C 1 5 15 ISTRPR FALAT v TH
D 1 5 15 N B AR
6 10 15 ID(N,1) 1 XAmoOEMEMET 2
0 ” Lizw
11 - 15| I5 ID(N,2) 0 : ZHRDEREHET 2
1: ” - Law
16 20 15 ID(N,3) 1 XExEETS
0. v Lz
21 25 15 ID(N,4) 1 I EEEZBEZET S
0 ” LZze
26 - 35| F10.0. X{N) XER
36 45| F10.0 Z(N) ZEER
46 - 50| 15 | JUGIN) | 4 :skmikscd
X, ZENL, KHE. BE
2 IREEHF2 (FHEEE)
X. 2%
E | 1- 5| 15 | NUMMAT | vy FEZOHEK
6 - 10 15 NJOINT Vadfr N EROMER
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Group | Colums | Format | Symbol Description
F 1 5 15 INEL Vv FEREOFES
6 10 15 INP(1) ERBREHSES ]
11 15| 15 INP(2) EFERNERES 2
16 - 20| 5 INP(3) ERERERES 3
21 251 15 INP(4) EHREBREHAES 4
26 35 15 INP(5) EEBRE AR 5
36 45 15 INP(5) REBEEHAEST6
46 50 15 INP(7) ERERSES7
51 55 15 INP(8) ERMRESES 8
56 80 15 IMAT HEES
o o
8® D4
@ @ ©
1 2 3
F! 1 5 15 INEL Vady  EROEHE
8 10 15 INP(1) EEBREAETL
11 15 15 INP(2) EFERHAES 2
16 20 15 INP(3) EFRENHAES3
21 25 15 INP{4) ERBRHAES 4
26 30 15 _ INP(5) EFEWNGRES S
31 3% I INP{(6} ERERHAES6
36 40 15 IMAT HHEES

GroupBTIOINT=0D &, GroupF'iXEBE

- 9 B
NG @
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Group | Colums | Format | Symbol Description
G 1 5 15 NUMK(J) WEARE (k) ~FHEKE (6) ORFERE
6 10| 15 NUMP(J) ROENKE () ~EHREKE (9) ORESHK
11 151 15 NUDT(J) RAMEGRE (Dy ~HREKE (0) OWEAK
LEE D & NUMMATH A TS
1215 (NUMK(J),NUMP(J),NUDT(J),J=1, NUMAT)
H vy FEE
1 5 15 MFLG(l,1) 1 B BRICHT RS EER TS
0 ” Lz
6 10 15 MFLG(1,2) 1 BBICHT 5B EEZER TS
0 # Lizw
11 15 15 MFLG(I,3) 1 BERICHET 2R ER TS
0 * Lizwn
16 - 20| I5 MFLG(1,4) 1 BRI T 2 BRI EEET 2
0: # Lz
21 - 25| 15 | MFLG(,5) | 1 :#iicB¥ 29t 2R3
0 @ Lz
26 30 15 MFLG(],6) 1 IMFLGO, )~ (50w ThiDeBBt 2B T 5
0 :2TERL2V
31 35 15 MFLG(1,7) 1 BECET 5REESEEERT S
0 P Lz
36 - 40| |15 MFLG(1,8) 1 Y 7Rl 53HEHIELERTS
0 ” Lizwy
LFEEDHENUMMATIT AN

GroupBTIMNL=0D K, Group HIZ4ERE
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Group | Colums | Format { Symbol Description
1 1 20| 5A4 AMATE HHEZ (Vv FER
[2 1 5 15 I 1 [ SEMERIRE (B7EIHEMEREOA)
8 151 F10.0 Al ¥ UE (Hm®, gffem?)
16 25| F10.0 A2 R7TVIK
26 - 35| F10.0 A3 BHEEE (¥m’, glem?)
36 45| F10.0 Ad FER EIRR
46 - 55| F10.0 A5 RERERE (Ym?. glom®)
13 1 10| F10.0 EK(1,) XAmoERELE (m/s. cmis)
11 20| F10.0 EK(2,)) ZFmOEKREE (mfs, cms)
21 30| F0.0 CA(l)
31 401 F10.0 CE(l) BRBREOIET /BB EEEEZ
41 50| F10.0 CT(l) ERTLIEOEH
51 60| F10.0 C3(l)
14 1 10| F10.0 CVE(l) FErO kS (m/T, cmvT)
11 201 F10.0 AKTF(I) MEDOREELLE (t/CTsec. gi/Tsec)
21 30| F10.0 | AKTS() EAH O B nE R (H/Tsec. gi/Tsec)
31 40 | F10.0 THEX(l) EAEO#BERE (1/C)
15 1 10} F10.0 DVT(l) WEARI L 52 KTBEICHET 585 Dy
(m*CTsec. cm*/Tsec)
DpDERFEHD /NG A —F
i1 20| F10.0 TTO() WEEE (1, (T))
21 30| F10.0 | ALFT() FERBEOEESVERAET LT A% (o)
Dy=Drg, exp(o: T-T, )
Ty
31 40| F10.0 AAL(I) BEHEICHICES T4

Groupll ~1513# CNUMMATEH AT 5
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Group 13128\ T

IF C3+0 (HEFEHE (BENENLOIERBNE) *E8., EHOPhDRBETLD)

K, =K, C3 -
O-e
(1+CA(€E—) )

C3 =(1 + CA(%)CT)3
CE

O, K BEOERIEN (MPa)

CA CE CT
Granite 0.0276 0.00217 0.728
Marble 0.0989 0.00217 0.456
Basalt 0.0453 0.00217 0.5

IF C3=0 (FBRHRFFI+#E)

K=K, 1025

— R DRELDFE, EKRREK FHBEe OFRKEERE Y., LTOBEGESE YT
=

e=Blog(K)+ A
LREDBERIIERIZL VRO D,

) b L, EXREOMBEEFEEZRDRVE I LAt hE, cA=e kT
r (> S QRN
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Group | Colums | Format Symbol Description
J 1 - 5 15 NWEL 0 . 2XKH
1 EHKE
6 - 15| F10.0 WELV WEAE (m, cm)
16 - 25| F10.0 XMEL AFISH 2 RET L HBEHE (M. cm)
=9999. tyiaF0EER» LA T RES
Ji-1 {1 - 5 i5 NHUNP ARBEOFE
Ji-2 |1 - 5 15 NPHUNP(1) | AEESBFEOERE S
6 - 10 15 NPHUNP{2) (DEIE I OREDI28)
11 - 15 15 NPHUNP({3)
16 - 20 15 NPHUNP(4) GroupJ1-1 TNHUNP=0DEE, GroupJi-2ii W
J2-1 |1 - 5 15 NWL WELVDRIEAKEE & 13 R4 2 AN # Fo8 &8
J22 |1 - 5 15 NNF1 0 @ &KEAN
6 - 10 15 1 ERAKREAS
PIO FORMBAEDE (m. cm)
11 - 20| F10.0 GroupJ2-1 CTNWL=0DEE, GroupJ2-213E8E
J2-3 [1 - 5 15 NLEV(1) R L WHKATFOH R OES
6 - 10| I5 NLEV(2)
1415 | NLEV(NWL) GroupJ2-1 TNWL=0D &, GroupJ2-3i3E
J3-1 11 - 5 15 IPO MAAREEGR L2 KETHEL TR IS SL
Js2t1 - 5 15 NNF2 0 &XKEAD
1 EAKEAS
6 - 15| F10.0 PPO ZOEEKE KE) OMHE (m, cm)
GroupJ3-1 TIPO=0D ks, GroupJ3-2i1&8k
J3-2 |1 - 5 15 ND(1) KExEETIHAOEF
6 - 10 15 ND(2)
1415 ND(IPQO) GroupJ3-1 TIPO=0D K, GroupJ3-3i3 &S
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Group | Colums | Format | Symbol Description
K1 1 - 5 15 ITO 0 #HBRYERZL
1 : #iRAEH
K2-1 | 1 - 10| F10.0 TINI MEEE (T)
11 - 15 15 ICONST MHRE SRR D S5
GroupK1TITO=1 Dk, GroupK2-1i3EBE
K22 |1 - 5 15 NNT PHEEFEL 5 0EFS
6 - 15| F10.0 | TTZERO HaEE (T)
GroupK2-1 TICONST=00 Kk, GroupK2-2i3E 1
FEOHFICONSTIHFAT
K3 1 - 10| F10.0 TTX ERZEE (C)
11 - 20| F10.0 Z7ZX FHREE (m, cm)
21 - 30| F100 DTZ BEAR (1./7)
GroupK1 TITO=0D kK, GroupK3id &k
Ka-1 |1 - 5 15 ITCONS EEEEZITR ) &S
K2 |1 - 5 15 N BRErEETLIHAOES
11 - 20| F10.0 | TCONST EERE (T)

GroupK4-1TITCONS=0DEF, GroupK4-2i38&
FEOHEEITCONSITAH
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Group{ Colums | Format | Symbol Description
L Vad v b ER
1 5 15 MFLJ(1,1) 1 #BRCETFEEEELZERT S
0 v LZzwv
6 10 i5 MFLJ(1,2) 1 EBCHTsFEERELERT S
0 o Liaw
11 15 15 MFLJ(1,3) 1 BEECETAEEEEYEET2
0 ” Lz
16 - 20 15 MFLJ(1,4) 1D EKRGREICET 2 R EERB T 5
0 » Lz
21 25 i5 MFLJ(1,5) 1 RIS ks ZR T 5
0 ” Lzwn
26 30 5 MFLJ(1,6) 1 I MFLI(, D~ (L5} W oGt + 5835
| 0O r=TEELZWY
31 35 15 MFLJ(L,7) 1 BEICET 5 ERBEEERT S
0: ” Liwn
LA DM FNJOINTITAH

GroupB CIMNL=0® i, Groupl iX4Zws
GroupB TIOINT=0DEF, Groupl (3485
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Group | Colums | Format | Symbol Description

7 M1 1 - 20| 5A4 AMATJ MEZ (Vasf v EFH)

M2 1 - 5 15 1 1 EEREE (AL EREOR)
6 - 15 F10.0 Al ¥ 7E (HmP, gflem?)
16 - 25 F10.0 A2 BTV
26 - 35) F10.0 A3 FIEAMRE He
36 - 45| F10.0 A4 BEFE (Ym®, glom®)
46 - 55| F10.0 A5 ¥EEH (Hm?, gflem®)
56 - 65| F10.0 A6 HEERA ()

M3 1 - 10| F10.0 EK(1,) XHmOEKRFELE (m/s, cm/s)
11 - 20| F10.0 EK(2,)) ZAMOFEKREE (m/s, cm/s)
21 - 30| F10.0 APT(l) BEME (m. cm)
31 - 40| Fi0.0 CA() ) ERRE O R AR
41 - 50| F10.0 CE() ERTILIBEOEH

KMBRGREE 3RANICETERD 2154
EK(1,1)=9999.
BEEET AD

M4 1 - 10| F10.0 CVE() EAOE#H (m/T. c/C)
11 - 20| F10.0 AKTF() LD B ELES (H/Tsec, gilTsec)
21 - 30| F10.0 | AKTS() EHORZESRE (/CTsec. gifTsec)
31 - 401 F10.0 THEX(}) B OB RRE (1/T)

GroupM1 ~M4iZ#l TNJOINTHATI T 5

GroupB TIOINT=0DEF, GroupM (48
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Group.| Colums | Format | Symbol Description
N1 |1 10} F100 | XK1, XK #R&AE (cm¥em’)
11 - 20| F10.0 | XK(2,) YK Wk iR
: : (XKNUMK(),1),I=1, NUMMAT)
XK(NUMK (YK(NUMK(D,]),1=1 NUMMAT)
(7F10.0) (0,1 YK i
N2 |1 - 10| F100 | YK(1,) 4
11 - 20| F10.0 | YK, ;Ek
YK(NUMK M
@F00| M) BRERE Yk
N3 |1 10| F10.0 XP(1,)) XP @feARE (cm’em?)
11 - 20| F100 | XP(,h YP BOEAKE (m. cm)
: : (XP(NUMK(1),1),I=1, NUMMAT)
XP(NUMP (YP(NUMK(1),),l=1,NUMMAT)
(7F10.0) (.0 YP A
N4 |1 - 10} F100 | YP(,) =
11 - 20| F100 | YP(,) g—i
: : 71
YP(NUMP éj:; _
(7F10.0) (0 HREKE  xp
N5 |1 - 10| F10.0 XT(1,1) XT HEKE (em’/em®)
11 20| F10.0 | XT(2,) YT AGEERL (mPs. cmP/s)
: : (XTINUMK(1),]),l=1,NUMMAT)
XT(NUDT (YTINUMK(1), 1), =1, NUMMAT)
(7F10.0) (1,1) YT
N6 {1 - 10| F10.0 | YT(.) i
11 - 20| F10.0 | YTE@,) iy
/A
. : 5
YT(NUDT g{
(7F10.0) (h,1) RS kE ):.F

GroupN1~N6i3 8 TNUMMATH AT 5
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Group | Colums | Format | Symbol Description
0 1 5 15 NCYCL NCYCLElZH i Tafs 5
6 20 | F15.0 DT BIICET 2 RH
(NCYCL=1 D% &, DTREEEFHD 1EEH 0t
BRAER25)
21 25 15 tPOS BEERFEDMEIEIT DE R ORI
26 30 15 [TOS EREREOMEIELT Ha MR
31 35 15 IPRINT 0 I &EREHALEN
1 [ &REPUNTS
36 40 15 IPAVS 0 i &EREHALEZY (AVS)
1 I EREEDTS (AVS)
O1-1 | 1 5 15 NPP 0 1 &KEAN
1 T ERAKEAR
6 - 10| 15 NIP itce- S
11 20| F10.0 | CPRES EEREDE
01-2 | 1 5 15 NP(1}) EEREDEFELT 2HaES
6 10 15 NP{2) ‘
(1415) NP{NIP) GroupOTIPOS=0DkF, GroupO1-1,2i344RE
GroupO1-1,2% IPOSH AN
02-1 | 1 5 15 NIT i
8 15| F10.0 | CTEMP EERENHE
02-2 | 1 5 15 NT(1} BERECENFELT Z2HAES
6 10 15 NT(2)
(1418) | NT(NIT) | GroupOTITOS=0DE:. Group02-1,213E W

Group02-1,2%ITOS# A
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Group | Colums | Format | Symbol Description
P 1 - 5 15 NFORCE | #isfthxiEd sHimsk
6 - 10 15 NTRANS | ZEEERTRETLIEY
11 - 15| 15 NDENS RERT 5 X PEZOHEY
P1 1 - & 15 N ki g
6 - 15| F10.0 FX XHESS (Em?, gficm?)
16 - 25| F10.0 FZ ZHEmsA (dim?, gilem®)
26 - 35| F10.0 Q i
36 - 45| F10.0 TQ Bk
GroupP TNFORCE=0DkE, GroupP1ixeE
EEDHE % NFORCEITAT
P21 |1 - 5 15 NTR %R T 5 ERK
8 - 15| F10.0 HTC BASERY (H/(mes-T). gfi(cmes-T))
16 - 25| F10.0 TB FEREE (T)
P22 |1 - 5 15 NTX(1) HZzHEET L EROHRES 1
8 - 10 15 NTX(2) HeHET5EROHRES 2
BRIZEBHEAT
(1415) | NTX(NTRe1) NTX(1) N . N NTX(NTFIL NTX(NTR+1)
DRTT
GroupP TNTRANS=0D K, GroupP2-1,2-213 88
GroupP2-2% NTRiTASH
GroupP2-1,2-2% NTRANSH# A7
P31 |1 - 5 i5 NED ERE
6 - 20| Fi50 HDE ZHE ((tm/sym’, (ghcm/siicm®)
(B D OBE (W) 2 E8ERIC525)
P32 |1 - 5 15 NDD(1) RERT 52 AEFES
6 - 20 15 NDD(2)
GroupP TNDENS=0D#, Group P3-1,3-2i34R”%
(1415) | NDD(NED) GroupP3-1,3-2% NDENSHL A 77
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Group | Colums | Fomat Symbél Description
Q 1 5 15 NSTEP 1 : Bt
0 1 #&T
6 20 F15.0 DTT FEINLEY
21 25 15 ITRB 1 I FEEELHANT., HE. RREFHHHE
0: WS
26 30 15 iPOS BEEKEDEI LT 580 AE
31 35 15 ITOS EEmEDOMEIELT 5 EH L0 AL
36 40 15 IPRINT 0 HEEXEHLEY
1 I #REBPTS
41 45 15 IPAVS 0 I &ERTHILEY (AVS)
1 . BREzHNTH (AVS)
P-P3 GroupQTITRB=1D&, GroupP~P3% A%
Q2z2-1 | 1 5 15 NPP 0 I &KEASN
1 P EAKEAS
6 10 15 NIP i A
11 - 20| F10.0 | CPRES EEKEDOHE (m)
Q2-2 | 1 5 15 NP(1) EEKEDEIET 28 5ES
(¢} 10 15 NP(2)
('f4l5) NP(NIP) GroupQTIPOS=0DkK. GroupQ2-1,2ii&E
GroupQ2-1,2% IPOSSEA 7
Q3-1 | 1 5 15 NIT B R
6 15| F10.0 CTEMP BEREOM (T)
Q3-2 | 1 5 15 NT(1) EEREMEIE{LTIEHSHS
6 10 15 NT(2)
{1415) NT(NIT) GroupQTITOS=0D% . GroupQ3-1,2id &k

GroupQ3-1,2% ITOS# A S
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P EE A

Olr#h
J _10° m
gC 9.81°C
_.10° cm
9.81.C
OB =ERE
W__103
mC 9815 T
_10® gt
9.815-C
O&B=ERE

W___103
m2-°C 981 m‘S‘DC
10 gf

9.81 cms*C

ORFE

W 103 thm/s
cm3 9.81 m3
_ 105 gfecn/s
" 9.81 cmd

OHMEEL/- ) OEFEBE

cal _ 418605 L
g g

= 4.26858%10% m
= 4,26858x10°2 cm

B4



