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ABSTRACT

This study involves evaluation of uncertainty in hydrogeological modeling and groundwatér flow
analysis. Three-dimensional groundwater flow in Shobasama site in Tono was analyzed using two continuum
models and one discontinuum model. The domain of this study covered area of four kilometers in east-west
direction and six kilometers in north-south direction. Moreover, for the purpose of evaluating how uncertainties
included in modeling of hydrogeological structure and results of groundwater simulation decreased with progress .
of investigation research, updating and calibration of the models about several modeling techniques of
hydrogeological structure and groundwater flow analysis techniques were carried out, based on the information
and knowledge which were newly acquired. The acquired knowledge is as follows.

As a result of setting parameters and structures in renewal of the models following to the
circumstances by last year , there is no big difference to handling between modeling methods.

The model calibration is performed by the method of matching numerical simulation with observation,
about the pressure response caused by opening and closing of a packer in MIU-2 borehole. Each analysis
technique attains reducing of residual sum of squares of observations and results of numerical simulation by
adjusting hydrogeological parameters. However, each model adjusts different parameters as water conductivity,
effective porosity, specific storage, and anisotropy. When calibrating models, sometimes it is impossible to
explain the phenomena only by adjusting parameters. In such case, another investigation may be required to
clarify details of hydrogeological structure more.

As a result of comparing research from beginning to this year, the following conclusions are obtained
about investigation.

@  The transient hydraulic data ate effective means in reducing the uncertainty of hydrogeological structure.

(@ Effective porosity for calculating pore water velocity of groundwater has not resulted in reduction of
uncertainty only in the calibration of the model using the transient hydraulic data. Therefore, examination
of presuming technique of effective porosity and acquisition of direct data by investigation such as tracer
examination will be important in the future. '

® In grasping the groundwater flow characteristic efficiently, it is effective to update hydrogeological
structure gradually using several modeling techniques with progress of investigation and to feed back the
result to investigation.

This work was performed by Taisei Corporation under contract with Japan Nuclear Cycle Development Agency.
JNC Liaison : Underground Reserch G‘rbup, Mizunami Underground Research Laboratory

* Engineering Division, Taisei Corporation | :

> Civil Engineering Research Institute, Technology Center, Taisei Corporation




H

T D BT evvreeeeseeesesossssssssssesse oo eeeeeeeeseseee oo ssesssssssessssssssssssssssssssssssssssssssesssssssssssesssssisssssenerenne =1
2FRHBIRDBER ..ot R R 2-1
21 BB oo e reerrererasreneneeres 2-1
22 BF N oo e ereterrreiameesrereseseeerieeeseeateeteeeaneeseeestasaranreteeerearasn 2-4
BEBHTOMEEEE ..ottt bbb e e R bR et 3-1
34 FEFIAE ¢ BETETRDIERIE oo oo seeeee e eee e eb i esb e bt b 3-1
32 BNBHRERRICESCETIME - BIAT —ZDEHE .o 373
33 EFT IR AU T LD 8 Lt as bbb ars s aer b ene 3-4
34 W KA E R D E E D F e eteenreeeaeeseasasteratetasassenesesie s st eaebe st ersesann 3-5

4. Evaluation of uncertainties due to hydrogeological modeling and groundwater flow analysis:
constraining the mode! with pressure data ... 4-1
A ADSITACE. ... bbb bbbt e b e 4-1
4.2 INFOUUCHOM Lo cre st er e s e et s b e s e e e kb e s b s e e st e e asbvbeesreaarbe s reeran s bre s sneanternsann 4-1
4.3 Modeling ApProach ... mieecreieneeeesceeee e e eeerer e reas e aseaseastarease s asesenreseeeraasneroneeseroes 4.2
4.3.1 Stochastic permeability and porosity distribUEIONS ..o 4-4
FNRC T = 1o TH iaTo F- T VA oo ) Vo |10 U 4-8
4.3.3 Calculation PROCEAUIE.....eveereseersee s eeseerassessessassesseasasssseessess et sesseseessessesrassessessensassensssenensnns 4-10
4.4 MOTEl Calibration ... ..o rrer e e e v e e e e e ra e e s ererm e e oot basa s bans e s ba s s e e s n s 4-10
4.4.1 Steady state head profiles in MIU Wells.......ooevmeinncniiniccnen e v 410
 4.4.2 Inadverient MIU-2 Well 1ESE.........coceiemieireerieescesessreseessssssssessessessassesens erreresnresseerarerreis 4-12
4.5 Steady State Flow and Transport PrediChONnS .........vvoeeereeerrrerrirtieseiesssreaemiesssrsssensssesnssaes 4-24
4.5.1 Water budget and boundary flows.......oce el terrenrrs s rr e annres 4-24
4.5.2 Stream traces originating from release points... .o 4-26
4.6 Summary, Conclusions, and FUture DIreCliONS .....ccccvereeeeiiiirrrerrvreevrerrseceennesrersreersressassessssssees 4-31
BB, BUIMIMIAIY «oeeeeieereeieeeceisearsseeesitreassssssssssesssssassasssasseasasssnseassssnrassensssessassssnsssasasnssnssssesnnnressrn 4.31
4.8.2 CONCIUSIONS ...uteeeccerccceeir et r e r s te s asemra e e s s mr e e s e e e e e e st e e see e s mssanmnenans s asansansasarane 4-31
4.6.3 FUIUFE diFECHI0NS .eri v es v st es e iae s ie s sae s reesseree e esie s e s e sene s s s esbesnr e s resassane e rtessanesnnsnrrnens 4-31
4.7 ACKNOWIEBAGMENES...vueeeeeecveceeeveeeeveseecses e sseesress s ssssaseaesansessebaseessessesrenesaseneeserastasrassns erernns 4-33
4.8 REFEIBINGCES .ovvvrreriiere et e e e s st s st saa e e s b e e e s a e ean et eerrersrersaesa s nr e nnressanes 4-34
B B B I E T T Il vttt 5-1
5.1 S BT AE T T I TR ettt bt sa st bt 5-1
BAA FFRERBEEE oo s s e e 5-1
511 REHTBRE K UBEBBIHTTIE oo sesiss s snebessessss st snessnnane 54
5.1.2 EFIAERE D BBBHTE T T Mmoot ettt es e 5-5
5.2 34RO ATEILEIHEE T FIVDIEIR cvvvrevcoreeseresssessssssssssssssssssssssssssssmsssassssssssssssssssssees 56
SO TS STTSTR 5-6
5.2.2 KEBHEEET FIVOERICEV AT = & vt 5-7
B.2.3 BT IAED TR oottt b st ea e n e e s annrrnes 5-9
B.24 HIBGD E T I ettt e tss st sa e ea s as s na e e b en e en e nan e nreans 5-11
5.2.5 HEEE « BB DT TIAL oot s 5-12



526 TIRTEREAOEXKEZINBD 3 ATENBSTELUBKEDEF b, 5-17

5.2.7 BB KRB K BEIN BIET B DT .ot eenes s 5-31
5.2.8 PEERTRHOER B TEBREEDEETE oo ets s erensesecsssncsssssesssnes 5-39
B3 EFINHF XU T L= T s e 5-40
531 F 4 ) TL—2aldlBUNET = B s reeserese s s 5-40
5.3.2 F 0 ) Tl G DT coroeeeeereeeeir ettt ea e 5-43
B.3.3 FATZEAE oo b s A bbb a At 5-45
B34 F 4 U T LD g idB et et a st e ea e enn 5-46
BA BEATIETE cooveece e es e st s s s ss b es e s ssa e s s ane s et aea s s s sarebesse st enesrsanarassnersssansensssats DD
BAA BRI e ete ettt ettt et n bbb bera s ssararenane s sannes D=DO
54,2 T KT B D BT cocvereeeeeereereens e res e sare s s s b esssase s s s srs e e s s e ba e e e e et anarenens 5-55
B3 B TKEE T oeeeeirsis ettt ess s st ce s bbb bR e e e 5-59
544 IEEREFBBTAHTROTHERE CORMBEREITME ..o 5-66
545 EEAEEAT SHTADTRERE TOREEIER oo s 504
546 FBERE BB T DM T KO BIEBNEMIA ..o es s 5-100
55 FEDETET covovreereeeeeeeereeemesseseseseereneenne e e et s e e e e s et st eren e 5-102
55,1 E Bttt et ettt ht e b et er b et e e s s bt an et e R bbb s b et er s penresans 5-102
B.5.2 B IBOYERE .ot s e e ettt s s bt A Ae ARttt 5-103
BUB BT ..oevieeeeeeveeeeeee e er e ess s st s st s st e b AR Erae A e RS are At st ares 5-104
B F AL RIVRY BT o TET IV coeeeeeeesesssessts st st b s s st es s nasn e s sbas s e seees 6-1
6.1 EAEFE ... e eeeteueeeeteeseetesriseatetiesestessatiesaseseessiriaseresresasee e eeanoeeretestassib b eAb e e s e b e etas e e se et rare 8-1
6.2 DON-CHan MOGBI TOBETEE ...ttt sas s e s e e e s s san esresbasan s sn e e s e s san e st nasanssssnsas 6-2
6.2.1 FARMNEE LT ETTIVDEERE ..ot ses st sae s e e ase s s b st 6-2
6.2.2 A 14 F£ERR  Don-Chan Model DHEEE ......ccccvveeereeeerese e reisesssasesssssassstsessessseressseesenes 6-6
6.3 HEBHFEET IV oo e e ee e e s a et e s et s e n b et seae 6-12
8.3.1 HCEHEIER T T IV oo ers e et ss b st eas st sa s bt s s s s nnan senene 6-12
B.3.2 BHEIH O EETE ooecv oo e ettt ees st sttt ettt bR a e a st ere s e bseesenn 6-25
B.3.3 A BB E T I BT oo oeceeeeeereer s st ss st s s et ssas s s tar e vase e e e e Rt s e enh s et en et eee 6-29
BA ETILH 0 U T L T ottt b s a b e e s n s 6-35
B4, B Gt DR TE o eerecereeeec e e esea et bbb b e ettt s nnen 6-35
6.4.2 FDEBTE T IVEEHTEEIR oo eresetsess e r bbb bbb s e e se e arenaes .6-38
6.4.3 ZKIBHEE OB IR T BAEET oottt 6-48
B.A4 ETIVDEETR ..ottt sss st st se st e s e et s et anesas s e s st essesbe s e aesaranssersnaseraneneranerns 6-52
8.5 REIBIKEEE D S A LU 8 2t ssssa s s et st 6-59
B.5.1 FEZRTTET vttt e e e bbbt ek bRt et et ae e b e e aen 6-59
6.5.2 MIU-2 SFLEFEDER EH T IKAIZREE oo e sen s eies 6-61
6.5.3 FERPERBLDELTE v easenanas et e st b st s s ssaesaen e rars 6-61
6.5.4 FETEBETEL R T T DERTE coeeeveeeereeeecerstse e s e ettt e s b st 6-62
B.5.5 FHB (SO TIE & BB oot er st s a s a R et s g 6-62
B.5.8 BT A T Il et ee st sa s ekt st 6-67
B.5.7 HERDEE .o, et eate et et eas e bttt ittt Ao As e s st s s eAn R b s e banaterasrrerearas B-77
66 EFAFvUTL—Ya bBREFI. ... eerereer e oAbt r s s b s iR ane e R s s e n e bR 6-82




B.B.1 BRIETE T Il e ee e e et s e ee s esreeteesasene e aenensaemsee et et easare e ense e ratee st aneasesas et eaneanean 6-82

B.6.2 HI T ZKIEBIBBAT ......oocoooeeeeee e ceeeeesees e eeeeeseeees e ees et sessessesesses s ee et eeereee 6-84
B.8.3 2001 ZEET I EDEEBR ..o ettt e et eee e e s e e e er s nas 6-108
8.7 EEW wieeeieeeeeeieeiaa SO 6-121
B.7.1 B B ettt et e en e e e eh bt e s e s e eme et anee e e e se e e e 6-121
B.7.2 Sl R R R DI e et e ettt 6-121
B.8 BB IR .covere ettt st e e e e et et bbb en e eeneeeas e esnreenesaee s e ennnnenteneneennnein 6-122
2 s =X o OO UR 7-1
TA BT IVTFRZRDIEEL ..ottt s e s et s s assre s s s e s e sas s ne s nnsenaane 7-1
7.2 BEATHEER DIEEEL ..o ase s s s st s en e e et 7-6
7.2 BFFRRER oo e taereieiebet st et b be e e e na e naen e bne 7-7
722 BB TERERER oottt eeee e Lrrereser et eE e e a e R as s rn i ne 7-33
723 BITRELOFEHIILL —FE........ eebereeebeasererras e rerereaereaebeasasteRe e A s s e nba s et s s ereannatenes . 7-40
724 BITAEBEEDTHIEIIE c.vocroosioeeceescesmssseesssssessseesssresiseersessssersmssesssssessnessonees 148
725 FSARIEA LTBETIHIBIEL 25 BT ARILZ A Ly ooeeoeeeeeereeereereesesssissssessenssasassssesnannns . 7-55
7.2.6 BITREER L D BETKIREIIITE oo ceneesses s emse st s sn et es et en et e eeon 7-68
T2.7 FEE (FLUX) oottt et s s st na s s s bt oeseeresearesemnennens 7-75
7.2.8 BIRBEE EDOBTIEBRIEE ..o et bns 7-82
729 BIARBEBRE PN E S LDBFE e, et 7-89
R - SO, 8-1

RS Ak . 5 U SOOI R 8-1
IR 5 TN Y= et ese s e e e 8-22
B3 BB MR ..ooeeeeeeeeerieteeee et a bt bt st R ea L bR A A S b et et h At enesmenesnene et e e enaneenee 8-23



¥ B X

=1
2—1 BBRHBEDHIIZE LU ..o en ettt en et en et e e ena e een 22
2—2 HMESE (RAN, 1980 IZHIEE) et et e 2-3
=T BT LRI oot 3-2
3—2 MR EETLEIEE ..ottt e e n e an e 3-2
QR R 5= C kit S, e 3.6

Figure. 4.3—1  Surface elevations, lateral model boundary, and features of interest for the 4 km by 6

Km model of the TONO TROION. ciiiiice et e e es st e stbb b et e se s s e e s seeasnessreasesansesanseeenressnnnenns 4-3
Figure. 4.3—2 Perspective view of the model showing different materials. .........ccocecervvvreireicsiennene. 4-3
Figure. 4.3—3 Toki granite distributions of log10K obtained from slug tests and pumping tests. ...... 4-7
Figure. 4.3—4 One realization of the stochastic permeability distribution.................. e es e eeene 4-3
Figure. 4.3—5 Flows in and out of the model through the surface and lateral boundaries, shown from
fOUr dIfferent PEISPECHVES ..cei et erar e vveer s s s esen e sessrannssssneesssnnees e trereeerannrnre e 4-9
Figure. 4.4—1 Observed hydraulic head profiles in the MIU area measured from slug tests, pump
tests, and the MP SYSIEM ... sbasssss s e s sbs st s e eeeeeeeeeeemmen s e e 411
Figure. 44—2 Observed steady-state hydraulic head profiles in the MIU area when the MIU-2 packer
iS in place. ....oeemneen... e htemieeern R st a e et e e e s et ne Aot e e s £t e netene e s et s e e ren 4-11
Figure. 4.4—3 Modeled steady-state hydraulic head profiles for five realizations of the uncalibrated
model (fault core permeability 0.1 times bulk granite permeabitity) and three variations. .................... 4-12
Figure. 4.4—4 Observed pressure responses to the removal of the packer in Well MIU-2 on

NOVEMDET 22, 2001, ...ttt e e s e e e s s b ae s e sae s s e re s s sr e e eaeaasaRbabassatebssbaas 4-13
Figure. 4.4—5 Schematic of local grid refinement around Well MIU-2. ...........cccoviieenieveceecerreenes 4-19
Figure. 4.4—6 Comparison of observed and modeled pressure responses to the removal of the _
packer in Well MIU-2 on November 22, 2007 ... e st siesssesssee s sessessesmsesseeseesssssassesmeseeen 4-20
Figure. 4.4—7 Modeled fransient wellbore flow in Well MIU-2 in response to packer removal on
November 22, 2007 ......ccccoverereersnire e s ees s senees ettt b et en et ans 4-21
Figure. 4.4—8 Comparison of observed and modeled pressure responses to the removal of the

packer in Well MIU-2 on November 22, 2001...........cceevieiemrrnressnssssanssssessssessssssrsessssessassesans eveees 4-22
Figure. 4.4—9 Modeled head profiles for the MIU area wells with the Well MIU-2 packer in place and

at the end of the 26 day period of transient flow following packer removal. .......ccoceveevevvevornnisinienenne 4-23
Figure. 4.4—10 Comparison of observed and modeled pressure responses to the removal of the
packer in Well MIU-2 on November 22, 2007 .......cccovvvvivereisrrsseessssessssssassssssssessrssessesemessesssessnmseeseees 4-24
Figure. 4.5—1 All stream traces leaving the 24 release points projected onto (a) the top surface of

the model, and (b} a vertical cross-section near the center of the model, for the calibrated model. .... 4-27

Figure. 4.5—2  All stream traces leaving the 24 release points projected onto (a) the top surface of
the mode!, and (b) a vertical cross-section near the center of the model, for the uncalibrated model. 4-28
Figure. 4.5—3 Travel time versus path length for all release points for five realizations of the

CAlIDIAtEA MOUEL. c..v.corveoeeeeeee v esesens s eseeseseas e se s e serres s et r e b s e ara e enees 4-28
Figure. 4.5—4 Travel time versus path length for all release points for five realizations of the

.....vi_



uncalibrated MOGEL. ..ot cesess e er s s e rs s e r e e e nnnn RIS 4-29
Figure. 4.5—5 Projection of the particle trajectories on X-Y plane for the calibrated model that shows

the best match to the pressure transients created by MIU-2 packer removal. ..., - 4-30
Figure. 4.6—1 Comparison of observed and modeled pressure responses to the entire sequence of

removal and resetting of the packer in Well MIU-Z........co s 4-33
51—1 SRR T T I DR et en e eas et pe b ane 5-2
BA=2 EFIAEDBER oo rsssssses e ts st ssesesssassnecssessesanesssecssssessennecs 5-3
51—3 BhEOEENT ML ... O OO S 5-3
51—4 EMAEEBFEETIVOER T e sssr s s es 5-5
521 FRATIBHBROBEEIEIE ...ooooooooveeveesesssesseeesceesssssessseesseeeessseesssesssssssssssssesese sessssassasesnsssees 5-6
L R T {1 OO 5-10
H 52—3 BEF—% COmEyFEET—2) ILL3BTBOERR..cnvveeeee, evenerans 5-11
[ 52—4 FEBEHETEEOETRE oottt b et s b ber s 5-13
52—5 JBAALTERE & EEBEIN B E DERE oo eseonsesseseesssesssoseressseresanesnnes 5-13
52—6 LEEINES L EBEENESE OERE .ccccooooroeseeeesreseeessssssssessesssssssssssess s sssssssssssens 5-14
B 5.2—7 BEEHIE oo sttt ess s s s e e e s e en s a ettt e et bt bbb s s anee 5-14
528 BEBBICHE D B L B it eraa e s n e e aes 5-15
5270 HBBEIBIE T T U oottt et e e e b bbb baa s s 5-15
B210 BURITER Y S 2 coeeoeoosesssessssssssesssesssesssssssssisssssssssesee s ee s seeenes s seseneenessesneesee 516
52— 11 B EHHEE B OIRIETME o oooeoeoeoeeeeeeeomeeeseessrmreesssssesssesesesegosesssessssssresssesieesereso 517
5.2—12 R A N B B 0 oo ceeeeereesreeeeseecee et eas s bes s bbb sae b bear s ea e aee 5-19
5213 BIEBITLEIZRIE oo cs bt ss et e et e pas e e e ar s 5-20
52—14 MIU-1~MIU-3 SH.THREI N ZFAESHHERE. . eveeereeennaneaeseterestesanas 5-21
52—15 Bl B = RIE I B BB ettt sas st st bs s st ss s bt snessase s raa s e 5-22
H 52—16 K-V JHABOENBEARSE (P23y bRy b, TEBRER) i 5-25
52—17 FEABEMTOBERZR (Y23 v bRy b, FTEREE) e, 5-26
52—18 BHBEBEDITIN—-ELT (23 vy biry b, THERER) ... etersrseesrsaesraseane 5-27
52—19 ZIMBEHFEO Bingham BHICE B T 4 U F 1 2 eeeceereeererseeesreseseeen R 527
52—20 ENBESHII2L—a RREEMNOHE (MIU-1/4 BFLA) e 5-28
52—21 ENEOBCMERT HAISIBIENED wooooeoeereeeesseeeeesecomeesessseesssssseeeresssssseesesss 5-30
5.2—22 {RAEEIKEEERD T .ottt ssetes s st ss s s s s s et bt ren 5-31
5223 (BB B O TR I oottt n b et s e sa et 5-32
5.2—24 FRBEIKBREID BT covvvrecrirereisrsisssss s ssessss s sssssses s sbassisn s 5-33
5.2—25 BR/NEREICL BBERFREDTDZEIL et ses s ssare st ensanenes 1. 5-37
5.2—26 {HIBEKFERIERETAE DEEE .ot sesae s st 5-37
5.2—27 BXERBREYEBTHOEOBEMSR (Shimoetal, 19993) .. 5-39
5.3—1 MIU2 SFLIN/ Sy 7 —FRBALCE D BLIAKEZE (MIU-1/3 BFL) e 5-41
53—2 MIU-2 SFLA/ Yy 7 —BIRAZF S5 BOKEZTE (MIU-4 SFL, AN-1 SFL) e 5-42
B53~3 £4UTL—33 o DFM oooooeeeeescceerssssseensssssssesessssessesnes s s 5-43
B 53—4 K—ULJADETIALENy BN ..ot 5-45
53—5 MADKEIAES EEBKHBOZ A 7H—TOE(L (Doe, 1991) .ooeeeeeerrerrerrrannnn. 546

—vii—



5.3—6
53—7
5.3—8
5.3—9
53—10
5.3—11
5.4—1
54—2
54-3
54—4
54—5
54—6

KEZLEDEAEESTEEDES (1OUTSAE—32) e 5-48
Fol)TL—2a RBR (MU BILOKEZE) e 5-49
FrTL—2a3 R (MU-3BFLDKEZLE) e e 5-50
FrUITL—23 R (MIULBFLOKEZL) e, 5-51

Fy)TL—2 3 P8R (ANB SFLOKEZTIE) i 5-52

F )T g SRR DTHIBRIEILID BT oeemeeeeeereeeeeeesoemeesressessesssssseeemseneesmreseon, 5-53
BRI e e bbb e en e IR 5.54
BFERRAEDEA R T S AV T oA =20 F 1) ool 55T
BEFRINT—FEDEZ R T TL(UVTIFAE= 32 F 1 ), S 5-58
TR e A G s OO 5-61

T4 L THMRICS T BKEOEEE & 824E (EEEREA, MU-1~35H) ...562
T2V THRAICS T BKEBOERNE & A2HTE (AN-1, AN-3, DH-O EF.)

54—7 T=HUL TR BV BKEDERHE & ﬁ%mﬁ (FRBEEILERS, TH-4(1), TH-4(2), TH-6

T i, OO OGP O TS ROV 5-84
54—8 BERNOADPLEDETRIE (1 0UTSAE=U32) et 5-67
54—9 1BERNO2PSDETRIE (1 0UTSAE=UT2) e esesne 5-68
54—10 #EANOIHBEDBITEIE (1 0UTTAE VT L) oo 5-69
54—11 EERANoADIPSOBITRIE (10UTTAE=U32) eeeeeeeeereeeeeeeen 5-70
54—12 EEHANoS D EDBFRE (T OUTFTAHE =2 TE) oo vesssson 5-71
54—13 BEANoSPSDBTRIE (1 0UTFTAHE =2 32) eeieeeeeereereeereeeee 5-72
54—14 EEA N7 BSDBITEIE (1 QUTTAE =T T2) erereeeesreeeeessessesnen 5-73
54—15 IBERNOSHPLEDEBITEE (10UTIAHE=32) e 5.-74
54—16 1ETRANOIDBEDETREE (1 0UTTAE=U T oo veeees e sesenes 5-75
" 54—17 EBEANoAOHLDBITRIE (10UFF1E—32) e 5-76

54—18 BEANOMT PSOBTRIE (1 0UFTAE—Y32) e 5-77
B 54—19 HEEANCI2PSDBFEE (1 0UTSAHE =2 T5) oo 5-78
54—20 fEEANOIIASDBITREE (10U TFSAE YT L) eeeeereeeeseeeeesreraninnn 5-79
54—21 FHERNOAL PEDBITRIE (1 0UT T E=32) ereeeeeeseeseee e 5-80
54—22 HBEANASHSDBITRIE (10UTF ST E=YTE) eeeeeeeeeeeeeeereerennn 5-81
54—23 IBEANCIBDSEDBITREIE (10U T TATE=LI2) eeeeeeeeeeeeeeeeeeeeiens 5-82
B 54—24 HBEANATHODBITRIE (1 0UTFSAE—YT2) e 5-83
B 54—25 #EEANCIEPSDBITEE (1 0UFFAHE=U32) oo 5-84
B 54—26 BERNOIOLLDEBITRIE (10UTFTSIE=32) e 5-85
54—27 BERNo.20 P SDBFREEE (1 0UTTAHE—232) e, 5-86
54—28 IBEAN02I PES5DBTEE (1 0UTSAHE—232) e 5-87
54—29 HERNO2Z2HS5DEMRE (10UTFF1E=232) e 5-88
B 54—30 #EERNO23PLDBTREIE (1 0UTFSA1E—232) et 5-89
54—31 HEEANc2U PESOBTRIR (10U 7 T4 HE~232) e, 5-90
5.4—32 BTREEIAVDBEIIREBRIE oot et s e en s 591
5433 BITREEBVDEITRAED ..ottt sssss e s ren s ea st n et es s st e senen 5-92
54—34 BATEEERUVI D FIL Y —FB e reisreerssss sttt st e s s ees s sene e s essenrass e 5-92
B 54—35 HEEREZBBT ST RNTHERE CORBBIER ..o 5-95

—vili—



=
=

i1
=
4
&
i
=
=
=
=
Ei
=
=
4
B
%4
=
i
i
=
4
3
=
&
=
=
=
=

5.4—36
54—37 FyUTL—2a HiBOREEEDE N e, ettt aesrebennaeras 5-97
54—38 FrUTL—2a BiBOKEDTEDIEUY ot s e evs et seas s asaseeenn 5-97
54—39 BITIEREHERHOBERE (FvUTL—2a 28, HI3EFER) e, 5-98
54—40 BTIEEEEHERBEAOER (F4vUVTL—2 328 s 5-99
54—41 HBEAEBRTIWTKOBRINEDS (F+UTL—23>8B) e, 5-101
54—42 HWTFKOSERIEHE (F+UTL =3 SHEDEEE) oo 5-101
B.1—1 EF AL » BRI .ottt e et en et en e e e e 6-1
B.2—1 FREED D EITTIE oottt va e st sanne 6-7
8.2—2 ZEEHDEDE......cccoeeeeiiee e s s bbb e s b e e st b e et en e 6-9
B.273 IBIKIRBLDIEETE oot s s en s r s s s e bt st e b et e re e e e e 6-10
B.2=4 BB ETINDE AT cooroeeeeeeieeeeeee ettt sttt eee s eseress s eeanareneens 6-11
B.275 B B E T e eeeeeeeeeeee e ene e sei ettt sree e s s eea e v st s s nees 6-11
6.3—1 Major fracture & MINOr fracture MF A TT ..ot ss st s 6-12
6.3—2 FKEEHBEBIZR T TUL oottt as s et s ettt 6-13
6.3—3 EMBDDERAKEDHER « FERMA) .o b 6-17
B.3—4 BATEBRIBEETEIRIR .ottt en et s et ren e e neannen 6-17
6.3—5 LIRTEMHE - MRETEAERR L ERERIEEBORT ccoereeeeeeeceecereeectererere e, 618
6.3—6 LIFTERE « HMERILEE D FARTEAETER ..ottt ee e eeeesees s ensese s st as e 6-19
8.3—7 LUETERE « BBIEIRIL oo e eeee e e st sees s e eas s s seseeasseeeeneneesermnareees 6-19
6.3—8 EEENBEEDAT L FIEEEZE oottt e 6-20
6.3-9 BREERREFLAIER ..ottt e ettt an et ennaaaas 6-21
B.3710 FHH/YE = 20 oottt et sttt eran e n e s 6-21
8.3—11 EBFINB DTN .oooooreeeecrierestsi s essssssssssses s sssess s cssssssessensrens 6-23
8.3—12 HIESHE GEFREEEEID) oot ee s se st san s e eeneseenaeen 6-24
B.3—13  FEATFRIER. ...cveeeee ettt ettt e an ettt e e eneenrenen 6-29
8.3—14 KEHEEDET IV oo eeeeeeeeeeeeeeeeeeeeeaon e eee e eessseeses et 6-30
B.3715 B N E BT Il ettt bt sttt ettt st et e e e 6-30
B.3—168 UZT AL RBTIE ettt t st es st st n s en s e s ee e 6-31
B.317 BB B T IVDABIE ..ottt et eetseae s seara et reeeseeantateeeen s et 6-32
B.3718 BB E T ettt s s et b bt e sttt as e tnaen 6-32
BA T T BRI ettt ettt st ettt e e e e e e e e 6-35
6.4—2 BAMBICR S NWB2KFBEDBTIRIT (1) e eesess s sssrss s esssessssae 6-36
6.4—3 HAMEICR S W3 2KEED BRI (2) orrrerrrrereeerrereeiesnes s sessss s s sessesens 6-36
6.4—4 BRAMEICR SN B3 EKBED DT (3) ot eesstscssesb s senss s sens 6-37
6.4—5 HHBETFIVERATFER » RIKEEB T ooieeriieireeee et ersessesssserssessesssseseseenreneans 6-39
6.4—6 HIHIEFIUEBHRER - BAME SEBAREDEEE (1) ettt 6-39
6.4—7 IHIETIVERATREE - BUANE EEETEDREE (2) oo 6-40
6.4—8 FHEFNERIER - BMELEBAEOLEEE  (3) et seeeseseeeee 6-40
8.4~ BIEDIBIKERTTME R A 7 oot ee et e rs st essss s seseesess st taestanseaera s s anan 6-41
8.4—10 HIBOEKEAMEICET 5ENMBER - BRAIECBTEDEE (1), 6-42



&
=

6.4—11 BAEDEKEAEICE T 2BMER - BRAECHENEOEE (2., 6-43
6.4—12 EIEOEKEHMICEEY SHRER - BAECAHTEDER  (3) i 6-43
B.A—13 HTB E T IV et ettt b e s st e e e r e ne e en e en e et e e aene 6-44
6.4—14 EHKIBEOAHICET ZHITEER - SIAE & RATEDLE  (1)........ e ———e—earanns 6-45
6.4—15 WAKEBEND AT ICEAT ZENRER - BB BFEOES (2) e, 6-46
6.4—16 BEAIBEDAHICRAT 2 BATER - BANE SBHTEOLE  (3) i 646
B.4—17 MR RO E 17K B S IR ettt st et r s s 6-49
6.4--18 £KEIALZ—M........ eeerebaehries et aeeeeee s s R e TR e Ao SR A e s e St e st aeae e e enane 6-50
6.4—19 Modell BERFER BUAHE & BHTIEDEEE ..ot 6-51
6.4—20 Model2 BEATHER ERAME L BBATMEDEEEL oooooeoeeeeeece ettt ..6-51
6.4—21 BEHKBEDDHHEL ..o, OO OSSN 6-52
6.4—22 EHEFIVEMIER + RIKTHATTE eooveoreeeeeeeeeeeeeeemseereessssssesreeeesiessessssessssssssssssssssssei 6-54
64—23 EEETINENER - BRAME L BHEOESE (1) e 6-55
6.4—24 EETTNENER  BEHE EFREDLEE (2) e 6-55
64—25 EETTFIEEFGERE - BAHE L BEATEDIEE  (3) e 6-56
6.5—1 /%y H—BIBRFICH T3 MIU-1 BU MIU-2 ORTBEKEDZEE oo e 560
8.5—2 MIU-1SFUICE T BEFTIE « FDEHMBE(T) cooooreeeeeeseeeseeeeeeeees e sseesecssessesssaessessessesene 6-63
8.5—3 MIU1 ZFLUICB T BEDZELL » FVERE(2) oo enereecsnss st ssesee e ereee s ssees 6-64
6.5—4 MIU-3 BFUCH I BENZELL » FDEBME(1) oo seeeseessesstsecest e in s sessen 6-65
8.5—5 MIU-3 BFLICHITDIENTELL  FVHBE(2) oot s een et ee e e . 6-66
B.5=6 MIU-1 ¢ PRBOT IZHE I BIETIZEIE oot s s s e renessanee e een s 6-68
B.5—7 MIU-1+PRBO2 [CB B EFIZL oo sersss st seeses e e anenes 6-68
6.5—8 MIU-1* PRBOBICE T BIEFTZIE oot essessse s sisn s ssaas 6-69
8.5—9 MIU-1 + PRBO4 (T E 1T BIETITEIE ettt s e sean e neen e s e e 6-69
8.5—10 MIU-1+ PRBOS ICE T BIETIZEAL ottt 6-70
8.5—11 MIU-1 * PRBOB 1235 1 BIETIZEIE ovvoveree oo eeeeeseeeesseseeseessess e ssosesseessessessssssssssssssanes 6-70
8.5—12 MIU-1* PRBO7 ICE W BIETIZEIE cooveeeecereeeeeteteeeeee oo n e esennnne R 6-71
6.5—13 MIU-1 * PRBOBICHE 1T BIEFIZEIL oo et ss sttt s e s nene 6-71
8.5—14 MIU-1+ PRBODUCE [T BIETITAL oot s nas e s ans s sen et senn 6-72
B8.5—15 MIU-3 « PRBOT LSBT BIEFIZLL .ottt e 6-72
6.5—168 MIU-3 « PRBOZ ICE T BEETIZEIE oottt sttt en s sese s enens s 6-73
6.5—17 MIU-3 * PRBOBICHB VI BIEAZLE oo 6-73
6.5—18 MIU-3 * PRBO4 [CH T BIETITEIL ottt teneeeee et snae s s s e 6-74
6.5—19 MIU-3'+ PRBO5 K235 1 BIETIZME covvoesreeeoees oo seeeeeeeeeeeseeseesseeesssseeeseessssssesesesesessssssssmmnens 6-74
6.5—20 MIU-3 * PRBOB IZH 1 BEETTZE cooveeoreeeeeeeoeceeeosereceree oo ssssssssssesseessseeeeesesee 6-75
8.5—21 MIU-3 * PRBO7 ICE I BIETIZEIE oottt e s sasns i 6-75
8.5—22 MIU-3 « PRBOBICE T BIE I oottt sbe st ee e enns 6-76
6.5—23 MIU-1 BFLICH FBETZEIL « FIX-T1{1) e ssessssssss s ssesssensenss 8-78
6.5—24 MIU-1 BFUCE T BEETIZL » FIX-1T{2) oo csse s er s s s B8-79
8.5—25 MIU-3 SFLICB T BEEAZL * FIX-11 (1) corerrerrrrireseesssssss s sstssssssessiessesessssesssens 6-80
6.5—26 MIU-3 SFLICHB T BENTEIL « FIX-T1 (2) cvviermrrrcrcerrrrreerse s es s sies s sins 6-81
6.6—1 BWRENFICEITIEITEE - BREEEHEDEE (1) 6-82

—x—



‘

6.6—2
6.6—3
6.6—4
6.6—5
6.6—6
6.6—7
6.6—8
6.6—9
6.6—10
6.6—11
6.6—12
6.6—13
6.6—14
6.6—15
6.6—16
6.6—17
6.6—18
6.6—19
6.6—20
6.6—21
6.6—22
6.6—23
6.6—24
6.6—25
6.6—26
6.6—27
6.6—28
6.6~-29
- 6.6—30
6.6—31
6.6—32
6.6—33
6.6—34
6.6—35
6.6—36
6.6—37
6.6—38
6.6—39
6.6—40
6.6—41
6.6—42
6.6—43

BRFECRT SRR - BB CHMEOLE (2. 6-83

BREFICRT SHTRR - BAECEBAEDOLE (B) s 6-83
BARETI  BREF e, erereer ettt R s e e nn ettt eae 6-84
BAEETI « RIKEEBTAE oo ettt ra e a e s b 6-85
HE T A D FEEIIRT oo e sevs st sen e bbbt b s s st sa e bt st senseerennnen 6-86
FETERUDLIE .. eeveeueeeeer s tsesssss st ss s b e saeeseeeeeee st et re s e s s e s e s a s s een et sbes st asen 6-87
T AKEBATIRER(POINOT1~03)...ooveeveeeeerereesssssesresss s ssressssssss s ssssseesssssssssessesessesassssnes 6-88
HE T A TR BB (POINTOA~08)....ocvo e e e es e s s e sseens e enensssessasesesrasasnesseesassens 6-88
T KB FTIERE(POINTO7~0).. v eeevceeseesieeteees e beesesseesseesbacs s s s s s esreseeeereeaenenees 6-89
H T AT IR (POINET0~12) ottt et sr e sa s ae s 6-89
B S Z T N ek S T ) SO OO OO 6-90
HF KA TIRRE(POINEI6~18)....ceereereeereer s saes e ens s se s evererenirennenns 6-90
T KT ERE(PoInt19~21) e SO OOUO OO 6-91
H T KB T IR (POINIZ2~24) .cov. e ses e sss s bt st 6-91
FKIBHE K 53 BB (POINtO1~04) c...voeoviretescteeee s esse st ses e s ee e canesenen 6-92
TKER S (X 3 B B AE FEE (POINO5~08) ... eeeeeeecteteetaessc e e e s neesesesesesenseae s enseensies 6-93
L = S BEBIEE =] (o a1 1o e ) SO rrressners s rens 6-94
FKERH B X B BEERE (POINE13~18) .o sensst st sesssesssasnessssesssssasans 6-95
KIEHE X BB (POINT1 7~20) c..veveeveeererereeer e teses e s s sesssss st bsnssssnsasnas 6-96
FKEEHD B X TP BIEE (POIM2T~24) .cvveoveoseemrecerssesrimsesesseessssssess e sssessessastesssssssssseanes 6-97
PR BT B O RIERIR oottt ettt bt st s nenes 6-08
BRI ET I BT ZKEEITEERE. oo ettt e ean s e eens 6-99
AR T T IV T ATEITEERE......cooeoeeeeeee et st 6-100
BT — TR BER oo e 6-101
T BT D) 3T e ters et se st s et n e s semsrsepersas s e ss b e st st 6-102
FEHIE IV —FEE v ises s ess e ss s eses s es s s bbb et st et ee e 6-103
FHIEIIEIBEEE ..ot be bt s bt s b s s mn st mem e e e en s e ne 6-103
FEERRBADEIRITR ..ottt s s b s s st sas e 6-104
B TR L DBAIREIRRE ..ottt a ettt e e st 6-104
BT EDOBEYREREZRIBIE ...ttt 6-105
BATRIBIFME (BEDFTT) ettt sttt renene 6-105
BEFTRIBDLIEBL (1) o veeeeerees v rs e es e ses s s s s s s ss s sis s s 6-106
BATIRBEDIEBL  (2) oottt rses s s s ss st s s sanens ereereeaenenas 6-107
FETIVDEEBE ...ttt s e b st ss s b et s s bt enernae 6-109
2001 BT I A B B Tl oot ese st s sen s aearanaesenen 6-111
2002 FEET)N BEEE - BEUHOBIET T Ve, 8-111
BRI oottt b e ba R es e r et ren 8-113
HWTFIKBITREEDEEBL (1) oo res st s s ssss st reas 8-115
b €y <3000 Y xS ) vt bttt 6-116
BT RKBITREEOKIBHIEIR S ..ot sssssnss e sere s oesensraeenes 6-117
BBATEFEIDEERL oottt bbbt 6-117
BEITEEBEDLELEL ...t ass s st et s bes sttt o 6-118




B
=
=

6.6—44
6.6—45
6.6—46
6.6--47
6.6—48

7.1—1

7.2—1
7.2—2

7.2—3

7.2—4

7.2—5

7.2—6

7.2—7

7.2—8

7.2—9

7.2—10
7.2—11
7.2—12
7.2—13
7.2—14
7.2—15
7.2—16
7.2—17
7.2—18
7.2—19
7.2—20
7.2—21
7.2—22
7.2—23
7.2—24
7.2—25
7.2—26
7.2—27
7.2—28
7.2—29
7.2—30
7.2~31
7.2—32
7.2—33
7.2—34
7.2—35

A el b ) G U 6-118
AT o e R A Sy [ U 6-119
BRI DT FIV S = FEED BT coooooeeeeoeesreesressoessssssessssssssssssssemesesresseesseoseorene 6-119
e o Gl kb i 6-120
RSB BBIADBIETER ..ot r e st e 6-120
2 s e OO OO UU U 7-2 -
BESLBE...cc.ovooeoeeeeeeee i ss s seaane e ranaes 7-6
SR 1 (XY-1, EL.-250m) # 5 OBIHEEIEZE oooooooeooeessesoeeens s eeseseeesssenso 7-9
fEEA 2 (XY-2, EL.-250m) bsbm%fﬁéﬂ%%&aﬁl ...................................................... 7-10
HEM 3 (XY-3, EL.-250m) 5 DBTREEIRFEIE ..ot 7-11
FEMR 4 (XY-1, EL-500m) 5 OBITREEIRER .o 7-12
BEA S (XY-2, EL.-500m) 5 OBITIBEEIRFER oot e 7-13
BEM 6 (XY-3, EL.-500m) # 5 DBITREEEREE .o 7-14
BERAT (XY-1, EL-750m) 75 DBTREEHRE .o 7-15
BIER 8 (XY-2, EL-750m) 55 DBETREEEIEE .ot 7-16
IEER9 (XY-3, EL-750m) 5 OBTREEREE ..o, 7-17
#EEM 10 (XY-1, EL-1,000m) 55 DBTREREIHREE occocv e 7-18
FBER 11 (XY-2, EL.-1,000m) 25 OBTEBEREE ..o 7-19
IBEM 12 (XY-3, EL-1,000m) 7 5 OBTREEREE .o 7-20
BEMR 13 (XY-4, EL.-250m) 5 OFETREEEIZEIED .o . 721
EEA 14 (XY-5, EL-250m) » 5 DBTREEIEEE ... 7-22
HER 15 (XY-6, EL-250m) # 5 DBITRRERIERIE ..o 7-23
IBERA 16 (XY-4, EL-500m) 5 DBETREEEIREE oot 7-24
HEEM 17 (XY-5, EL.-500m) 75* 5 OBTREEHREIE ..o veeeveeeenes 7-25
HEER 18 (XY-6, EL-500m) %5 DOBITERIPHE.......... ettt s esans 7-26
FBEMR 19 (XY-4, EL-750m) #* 5 DEATREEILEE oo 7-27
FEEM 20 (XY-5, EL-750m) 75 OFBITREEIERIE ..ooeereee s 7-28
BEM 21 (XY-6, EL-750m) 5 OBITRREEHEE ..o, 7-29
BIEM 22 (XY-4, EL.-1,000m) 5 OBMERIER ..o 7-30 .
fBE A 23 (XY-5, EL.-1,000m) 5 OBTRBRFE............. erre et ranrans 7-31
B 24 (XY-6, EL.-1,000m) 75 DBTREIEEH ..covvvvvvvevrrrrneen eereereeeseeeeeseessneen 7-32
HEAXY-1 EOBIBEADPDOBITIRIER s et sesst e 7-34
HERXY-2 EOBEERDP SDBITEIBR ettt 7-35
HERXY-3 LOBRERD 5 DBTEIEE e, et 7-36
HER XY-4 LOFEEAD SOBITREER (oo vnsessnans 7-37
HRERXY-5 LDBEERDP SOBTREEER oo sensessnesernns 7-38
HZEAXY-6 LOBIBERDL SOBTREIER ettt 7-39
HER XY-1 EDOEIEERD DD DArCY MIE ..oovcoreererrireeesisnetrssessessssss s ssassssssssssesss 7-42
HERXY-2 LOBIETRD D D DArCY FIE ...ooveoverieririnsrnierssmessssseressssisssesssssssssssssesens 7-43
HE AR XY-3 EDBFETERRD D D DArcy FHE ....ceveriereeriereressesresessessessressssissassssssssasens 7-44
HEEAXY-4 EOBIEIERD 5D DArcy T ..ovcveereecrercrreresrese s eeresessasssssenssesns 7-45

—xii—



=

5

7.2—36
7.2—37
7.2—38
7.2—39
7.2—40
7.2—41
7242
7.2—43
7.2—44
7.2—45
7.2—46
7.2—47
7.2—48
7.2—49
7.2—50
7.2—51
7.2—52
7.2—53
7.2—54
7.2—55
7.2—56
7.2—57
7.2—58
7.2—59
7.2—60
7.2—61
7.2—862
7.2—63
7.2—64
7.2—65
7.2—65
7.2—67
7.2—68
7.2—68
7.2—70
7.2—71
7.2—72
7.2—73
7.2—74
7.2—75
7.2—76
7.2—77

HFER XY-5 EOBIBERD 5 D Darcy T ..ocveeecerereereeeeeeieetetesseesessseresesees e 746

HERAXYS LOBIBERD B0 Darcy Tl e SRR 7-47
HERXY-1 LOBIBESRD S OBTRIBADTEFIE oo 7-49
HER XY-2 LOEIRESRD 5 OBTRIBADETEE ceeveoeereeerrereeeseerese s seesesssnns 7-50
HEAXY-3 LOFHEERD D OBITBEADETRIE ..o 7-51
HERXY-4 LEOBEEAD S DBTRIEBADERIE oo 7-52
HERXY-5 LOZEERSSDBTREADERE ..ot sesassnenne 7-53
HEE XY-6 EDBIEEAD b DBFTFHEBADEFE oo oot e 7-54
HERAXY-1 LOBIEERDLPSD bINIWEA L, eeee et er e eearereens 7-56
HERXY-2 EDBIRERD BD P T AL R A L oot ese s eeenesssenesersenen 7-57
HRERAXY-3 EDOBIBEREDL DD R T ANRILE A L ooeeeeeeeeereereereeeestearseereseeessesssnasanaen 7-58
HEBEEAXY-4 LOBIEEEDLED FS NIV Z A Lr oeeeeeeeeeeeeeeeeeererars rererereneneens 7-59
HERXY-5 EOBIEEEDBD M T NI A La oo e e eeeeeene s sanen 7-60
HEAXY-6 EDBIBERD BD R T NI E A L oeeoeeeeeeeeeeeeeeeereeeeerereressee e ereennene 7-61
IS XY-1 EDOBIEERD S DFABIE P SN B A L oo 7-62
HESXY-2 LOEEEEPSDBGTRBEORIBIE M SN R A L e, 7-63
HRAXY-3 LOBEERD 5 DBTREBOBIRIE RSNLE T L e, 7-64
HERXY-4 LOZEESDL S DBTREBOBEC FSNIVE T L e, 7-65
HZEm XY-5 EOBBERD 5 DBTRIEDFMEL FI NV ZA Ly s 7-66
HERXY-6 LOBIEERD 5 OBTREOBIBE P SNV Z A L e, 7-67
HFEA XY-1 OBTERE EOBEKBREST oo, e enrnes 7-69
HEBE R XY-2 DB TR L DK BB T oot ess e s 7-70
HRER XY-3 DT E DB K BB T e e etereeresenne 7-71
HZR R XY-4 DBATIER EOBKEREDT ool SO (% 47
HER XY-5 DBATREE EDOBEKBREDT ccoeveeereeereeeeereceecssarccsssicssssessinas . 7-73
HZE A XY-6 DB TREE E D TBAREI T 1oeve oo esesessecesteesseseraseeesss s eene 774
HERXY-1 OEREEZBIBT BHE(FIUX) croerereeeeerereereeseeeete e eserseensesesensrens ree 776
HFERXY-2 DEFRE LB BT 5 HEFIux) S seaas e sreeaeas 7-77
HERAXY-3DEFEEBBT BIE(FIUX) coeereeer et ress s sess s sesssessansens 7-78
HERXY-4 DB REEFEB T DTEEFIUN oo ceses s eessesssese s s 7-79
HEER XY-5 DEREE BB T BIEE(FIUX) coueeeeeeerereeereiseteseesaeeeceee e eneeeseeceseerseneenne 7-80
HERXY-6 DEREEBBT BTEFIUX) oot es s st s ssassesessseneres 7-81
HERAXY-1 LOZEERD S OBRTREEEDETRPESE ..., 7-83
HEAXY-2 EOBEBEAL SOBITRE EORIERE ..o, 7-84
HERXY-3 LOZRBER» S OBTREBLOBFIEIRE ... 7-85
HEE XY-4 LOEIEESRL 5> DBRTER L OESREFEE......... e bt tnan 7-86
HERAXY-5 EOEEERD S DBTRE EOFEEIRE .o, 7-87
HERXY-8 LOBEERAL S DBTRIBEOBHRIEZE. ... 7-88
XY-1 DERECB U IBTRERE FFAN R A LDBHF oo ereeeaers 7-91
XY 2 OB R E B 3BT RERE L PN R LD R e, 7-92
XY-3 DB R E BB RTRBREEL PN E A LD e, 7-93
XY-4 DEREICE T BBTEBRE FSANLZ L LDBEF e 7-94



72—78 XYS5DBBRECBUIBTEREBEE FSAXINEALDBEFR v, 7-95

7.2—79 XY-6 DEFRELSUIBITREREL P AN Z A LADBER e, 7-96
72—80 XY-1 DEREBEILSUI3BTERRREBEBEINA SIS LDORBEE ... 7-97
7.2—81 XY2DEREICE W I3BTRBREBBRMEEINLPINLEZA LDBER e 7-98
7.2—82 XY-3 DEEEICH I IBTRBELBELENE NFANEZ A LOBEF ... 7-99
72—83 XY-4DEREILHTIBTERRRCABLEENELFINILELLOBR ... 7-100
7.2—84 XY-5 DERELSUIBETRBREEBREINAISIANLZSLDBR 7-101
B 72—85 XY-8NEREICEUIBTRBELARIEEAAEINSIALEZSMLDERF e 7-102
8—1 HFAHREIRMIC S 1B RREEME DRI ..o e 8-1
8—2 ARERMIHAEICE T BABETERIDER ...ttt sa s sa st s s s sesnens 8-1
8—3 BIREBOBEIE (3ETI) s 8-4
8—4 HERI EOREFER (TOUGH2, BITRHER) .o 8-5
8—5 EEAT EOBRELE (TOUGHZ2, BT .erriererermrerrsrnssssssersssssssssssssssssssssssess 8-5
8—6 HBEAIEDOBEHE (TOUGH2, HEEMDEBIME) oeereercrererremrrrrrmesesneeessseesens 8-6
8—7 H/ERIEOBELE (TOUGH2, BTREOFHIIN Y —HE) e s 8-6
8—8 IEAILDRELE (TOUGH2, BRBEROTHEIE) .eeecreeserennnsseseecsinen .87
B 8—9 IBEMRIEDBELE (TOUGH2, #IV—HETEH L ABTEHE s 8-7
8—10 BEAIEDEEESE (EQUIV_FLO, BIFEER) e 8-8
8—11 H{ERZEOBELE (EQUIV_FLO, BITEFED e 8-8
8—12 IELEIEORELE (EQUIV_FLO, IBEADBEBIE) oo 8-9
8—13 IBEARATEORELSE (EQUIV_FLO, BTRBREBOFHEIILY —FE) e 8-9
H 8—14 EEARIEDORELSE (FQUIV_FLO, BITBEOTHETE) .. 8-10
8—15 WEAZEORFEESE (EQUIV_FLO, FNLI—iETEH L ABTEE) . 8-10
8—16 HEEAT EDBELE (Don-Chan, BFREEE) .oocorcrosmimmmsrscisimstsssssnsisn 811
8—17 HMER/IT EDBELH (Don-Chan, BEITRFRED v 8-11
8—18 EEARIEDBEHRE (Don-Chan, HERDBBEIE) .ocorervecriecnsrrrmrrreeeescsrarenens 8-12
8—19 HERIT L ORELE (Don-Chan, BFREOTELIN Y —FE) vveeerreeereeereonnnens 8-12
8—20 EEAT L DRBELE (Don-Chan, BFEBEOTIIEIE ..oocoooeeeeeerssreressssinsnneen 813
8—21 HEAZEORERS (Don-Chan, FILI—FETHEH L ABTHRED e 8-13
8—22 EBTRRBHOIES DEIC DV TR .o 8-21
8—23 EFNFYUIL—-La BB TOMTRETHBEBTER. ... 8-22
B 8—24 EFLFvVITL—2a B TtORTROBITEE .t 8-22

_x.iV'—



=1

R BT BT BB T ettt ettt 3-1

BE 32 T e ettt e oot se et et eer e een e ens 3-3

T 3—3 EFRT—ABHESF B e, ettt et a ettt sa et s serssenreenaenes 3-4

T 34 FBTEREEIR.....ooeoece ettt et et e s sttt 3-7

R 38 B 1T — B D ettt s bt et et et enrenenn 37

Table. 4.3—1 Summary of hydraulic conductivities used in the Model. ..ot 4-5

Table. 4.3—2 Summary of fracture density and porosity values used in the model. ........coevvvvenee.e.... 4-6

Table. 4.4—1 Probe locations and general description of response to Well MIU-2 packer removal. 4-14

Table. 4.4—2 Summary of model changes made during calibration to packer removal........cco......... 4-17
Table. 4.5—1 Water budgets for multiple realizations of the calibrated and uncalibrated models. ... 4-25
Table. 4.5—2 Streamline information for one realization of the calibrated model..........ccouvevernrennene 4-27
# 52—1 BTEBADEBRERHEILEIE .o ses s S 5-7
* 522 JBR—VU L THATOENBEERRE . ..o e 522
52 5.2—3 Bingham ST G BB D R IoINT A e eeeeeeeeeeee e ere e s v eteeees e e e seneseeeaarns 5-28
524 BTVEIHEICE DBINE T ..ottt sttt et ee s e s 5-29
FRB2—5 BINBEAT/ITT A =B ettt et s et enr e e 5-38
& 5.2—6 HREBONB[HEEUREFRRE (SR, 2001) et et 5-39
% 53—1 FyVUIL - hiBOKEBNNSA—~FME o Leererenreees e a e re e eree esanreerreens 5-47
R 54—1 100MBFRICBIBME - FU 0 —FRD BT oo esssssesaeees 5-56
®54—2 EZR)CIRBORAERE (BBE) CACRKEM. ..o 5-60
R 54—3 BEZRV L TERBICHE T BHKEORETREM ..ot s sasrsesons 5-65
R 54—4 WMEMERRETEICAWABER B sttt e 5-66
R 545 BERECBET SHTKOTRERE TORBREREIFE oo 5-93
T 631 HEHIBHEIRIEIR oottt ettt e ees s een 6-14
#* 6.3—2 MMEEWRE UAAEHBRIER(TIIE) oot st 6-15
633 WK BEBRAIER TR ettt e er e s ere s 6-16
FRB.3—4 BB B E .ottt se e eeree aeaeeear e 6-22
635 FEEINEREIR .ottt s s st e as st s a e e 6-23
T 636 MMEEWRE UAACEREIER oottt ereen e n s 8-25
# 63—7 FITEMEEHRE U AAKEERBIER coooorocrooreesesecssesssss oo s 6-26
6378 EN B R T — F B et r sttt bt 6-33
R B6.3—9 THIE T IV T oot sttt e ..6-34
B B.A—1 BIBODBEIKBTITME R A T oot s s e s s senesene st ens e esssasesensees esseaseranees 6-41
2R 64—2 HIBOBEKEFMEICE T BEEITT — X oot sss s ivs s oo rrens B-42
| 643 BKBED BRI IR T BB — Z ettt e s sss s 6-44

—xy—



= 64—4 Modell, Model2 FEIKREI—F .ottt s e 6-50

e e ST L L= O OO 6-53
R 6.4—6 BUAME &AM ED EBIRERTEI oot es st 6-54
® 6.5—1 RIBKEBRERCH T IEIEREETERR .o asesssins 6-61
FZ B.5—2 HMEMEOIEETE oottt ettt ettt et v st s e ene s ne e s 6-62
F 65—3 FEEEHEISA AT — R, S, e eeb e 6-67
R 6.6—1 BRI E T Il B E e ettt e e st e st en s e e s enane s nnn s aen e se e e 6-85
Fe B.8—2 2001 BT IUHIEEME ...oooeeeeeeeeeee et e s e en s ree e s nean s neen oo 6112
BB BB 3 BB E .ot se s ces et et s e n e et n et nenre s s ne e sene s e e teten e s 6-114
F 71— BEATGRAEEEE T (113) et sss s st ee e e e 7-3
] 712 BERRMEEEE (23) e ettt 7-4
e 713 FRATERTEIEEI T (B/3) st es sttt et e e a e een s v s 7-5
& 8—1 BITREER BTERORELE (TOUGH2) et 8-14
+® 8—2 BITEEE BTEEOBEEE (EQUIV_FLO) et es s senee e 8-15
& 8—3 ETRIEE - BITIEODEBELSEL (DON-Chan) e ereesseeeseseeeeseescesesssesens 8-16
R 8—4 HERBERE - FHRNE - FASL Y —FEOBREF{L (TOUGH2) ... R 8-17
R 8—5 ETREBERE - FHERE - FRALNL L —HEDEEEL (EQUIV_FLO) .. 8-18
& 8—6 EEABBRE - THRME - THANV L —HEOEELTIE (Don-Chan) ..ccvecverenn 8-19
+ 87 FNI—HETHHL ABEFTEEOEFIEOILE. ... ... eeteetet et bt st eae e 8-20

—XVvi—



1. [ZCHIZ

REHAIEY v 7 — T, HBASTFRRROEE L2 5 RTHEEE OR 2RO —
RE LT, ECBEMBHAFTHERE LB TARSNED 2207 0dx s FRED D
NTW3, ZhodFudxy ME, BRERF—NCRBIT 2 ESHEREORE « #8F -
BN ORBEZRFET L L 2ELOHEREL LTS,

LREATREMEF R ER ORI T ARSI EONE B ELER T 5 DI,
R B L2 5T RGBSR BT DD EFT N « BTN EBET 3 L REEAR
BEEO—DTH B,

BT, BIRHBMIEETEER GRS T ARBFIEIZRB TR, BEIDOFELFEHEL
TW3H, RETHLNIFHRIL, ZRBONEHEL IR 2EFRECHERRE, KB
RBRETHY, AEOEELESBESATWVWS, £i-, BEHBHAEIHHER VAR T
KFBM AP EITHHRE LTV BERE P, BRICOMTIENEIE ROEEEHE L
TND, IDLIRMPESNLEBHREICESE, FHEHEETIRBTET T BEIC
i, e RIREICESL, F—FERSOKEREHEET TS, SF L - BFFES
HA SN, IARKEBHEEETT/-PHE L7 IS E-S < T /KRBT E DR
EEECLEEHIRAIR 2o TS,

PEDZ LD, EHBEREORE - f#HT - FTHICBV TR, SR RRE =M % R
SHDBZLBEETHY, TOLDIIL, EREHRMEI T D REESEZITMETS & & bi,
TORREEICFEBESEZAERFHHEL, ROBEHE~RBESERZZLBEETH S,

FETR, KEMEEEET LT ARBBITERICE TN A THREEY, MEME
DERIHENED L IIER LA EFMMET 522 BH0E LT, HlcBE LBl
RICESE, BEROKEMEREOET TN FERLH T KB REC L 35T L OES,
BOMTRREBIAEN (F¥ VTV —ar) 2EETS,

_1_1_



2. HEmESOBE
2.1 hiHEEE

YR, B 2~ LORT £ 5 Il B, Rt S L, 2
DRI EBEHA LD 5 KR —EEFH O b o T MEROHIAEEY =+, JLEo Lt
i, AENBEN, FTEORIE LTERASERATWS, FEROLME i L 05
FuT, BRI G 794.1m) HIECIALR—EEFEICE S BRILETEIC & iy
I RBRE L2V FRICR T O TV R, BEHICH S I LR RERC 25, B
BEHIOD AL, ALHA B BT EY o TR BTN, TORRE & REROB R
BESRELTRMETRL, )L OB B S A5, & DI & HE O
IR RS R B Y, FAROBESROSTRTILBE Y, —F, FESH %
WRDOHTETERE R L, BEROETER (LS 2-L6E L MREh 5 £ B
DEEEHHRL TS (REED, 1964) .

AISE L7 ACE N & g o E e RSO ML, EEH 150~400m TH 0, JLEE
25 HEEFICECHICER LTV 5, BSLRSOERRR A L EESOESREAD
BEREE T OB TRYTZ LIC k> THEE LSk HIS AR 4% Th 5, £ 7, i)l (k
EARA  #0 160~120m) IR, SR RE AN SEEES RIS B &I, ik
RETHEALTED bR RS RN S RE IS EET 5,
| H 22 RSO SR R, W OMENT, KHIL T, SREORREE (7
ERZBR~VaF42) | R - A (PARSER~SESR) | HEfk B
TG OHERBIC K4 Sh 5,

RBHOHEME, BE - B Fr— bl L, BERLA-BEESAOENEE
THREMET, ZRENL Va SREHOHBBANBICL VBV ELELSE L DOTH S
(Wakita, 1988) , |

AR, FCEROERIAERIC Y EREERERAHLTND, LIk - 5
BAHAIT S ERIH 10km OEUTEREOBENST L, B OBIE ORISR
HWCHEALTWS, LIRERET, EHFOEA - LREREO—8E LTEX bhTRY,
Hig AT O RS A E S M O T EEEA ORIRA R bR (B - 84, 1969) .

WFRTACEIRY, AR AB T SRS TN L TR0, WEred
ERTEREREN bR B, Ek, BBHROBRIS I L RSICEA SR TS
(BEMEIN—TF, 1972) .

INDOEBEO LT, THE GHEBE, TRBR OHMAN, LI - BEamL T
RAHMERDLICER S, BRBRIE, TAID, BE - B BENLA Y ER T ik
RIRRE, WREOES - BELERLTERMRE, oA M - DB ERE T 5EER
BOSBICES SN, WREHE, L - HRAHREE I 300m UEOBEL 25, &
FHROBMFRBRITEL LTF v — b - BRSSO L D 2 2 DBE (HIEDEE) T,
TEICHMLE (HEWLE) Bom+5 (R, 1080) .

AHIGE, FEFHRA b EHHICH I TIES Lz & \Wbh 3 BB ES) - EENEEIC L -

_.2_1_



TRy ZRICEH LTV, MBAKEEREERIT, T2/ LEE T TR
MEESACRERILEE - SREE, ZO/MAZI3EETLTESERLUNE, ERLoRE
FELERIUMBETHY, WTNOKEELEEEZRLTWS, BELKE - £EEBLL
TiX, TCRTERTIHMEE, EXEERbs (EWETFES, 1980) . 7, BHR
AEMUTIL, RECES ALTBB LIH-—FER LEEEICES LENBEREETS G
#&J1, 1980) ,

0 10km

¥ 2—1 FHEMBEOHMEE & UHE

_2_2_.



sl

A Ey

B 2—2 HEHSE GRAN, 1980 i)

—2.3—



22 HEXM

FIRE= - SRR . “HBHE U T R OEARTERSE" , HEREE, 232, pp.113-127
(1969)

AARJIED . HREROWE” , FRTCEEMESTE, No.l, pp.1-50 (1980)

BIRICE, ASEST, TEE, KEEF, TESE: K - RMEITROBTESE" |
HHEEEE, 37, pp.89-102 (1964)

EBHAS : BAOENE, FITAREHS, pp.186-195 (1980)

EBEFRIN—T . M FEFEEORSEOEELBE®R” ﬂﬁﬂﬁﬂ"%‘ 26, pp.205-216,
(1972) '

Wakita, K. : “Origin' of chaotically mixed rock bodies in the Early Jurassic to Early

Cretaceous sedimentary ébinplex of the Mino terrane, central Japan” , Bull, Geol. Surv.
Japan, Vol.39 (11), pp.675-757 (1988)

—74—



3. RITOBME |
3.1 EFNAL - BIFEHOEE

RHRZRICHT B, ABHBEMED T F LR OH TR RBIMRNIC 3 Tk, FREREE & RS,
BEREBHEFERRAMEZ FL L LERRER G CTEENAH 4X6km OEE T x4
kL, EFMUERER 31U, ERSAMER 3—210RT, ZOBRERNRE Lk
BEMEHEOE TR TAREBMBITCA V3 R, MEE LA £ 3—UoRT &
SWWEREETNE 2 FE, TEHEBESAOFENLF ¥ I ARy NI—Z 2T A% 1 E
%, BF3FEBEEHALE, ThboeF LI ToiEsE LT3,

O FNBICL BBATHEREZSMSEREICERT 5 Z LW TELSEEE T 5FE

@ FFETEERT SBELETIFE
® Wifgh L OTERBENE KB 2 ERT 2 HELETEFE

# 3—1 ETILE - BIFFEE—FH

a— N4 TOUGH2 EQUIV_FLO Don-Chan
BxE R i k=i IR () BEHE
EFNFELR EBREET NV - #EEiseTa Fyvivky bU=JE7" v
ETAE | KBRS B A | BRGNS L ERE | B ERERDENE
FHE | FA—FEHEE 52— % HEE T A B R
RN REES . HBEFKE =N+ AR

—3.]1—



B MU D SIEETR (R)

MU FRA— MRS
WEMRET S

& FWH—uLY @
O ARy @)
(FR1285A)

® 3—1 EFII{EE

s
km;«f,dﬁ_;

) Finfshed
3 lnvestigeting

5

(12/0zt, 2000}

H 3-2 EEERBARSLAESER

_3_2...-.-



32 BHREABHEICESCETL - BFEF—4 O%E
BB CIBE L 3 DD EFMLFHR T LIT, K 3—20R Lo MRSy L Z —RER L
ERMERERRIC LV BONET — &I, SEEFE2ERL L TEMS N MIU-4 57,
BT AREORRR SICESE, HEEERLEABBEBEEFLORFICELETED
B L CERVEEOBEREE T, KEMEEET S VERO TR SV TRE L,
Fio, AEELY MIU4OFR—Y U FF—5 L RABRKRBREENSH -5 — & LBEMNX
N, MIU-4 D OIERT HR—A TV OBERER LY, ShESHRES SN, RHEARR
OWTIE, ZORBRIZHES T b MIU-2 LC 3517 5 B SMBHICRE 35y 1 —0
PRI & B AEDISE N KERICIED = L2 b, KEHEWETFLOF Y ) TL—vay
DIz ZOF—2 BRBENT,

# 3—2 F—H—FE

e  HEYLERAZE
HEK .
HE X HEEE DR
THRE | MEEHE V=7 A v FOER
Z vy FEE V=7 A OB, JRERER 10km X 10km TEHM
ARy MEB V=T A FOPRE, EEAEE 10km X 10km TE#

HE#BEOER, MIU ¥4 F 2O ER

B & & : & E 2404m ( Line-1=644m, Line-2=500m,
Line-3-1=660m, Line-3-2=600m)

JRIFEE : FER 3600m (Line-R-1=1700m, Line-R-2=1900m)

HiEERE | HERERE

S (CENE L EREOER) OER

RRRE (MTHE) | it 10km x 10km ¢35

Bl 2158 7L
. HEGEEE - £ 40 I (97MS-01~04, 99FT-01, 99RT-01, Al-4,

TR AN-1,3,6, DH-8,7,9, GD-1,3, GF-1, GU-1~8, GM-1~3, KA-1
~3, SN-1,3,4, TH-1~8, TH(2)-4,5,7,8)

K ERSERE, BRI, LW LHEORETNE, REtHE Hx
2, fJHME, FEEBRELUNLOHEKEOREE

SEETL aFTHE M SRR 2 E ooiEig
. . EERIEEIN BIEE DR
HIFLRs Rk & DH 735 & U MIU 7L CEH

N EORE, AN, FRIE, FEEHOFTESOLE

RT7R—NFLE AN-1 7., DH 7, MIU AL CEM

v UA—RE, BERE, FiE, B4y &, RIEHLIER, MICRO
wE bR, TR, PHETERSE, FBRE, RQD, TiEkE,
BRREL, L IARL L MRE, BERE

BELNICE T 2EEF R OKEST OBR (BB ARERIT 4
K EEH > TiTibhvie MIU-2 1o B S Ic kT 3 /3y 1 — DB
W EBKEREEETAFEY Y S 1 —a VITHIE)

BREETLAN DIRBES 1M DKER S A7 DB

TR MP A7 Al & b i TH fLCEM

TR BE ST OEE

FEAHER AN ¥, DH#., MIU fLCZEH

—3-3—




3.3 EFLFYUYTL—gy

EFMEEEOMCER U FREEMEEMET 520K, TFML - BFFED L i
TEHELLT AV TAKBEREETVOEHEGS YV S L—a V2 EE LT,
FETMET Do T, BEELRE, I ONRE T HEFER, HEEEL I UE
REHEERU L LEMTEHEZR 3-8I0RT LD ICREL, SHEHEDKE - WHBT
FIEDREBILH>TUE, EFEREILCEBRRELE, -

NEBEMEBEETT A DX v Y T L—va Vo0 TE, BREEHKRBRIEOKEEBOEE
FERLFEFH T RBBRTREREOLBERFIC L VITRY, Fi, F¥v U L—a LI
ERMTARERITZER L, TFAAEOBETR -7,

. R 3—3 EEHy—RBHEB—E

FRAT TR 83— LRI 4 X 6km DOFEIK

M HiIRERAR

HE g HREE, TEREE, ASWE (BEAE, B8k 2Erb
R Sl LEERL, MEETOKCEEER LTS

RBERL, BHRA 7 —VCOFTRERLVELN I KEREER L
ERA

—3-4—




34 WMTRRBBABEROLEELDH

7L - R FHE T LI, EREARBREOKELESOHAKEE AN TERT A KHE
ﬂﬂgﬁﬁ‘:‘&?ﬂ/@%% V7 L—g N0, UTOO~@ODEBIZOWTEE ST
oo 7B, TFMERHEICHINFEES AV 2EE (TOUGH2, EQUIV_FLO) ik, #st
FNCEEREOV 7oA ¥— a VEERE L.

O BRERITRT BHERKELBORAIE L AATEO

@ BRARITEIT BBRANEETEOEAME L HTHDOZE

Q@ 2TOBRRTORFKEETRDEAE L HITEORE SR

@ BBIRITIBIT 2B ARAKEETRE O EANE & RITEDZE

® £ TORER TORIKEETIFEOEHE & EITEOEE "R

® BHRICRBT 2 WARFKESERH (FBAT VST 1 THERE) ORHHE & AZHTE D%
@ 2TOBRRTOMMBSAKRESERME FART ) A7 4 7HH) OERIE L FHHED

R Fm

IoiZ, ABHEEEDET ALY ) S L—3 g VIROEEHTKEEEIT2EIC, MUTF
@Eﬁmowfmbi&béﬁ&oto

BERTEIBT 2 BAEELLY O T RKED ST
BERETEBET DHTROTHRESE TORBRESHE
BERAEZEERTAMTAOTHERE CORDRKE
EBERTEET A M T RO TRERE COWZEER
HERZEERT 2T KROBKEEEH A

2KEHT

F N —FRE~RY b

SECHRONCHEENCNS)

. ERO~®icrd HBEA] 1%, X 3—-3B XU 3—4icR7TWEIAL L OB EE <
SHIRT OB 4IEEDH 24 R LT3,
FEVTREROWM AITER Y, & 3—BITTT LBV THB,

—3.5—



I
04-8
CH &

LH

I
DH-5
+
Bl

ryery ~
B 3—3 HERME

B, BFHFFIL, 4X6km OEFEHER (3643.93, -66044.47) , (7831.93, -66044.47) ,
(7831.93, -71044.47) , (3643.93, -71044.47) #FT,

_.3_,6....



R 3—4 BERER

B WirjE kAl &HE TR
X N4 Z X ¥ Z

1 4488.83 | -66900 13 4488.83 | -68629.36

2 5488.83 -66900 -250 14* 5488.83 | -68629.36 -250
3 6488.83 | -66900 15 6488.83 | -68629.36

4 4488.83 | -66900 16 4488.83 | -68629.36

5 5488.83 | -66900 -500 AT 5488.83 | -68629.36 -500
6 6488.83 | -66900 18 6488.83 | -68629.36

7 4488.83 -66900 19 4488.83 | -68629.36

8 5488.83 | -66900 -750 20* 5488.83 | -68629.36 750 -
9 £488.83 | -66900 21 6488.83 | -68629.36

10 4488.83 | -66900 22 4488.83 | -68629.36

11 5488.83 | -66900 -1000 23* 5488.83 | -68629.36 | -1000
12 6488.83 | -66900 24 6488.83 | -68629.36

* MIU-1 3L &R CEEEE
£ 3—5 HIAT—2ORE—E
EHA 2B
BERES BITRBRTOBITRERERES
JEAE SERDERBLUORAD x5,z BE [BEA7 : m]

BITERE | SEFRORS [BAL:m]

BATREH FERICBY 5BTRM (B F]

P FEFiE, Darcy HidE [BA7 : miy]

ETE s, ERE, B8, V=T A NERRE

FEREREL FBEZOFENKEGE (BN : m/s]

ARERSE | EERORMERECH A HRRE (A : —]

—37—



4. Evaluation of uncertainties due to hydrogeological modeling and groundwater flow
analysis constraining the model with pressure data

4.1 Abstract

Starting with regional geographic, geologic, surface and subsurface hydrologic, and
geophysical data for the Tono area in Gifu, Japan, we develop an effective continuum model
to simulate subsurface flow and transport in a 4 km by 6 km by 3 km thick fractured
granite rock mass overlain by sedimentary layers. Individual fractures are not modeled
explicitly. Rather, continuum permeability and porosity distributions arve assigned
stochastically, based on well-test data and fracture density measurements. Lithologic
layering and one major fault, the Tsukiyoshi Fault, are assigned deterministically. We use
steady-state hydraulic head profiles of several wells in the MIU area and their transient
pressure responses to packer removal in Well MIU-2 to calibrate the model. In order to
more accurately simulate the response to packer removal, a local area grid refinement is
done for the vicinity of Well MIU-2. The calibrated model is then used to predict travel
times from specified monitoring points to the model boundaries. The large-scale model
changes arising from the calibration process (decreases in permeability and increases in
porosity) served to lengthen the travel times through the model by a factor of about 100.

4.2 Introduction

The Japan Nuclear Cycle Development Institute (JNC) has initiated a multi-national
project to investigate the uncertainties involved in the prediction of flow and transport
behavior of a fractured rock mass. In the initial stage of the project, known as the CORE
Collaborative Study (Oyamada and ITkeda, 1999; Doughty and Karasaki, 1999), several
research organizations conducted numerical simulations of tracer transport through a
hypothetical fractured rock mass at the 100 m scale. Each group was provided with the
same hydrogeological data set and was requested to use the same boundary conditions. The
groups’ results were compared to identify and quantify uncertainties in model predictions.
The study found that discrete fracture network (DFN) models and effective continuum
models (ECM) produced comparable results for mean values of flow through the model and
tracer travel times, but that DFN models showed greater variability among stochastic
realizations than did ECM.

The second stage of the project took a similar approach, but provided site-
characterization data for a real field site, a 4 km by 6 km by 3 km region surrounding the
MIU site in the Tono area of Gifu, Japan, and left the choice of boundary conditions up to
the research groups. The main results of the different groups’ models were the predicted
particle travel times from specified release points to the model boundary. There are no
comparable field data available to directly validate the models, so, as in the first stage,
model uncertainty was assessed by comparing among results of different models (Sawada et
al, 2001). Although the general features of the flow paths from the release points to the
model boundaries were similar for all the models, travel times varied over a huge range —
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from 1 to 10,000,000 years. Much of this variation could be attributed to the large range of
fracture porosities assumed by the different groups, but direct comparison between models
was difficult because of differences in how boundary conditions were assigned.

 For additional modeling of the region surrounding the MIU site, JNC specified a set of
common boundary conditions for all the groups to use, so that differences in results could be
related directly to. the modeling approach and property assignments. In addition to
examining steady-state flows and transport, we also did a transient-flow analysis by
simulating the Long-Term Pump Test (LTPT), and thermal analysis of steady-flow
conditions. This work is summarized in Doughty and Karasaki (2002). Comparison of the
results of our isothermal studies with those of the other research groups is presented in
Sawada et al. (2003). We were the only group to conduct thermal studies.

The present report describes model calibration to steady-state head profiles in the
MIU area and the “inadvertent MIU-2 well test” that occurred when the packers were
removed and replaced in Well MIU-2 in conjunction with the LTP'T. '

4.3 Modeling Approach

Starting with regional geographic, geologic, surface and subsurface hydrologic, and
geophysical data, we develop an effective continuum model to simulate subsurface flow and
transport in a 4 km by 6 km by 3 km thick fractured granite rock mass overlain by about
100 m of sedimentary rock. Individual fractures are not modeled explicitly. Rather,
continuum permeability and porosity values are assigned to the 100 m by 100 m by 100m
grid blocks stochastically, based on hydraulic conductivities determined from well-test data
and fracture density measurements. The top of the model coincides with the ground
surface, with topographic relief determined from a 20 m by 20 m resolution digital terrain
map (Figure. 4.3-1). Near the top of the model, grid block thickness decreases to 50 m to
better resolve surface topography. In the bottom third of the model, where no property data
is available, it gradually increases, :

Large-scale features such as lithologic layering and the Tsukiyoshi fault zone are
assigned deterministically. Five sedimentary units are present at various locations in the
upper 100 m.of the model, but the bulk of the model is composed of the Toki granite, which
includes biotite-rich and felsic components. The Tsukiyoshi fault zone is planar, has a
roughly east-west strike, and dips at 75 degrees to the south. It extends laterally and
vertically across the entire model. The fault zone consists of a low-permeability fault core,
surrounded on either side by a higher-permeability “sandwich” planes. Figure. 4.3-2 shows
the overall structure of the model. :
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Figure. 4.3-1 Surface elevations, lateral model boundary, and features of interest for the
4 km by 6 km model of the Tono region.

The black portion of the boundary is open (constant head) and the white portion, along the
Toki River, is closed except at the surface, where it is constant head.

— LowerK deep rocks

~| Tsukiyoshi fault;

High-K planes

Low-K p!ane
5006

Figure. 4.3-2 Perspective view of the model showing different materials.

Within each material, permeability and porosity are drawn from stochastic distributions.
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4.3.1 Stochastic permeability and port)sity distributions

The field data from' which model permeabilities and porosities are derived consists of
283 hydraulic conductivity (K) values, inferred from slug tests and pumping tests using
packed-off intervals in 14 boreholes, and 67 fracture density () measurements made from
borehole imaging and corée a.nalysm in 5 boreholes. We do not interpret the K values as
representing individual . fracture conductivities, but as representing effective continuum
conductivities averaged over the length of the packed-off interval. Because we choose grid
block size to be comparable to typical lengths of packed-off intervals, we assume that there
is no need to scale up or scale down XK values measured during well tests, and that they
directly represented the eﬁectwe contmuum conduct1v1t1es requlred for the model.

Grid block conductlvlty values are drawn from stochastm distributions for each
lithologic layer (ie., each material type in: the model). For the granitic rocks, the
distributions are constructed by resampling field measurements. For the sedimentary
rocks, there .are not enough measurements for a given material type to make resampling
viable, 8o log-normal distributions are used. Table. 4.3-1 summarizes the material types
and conductivity distributions used for the model and Figure. 4.3-3 illustrates the logiX&
distributions that are constructed by resampling. To investigate whether the actual K
distributions in the field show a spatial correlation structure between the grid block scale
(100 m) and the lithofacies scale (~800 m), we plot K versus depth profiles for individual
wells, and then we compare these profiles among various wells. Results suggest that Kis
not strongly spatially correlated at this scale, so resampled field measurements within each
material type are randomly shuffled before being assigned to grid blocks. Permeability is
simply the product of A and the ratio of water viscosity | to specific gravity pg, which is a
constant for an isothermal system. Figure. 4.3-4 shows one realization of the permeability
distribution in the model. :

Counting fractures observed in borehole J_mages enables fracture density d (number of
fractures per meter) to be estlmated We assume that fracture spacing b is inversely
related to fracture densﬂ:y yes o -

=1d. 2.1

Porosity ¢ is estimated as tl__le: rafie'_'of fracture aﬁé_fmf'ef ﬁffte_'fr'a:.cture spacing b

o= wh. 2.2)

The relationship between w arld.I'{f, the 1nd1v1dua1 fracture ._c'e:r_rductivity, is obtained from
the parallel-plate assumption for fracture flow (National Research Council Committee on
Fracture Characterization and Fluid Flow, 1996) :

wepgl(12y) = Kz | - (2.3)

Since the effective continuum conductivity K is related to Kraccording to

K= R {wib), | (2.4)

_4.4_




we get the well-known cubic law relating wand X
K= wipgl(12u.b). 2.5)
We combine Equations (2.1), (2.2), and (2.5) to write ¢ in terms of Kand d
o=(12 Kp dpene. . | @8-

Fracture density measurements are sparse and we can find no obvious correlation between
- dand K, so d measurements from all lithological layers are combined to determine a mean
fracture density of 7.95 m? and a standard deviation of 5 m?. For all the granitic rock
except the biotite-rich granite, d values are drawn from a normal distribution with these
moments, which is truncated at a small positive number (0.01 m') to ensure that d is
always positive. For the biotite-rich granite, the d distribution is created by resampling.
No information is available for the sedimentary rocks, so a typical literature value of ¢ = 0.2
is used as the mean of a normal distribution with a standard deviation of 0.02.

For each grid block, after K and d are drawn from the appropriate distribution,
Equation (2.6) is applied to determine ¢. The resulting model porosity statistics are
summarized in Table. 4.3-2. Note that ¢ is always positive, but the standard deviation is
typically the same magnitude as the mean, implying that the ¢ distribution is distinctly
non-normal.
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Table. 4.3-1 Summary of hydraulic conductivities used in the model.

For sedimentary rocks with no data available, typical stochastic properties are used. For
deep granitic layers, the mean K of each layer is three times smaller than that of the
overlying layer. '

Number of log1oK (m/s) .
. conductivity Type of distribution
Material Type measurement! Mean Std. Dev. used for log10 K
s , )
Alluvium 0 7.0 1.6 Normal
Seto group 0 7.2 1.4 Normal
Oidawara 1. -8.7 1.5 Normal
Akeyo 11 7.9 0.8 ' Normal
' TOII:; a]igi;:;te. ©21 -7.0 0.9 Normal
Topgranite | 192 7.1 1.7 Resampled
Td&j;f;;“‘e 46 6.9 11 Resampled
Deen gg:gm 0  |-74t0-83| 15 Normal
Fault core 12 -8.2 | 1.1 Normal
“saizi\i}itch” 0 6.1 1.1 Normal
Average over
all rock types 283 -7.1 1.5

Table. 4.3-2 Summary of fracture density and porosity values used in the model.

Number of | Fracture density (m?) Model Porosity
fracture
Material Type density
8 .
Toki granite i )
(biotite) 57 7.7 4.2 3.9E-4 5.9K-4
Told granite 4 10.8 4.2 36E-4 | 2.5E4
(felsic)
Sedimentary 0 Nia n/a 0.2 0.02
rocks
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Model porosity is considered to be less well constrained than model conductivity for
several reasons. First, basing porosity estimates on fracture density measurements is
problematic because often a high percentage of observed fractures do not contribute to flow
at all (National Research Council Committee on Fracture Characterization and Fluid Flow,
1996). Moreover, the cubic law can greatly misrepresent the relationship between fracture
aperture and conductivity, and even if it is valid, the hydraulic aperture used in the cubic
law tends to underestimate the volumetric aperture relevant for transport. Finally, there
are few fracture density measurements available for materials other than the biotite-rich
granite. No data are available for depths below 1000 m. Hence, all model properties there

are qulte uncertain.

Biotito Granite. - -, © Il Felsle Granite

5000 L : e 120%

3§ 100%
80%

| 60%
40%
20%

L 0%

4000 |

3000

Frequency

2000 -

1000

1211109-8 T & 5-4More
Log 10K Log 10 K

Figure. 4.3-8 Toki granite distributions of logiK obtained from slug tests and pumping
tests.

Each conductivity value is weighted by the length of test interval; frequency shows the
number of grid blocks that are assigned a conductivity in the corresponding range. The hne
shows the cumulative distribution function.
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Figure. 4.3-4 One realization of the stochastic permeability distribution.

4.3.2 Boundary conditions

The top boundary of the model is a constant-head boundary, with the head value set
equal to the ground surface elevation (that is, the water table is coincident with the ground
surface, eliminating consideration of the vadose zone). With such a boundary condition,
water flows into or out of the model according to local head differences. Water flowing in is
interpreted as infiltration or recharge whereas water flowing out is interpreted as spring
discharge or the conversion of groundwater to surface water in rivers and creeks. The
bottom -boundary of the model is closed. Moreover, the mean permeability of the lowest
three layers of the model gradually decreases, to represent the closing of fractures with
increased lithologic stress, and to provide a gradual transition to the closed boundary. Most
of the model lateral boundary is a constant head boundary, with head set equal to ground
surface elevation, enabling inflow or outflow between the model and its surroundings. The
one exception is the southern boundary of the model, which coincides with the Toki River.
This boundary is closed at depth, and held at constant head at the surface to allow outflow
of groundwater into the river. Figure. 4.3-5 shows the flow into and out of the model
through the constant-head boundaries from four perspectives.

Previous modeling studies (Doughty and Karasaki, 2001, 2002) also considered a model
with primarily closed lateral boundaries. Inflow to the model arose primarily from surface
recharge, with outflow occurring to a constant head boundary along the Toki River. This
closed model produced reasonable predictions for steady-state flow and transport and the
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transient response to the LTPT. However, coupled thermal and flow analysis indicated
that the surface recharge would produce temperature-depth profiles showing a strong
convective signature (a low constant temperature), whereas observed profiles increase
linearly with depth, indicating that heat transfer is conduction dominated. The present
model with open lateral boundaries reproduces the observed temperature-depth profiles
much better than the closed model does.

green - into model
pink - out of model

Figure. 4.3-5 Flows in and out of the model through the surface and lateral boundaries,
shown from four different perspectives.

Positive flow rates are discharge out of the model, negative flow rates are recharge into the
model. '
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4.3.3 Calculation procedure

After one or more stochastic realizations of the model are generated, we employ the
TOUGH2 simulator (Pruess et al., 1999) to calculate the steady-state groundwater flow
through the model. We then use the graphics package Tecplot to calculate stream traces
from 24 specified release points to the model boundaries, based on the TOUGH2 flow field.
Finally, a utility program is used to analyze the stream traces and report on materials they
pass through (with permeability and porosity), total path length and travel time to the
model boundary.

4.4 Model Calibration

Our starting point for the model calibration is the final model developed during last
year's studies, denoted the “new base case — open model”. Model parameters are given in
Table. 4.3-1 and Table. 4.3-2. As described above, the open lateral boundary conditions are
required to match steady-state temperature profiles. Additionally, modeling of the LTPT
suggested that rock compressibility on the order of 108 Pa! is needed in order for the
specific storage Ss to be comparable to the value inferred from hydraulic testing (107 m1),
We refer to this model as “the uncahbrated model”.

Two types of data are used to calibrate the model: steady-state head proﬁles for wells
in the MIU area, and the.transient pressure responses to the removal of the packer in Well
MIU-2 that took place prior to the LTPT.

4.4.1 Steady state head profiles in MIU wells

Head profiles for the MIU area wells taken from a variety of data sources are shown in
- Figure. 4.4-1 and Figure. 4.4-2. There is significant variability between wells, but the
overall trend shows about a 40 m head difference across the Tsukiyoshi fault, with higher
heads in the foot wall (to the north of the fault). Figure. 4.4-3 shows the simulated head
profiles for: five realizations of the uncalibrated model with the original value of the
Tsukiyoshi fault core permeability (0.1 times the bulk granite permeability), and a range of
other values. The smaller the fault core permeability, the larger is the head difference
across the fault. The best fit to the observed 40 m head difference is obtained when fault
core permeability is 0.01 times the bulk granite value.
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Figure. 4.4-1 Observed hydraulic head profiles in the MIU area measured from slug tests,
pump tests, and the MP system. '

200 +

100 +

-100

200 -

-300

Elevation (mast)

-400 §

150 170 190 210 230 250
Head (m)

PFigure. 4.4-2 Observed steady-state hydraulic head profiles in the MIU area when the
MIU-2 packer is in place.
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Figure. 4.4-3 Modeled steady-state hydraulic head profiles for five realizations of the
uncalibrated model (fault core permeability 0.1 times bulk granite permeability) and three
variations.

The spread between realizations (different colors) is large, but the value of the fault core
permeability significantly affects the head difference across the fault (elevations of about —
1000 to —500 m).

4 4.2 Inadvertent MIU-2 well test

Well MIU-2 penetrates through the Tsukiyoshi fault, and when the MP packer system
was removed prior to the LTPT, the open wellbore provided a high-permeability pathway
for flow from the high-head foot wall, to the lower-head hanging wall. As fluid flowed up
the wellbore, pressure in the foot wall declined in response to the removal of fluid and
pressure in the hanging wall increased in response to the addition of fluid. Thus, the
removal of the packer effectively created two simultaneous well tests. Table. 4.4-1 lists the
probe locations that showed a response to the packer removal and gives a qualitative
description of the response. A subset of locations that illustrate the full range of observed
responses was chosen for comparison to modeled pressure changes. These observed
pressure responses are shown in Figure. 4.4-4.
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Table. 4.4-1 Probe locations and general description of response to Well MIU-2 packer

removal.

For wells without MP systems (AI-7, SN-1, SN-3), the elevation given is the bottom of the

well. Asterisks indicate that the pressure transient response was used for model
calibration. HW=hanging wall; FW=footwall

Well Probe Elevation (masl) ‘Response Material type in
model
MIU-1 1 25-15 Rapid increase HW sandwich
‘ 2% -14 —-42 Rapid increase HW sandwich
3 -109 --129 Rapid increase ‘HW sandwich
4* -1568 —-171 Rapid increase HW sandwich
B -238 — -248 Rapid increase HW sandwich
6* -615 — -650 Moderate increase | HW sandwich
7 -662 — -704 Moderate increase | HW sandwich
. 8 -731 —-7562 Moderate increase | HW sandwich
9 -754 —-794 Moderate increase | HW sandwich
MIU-3 1* 47 —--9 Rapid increase HW sandwich
2% -10 —-89 Rapid increase HW sandwich
3* -301 — -373 Moderate increase | Fault core
4* -374 - -460 Slow increase Fault core
5% -461 — -493 Rapid decrease FW sandwich
6 -494 — -550 Rapid decrease FW sandwich
7* -551 — -602 Rapid decrease FW sandwich
8 -646 —-711 Rapid decrease FW sandwich
MIU-4 1* 856 —30 Slow increase Bulk granite
2 -34 — -60 Slow increase Bulk granite
-8 -61 —-145 Slow increase HW sandwich
4* -146 — -214 Slow increase Fault core
5 - =215 - -288 Slow increase Fault core
6 -289 — -362 Slow increase | Fault core
7 -362 — -368 Slow inecrease Fault core
8* -369 — -387 Slow increase Fault core
o* -387 — -442 Slow decrease Fault core
10* -448 — -472 Slow decrease Fault core
AN-1 1* 167 -119 Slow increase Bulk granite
2 118 — 66 Slow increase Bulk granite
3 14 —-34 Slow increase Bulk granite
4 -36 —-562 Slow increase Bulk granite
B -85 —-133 Slow increase Bulk granite
6 -234 —-291 Slow increase Bulk granite
i -292 — -320 Slow increase Bulk granite
8 -327 —-333 Slow increase Bulk granite
9 -385 —-434 Slow increase Bulk granite
10* -534 — -584 Slow increase Bulk granite
11 -58b — -633 Slow increase Bulk granite
AN-3 1 120 -110 Slow increase Bulk granite
2% 96 — 83 Slow increase Bulk granite
3 66 — b5 Slow increase Bulk granite
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4 -40 —-61 Slow increase Bulk granite
- b* -81—-90 Slow increase Bulk granite

Al-7 1* 131 Rapid increase HW sandwich
SN-1 1* -187 Slow decrease Bulk granite
SN-8 1* -162 Slow decrease Bulk granite

The observed responses shown in Figure. 4.4-4 can be broadly grouped into four
categories: rapid pressure increase, rapid pressure decrease, slow pressure increase, and
slow pressure decrease. The rapid responses reach a quasi-steady state within 5-10 days
and all appear to occur in the high-permeability fault sandwich, whereas the slower
responses are nearly linear and occur in the low-permeability fault core and in the bulk
granite beyond the sandwich. Pressure increases o¢cur in the hanging wall and pressure
decreases occur in the foot wall. Generally, the rapid changes have larger magnitude than
do the slow changes. These are the key features that the model will attempt to reproduce
guantitatively. .

In order to model this “inadvertent well test” we create a steady-state head
distribution for the packer-in-place situation, then increase the permeability of the grid
blocks representing Well MIU-2 to represent packer removal, and model the subsequent 26
day transient pressure response. One complication is the large grid block size — 100 by 100 -
by 100 m, which is comparable to the distances between the wells in the MIU area whose
responses we want to model, making it a poor representation of a wellbore. Therefore, the
grid was locally refined to finely discretize the grid block column representing Well MIU-2,
as illustrated schematically in Figure. 4.4-5. The center of the refined grid is a cylindrical
element with a diameter comparable to the diameter of Well MIU-2. Ten concentric rings
divided infto four quadrants radiate out from the center, with exponentially increasing
radial spacing. At the outer edge of the refined grid, each guadrant connects to one of the
four neighboring elements of the original coarse grid.

Figure. 4.4-6 shows the observed and modeled pressure transients for the model
resulting from the calibration to steady-state head profiles (the uncalibrated model with the
fault core permeability reduced by a factor of ten, which is dencted Case W05). Figure.
4.4-7 shows the corresponding wellbore flow as a function of time. As pressures in the
hanging wall increase and pressures in the footwall decrease, the pressure difference
driving wellbore flow is reduced and wellbore flow declines commensurately.

, The main problems with the model response shown in Figure. 4.4-6 are that Well
MIU-1, Well MIU-3, and the SN wells show responses that are too small, whereas Well
MIU-4 and the AN wells show responses that are too big and too fast.

The calibration process consists of modifying the permeability and porosity of
selected material types (Table. 4.3-1 and Table. 4.3-2) or individual grid blocks. Given a
new property distribution, first a new steady state for packer-in-place conditions must be
generated. Then the permeability is increased in the MIU-2 grid blocks to represent packer
removal, and the 26-day pressure transients are simulated and compared to the observed
values. After many repetitions of this process, the match shown in Figure. 4.4-8 was
obtained, in which all pressure transients are adequately matched. The corresponding
wellbore flow is shown in Figure. 4.4-7.
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The general changes made to the model (property changes assigned to material
types as a whole) are summarized in Table. 4.4-2, and explained more fully below.
Additional changes were made on a grid block by grid block basis to improve the match, but
these changes were small enough to maintain the property within the range of the
stochastic distribution for the material type, and are therefore not discussed further.
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Table. 4.4-2 Summary of model changes made during calibration to packer removal.

Material Modification Motivation
Bulk granite Permeability decreased by | Lessen pressure increase in AN
(biotite-rich a factor of 10 wells and at MIU-4, probe 1
and felsic) Porosity increased by a Lessen pressure increase in AN
] factor of 9 _ wells and at MIU-4, probe 1
Permeability decreased by | Lessen pressure increase in MIU-3
a factor of 10 : and MIU-4 probes in fault core;
Fault core - maintain ratio of core/bulk at 0.01.
Porosity increased by a Slow down pressure responses
factor of 12 :
Hanging wall Porosity increased by a Slow down pressure responses in
fault sandwich factor of 45 MIU-1 and MIU-3 probes above
' : fault
Permeability increased by a | Improve connection between Wells
Foot wall fault factor of 3.33 MIU-2 and MIU-3 in foot wall; allow
sandwich large wellbore flow
- Porosity increased by a Maintain consistency with
| factor of 10 conceptual model
Permeability increased by a | Enhance pressure decrease in SN
path throud: |t 10 S —
SN wells Poresity increased by a Maintain consistency with
factor of 2.5 conceptual model

In general, it is not possible to get good matches to the large rapid pressure
responses in Wells MIU-1 and MIU-3 unless there is a relatively large flow rate up the
wellbore (say, at least 400 L/min). Wellbore flow is mainly controlled by three factors. The
first is the head difference across the fault, which is not an adjustable parameter because
we have steady-state head profiles that indicate it should be about 40 m. The second is the
permeability of the wellbore itself. The third is the permeability and to a lesser extent the
porosity of the fault sandwich layers. The permeability of the bulk granite beyond the fault
sandwich also plays a minor role. As the wellbore permeability increases past a certain
point, it no longer affects the wellbore flow rate. In fact, if the wellbore permeability is
small enough to be a controlling factor, the head gradient along the well is appreciable;
specifically, shallow heads are low while deep heads are high. Thus, there is less driving
force for the shallow probes in Wells MIU- 1 and MIU-3 to show large pressure increases or
for deep probes in Well MIU-3 to show Iarge decreases. Therefore, we make we]lbore
permeability large, in which case it no longer controls the wellbore ﬂow

 Im addition to allowing high enough wellbore flow, the pérmeability of the foot wall
fault sandwich must be large enough to provide excellent communication between Wells
MIU-2 and MIU-3. This rapid communication is necessary for two reasons. First, it allows
the lower probes in Well MIU-8 to show large enough pressure decreases. Second, it shifts
the head profile in Well MIU-2 to larger heads, which is required for providing a large
enough driving force for the shallow probes in Wells MIU-1 and MIU-3 to show appreciable
pressure increases. Figure. 4.4-9 shows modeled head profiles for several MIU-area vertical

—4-17—



wells under packer-in-place and no-packer conditions. Note that at any given depth, the
driving force for flow to the wellbore, and hence pressure response, is the difference
between the head of a given well and the head in Well MIU-2. Thus at early times after
packer removal, a large difference between the MIU-2 profile shown in red (which is
established very quickly) and the packer-in-place profiles shown in black is required for a
large pressure response. If the MIU-2 head profile is shifted too far to the right, pressure
decreases in the deep probes in Well MIU-8 will be too small. Conversely, if it is shifted too
far to the left, pressure increases in the shallow probes in wells MIU-1 and MIU-3 will be
too small.

The permeability in the bulk granite (biotite-rich and felsic granites) must be
decreased from its original value in order for the responses in the AN wells and the shallow
probe in Well MIU-4 to be small enough. The fault core permeability must likewise be
decreased for the MIU-3 and MIU4 probes in the core to show small enough responses.
Furthermore, we must maintain the ratio of the fault core permeability to the bulk granite
permeability at 0.01 if the steady-state head difference of 40 m across the Tsukiyoshi fault
is to be maintained.

Although the bulk granite permeability is decreased, the path from Well MIU-2 to
the SN wells must have high permeability in order for the observed pressure decrease there
to be reproduced by the model.. Conceptually, we consider this path to be an extension of
the foot wall fault sandwich. '

Generally, increases in porosity act to slow pressure responses, by contributing to
specific storage. For slow pressure responses (where a quasi-steady state is not reached),
increasing porosity also has the effect of decreasing the magnitude of the response at any
given time. Porosity increases are needed o match many of the pressure transients. Since
the original porosity values were derived based on the cubic law, which is not considered
reliable, we have modified our conceptual model to incorporate a porosity that is up to an
order of magnitude larger than that predicted by the cubic law. Hence all material type
porosities are increased. The increase must be smaller for the path to the SN wells, or else
the pressure decline there is too small. We conceptualize this smaller porosity as
representing a more limited spatial extent for the flow path, rather than an mtrmsma]ly
low-porosity type of rock.

It must be pointed out that there are several shortcomings of the current model
calibration. First, it produces the same pressure decline at the two SN wells, hence it
under-predicts the decline at Well SN-3. Additional features of the high permeability path
connecting Well MIU-2 and the SN wells would be needed to produce distinct responses at
the two SN wells. Second, the mode! predicts about a 5 KPa pressure decline at Well DH-9,
whereas observations show no visible response (with a noise level that would mask changes

_up to about 1 KPa). Further decreases in permeability or increases in porosity for the bulk
granite could improve the match, but these would have to be balanced by the need to
maintain the present fit for the AN wells.

Generally, calibration to pressure-transient data such as has been done here dbes

not provide a unique model of permeability and porosity distributions. There are likely to
be other combinations of parameters that provide comparably good fits. Hence, we try to
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motivate all the changes made to a unified conceptual model that incorporates reasonable
physical processes, and can be verified by independent information as much as possible.

To create alternative realizations of the calibrated model, we begin with the
calibrated model and perturb the permeability and porosity of each grid block by assigning
properties from random distributions (log-normal for permeability and normal for porosity)
with means equal to the value of the calibrated model and standard deviations equal to the
value of the stochastic distribution for the material type of the grid block (Table. 4.3-1 and
Table. 4.3-2). All of the additional four realizations show steady-state packer-in-place head
profiles that are. comparable to those shown in Figure. 4.4-9. Generally, the modeled
pressure-transient responses to packer removal do not match the observed data as well as
the original calibrated realization does (Figure, 4.4-8), but they capture more of the features
of the observed data than the uncalibrated model does (Figure. 4.4-6). Figure. 4.4-1 shows
an example. Despite the poor match to the details of the observed pressure response, key
-features such as large pressure responses for both shallow and deep MIU-3 probes, large
but gradual responses in Well MIU-1, and slow pressure responses in Well MIU-4 and the
AN wells are reproduced by the model

\

Connection P

Figure. 4.4-5 Schematic of local grid refinement around Well MIU-2.

This refinement was done in all layers of the model.
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Figure. 4.4-6 Comparison of observed and modeled pressure responses to the removal of
the packer in Well MIU-2 on November 22, 2001.

Uncalibrated model with fault core permeability reduced by a factor of ten (Case WO05).
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Figure. 4.4-8 Comparison of observed and modeled pressure responses to the removal of
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Calibrated model (Case 2E02).
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Figure. 44-10 Comparison of observed and modeled pressure responses to the removal of
the packer in Well MIU-2 on November 22, 2001.

Alternative realization calibrated model (Case 2E02B).

4.5 Steady State Flow and Transport Predictions

The original calibrated model and the four alternative realizations described above
were used for steady-state flow and transport simulations. In this section, we compare
water budget and stream trace analysis to results from last year’s uncalibrated model.

4.5.1 Water budget and boundary flows

Table. 4.5-1 summarizes the water budgets for the uncalibrated and calibrated models.
In both cases, water enters along the east, north, and west sides of the model and mainly
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exits the model through the surface. The net through flow for the calibrated model is
smaller because of the decrease in the permeabilities of the bulk granite and Tsukiyoshi
fault core. '

Table. 4.5-1 Water budgets for multiple realizations of the calibrated and uncalibrated
models.

Flow rates (kg/s) into the model are positive.

Surface | Toki North East and | Net Through
River Side West Sides flow

Calibrated Model
2800 =74 -1 4 T 75
2E02A -93 -1 14 30 94
2E02B . -80 -1 6 TH 81
2E02C -81 -1 5 : i : 82
2E02D -76 -1 3 74 77
Average -8§1 -1 6 76 82
Uncalibrated Model
Co01 -119 -7 26 100 126
€002 ~100 -4 29 75 104
C003 -123 - | -5 33 95 128
C004 - -67 -5 28 44 T2
C005 -86 -3 20 . 69 39
Average | -99 -5 27 77 104
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4.5.2 Stream traces originating from release points

The stream traces leaving the 24 release points for one realization of the calibrated
model are shown in Figure. 4.5-1. For comparison, the stream traces for the uncalibrated
model are shown in Figure. 4.5-2. North of the Tsukiyoshi fault, the two models produce
gsimilar stream trace patterns. The particles from the starting points 3, 6, 9 and 12
manifest at the northeast boundary where the Hiyoshi river intersects the model boundary.
Note these particle movement are artifacts of the boundary condition. South of the fault the
two models differ noticeably. In the calibrated model, most of the stream traces that start
south of the Tsukiyoshi fault move upward in the foot wall fault sandwich and exit the
model at the surface near the fault. An exception is the particles that start from #22. They
travel down south and exit the model near the Toki river. In contrast, in the uncalibrated
model, these streamlines mostly. move upward gradually as they move south; and exit the
model over a range of distances from the fault. This change in pattern is reasonable,
considering the higher foot wall sandwich permeability and lower fault core permeability
and lower bulk rock permeability of the calibrated model.

Table. 4.5-2 summarizes information for each stream trace for one realization of the
calibrated model. Entries include stream trace starting location (xo, yo, zo), ending location
(xt, v, zo, path length, and travel time. More detailed information on the stream traces,
including permeability, porosity, and material type of the grid blocks traversed is available
in electronic format. Figure. 4.5-3 and Figure. 4.5-4 show travel time and path length
graphically for the calibrated and uncalibrated models, respectively. Both the lower
permeabilities and larger porosities of the calibrated model contribute to lengthening the
travel times. On average the particle travel times for the calibrated model are roughly two
orders of magnitude larger than the uncalibrated model. Path length is. not changed
appreciably from the uncalibrated model. Figure. 4.5-5 shows in more detail the particle
trajectories projected onto the X-Y plane for the calibrated model that shows the best match
to the pressure transients created by MIU-2 packer removal. Most particles released from
north of the Tsukiyoshi fault exit the model north of or near the fault. Only the particles
starting from release point 4 flows across the fault. Interestingly, these particles have the
longest travel time of 1,550 years. Upon detailed examination it was found that it takes
approximately 640 years for these particles to travel mere 70 m in a section of biotie with
relatively low permeability (4x10°m/s) and high porosity (0.002) biotite. This indicates that
variability among realizations can be quite large.

—4-26—



Table. 4.5-2 Streamline information for one realization of the calibrated model.

Starting location

%, (m)

4489,00
4489.00
4489.00
4489.00
5489.00
5489.00
5489.00
5489.00
6489.00
6489.00
6489.00
6489, 00
4489.00
448%.00
4489.00
4489.00
5485.00
548%5.00
5489.00
5485.00
65489.00
6489,00
6489.00
6489.00

Ending Location

vo {(m) Zg (m) X {m)  yr (m)

-66900.00 -250.00 54B6.61 -68585.82
-66900.00 -500.00 4635.44 -68049.02
-66900.06 -750.00 - 5242.93 -68233.48
-66900.00 -1000.00 4638.23 -68038.62
-66900.00  -250.00 5518.17 -67324.76
-66900.00 -500.00 6430.76 -67853.15
-66900.00 -750.00 6430.76 -67853.15

-66900.00 -1000.00 6430.76 -67853.15
-66900.00 ~250.00 7950.00 -65609.35

-66900.00 -500.00 7950.00 -65550.59
-66900.00 -750.00 7950.00 -65707.91
-66900.00 -1000.00 7950.00 -65669.70
-68629.00 ~250.00 4154.20 -68265.46
-68629.00 -500.00 4555.63 -68091.96

-68622.00 -750.00 4555.63 -68091.96
-68629.00 -1000.00 5429.72 -70511.90

-68629.00  -250.00 5871.53 -69060.79
-68629.00 ~500.00 6235.69 -68763.48
-68629.00 -750.00 6163.78 -68746.73
-68622.00 -1000.00 6213.54 -68771.52
-68629.00 -250.00 6515.80 -68645.52
-68629.00 -500.00 6492.73 -68650.73
-68622.00 -750,00 6513.54 -68574.69

-68629.00 -1000.00 6231.01 -68765.76

Path Travel
Length Time
zg {m) {(m)
350.00 2629.21
332.11 2431.92
350.00 2739.65
350.00 3365.73
350.00 781.52
193.88 2027.16
193.88 2122.860
153.88 2304 .37
-84 .39 932.12
-128.36 944 .52
-828.38 898.29
-921.77 1069.61
350.Q0 736.16
196.28 1928.88
196.28 1949.66
350.00 3682.56
350.00 730.25
350.00 1125.22
350.00 1313.68
350.00 2264 .46
350.00 428.38
350.00 683.79
350.00 1159.22
350.00 1964.99

{yx)

710.61
1551.47
313.19
683.99
488.17
369.40
832.90
596.98
171.64
120.57
59.57
241.50
40.77
452,51
924.98
568.29
94.43
49.63
129.43
124.28
11.34
56.23
21.19
74.24
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Figure. 45-1 All stream traces leaving the 24 release points projected onto (a) the top
surface of the model, and (b) a vertical cross-section near the center of the model, for the
calibrated model.

The steady-state head distribution on the projection surface is also shown.
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(a) New base case - open model

New base case - open model

x=5589m
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Figure. 4.5-2 - All stream traces leaving the 24 release points projected onto (a) the top
surface of the model, and (b) a vertical cross-section near the center of the model, for the
uncalibrated model.

The steady-étate head distribution on the projection surface is also shown.
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the calibrated model,
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Figure. 4.5-5 Projection of the particle trajectories on X-Y plane for the calibrated model
that shows the best match to the pressure transients ereated by MIU-2 packer removal.
Trajectories starting from the same depth are coded with the same color. The stars denote
the starting location and the diamonds denote the exit locations.
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4.6 Summary, Conclusions, and Future Directions

4.6.1 Summary’

We have used steady-state hydraulic head profiles of several wells in the MIU area and
their transient pressure responses to packer removal in Well MIU-2 to calibrate our 4 km
by 6 km model of the Tono region. In order to more accurately simulate the response to
packer removal, the computational grid was locally refined in the vicinity of Well MIU-2.

Matching steady-state head profiles required that the permeability of the fault core be
decreased by a factor of 10. Matching pressure transients then required that the foot wall
sandwich layer permeability be increased by about a factor of 3; the bulk rock and fault core
permeability be reduced by a factor of 10; introduction of a high-permeability path between
Well MIU-2 and the SN wells, presumably an extension of the foot wall sandwich; and an
increase in porosity of all materials by factors ranging from about 2 to 50.

The calibrated model was then used to predict travel times from specified monitoring
points to the model boundaries. The overall decrease in permeability and increase in
porosity both tend to slow tracer transport, resulting in travel times that are roughly 100
times longer than for the uncalibrated model. :

4.6.2 Conclusions

Analyzing the pressure-transient data resulting from the removal of the Well MIU-2
packer has proved to be a useful means of improving estimates of fracture porosity, which
has always been considered one of the least well constrained model parameters. A key
benefit is the large flow rates that are attainable, due to the large steady-state pressure
difference across the Tsukiyoshi fault. This enables large pressure signals to be generated,
which in turn enables large spatial regions to be analyzed.

One difficulty of using well-test data to try to infer porosity is that field-scale rock
compressibility is still an unknown. It is difficult to determine rock compressibility
independently from porosity since pressure-transient responses just depend on their
product through specific storage. One possibility might be to do a tracer test in a local area
to infer porosity, then do a well test focusing on the same area to enable rock
compressibility to be better inferred from specific storage.

4.6.3 Future directions

Our work so far suggests that both further model development and further field
characterization studies would be helpful for unprovmg our representation of subsurface
flow and transport.

Model development. OQur pressure-transient calibration efforts were limited to the 26 day
period following the first removal of the MIU-2 packer. We can further constrain the model
by calibrating to the complete six-step sequence of opening and closing Well MIU-2.
Responses to the LTPT can be incorporated as well. Figure. 4.6-1 compares the original
calibrated model response to the observed data for the entire six-step sequence. Some of
the modeled pressure-transients reproduce observed behavior adequately, but others do not.
Two features in particular are worth addressing. First, most of the observed data show
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pressure changes that do not completely recover during the periods when the packer is
replaced, hence the sequence of three open periods show steadily larger pressure changes.
In contrast, model responses tend to recover more completely, so each open period is much
like the previous one. A good example of this behavior is seen for Well MIU-4, probes 1 and
2. Second, the observed response to the LTPT (principally a leveling off of pressure at the
deep probes in Wells MIU-3 and MIU-4 at about 35 days) is not reproduced by the model,
indicating that the foot wall sandwich is not being modeled adequately.

- As noted in Section 3.2, for slow pressure responses, in which a quasi-steady-state behavior
1s not observed, decreasing the permeability and increasing the porosity both have the
effect of decreasing the pressure response. This introduces an inherent non-uniqueness
into the model for the bulk granite, the location of most probes showing slow pressure
responses (ie., either low permeability or large porosity could explain the small pressure
responses). It is hoped that in calibrating to the entire sequence of observed data, this non-
unigueness can be eliminated. :

Once a calibrated model is developed that adequately matches all the observed pressure-
transient data, it will be useful to use it to revisit the thermal cases and the investigation of
closed  boundary conditions - and different surface recharge conditions that have been
studied previously. :

Field characterization. Repeating the sequence of packer removal and replacement with
additional monitoring of wellbore flow rate and more frequent water level monitoring in
nearby (and even moderately distant) wells would be valuable. Knowing the wellbore flow
rate would greatly constrain the model calibration processes. If water levels change in
other shallow wells in addition to the SN wells, this could help improve our understanding
of the coupling between surface recharge, flow through sedimentary rocks, and deeper flow
through the granite, an area of analysis that has not yet been adequately explored.
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Figure. 4.6-1 Comparison of observed and modeled pressure responses to the entire
sequence of removal and resetting of the packer in Well MIU-2.

Calibrated model (Case 2E12).
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1 S B4, ONE~EW £ N 24, ONW~NS £AQE FRICEh EhEFMEE TS,
2T 4 FROENEOERRBDBND, £V — 1 OB EFRESFHITONTLUT OH
MARLID,

EFEHOTNBIZ2NTIE, SEOTFMETRERB LRV, BEEICR &R
EOENEBERSN,

EHENER (UHFD) Tk, OEAEFNEOMIZ, @NE~EW £M S EH, ONW~
NS RO 3 FRBEHELTW3,

BREEFNESE (MFD) TiX, EFENE#HLARLT, OBAESNERIRL, @
NE~EW £[f N EROEIN B = N50~T0W/70~808 DEHILBRE L 2o T3,

REWBIc#ESEhBHE (F2) T, E$%h@%&ﬁh@%&ﬂ%@ﬁﬁ#ﬁ%ﬂé
#hTh, O, @FROFNEREEL TN,

T, RIEFABHOFEEITI, BIRLiEL 5, RT7F—AVTVTELRZENE
FEOBEESHICH, R—V I FLLEBF LTV TDRLTZ {F0) BhdroT
W3, ez, SELDEEIE, KAFEIEWEARAEBLVEEINE, £2C, Bt
DENEEE (NJL) %, BhEEOFMER—Y VI HEPETAETHE LE—K
FENBEBE p,(n) RO, —RTFNBBEER, BNBEOERT AP n~n+An
DHEIHDBNE L, HMLZ M n OEMRESORGEPRTETIEHLE LT, kAU
rTVHEEENS, |

N, (n~n+ An)/n,
L | (5.2.1)

PROES

ZZI, Nia~n+An) BOEBRSRY bAPr~n+An OFBICHZENBE ER—D 7
LORER, L:R—D VIR, n: B—Y U FHEMLENBEOERY M OFRERE,
ThHD, SEIK, AnE 10° BB E L,
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R=D r FLENBERRTAENERIC DSV (b EV) #4100, p(n) BB
RCRE BB L 257, AR 10° REBOBETIIFAIET ZHERTHREVE
ELE (F205, n=l) TOEITLTRDE p)(n) 2 5. 2-1T0HERT, ZOEH D,
REM@IBETH Tk FEHEOFN B OEERBMEN TS DRHN D,

LROBEROHESHEAV, UTFOLBY CEhE ORGSR RELE,
ERAOEN B FIORSHEERKY LT, SHEADLE D CEFNRSHE TS
% Fisher 3 &, FHHEFHZ Bingham DAEREL AVLITWS, SEDOFISHE B D
&, Wi, ©, @D NE~EW BEROEN BT, ERBEPESHLTEY, Shiyh
BAHTLOOEY P LTRTERBRAAHZLEXOND, Z2C, SRS
DETFNALICH, BN ERER 5. 2-18IC7" T X 5 RV A—E ¥ % Lict, Bingham 2%
FEATHIEE LK, FlE LT, ASHBIRASBNEEOFET —F i+ 3% T
DREREFE 5. 2-101RT, T, BORAEFANENT A—FD—E%, B 5 2-3l0RT,
£y FOERERL, BREFNEERE, 300 — L TIEWNERE LR,
EBENEHETH, BAEENBOEEN, oY — v EHRTEL R->TWE, 2EBD
ENBEFMHTOET NG TIL, # 5. 2-3ICRLARH T A—F A3,
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Vertical

Boreholes

Inclined

Boreholes ol L]

52-16 R—YULJAEDENBFASEH (Vazy b b, FHBRIEE)




—96-G~

Sedimentary Rock UHFD

SumEEE h : T
\\“""(‘f' 1) ] "" Vot Ly i‘ o, 1.5
W o) \Sasai ity
R AL AX «%ﬁ‘f"nﬁmﬂqu
% ‘*‘!ﬁ.i‘ﬂ X ‘QQ"II‘I“}%" 3.5%
~‘_._‘%r" \'éhg.mag’ 4.0% 5
A s S T : .

(a) HHIERT : (b) HIE#
52-17 TREESFTOWERR (a3 v bay b, TERER)

UHFD :Upper Highly Fractured Domain, MFD :Moderately Fractured Domain, FZ :Fractured Zone along Tsukiyoshi Fault




E 5.2-19 FhEHA®® Bingham KFIZ&D T4 v Ta2d

(R EWBITH S Flih B #H0H)
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F 5.2-3 Bingham 4z L Y B LR/ A—4

Average Average

Zone SE_T Ratio Strike Dip xl K2 ang(degree)
SET1 [NE/S 28% 74.9 70.3 -13.6 -3.5 175.3

UHFD SET2 [NW 17% 3454 79.9 -8.8 -5.0 81.8
SET3 |NEN 22% 279.1 61.0 9.0 321 12.0

SET 4 |Horizontal 3% 254.6 115 . -18 -6.9 64.1

SET1 |[NE/S 36% 78.1 69.7 . -163 2.5 0.0

MED SET2 |NW 21% 3472 88.4 - -8.4 -5.8 82.0
SET3 INE/N 23% 2729 61.1] -11.0 3.2 14.4

SET4 |Horizontal 19% 161.1 85.7 7.7 .50 77.6

. SET1 |NE/S 445, 82.5 714 -16.2 -3.0 6.4

7 SET2 |[NW 18%| = 3487 840 -8.4 4.5 99.9
SET3 [NE/MN 21% 2707 64.3 -10.9 -3.3 14.3

SET 4 |Horizontal 17% 215.7 0.4 -6.7 -5.5 61.8

Strike : clockwise angle from the north
UHFD:Upper Highly Fractured Domain, MFD; Moderately Fractured Domain, FZ : Fractured Zone along Tsukiyos

Observed Simulated Example

MIU-1

MIU-4

!;0

N
L
b,

H
8
]

N
)

A

&
t
S
_.‘}‘

5.0% over

B 5220 FNERAL I~ a vBREEMNOLE (MIU-1/4 B1LR)
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4) EnBA=RE

TETEREOFN BBEEIL, MIU-1~MIU4 BILORT R~ TV BEF—F & H i,
K524, Y—rigiz, 28hB, BOBNhE%S UM WCF (Water Conducting Feature)
D—RTEEELRT, BRENEALK 15893 B0 > b, FOEREOEKE 519 Thh, &
BDO3I%BRETH D, £/, WCFHE LBENEHEEORIL, 05%BETHB,

£ 52-4 BTIVEHAEICLZBhETE

All Fraptures Open Fraciures ' WCF
Zone : i i
Frequency Dﬁr}::iy Frequency Dﬁr}ﬁ_'l;y Frequency D[e,[r;?ay
Sedimentary Rocks|  1184|  3.298 5|  0.014 11 0.031
UHFD 4464 4.518 187 0.189 19 0.019
MFD 4067 2.927! 252 0.181 15 0.011
FZ ‘ 6178 5.684 75 0.069 27 0.025
Total 15893 4.152 519 0.136 72 0.019

(5) HfIFRYBHDES

MIU-1 &5 ~MIU-4 BILORT F—N TV BEFEEN RO SN B OB DIEST (BN
FERSGH) #H 5. 2217 Y, REFIC, UTO 2 >OBENFERZY CIRbERs
/;f“ L/Tf.o

ﬁmﬁ%&ﬁ#ﬁ: fO)=Aexp(=A0) , /A : EWEOIE (5.2.2)

RERGME . f@)=

i“l[t—n;l] , b DERONBIONE, o EE (5.23)
H 5.2-21 @& Y, B/IRAREE 12 [mmIicBE LIeRERESHICL-T, ZHSHEE
SKRATEDZ LB HND, £, ARPOITRLERDEESHOERS, MOEOK
WOABOEINE (tZ27Tmm) 2B, BEERSHIC 7 v FERBZLRTESB, Yh
DOBRFHERANDIPIOVTHEBROSHBHIH, SEOEFMETIE, ADkK
GHERATDHIL L Lk, Z0EEL, 2640 95%% 53018 7om L TFO&SETE
N, PAoMBEROBESEICRERERRLARN L2, REBLHSHEZAVTESREF
WEER LIRS, E8RFICL-> Tk, FEHRCKEREOEREESL, T0 koA
IR EIIN B OFEFRKBETOBELEEXETEFREERLZ - LR ETH A,
8B, TZTROEFANER, A=V ILATEESRASMENZENETHY,
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—RC, ABFOICEDREDER, OBMHENRBOELY bASN, ZOKEMIC
AR AREAER OELIFY, REFNLTIE, KEFOE L SMENENEOLY

BARBERSORDET /0 —F AL TS, ZOTFu—FToNTH, Wil
Tk B,

1.000 Te

o\
ob Truncated
AN ‘ Power Law
0.100 - \Qh\@ : -
=y %\ ‘ Imin=1.2 mm
§ 0?&)@_\ - b=2.0
o &
& %
0.010 B‘*@@ L :
G L)
0.001
0 5 10 15 20 25
Aperture [mm]
(@) _EFFEHW
1.000 —0\0
N
& . Truncated
Q& Negative
e Exponentigl
0100 { - %
_%‘ tmin=0.5mm
2 A =06
2
Ay
0.010 -
eo000000
eaed
0.001 . .
0 15 20 25
Aperture fmm]

b) EOESHFE

B 52-21 EhEOROESM (BAEMEDE
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5.2.7 REBEKRRIC L ZBNEMRHEORTE

(1) FEBKRBROBE

B 5. 2-1LCR L Bh B ROREFIED 5 &, FaHf, —KkrEhBBE,
SHEOESTE, K7 RV TVRERELD LICRELE, LML, BYOERED
YRRSH, BAYE ENEOKEEOBENE BEU 3 KSR BBER, K7 F—AT
VEREENDRETSEIITERY, Bir, F—U L VISR CREN E LRI ET
DIEHIL, BEAYELRTWRY, 220, FTED (1997) 1k, LT L 5% M[MEia%
KRB BICLY, ThOORHBEEETIFERREL TV, EEKRBE,
FEEHEICRE LEEINEEF A2 A0T, BARBRPERE LA BB S 2 L —s g VBT
v, EBEOBARBRERICE LOBKREOSERELNS L 5 2SR B K ELRT8
BEICIRET B FETH D, RIEBEKRBROZELE 5. 2221057,

BRI A v 2 DR

BREGORE
I

BB NHNRTA—RORE

— ~ A * PHEBEE <t
BTVTF—4 F—RTENE B
& UBRSE - SERADES T

 ERTHAYME

I
e I Ny
(100 “ BB/ A~
M 0 B PEE

EhERTORE
BB

BKEBOEE

|
oy 2. N R

No

l I
KEFIDIEDRE THERDRE

B 5.2-22 {FEEKSFBOZO~
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(2) REEKRARICK DB KFRHDEEX

FARRROY I 2 b—3a VT, B 5. 2-2310R T L 57, Ui 50m KR OFHEARER
R 2R 72— 650m DI LG EESEMTER L L, 2L T, ARBRELESNESH
NI A—FER, BB EETERANCEREL, SERYEERETFVEERT S,
Wiz, WFEF (6 E@) LEARBREEOMIZ, BYokE: 1m) 252, Bbhi

ME» RN L VBEREEEEH L,

kg=koX Qz/Qo (5.2.4)

kg : (ARG AT T L OB KGR

ko : EEEL RBWETFADEKEE BE, 1ms)

Qe : (RABEARBIC AV SEFHEEGET F A ORE
Qo : AL R DHHEFMCEMAEEY 52 TELNIHE

kgld, BTEOCHESMICHIBNBSHEFTHHBNCTER L EBARBRORRLE

o0, ALBAHERZEX 220, AHOBITEITI LTI, ke DHMBB LR S,

L, BEBNICEBNWTI Y FARMEBETERRBEIToTWAS 2 & LRSI &E T
HD, FEIL, BNEREOIHBIMELLEZ 100 ) T I 4 =1 a VOBIFEEND,

BEARREST BRD T,
T HMERELSR  H=0m

V
/)‘

%‘i‘\\:‘{l
A
Iy

i
(]

N
W/

i

i

X
]

e
o

65014

-?‘

T

el
JUEE N5
il R

i
M@EH!!!

-

I

e e
el

: ‘-’ﬁ\,

Wi
W
Al

e ——

B

b
(X}
f

11}

\\‘]

\\f
WY,

FIENY
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\/

i
)

Viliil

i
A

Vi
iz
V7

B 5.2-23 RESKHEBROBITEMLE
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(3) ERBKFHAHT

(AEEAGRBRER & DILBITIZ, MIU-1, MIU-2, MIU-3 B TIThhBEARR (X7
TRBREUEAKRR) OBRLAVWE, EREMI, 3008 BH (EHEhEE, B
EREFNEE, ASHBIAEITNEYE KRSENBN, MIU LLUAOR#EILTIE, 2
NWEFELSPHAE TRV, SEOMENS1 L4 L, BARBORMEIR, &/
6m P HJER 135m ETIHERICEWERIZE->TEY, QTHE_LLSCE—DORKMEEZSR
ELTHESI? [{REEARR BREOHEAELY, B, KEEAK mBEOE
KRRERIL, RUBRBRISOHBIZL - TRERMEBELTWB D, Y7V 7o
BOEDHDIHDOLEEZOND, TI T, 4EIE, EHE 10m YU EOR KRR D L% ek
OFFETHZLE L (FHEME : 64m, K% : 49 [:F'EJ) B 5.2-24{Z, iR
EEBGEI:F‘ﬁﬁmﬁE%ﬂ%BhT_:@M" B ST R Lo 7 a v L7, B,
BT LOSHERLTHD,

%T%IE%EHE%’&%&J:‘C“E%@_ FRTEMD, EABKERE, SESRERSAICEST
SFLTWHILBEXD, ¥, BAGBHROMERL, 2~3 A—F—ltblroTHHLTH
D, EHTEVRBHEEEZRL TV, £k, BEESNBHO0EKEEE, LHEhE
FRAERBICESBFREFHLEEL T1A—F—EL /hEVERSNE, ZHBOBEK
FBEOZAE L REFARBERE ORI IVENESM T A—¥% (BhBEE, ¥
%, KEROEB) OREEITY.

108 — A L !
- Granite : %«)"5 ' ;
. Pumping Test + Slug Test P
[ MIU-t - 3Long Sectlon (L>10m) f
%’ , b
: T T :
: H : : : : H /] : : H :
= 107 R s A SRRLN CRIRE-T.) {ISRUE SOV, OTRPRNS SRR P
B : A LA /b
= | i e HE B Ty
3 : Do g
S R )
H toe Iy
o : ; I iﬁ.-:ﬂ',' H : :
:% 10 r;,;,ﬂ,!,;:.,.{T
E : A A ; I
5 IR
=, . rny g
I ol
[ R
-1
Lot e
3 H ‘t‘.‘;? :.f“" : [ Vo H '
g SR I 140 IR N N I U I DR S N
I
o mm— FZ:Fractured Zone along Tsukiyoshi Fault
I b UHFD:Upper Highty Fractured Domaln
; _ P me——- MFD:Moderately Fractured Domain
S AN S N O T O Y A

O1 1 1 510 2030 50 7080 9095 99 99.099.99

%

H 5.2-24 ZFHRBKEHOH
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(4) RBEKBERIER

RAEBARRIC & 595 2 —F FAEIChIE > T, UFORESBITF-,

PACESHIL, AOBEAMWICHED (/37 2213, FhEEy Mok bF—8),
IS, Bingham AR D (3,37 2 —F13, FhEEy MEER),
HESMIL, NERFHICE? (HFHFA—FiL, BNBEy MokbPF—8),
BIFER OB ¢ &KEEB DB g BB HAIBERICH D (a= 1/a X1,),

BNEEESHICHLT, ~&ROHOMWEHERL, KXTRENG,

, ‘ .
f09=b_1ﬂﬁij,r2qm (5.2.5)
T'mjn -F
:‘:t":» Fonin + %}J‘EF‘-‘%, b: iﬁ (éﬂﬁl}i b=4 &'ﬂ—é) ‘—6})50
BN B PLRELSARRERSMICHE D BE, BROEH< BRI BT < S %ET
KD A,

(ﬁ)=1—bmm2 ' (5.2.6)
3-b 7L, b#3
FNESHORHBED I S, 1RTENEBELINELESFRELLNE &, Kk

XV BINE DEMBERRD bILS,

Py = % ; <rL21)- (5.2.7

TIHE, o1 LRTEENEBEE, o, BB ORREE BEAEAKESENS5NE
DEHEL), <>, BhEFRO-REYTHD,

EROFELBERDID, HEBKRRTRETRERTA—F|L, KO3 OTHS,
O  SBMFEIKIER OB & KB NIEDLAES (o)

@ B/ (rmjn)

@ FNEBE (—hiFhEEE )

ODUBER o 13, BIMIMOEHEL XETEFA—FThB, TIT, EHFY

HERETTN L RROBRBEOEER—F T2 L 5 IckET S, BEHICHE, Kk
Tk brET 3,
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K | _ -
(3) (5.2.8)
(Kabs>

TIC, <K, <K, >0, %m&%v&ﬁﬁﬁﬁ%ﬁL;U*ﬁahtﬁmﬁﬁoﬁﬁ
B (Eildi@E obs,

=3

QRN 1yin L@—WFEFINBEE 0112, BABRESHORE S DE (HEKERRETE
L0777 70EE) EXETDH AT A~ &T&éoﬁ%ﬁﬁzmﬁ&ﬁzﬂﬁrﬁoowr
BY, BNEOFEBEEEL, 1RTINEEEFPKEVE, H5WI, BhBEEE0 "R
FEHBRPENIZERELRBZ LB PD, SNEOBHEEEIBRITEZLicky, &
WE OEFENELS 2V, BRBREOTH—MEHE D, FEF LTI, EROFEKE
BoOEo2ERALIBLIKE, B/MEEL—KRTHhEBELZRET S,

BAERICEL, BARICRY 3R/ O3B LB, SPREL -~ VOEhEETEx
BEBHTIEN, “ERHFHERALEESE, G2O0RLGE2NXPBLMRES 1T,
B EBER, REEESELTICHST, FORICKHALTEMNTS, LT,
HEMEROHKMb2TOENEEERTA LIREHTHHD, HLTRIEZRITS
BEBPHD, G20RERDL, b BEE—EThHhIE, FHHLRBIN B EERITE/NERIZE
DEEEND (BAEOENE L —ABRFRORERRENLEETS L, b ELER 3~4
DEEICH Y, REIEMLLEW), #oT, SEOEFAALTI, RENRBNEY A
Rid, RAENEFRBRICIVHAES NS, '

Y, FhBEO—KRTEE 0 ZHAAFNE OEMEEEL, 1o % 50 225 1000 £ T
Fl & & & OFEBEKRBERE, B 5.2-25107F, ARLY, rm BASRBE
ONT, BRREROSMEBAKREL 23, Tiebh, FHAKOBENERTIENS S
Bo (526-DRED, 0, —EOBE, mndt (FThbba>8) k&L A2BIo0T, Hh
BOEFEEIINS 23, Thbb, B 5.2-250881%, 0, (R—U v VHICKET S
FNEOEHHREE) PELL T, MERENEBERSEFETIHEL, K&iH
NEBDIRNEE L Tk, BEOEBOFR, BAEOTHEENKENELTLTNS,

B 5.2-2672 5, BARREGA O EERMERE EOBERIED, rm OHKEHICHN,
FICEAREOENERO HBERREZ 2EREHDERLND, ZOEBE, R
RRE<RD L, SRAFNBEE (e )BRAS L, EVWEhBZHEEN -FTEAEEZRTE
HOBEPHERTDHILILLZEEZILND, mu 2 RELTHL, BABROFERELE
/MEDRIZIE, EBROBRKBRRTEBONIEL S RKRERF—F—DZERELER, 5%
FRIZZHAEL B2 3 (EHEXRBIELRS),

UEhD, BARERNEOEEL LT, HOBNWBEDO—RITEE o, (BN BD—KE
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BED 33%) A LESE, BRREOSHIE L, B/NERE rm % 500 (m]LLE &
FHIERESRELRTIIE, EHOBKREOBREIEE TS = L RBSh -7, £z,
Taio 3 200 (MIBAF Tl BABROSHILIE & A EED G2, |

BN LI R EEOF AR T, BAMSINE OBERSE 0. WEECEETS
ZET, BADEN VY POBKRESHEER TR L 2R LE, LBLERD, &
FEEOMEIIL, RECTHERBZ LI, BFAFY YV T L —a it X 3EKGE R LD
REZITOZLIkoTHY, 20OHE, BMMIESHOERERO L Klh— 4 —iz
EREBBE, MEHRY T I E - 2 Vi L B BMMRBOSTOBBRKREL LY, &
V=L a U RERL 2D LELLND, I CAENE, BARES A S R —
TRGMEL LT, 1,=100 [m], o =2EMED—%kTEED 3.3% (02 EHo—KkTEE)
CRELICEFNVERMATBILE Lie (0 5.2-26), AREEAEF TR BN E 578
FA—FEFE 5. 2-5ITFT,
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Hydraulic Conductivity [m/s]

107 ¢
L ot SO ITT SO SR UE SPSS. POV = o At I I RS S —
10* Lo bl T b b 3
10° & 3
107 E
g ; R I N N O
L Fobr o [ FZ (Amir=50m)
107 SO LIS S-S T W O bt FZ {Fmin=10C0m)
E & #0 ii Li| eea. FZ (Rrmin=2c0my)
S R S A A R e FZ (Rmin=500mm)
I H T B N ettt FZ (Rmin=1000m) [
10° i i I —— : 1
.01 1 5 10 2030 S5C 7080 9095 989 9999999

%

B 52-25 BMEFEIZL 3B KFEHSTOTIE

EhBREZROFNEREICRE LGS, ASHBICESEhBEHOH)

Hydraulic Conductivity [m/s]

105

10

107

10

1 0-10

10-11

%

B 5.2-26 RIBBEKFAREER &ER & DL
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1 Geology : Toki Granite N
1 Test Data : Pumping Test and Slug Test S |
at MIU-1 - 3 Long Section (L>10m) |
] IR I B B
] b 7 iF
] RErARI N
- . ':‘"95" —ebenees 'é' -
3 S 5 POE
- : Gae® L L B ! -
] : H o i ° i : "
1 g Sie o o0
Z e i :
====== FZ (Measured)
1 S MFD (Measured) [
: i i 1 {====~UHFZ (Measured)
E i [ +  FZ(Calculated) 13
] : N s [MFD (Calculated) .
1 ; I e UHFD (Calculated) { ©
011 § 10 2030 50 7080 9095 99 99.999.89



#& 525 FhBERMNATA—A

ER HRSA—4 P
BAKFER 3.39%
(BRERY 2BREH) o

UHFD 0.259

— 3T MFD 0.188
BhBEEE ol

[1/m] FZ 0.351

B Average 0.266

UHFD 2.74E-06

HhBE® MFD 1.99E-06
HERE ov

[1/m°] FZ 3.73E-06

Average 2.82E-06

VeEiiloE NERSH

B/ EZE[m] Tmin 100

BE
HZ8[m] <r> 150
ZHE&FH [m2] <> 3.00E+04
RS 8 BOERST
F ¥ 85T B T i <tg> [m] 1.60E-03

Emp)
FHKEROE <> [m] 271E-05
t./teg He o 58.9
SR EYH LS

BER :
e 2 4
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5.2.8 MEBTHRALERVESRREORE

(1) TEREE |
RS O BRI LB R BT 0180, BAFEILO b L—— BB R (Shimo et al,

1999b) & &ZEr, KA TRDE,
eT:ZXT”2
T, er: WEBITHEOEMmM, T: BKEEERMS)THE, B, BRETHOEY

FBEERE, SEEE LTV,

1.0E-02
€) 10xNT : T
-~ ~

: T {I B \\

v == __ ‘ .

o 7 i ~. . \\‘. j // K

E 1LOE-03 f’% \\ - D zone Tests

B i L

b Lo 1, SFi1Tests < x\/“f_“
2, SF2 Tesis ', & A T L

§ RN P ISR

I e
= e
= ®_10xe,
______ = €yt Hydraulic Aperture
1.0E-04 © f -
1.0E-08 1.0E-07 1.0E-06
Transmissivity,I' (m2/s)
B 5.2-27 BKEFRHLVBERTHOEOBERFE (Shimo etal., 1999a)
(2) HEFEEE

BEOBERENLBON T BREOLEHMMRE (& 5.2-6) ¥55I, HPEH
DOFHHIEES 30%BIRE LT,

#®& 5.2-6 MEEDORRMYLTHEDBESE (=41, 2001)

g | AIRE
RSB 20
EEEE 30
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53 EFNFv¥UITL—Layr

531 FvUJL—YavicRW=F—4

MIU-2 S5 O RIFHARFRBEMEICIT, kAL B L MIU-1 2702 MIU-3 S350
o, AR KESEIRBR S ieh o, —F, RBICHE-> TER LA MIU-2 SHAD A
BEERO Ny I —F8 - BT L B4 vty M, BB T3 L5, LY EWEEOK
EREZFIZEILTEY, £ 300m iz AN-1/3 BB T BB KERERE
bhd, TIT, BEFAXY VT L—a ViCi, MIU2 BSOS SWEEO Sy h—iF
FRICHE > TE L TAER DT —F 2B iz,

Ny B—FRBACHEIKEENTTZ 7% K 5.3-1R TN 5. 3-2107t, Ethicit, &80
KEOAKEEB L &bHiT, MIU2 SHO Ay 7 —Eg (INF) L8k (DEF) OZEHEE
EWBT U, $7, BBBO o v —%2BHT5 L, BEHBOEFRTELTNS
#930m OB RKEEEZMIET B L 912, ETFROAERFEECHE?Y, 80T, Sy h—
THET S L, EFTROKEZERKECES S LT 3. MU-2 BALEECMET 5 MIU-1
FHL MIU-3 SHOKEREER D E, Ny b—BEBICHEYD, A EEBO HEE TR
10m OARFELF, FAEITIM 20m OAFETHEL TN,

B4 5.3~ 1R UK 5. 3-20KEELS T 70Ty ML, ERENOSNEHRSIC
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NEH (BEEINE®H (MFD), ASWBIEISNEY (F2) ORSICISE—%

35,

MIU-1/3 SHIZBT 5 LBAUOLBEUNEHMOKELREBYR 5L, LHENLES

(UHFD) OAREEFERFEbREL, EBESNEY (MFD), AEWEBICLL S Eh
B L (FZHW)) DIRIC/NEL RoTWS, ZOJEREE, MIU-2 L0 H 558

WMCRE LIy =2 OER LKA THS 2 Ehd, FH—kib (i L

BN BEA) OFEERTRERS, '

EHERN B L A FWBICHE D Bh B TRICEI 2 AKEEEAHERI K& 1, MIU-2

FHAOKER Y H—FKIZL Y, MIU-2 B2 55 100m BEh iz MIU-3 EFLAD

KEERSD &, ETROKEENRK SmBEE CHIELTHY, 260585 & EHHH

78 MIU-2 S5HRD Ry 7 —BIfIC & 3 L FRKEOBERERDRE S BELTIS,

MIU-4 5.0 5 5, HBREESIZ 3 D PRBI~T OBHEIRRE TL, Sy b —EBIcf> -

TEBOEEPLKBEMEIRNT, LBRAOHEEZE LTS, —F, EbESICH

% PRBLIO T, TEAIOHHEZEL WS LELZ NS, TOFHIZHS PRBS, 9 O

BRAERETIE, TE»L HBR~OBBTIRTOBHARRLASHE, “hit, FEA

EFRBASHBO a7 M FEET LD EZEL NS,
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240 ] I I t ) ——PRB-5 EL-238.4 (m)
] J' : : ! ——PRB-6 EL-615.9 (m)
235 - 1 ; 1 ¢ | ——PRB-7 EL-652.3 (m)
E 230 b ) 1 | 1 _ I | ——PRB-BEL-731.4 (m)
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B 5.3-1 MIU2BRH/AvAH—FREBIZEES BIKEZH (MU-1/357)
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|
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E AN-1 1 ] I ——PRB-5 EL-97.3 {m)
240 1 1 : I ——PRB-6 EL-245.7 (m)
] : i : ——PRB-7 EL-304 (m)
235 § f i —; —PRB-8EL-331.6 (m)
] ] I t ——PRB-9 EL-393.6 {m)
230 § — I r — | ——PRB-10EL-539.4 (m)
] I i I 1 ——PRB-11 EL-589.3 (m)
225 ! : ! | __~——PRB-12EL-729.4 {m)
3 T
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i 1 I 1
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] 1 I | !
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532 F¥¥ Y JL~2avhAE

F¥ VT b— a3 vOFEEEN 5.3-8IIFT, ¥¥ VT L—ia TR, £EhEE0
BAGRER DV HITFEREOTHEE, ¥+ V7 r—va itk VRET & RmMAT
A—=FE Ui, L, §EO¥ v )7 V—v a7 —F T, RERMEIRATHEZ
&b, KREEBEEL BN EHRSOFEBRRELIIS D, £TOEKMRBERETS
T EIFTERY, £ T, ATWBIZES Fh B#H o EROFEKREE 2 EHEARR
MR 0x107ms) KAETAZEE LK,

T, MHEL LT, £RhBHOBKEERL O CCHITEREOESESE, EE0B
KRB DI RESEARROBRESBILHRE L, kiT, JEEFLE LT, MIU2 E1,
D3y =B B LR RE HRERMIT 217\, MIU-1/34 SFLR U AN-1/3 BHLIZE
TEKEOBEREOHERREERER S s Ui, BT, HEREI BRER L+
NEETHET, FHNEFOBARER D RICHEREOEHELEE LERE, &
DIE LTV, BERAREEERDE,

Set initial value of <K>, <Ss> for
(hydraulic test resuolt)
| UHFD, MFD, FZ(HW), FZ(EW)

> Forward analysis of groundwater flow
!
History matching of transient pressure change

at monitoring points (in manual)

T~ _MIU-1/3/4,AN-1/3

Change value of
— <K> and <Ss>
for each zone

— Add shell element Final value of<K> and
P<K> for FZ(HW) was <Ss> for each zone
fixed to 2 X 107 [m/s] .

E 533 F¥UJL—2arhOFERE
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AREREOHEENT, EREICEKER L LEBERORIC LV XBESh 5, £-T, B
FERBEOEEEMRN TR, HERROMERAETCEETHS,

SEIORN T, E—BROB KRR FEEROMICKOBERERE L, 528k
FUEZREAVS L,

5¢ = pr”

(.51)

- c
::“L, T}C .

k BB OBBEOFEAERI (n¥s), S§ 1k BHOBBOEESREK (—),
(473 :Eﬁ, "C“‘&JE)O

ORI, B—RHOFKERFOERR CH S ZRA L, E—BROFEER DTS,
PHENND,

%%mﬁmﬁﬁﬁ(iﬁﬁ):Yfzéiﬂgxqs (5.5.2)
BHOITERE : S = pg{ki+ tka} o<, (5.5.3)

T, o i AROEMBMEREKyM), g BENNEE (), o KOBMEE @as),
Cr: KOEMEEMIN), &, : BROBEAIE, £t ZFEOGEOCAZEORE (m) Th3,
T, 0,8.0.Ck BBLEETDE, (520REGSHRND, (5.5.DROEER

Bhhd, bR, GADREG2HRICKRATE L, HAEROEEAMIIRATEL
b,

ZAA]:T]:B
S=8S"+fE 5.5.4
B I (554)

ZIT, "k b)Y v ABDHRFERETH B,

BE, S"ERNERBRIOLRDD - LIERTHY, EBROKERR TR bID HEF
BREI~ Y v AR L AL S b2 kOB LTIRLZ NS,
SEIDFFTTIL, §"=0 LBVWELET, 274 vF 4T RFRA—FLLT, X% V7
L—vavlik, 2OLE, S"OREHEERJCAGTENDEELLNE,
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5.3.3 &K

EATIE, BRTHEBERMBZIEZRMITIC L o iToTr, BFIEHIT LT B &2k, R
BT CUHE L BB VIR LEERKRER L, FEEMTCET 3RMEERETE 5,

BERGHIL, SAHTTRTAMEN LA CLELE L, Thbb, MERCETIIREKE
AL L, HEHERIIKEEE (GL+Om) & Lk,

MIU-2 5%, MIU2 ERER—Y AR - —ABRTETMEL, BER &
WK FREC (1X10° mfs) 2527, Ny v —BAECHE:, ASHEROR—Y 7

EROBAFEETLEEE - LICEVERALE (S b —BIm K—1><105 mfs, /%y
B — SR : K=1X10" mss),

AN-1/3 : MIU-1 MIU-2 MIU-3
R R " Tsukiyoshi
Fault
L L LT, P |
Beam elements /
- - "
PR -
""""" - [ Packer ON/OFF
o
. Change K
v ~L
"~  Inflated: IE-16 m/s
. A
Vi Deflated: 1E+5 m/s

B 534 AR~ULSTHOEFILEAAYI—BEFAOER
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5834 %% )JL—L a3 iR

53ITARLAEX Y VT Lb—2a vF—ZIcBW T, BEShDKREARAIZ, %I MIU-2
& MIU-13 SAMICBNT, EREhE# L B SHBIEM ShE S TR TOKREDEE
RIEEIBVE L ThH B,

B 5.3-1%R5 &, MIU-2 SA5 5K 100m BNz MIU3 BILAIEBNTY, Nyh—
ERBT 5L, ETROKESL, 0 mBEE TR RTINS, 0o ki, MIU2
FHEBN TNy 7 —RBIC KV A& LoKEENIZ & A PBRESPIE, MIUS BRLET
BELTWBILERLTNS,

—HRI, HEFFEBNTKEZFEORETE(I G L &, ZOBLET, EE
EHITBET D, ZOBRERBKREREIZENEL S DT, BRENT/NST2KE
BRERTEDIL, SAREEEITIIERY, LIL, bEVEAMEPEIRETS
&, %?J%@J:Tﬁ@ﬁ?&?kﬁ%ﬁk% 7Y, BEEXKEEBREGDLRL 23, Thbb, B
ICEKFRE & P E R ORELE 2 37 Cit, BHAKERLOBRIIRETH -7,

TOEAL LT, hOBRF, BEFERE (BlxiE, TE, /<1 7858 TEbh,
AREDR 3 RITHITHE LIis W AIREERE 2 65, [ 5. 3-5iT, EEFKHRBEEOKESE
LD Z A FH—T%RY (Doe, 1991), ZOEIZHBWNT, Wi, AL BRILOKE
Lt (dimensionless head), nIZMNDOKRTTH Y, n=3 IHERROFH, =2 ITEBEN, 1=l
S PROFBNOBEERLTND, ZDOFA FH—T I LT, n=2 #82 LT, 2
THIE, KETEBIOSCTRET SR, <2 Thhil, BEEEE & bic, BEkALE
RCAKE CKER=1) A5 Z &BH15,

1
09}
08+
07+
06|
05}
04
0.3
02
0.1
0

L

Dimenslonless Head

L

Log Dimensioniess Time

-Dimenslonless Radius = 10

535 BMNhDRTIZHSREBKBRBROEA TH—TDEIL (Doe. 1991)
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SE, ZREZRBRTEL LI RHEBREZEILOIE, EHEANBHFERNICETRN
EEERERE e VERIC L VRETHLER Do, ZOBRBKEROTFER, KHE
RRIFOEAKEH D VITHEBERERE LMY THY, LN A#EEZER T —T 4
IV afL s bD-EEEZBENDZ LD THDB, —F, TERIZOWTY, @EROEEAKME
DYz VEREMASD LT, TRAEORAEIREONDKERAERT2HATES
LOLELZLND, LL, TROBEKEROMEREEIC LABIRZ LD, &
Bt T VEREMLDZ L LT,

¥y )7 V-t a VRIRDKESRT A—FEERE 5 3-NTRT, B ENKES LS
FR&5 0T, EBBNE L L UBEICE S Eh B #0FEAKEEE 5 #5~100 {57
BURERDok, T, BE1EBO Ay I —RAREOEEHIZONT, ¥V T —ayv
BEFAFRAVE 0EDY 754 ¥— 3 v ORREE 5.36107%, FKTHE, FHE
LEK - B/MEZBEMEL B L, TS, MIU-3 SO TEREZ®RE, HiE
R, BR - BAOHERHD LB PB, HBLODYTILE—v 3 viconT, 3
ED/Sy B —BRAC & SKEEREFEEZFHELLEEEF 5. 3-T~K 5. 3-101oR T,

Fr VT b—a VEIBOKENRG A -ZEEZE 5. -UIFT, Sy VT L—3 a3 U8
BROFEFEFE SR OENER 6. 3-11ZTRT, 20N, ¥ U 7 L—3 a3 yOFRE,
BEHBIZESENERE ERBN B EOEVEKERRF IR LBSMD,

£ 531 XZx)TL— 3 ilBOKENRASA—%{E
K fm/s]> <Ss [1/m]>
Element <
Zone Not Calibrated . Not Calibrated -
Shape (H13 model) Calibrated (113 model) Calibrated
Solid 4x10* 4x10° - 3 x107Y
UHFD Shell = To1x10" 5] - S=1x10°[1/m]
MFD Solid 2%10” ox10” — 5x10”
FZ (HW) | Solid 4x10™ 2x10” - 5 x10°
FZ (FW) Solid 4%10® 5%10° — 2x10™
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5.4 RITHER

5.4.1 BRI

53THY VT U— b LIAKBEART A—Z &, ShEORE (V754 ¥—a)
ZRATIOBROETMTH L, HTAEEMENS L U 24 BFOBESLBET ST
KREBEROHE LR L, £, %+ U 7 b—3 3 L HE OB RO LI b7 -
T, EEORITHRAEZ XYV 7 L—a VRIOEFLE Lk,

BRI, UTOLBICRELE (R 5.4-1),

OLEBERLNE HETERLEME)

EEEEREMEL LT, —EOBKE (&AE—MEEEDS) 251
@ FHREER Ll '

FEAT RS DB, KOFHAR RV REAZER L L,
ORIFEER &l ' |
FENTH SR O MF BRI, EANICREKERE LTRY ok, 7L, LI
.%otﬂiﬁ%ﬁmowfm,kﬁﬁﬁﬁkbto
@B

HBEITOWTIE, REEBEERE L,

F;(«

[}

Constant Head @~  No Flow

(a) ¥k 1 3EETT L by =EEET L
5.4-1 IRAREH
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542 W TFAKFEEDHH

(1) HMTRRERVCF N —FE
TZTWIOMIT/RKENE, TR 100mOESFFHE2ERT S XYZ FROH# TFAEE]
ThHY, BTEENO 100mBROKBFE ETRkDE,

T ARREOHEFEIUTOLEY TH5, 7, BHEFAHLLEE 100m UHICER
ELPHLERTRHET S, K, HHEINWEEROMENY M 2EREMCEL T
LIcTIREN S PAVERD B, ZO LS5 L TROEFEHFESRY "2 RD B X YVZ
B HFHEESIC, 100mX 100m DEHEERL 5, .
EREETERANT L, BFAOWESRS b i, KA TRD,

v
va X volume'
V, =4 (5.4.1)

13

oy !
Z volume
7

TSI, i=xyng Vi TEREARY ML, v BE ] OFERS MY, N BREESDEE
100m LI E LR H B EZORE, volume : ER OB, TH3,
7, AT P,

Q. =V _xAyxAz
Oy =V, xAzxAx

(5.4.2)
Qz =V, x Axx Ay

TRDE, T, Ox Op @ : EFEOHE~NZ TV, Ax=Ay=Az=100m, Th 3,

R 54U, VTFAE—Varv LEOWTEONEHTARER BICF LI —F
BEORAME, R/ME, HEFEHEEZLDT, M 5.4-22[ 6.4-312, WBLRLGITF ALY
—HEOE A NS FARFY, TOLRA NS SAERD L, FEEFEETFAR, HI3 TFL
SHAT, PERES 13 BECRoTEY, E—MELEL RoTWHBZ L RH»3,
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£ 54-1 100MBFRIZETIRE - S —FEDODH

('J754ﬁ’—?3 1)

(a) 100mE{EFRICKITHME

Qmin Qmax <Log Q>
H13 3.22x10™ | 3.88x10° | 1.02x10°
H1i4 1.79x10° | 1.60x10° | 3.28x10°
B m¥s
(b)  100m BT RISHE D L —Fis
Vmin Vmax <Log V>
H13 4.22x10™" | 349x107 | 8.32%x107"°
H14 8.70x107% | 2.82x107 | 2.33x107°
BT m/s

—b6-56—




Frequeney [Num of Grid Pointg]

100G0

Frequency [Num of Grid Points]

8000
<Logl@>=-4.99 (= 1.02 X 167 m*/s)
4000
4000
2000
T 8 2 85 72 &8 2 2 5 2B e B & a g & o g
g ¢ et =g e fefele e ]
Flowrate thraugh 100m X 100m section, Q [m®/s]
(@) HI3ETI
10000
<Log(Q)>=-5.48 { = 3.26x10° m¥s)
8000 + - . - V
6000 1
4000 1+ -
2000 T - - -
4] : T T

10065
10n55 |
10845
o
10735 |
oA
10725

10n11
10~-10.5
10410 |
10895 |
e
1008.5
10n8
10875

Flowrate through 100mx100m section, Q [m¥/s]

) H14ETIL

B 54-2 BTERMBOCRA M SL(ITFSAE—av# 1)
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Frequency {Num of Grid Points}

20000

15000 1

<Log{V)>=-9.07 ( = 8.32x10""® m/s)

v

z
&
z
© ]
[=]
£ 10000 +
2
&
g
g ]
* sooo |
0 T T T T —TT
w [T5] < fr] o i o wn (=] [¥s) =] wn uy ©y :-]
7 ¥ 7 0@ 3 w3 o= 2 3 & % & % & 9 %
§§§§§§§§ EIE S & ¥ & %
Valocity V [m/s]
{(a) HI3 EFIL
20000
<Log(V)>=-9.64 ( = 2.38x10™ m/s)
15000 + ?
10000 +
5000 +
0 T T T - |mr g.
n w o [Tr] oy 2] o w ~ [1s) (=] mn w w
g ¥ 4 02 g ¢ 3 7 ¢ 7 9 3 S 7 & 9
§§§§§§§§§§§§ g 3 2 ®
Valocity V {m/s]

(b) H14 E 5L

B 543 BFREIN—FEOER FFSLNTSAE—Tav#1)
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5.4.3 2 KEN

(1) EirfElEeBoKESH

TR EROKESHEE 5. 4-4FT, ZOE»D, KEHAMTARNE, 4E
HEPLEEFFEICA P> TWEZ EBSH 5, RETI, MIU-2 BAEE58EHO
SENE (EREY A MBE) OAESRERETTLE, AEBBOEADRI LY,
BB TROKEITERIYD 20m b5 30mIZXHE< 2> TRY, MIU-1~3 S7TOERKE
BLEBROEABRRSN TN, |

(2) FEZS VUG REBIZE T BKEST

RERD RENE L T EDOHBICAV B E=4 VI REO—EEE 5.4-3IC7F, “h
BOT=FY I RREICEIT 2 RBIE L TEDORSE Y S 7 %[ 5. 45~ 5. 4-TIZF,
%E¢me%ﬁ#ﬁ®$§ﬁ—ﬁ10@@)774ﬁ—vz/k;0%6htﬁ¢ﬁk
BAEOHELZRL TN D,
o OET, E%ﬁﬁﬂﬁ@hmﬂ~3%%Kﬁﬁé*ﬁ@%ﬁ%%&ﬁﬂﬁ@%&%ﬂ
B. 45T, T/, AAHAO AN-1/3 BILORRER 5. 4-6PITF+, = OEH B, MIU-2
EU MIU-3 BALTHAMENZAETHEO L TBROBRKEERBERINL TV IDORHH
Do B, AEEOHNERIY, v V7L —2a v ORR, WIEE XD EREIFEVE
RBBLITNE, 10EDY 754 ¥— a ViR BEERBEDIZL %, /5 7L
TRE NP TERVNEEAEVE, HATHISEEL LTS L, H4EED
HFBREL2ER/AEN, ZThid, FEEOCFNBEFAE, H3EEX Y bR ERES
RESBREL TN 1D, BERFIC L 3BEOHRIHRITLOERLRNEDTHS,
Wiz, IRIRES A BR O - LﬁﬁéhrwéDE9%L%H6K@®%§E%%@
5. 461777, 2FRIICHEEOF I BEIE L HAKERN 10~30mBEXE L R-TEHY,
BRI EEDRRE S Ro T B, HBHILEEICOWTIXE 5. 4-TIRT LB Y Th B,
ZOR» G, RANEONDHIEETOKEETS, S$EERICBVWTLER ST
BOBEB,

BED XS, SEORFRERIL, BETOZEIH3 00, MEREOBELY:ER
FRLED OB TAEETRH EWE L TR TOKER) 2 ERNHICERTE,

(3) EEZFVVIRBICHITHKEOERE =S

FEE=F Y vV REICRT DKEOEIHE L ST OERE R4 R b 43R, 2
F2F Y 7 REOBZEZRMOEEHE: 90,000 ThH Y, HI3 T 240,000 725 1,7 3
BENCHEA L, L, HI3 EERRERBHRILZEZLTOARNED, RILEIo®E:
BRELRHDTVWBILICERETIMERDD, BrOE=F YL FHLTLIZES L,
MIU-2 5H.& TH-4 FH TR, BCFEEFETOBRZOFNRE L BoTWVS, MIU-2 &
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LIZOWT, REFATIIASHBE —EL LTWBED, EFAND MIU-2 SRICEITF
BMBMELEBLETFAVE-TVALDLELLNS, TH4 BHLIZOVWTIE, @
5.4-TOL S, AEEIFILUEER L2 LIT LV, HI3 £ L A TLEITKENME
FLTWDR, ZHED bELITKE EF LTS, TH4 ST, LAEDMFTERD 5
b, RPN RBTEOHMEROBEABECXREN TV EELbNE LD, SHEO
EFMEDR r— L CIREBEECBARSZ b0 L EL b5,

® 542 EZS)URMORARRE () &HKFRKEE

Meas.Port | Total Headw Meas.Port |Total Head| Meas.Port [Total Head{ Meas.Port Fotal Head‘ Meas.Port [Total Head
EL(m) [E.L.(m) EL(m) E.L.(m) EL{m) EL_(_) EL(m) ELS EL{m) | E.L. (m)
MIUZL: : AN—I : DH9 L THG i
265.04 279. 55
259.04 266.03
254.54 254.06
247.54 247.19
244,54 243.57
237.04 237.22
231.04 23487
226.54 230.19
219.04 230.33
213.04 230.67
208.54 230.63
201.04 231.38
196.54 231.20
185.04| 230.99
180.54 230.96
170.04 210.92
165.54 229.26
159.54 23229
147.04 233.28
142.54 233.32
13504 [ 233.38
MIUS3® o "~ DH-13. TE 130.54] 23362
46.8 | 212.55 94.0 274.24 271.46 271.44 123.04 | -233.64

-10.4 | 212.90 -46.8 274.29 266.96 | 266.97 11854 ] 233.69
-328.2 | 213.37 -130.7 274.87 260,96 | 260.09
-417.9 | 215.51 -578.0 272.49 25496 256.50
-474.7| 240.55 -716.5 268.35 248.96 | 255.74
-515.5 ] 248.13 242.96 251.96
-588.3 | 248.30 23696 | 251,12
-645.9 | 247.86 230.96 | 248.88
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Head
Distribution

—19-G—

Pressure
Distribution
(MIU-Site)

H.54-4 METREBSBOKES

409, 94m}
380.04m}
360,04(m>
340.0¢m3
320,04m}
300, 0¢m)
280.0(m}
260.04m)
240, 0{m)
220.04m)
200,0{m}
1606, 0dm}
16¢.04m)
140.04m)
129,04{m}
100,0{m?
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Depth,m

490

200

-200

-400

-600

-1060

1HI13 Calculaied
OH14 Calewtated
% Dhserved

MIU-1

180

150

200 250 30D
Headl, m '

400 D HI3 Calenlated 200 [ H13 Calculated
O 554 Calcrlated 0 Hi4 Calculatad
& Obsarvad & Observed
F 200
200 :
100 —
R O
: = 0O
Lo : 0 ] w)
_ @ n ‘ _
100
200 |
-. -200 ' .
f? f? (1) Tsukiyosh
B i3 .
] & 300 - 1
.40[] u/ - ,
——-/
400 _ ke —=
/ — Di o e |
i
i eeeatt ; O | O
-600 q 500 : o
o |
%T & -600 g8
800 ||L tH
700
MI-2 MITL3
-1000 ' -800 .
100 IS 200 250 300 100 150 250 300

Head, m

Min.  Moan

Max.

B 545 E=RULITMRIEHHAKEOERMELBFTE (EEHABA, MU-1~3E7)
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300
200

100

-100
g 200
E‘ -300
-400
-500
-600

-700

OH1: Calenlated

O HI4 Calenlated
& Obsaryed

#C0
A

an

L I N

|®0n

8 0
o, O

100

158 200 250 300
Head,

200 O H13 Calculated | -
O E14 Calculated |
& Observed ’
150 '
L m ]
108 o
o Ea
50
B
|
By
a
S0 [ au}
10
-100
-150
AN-3
-200
100 150 200 250 300

- Haad, m

Dapih, m

300

200

i00

-l00

-200

-300

-400

-500

-600

_| O HI3 Calcplatad

O H14 Calonlaiad

& Obsarvad e
|
; &0
i
|
| % O
\
|
\
} e THH-
|
|
|
i
| DHS T
|
; |

Hoad,

546 ETZARYLIHMRICHEITSHKEOEREE SZIFE (AN-1, AN-3, DH-9 ER)

100 15¢ 200 250 300
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i 0 H14 Calculatad 280 O H14 Calculated 300 O HI4 Calcwlated
* Observed - | & Observed ] # Observad
. B0
250 D O iy
] s s O 270 250 ; EE
) :7 i O# O ] + oB
8 B b & HH
n E ™ E @« 00O
™ J
200 e O ‘ ¢ o4
| L} 260 200 $ 50
g | B . 28 B
g 5 32 g ' *«8 H
g 150 0% g B E e o
= 250 £ 150 A
S E : E]‘ §. ) # 0O 'gd sB B
I ;i
. C ¢ O 8 8
100 1 240 190
o @ 0O ]
50 230 o e O 50
TH-4{1) I TH-4(2) 1 TH-6
| | ' T
0 220 ] nl
100 150 280 250 300 100 200 a0 400 100 200 300 400
Haad, » Head, m

Head, m

54-7 E£=4#&1) :/ﬁ‘i&;ﬁl:istfé:kﬁﬁw%ﬁllﬁtﬁ@#ﬁﬁ (RREMUGERE, TH-4(1), TH-4(2), TH-6 B3.)




% 5.4-3

BTS2V VIRAICET B KENHE RN

HI3 H14
MIU-1 3754 154
MIU-2 3092 4143
MIU-3 8956 402
AN-1 3554 375
AN-3 1271 238
DH-9 3300 1106
TH-4(1) 139186 51721
TH-4(2) 8474 14875
TH-6 69712 16584
SUM 2A4E+05| 9.0E+04
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544 ERAZHEBT DM TROTHRERE CORDBIRENE

FRENEEBEARIT Tk, T AR RERE2TIC, £ 5. 4 40FT U EFROISESLHESEL L
T, PLF BRI LV BRI EEE Lk,

#& 5.4-4 FREHBEHEICALV-HEA GEEA

PointNo | X [ml Yiml | Z[m]

1 4488.83 -66900 250

2 | 5488.83 -66900 -250

3 6488.83 -66000 -250 , ‘

4 4488 83 -66900 -500 T

5 5488.83 -66900 -500 1IN
6 6488.83 -66900 -500 ;
7 4488.83 -66900 -750 ‘
8 5488.83 -66900 -750 ’
9 6488.83 -66900 -750 . ;”; B
10 4488.83 -66900 -1000 {iimﬂ
11| 548883 | 66900 -1000 it
12 6488.83 -66900 -1000

13 4483.83 -68629.4 1250

14 5488.83 | -68629.4 -250

15 6488.83 | -68629.4 -250

16 4488.83 | -68629.4 -500 ||
17 5488.83 | -68629.4 -500

18 6488.83 -68629.4 -500

19 4488.83 -68629.4 -750
20 5488.83 | -68629.4 -750

21 6488.83 | -68629.4 750

2 4488.83 | -68629.4 -1000
23 5488.83 -68629.4 -1000

24 6488.83 -68629.4 -1000

BERLERTIHTAOTHERE CORBBRBEIEL, BTEEORITERESE
5, 4-8~[X] 5. 4-31TFF, :

ST —ZZOWT, BRIV OEKGE, BAAE, YL —E ADREREOR
KE, B/ME FHiEE, B 5.4-32~" 5. 4-3472 BN HE 5. 451077,
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a. FEHE (BTEBE)

c. AER (F-—i) d. fIEE (R—#)

F 5.4-10 M No.3 DS DBITERE (10 FSAE—~32)
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a. FEE (FBITERE b. HhRERHNER

c. HIEE (F—dt) d. fIEE (R-&)

H 5.4-11 8ER NoA D LDBITERE (10UFPS4E—-3)

—5-70—



a. FEHE (BITEBER)

c. {EE (F—dt) d. AimE (R—f)

B 6.4-12 $EEA No.5 55 DBITEE (10U PS4 E—L 3
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c. fIEE (F—dk) d. fAIEE (-

B 5.4-14 BER No.7 M5 OBITEE (10UF7S/4¥—23)
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i EE R
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(BATRRERE)

FEE
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d. MimE (R

(F—dt)

I

C.

D734tE—-3av)
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b. MERERHLEEN

FEHE (BiTREE
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d. fIEE (E-H)
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SA4¥—-3)

No.9 o DBATIER (10U7
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a. FEE (BTERE)

c. IEE (F—) d. BEE (H—f)

5417 IEEE N0 10O HLDOBITREE (10)FSAE—3Y)
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a. FEE (BTEER)

c. HEE (Fm-—dk) d. fIEE (E—#)

B 54-18 iR No. 11 h o DBITEE (10YTFS1¥—2a )
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FEE
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fmE (-0
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a. FEHE (BTERED

c. AIEE (F—ik) d. #IER (H—-H)

B 5.4-20 R No. 13 DD OBITIEE (10U F7314E~va)
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a. TEE (BHEHR) b. MEREFHEER

c. MIEE (F—dk) d. fEE (K-

E 54-21 ERA No. 14 h S DBITRE (10)FSA4E—L3Y)
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a. FEHER (BTEREE) _ b. MEERHUER

c. HER (F—dk) d. AlEmE (H—f)

B 5.4-23 187 No. 16 S DRBATIER (10YTFSAE—~9)
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a. THE (BTERE) b. MRERHMER

c. HIEE (F—dk) d. fiER (R—8E)

® 54-24 2R No A7 ML DBITHEE (10UFSA4H¥—3 )
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a. TEHE (BTERH) b. MEERLMER

c. BIEE (F—i) d. MER (E—f)

B 54-26 A NO. 19D SOBITEE (10 FS4 ¥~ 3)
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b. HhEERLMER
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FEE
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JFP7S34H8—aw)
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a. FHE (BTEHREH)

c. HIEE (F—dk) d. MEE (-5
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a. FEE @TRERE)

c. HIER (F—idk) d. AIER (R-f)

B 5.4-29 HEER No.22 o DBITHEE (10UFSAHE—-23 )

—5-88—



a. THEHE (BITERER)

c. WEE (F—dt) d. fIEE (GE—#)

B 5.4-30 #EEA No.23 M DBTRE (10YFSAE—~23)
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Hydraulic Conductivity fm/s]

Porosity [-]
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Hydraulic Gradient [-]
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Travel Distance

# 545 HEERZEBTHHTRKOTRERECOREHRIFE

Travel Time Hydraulic Condctivity Hydraulic Gradient Darcy Velocity Porasity
Puairt # (m) (s) {mis) {-) (mis) (-)
Mean Max Min Mean Max Min LogMean| Max Min Mean Max Min  jLogMean| - Max Min Mean Max in
point#i 3.BE+03| 4.1E+03| 3.1E+03) 1.6E+08| 1.8E+09) 1.1E+09] 8.5E-07] 141E-84| 1.0E-10] 4.1&-02] 135+00] 10503 97E-08] 5307 B26-12] 19502 30E01 48605
poini#2 22E+03) 2.56+03| 7.1E+03| 11E+09) 1.3E+08| 8.3E+0Q] 35£-08| 5.1£-05] 10608 7.06-02] 1.2E+00] 42803 o6E-10] 34E-07] 35811 15502 30E-01| 7.E-05
-point#3 1AE+D3] 1BE+03) 1.2E+03| 7.5E+08] 1.1E+09] 5.05+08| 2BE-08] 20E-07 10508 64502 8.95.0i] 76=03] 2410 eaeosl smE-11| 16e-02] 3.0E07 1. 1E-04
-poinii 4.2E+03) 47E+03) 3.3E+03) 25E+09| 396+09| 1.3E+08| 71607 206-04) BEE-11] 7.3E-02] 1.1E+00] 38E04] 63608l 3.1E07] 1.1E-12] 17602 30501 1.3E05
point#s 286E+03] 3.1E+03] 24F+03} 15E+09] 1.76+09] 1.2E+08] 55E-08] 8.3E-058] 9.7E-10] 74E-02] 14E+00] 14203 1.3e.08f 38E-07] 195-11] 178-02] 3.0E-01| 6.2E-05
point#s 1.8E+03; 2.0E+03| 16E+03) 1.5E+08} 2.0E+0S; 1.1E+08] 25E-08f 76E-07| 1.06-08] 3.7E-02| 1.0E+00] 44E-03] e0E-10] 1.0E-07] 72611 17E-02| 3001 11804
poingy 48E+03] 57E+03| 4.6E+03| 35E+09| 54E+09| 3.0E+09] 5.7E07] 1.2E-04] 1.0E-10] 9.0E-02] 1.1E+00] 40=04] 47E-00| 53607 13E-11] 21602 3.0E01] 64E.05
poink#s 29E+03| 33E+03| 2BE+03] 2.0E+08| 2.3E+09) 1.7E+08| 1.6E-07| 52E-05| 1.0F-08] 7.1E-02| 15E+00] 195-03] 28E-08| 53607 24E-11} t18e02| so=01| 73E08
pointa 23E+03) 2.5E+03| 20E+03| 24E+08) 4.0E+08| 1.8E+08| 29F-08) 2.0E-08| 10E-09] 3.E-02] 1.0E+00] 12603 49e-10] 1.0E-67] 196-11] 1.8E-02] 30E-01] GAE-05
point#10 | 55E+03| 7.5E+03| 4.9E+03| 54E+08) 8.9E+08| 35E+08| 31E.067| 1.0E-04] 1.0E-10| 1.26-01] 80E-01f 3.3E-04| 28E-08] 40E-07] 7.26-12| 26E-02] 30E-01] GAEDS
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AETRF ¥ ANV ZRy bU—27%5F/L (Donen-Saitama Channeling Flow Model
LUF, Don-Chan Model (Watanabe et al., 1977 ; B=HiE, 1995 ; JETIED, 1995))
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6.2 Don-Chan Model O#iE
6.21 EAMEERZALETILOEE
6.21.1 EXRMEELR

Don-Chan Model D& 7 MABEOERRYRE 2 F (AT, 1997;42F13 5>, 1998)
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ZZTWOEINEIX, E£E/ Master BB L BIRAYA: Splay S B L 0ESE LT
RATEY, RELLEBLLNLTVD L5 R—2o—D20FNE LIFESEEEIZL T
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FNBETNOEE

TRk 12 =EEF L R 18 EET T

YRR 14 EEEF L

WeeT

FY ANy U= X BRE

BEROSERIT L D

Stap structure / Splay structure
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E%@H‘L E elsno'nlghedéggy)
F j
Channels
FEFNEF 2EERT B & TRE FEEHNEETF A% SHEVES S R v FigE
. Fault zone Low p::;}lezg:a Zang
Eb?% Foult core
£ ‘-7-‘:}1/ {dny.ﬂm par)
Sat channel permeability low
If:::tt::e::::?n o paretle Fractured zone along fault
- . . . BARFEM & AWK EFEORE
gg;gﬁg?fg;;;g;;“’% FEDBAR | 3 e o s B £ b 2 LT T B b B e 3
BRRTE | i B Ol 2 Moo= E R b | D5 LA
For AN OB G Bed 5 = b cwm, | | MBSV K1y FHE OV TR0 ES)
et - HE OB KBRS EBRET D - L THEE
ANF =5 | BUVEOERIE L 1 - BT — BN A OERE, EH - @, AR EMERORETIE
S vy | NBE LT 57+ VAL BN A EOT e P SR B OB
B, SEIEND, Tk —R AR 3 S — po o R
B EL, BFAMC L - TIXEN A6

2HEM

BRI & LCTORESFIHE
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HEHOETNLOEE

Erk 12 EEETT N TRk 13 EEET SRk 14 EEE T - {&
HAF ¥ IV ERANTEESR S TR, ZHEEER (Body) ZHWT, £EH%
WAL TH FEE, FH, HEFE bR,

EARBN R DT T KL T TV
WiR, FERAE P OEESN B OFERMIC

Polyhedron elemenis

FEEEO | Minor fracture DEAHE % 25,
EFNAL | BBRICERERBOABRBRER 2 A
B LTEREPER UL,
BRI TSR
Reguiar channel network model
fgggigkgj%;?giygé% SEAESR (Body) HRAVEEMAEIE
rEeL. T BT AT WERGREIEOS 2 HE AV THTA
¥ oM — ° FEIRATEIT S, EHEMICELTHE

MR E LT, HAUF v RV EENnB
BRBET DF ¥ o aN, KEMERRSE
REDOFARBEROBRE.

ROMHEEIT S 723, FAR 13 FEDRIE
ITEL B,

>




8.2.2 R 14 £Ek Don-Chan Model (&
6.2.2.1 XML ERLF

ZEAEER (BT, Body) ®AWTCZEMSE 2TV, HREREE 5, 1994 ;
BEH, 1994 ; HiF, 1997) OEZ FEEA UHIF KRBT 21T 5, ARERME
BIZHENZOLE CHEER F(ERS BN L THFENThitTE T3,

FRAEHEOEFENREZFIL, MW TRELLIE XY, BoEEs A
WA ER U EBRLIFRREM FETH B, £, COFERERLBEE
TEHET7I v ADREERRE LEFETH B,

YHEATTIE, BRRREREZHRO Body &L, FOERA% Face & E 2 HRERE
DEZFEFEAL TS, EFAIZIE, Body OHOGICEREL-HEE (KEEE) »
CEFCBITET7F v/ R (KE) £RD, ZORMBEEEINS LS KYBRELE
ET 5, BRICRIT 5FEIE, B4 5 Body BMOB/KAERL Y HiEL ROEBEROE
HERLHAZLTRDB, :

L, ERCBI2MEBOEHICEL T, BRAEOFLMNIBITAEMGESE
AETEEL WA EDEEE2 S, TOBRSCE LU TIHERICE 2 286N (5
FENZBIT HFKRERE) 2BREEL TV Z L #BELTWS,

6.2.2.2 BITHERORE

29, TRIROME 2 RATI2D0RA v L a DB 2 =%kT0 XY LE ETITF,
AoV agBENT RTERIC Z $HMICEAREEH 2 L TSR TOMITE
WMOBEERFREHRT D, Z OB TIZHFEOMNDN,, KBHERSIT2 SR TR,
RICHZCKBHERSOREET Y, HEPEERE O RTA v 2lc Z
FHDERZEZ TREAL, ThbOETEDSRITEARKEE Y H U, ARFESR
ERET D, CHEEEEIBECHEELZ M2, TEERECHBIIKEED
Don-Chan Model & R#RIZEI b DAERNE L £ - EROFRELE LA = L THEER
MNICEBEREND, £, £REROEELTETH S,
EEENEEOZEAER TR SN BFERSER SN 2 LICh b, B
NE, D7 MBIz oW T, 6.2.1.2 HIOETFLOEE LR LE—ERICTT,
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3D-Modeling
Generate base polyhedron element
2 7
R g

v
<

2D-Mesh division(200x200m base)
for topography and domain boundary

eXpression
Input Fracture Data
Orientation
Location
Fracture width
Before fracture generate After fracture generate
2 Bodies 6 Bodies

B 6.2-1 sHEIODSEF %



6.2.2.3 lRITF %

BRBHEETIE, XEFEXLERREEEETIEANTESL, T ADER
&&%ﬁwrﬁﬁﬁ MNEEWT B, 22T, FRREAVELEERESR (Body) &
, SERERNOBS L EEAEROERE (Face) OBESIERT S,

XECH BN

Ss— =div(F)......... 1)
Z iz,
h : 2IKEHE (m)
Ss : HERTE RS (1/m)
F EHRAEEBRTAV IR
moﬁﬂ%VTﬁA?ék
Ss j’ 5dv = j' div(F)dv......... (2)

kiﬁ%’)o Eﬂéiﬁﬁxmxﬁﬁklb BERESICERTE T,

&ied, I, SREEABERV EELEATHY, di BTOHICEE RS b
NThHD. QRREEBBEROF LR h 2BREBL, 75 v/ A F #EREICE
BT 5 L THBILTE 5, BHEOME(LICI 5V 7 - =aA Yy P ERAWS L,

h(f+Ar) h(
S5V~ = ZF(‘““ A+ ZF(" Agyonnnnnenn(4)

LB, TV, AiTENTNEERESR i OF, SEEESR & j OBEAE
SOEHETH D,

g, BREOY Iy 7 AXEAEICBY 5 HENORD B Z 2:71»1’%, RDED
KERETE S,

Hoo—H,

_ Hg-Hy, .

Foy =—~—r=—T"k Bys) Fis) " As)
B

HoHy

()" Pis.py sy Ay
' (s, J‘)I

—

TiT, [Bug| RETEHER i & 2 RREREEAE S ORAE TOBEYEL,
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P53 DFMERTRMAY M THD, (e, figlIEIHE S OERAT AT
3’)6 iﬂﬁﬁ St ?ﬂj’éé*ﬁlﬂﬁ H(S) j: g’ﬁﬁk%% i, ] @E{:"L“ \—EE-E LT&D%%ZK
FE Hy, HyL W RHBZENTE, _:I’LB%)%I/\E) LERAEICBT 377 v 7 XX
RDESICRE S,

WRIERERAT D L, 2EEESR BT 3EFERABREY Lo, ThE2E4H
BERCELTHES LT, bAFACBY 3 SEREROFOLICEE L 2KEE
ERODZENTE D,

HE  Body (i)

X 8.2-2 Eﬂwﬁaﬁ
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6.2.2.4 BKIFRHDEE

D X 5 ICEBEOSZHAER 2 AV TH T RIEBSMITET 5 B8, £EFEEE
FREFMBRHT LULEREE FITRFME ROV, LERST, BAEEORE
EEAREAERWS,

FRICEETN B PHIEIIR 6.2-3 127 T LS ICHERTTo. BNEDERF R LE
FEME KX, KY L&V, BhEEOEBRIFA%Z KZ LED, FhThOFEISEK
BHEzEZDLT, ENBEEOBEKEFEEZRETERLSICLE, &S, i
HEFEEDLIBBE KL DEE/NEL T3 L CERRFAREL 25,

Type1 Type2
XYZ cartesian Co-ordinate Fracture Co-ordinate
XYZ - XYZ
x2 y2 ZZ x|2 y12 Zr?.
k‘2+k2+k2:1 k‘2+k'2+k'2:1
Xx ¥ z x ¥ z

Z' Normal Vector of

Fracture Plane Fracture Plane

x’ Strike

Definition of Fracture
Co-ordinate

B 6.2-3 BAKEEDEHRE
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6.2.2.5 BIBDFEKERFE

BEEDTRE - HhiEW B OB EHR % (Watanabe, 1998) 2% LiCiBoEF
ERE L, BET7NVZEESIN B OER LITABMT, RO LS5 RBAKBFEE
BT BETNVEFEELTNS,
@624;T¢i9u,%Eﬁb%ﬁ@ﬁmm%Wuh%nL@ofﬂhﬁ@%w
WA FEL, TAME B0 TH) Ttk ERELVWE LT, HEr
BT 5 FAICEAER NS S BAMNEEE TS & L, BAOBREE TIBEAERE
ETNLERELE,

%72, FEBORHEERS Splay Fracture % Step Structure SEIZFE Lo Th
LETHE, TRLIIWMBORAM () FRALEXFHAIICEETD, 0D,
FITEABSFRICEZR T2 FMOBRERB W EREL TV, fIxiE, B LUEE
DFEARRFHEL, EHEFROBKEREL Y, BHRBOES, EHFHEOFHAMEH
BB LI B EF A ER Ebto

CTDEIRETNERBTZEHICE 6.2-5 10577 X 5 2UEO = FEITIRE KD,
%hh{oTﬁE*%ﬁT@W%%TW(iﬁﬁhE%TW)%ﬁ% WCRE L=V
FA v FEEETNLERE LR,

Fault core

(clay rich part) o f
&7/ Splay Fracturs,

] Step Structure

] developmaent direction

* -
or

ko ™ K3 Ki»K2=K3
E 624 HEETILDERLES

Low permeable zone

Fault :Water barrier fracture
(Major fracture with
Low permeable zone} -

B 6.2-5 EREETIL
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6.3 KIEHhEETFTIL
68.3.1 KEHEHMEZETIL
6.3.1.1 BEXRMEERF

PE3&® Don-Chan Model TiX, #lhBE L% ORBMEH T AOEELSBAR
BELTRYHESTHD, EFL, 22V ENE LIRSS CEEShE LS
ROEDVESDENBEELTRLY, fnte [EEEN B Major fracture)] %
ZELTHEY, Don-Chan Model TIIEBEEINE OHHNEREL 2%, LarL, =EH
B L LTHHSW 28N B bEBRICEFEELTRY, I b2 FESh Bkt
L Minor fracture & L CALERT TV 5, Minor fracture KB LTI o bd 00 &
DUEDETNVCHAIAT Z LITER ERFETH LD, EEH (Matrix part)
IEOTERIHE->TNWS, 2L, IREROREIC L > TEZEE N BR Minor
fracture DFEH R >TL 5, @ 6.3-1 1%, BINEREEFTOETEERN B & Minor
fracture DHERE TR LT3, TEEN BB IE TN S 2 EEm L LTHRNY,
Z OHIZ Minor fracture HEH TV 3,

FRFHIBWTUIZ OE X F i Tkt S OREH (Sparsely fractured domain)
R L TEALTWS, iS¢ L#Ei B #(Highly fractured domain)
WOWTHE, TOHROHROSNFIVEEEhEOL I, SIhBORELEY
—ELT#HAZBZEE LT,

B 6.8-2 1%, BREHIRITZKBHEDESTFAERLTWES, ZORICELR
5 &9 WWKBHERS % 6 >OERICHT TV 5D, ZORSOFEMTHRT 55,
BRI KEMEREEETICEER N B, %ﬁ%&kﬂ)?ﬁﬁ%ﬁ#’\ﬁ‘?‘é%Tw%
BELTWS, E 6.3113XK 6.23-2 FOHOESICHEY T3,

B 6.3-1 Major fracture & Minor fracture DEZH
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Sedi.mentary Rock

Strong weathered
: granite

Highly fractured
domain

Sparsely fractured
domain

Toki granite

6.3-2 KEMHEHESETIL
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esm?mEMEzﬁ

X 6.3-2 OAREMEMEETT AR L L 91, BRERT RS, LI tEEES
BAcH, TfERs - EHENhEE, LTRSS« BERICKS L, ZEERhE, W
BHUSOBEEME LTRE L, RBHHEIZOVWTE, TICRTISIZEbIK
DEITHOTINED,

(D) #RERB L OIS - BE(LE
S 2 TrO X 3 KEHERSE LTRE L,

TiEREE EFER . TG

i RE~EEABGHRER | AO)

LA B R B GRIR B B¥ : Toki lignite-bearing : TLB)

TIETE A - BRE{LER (Strong weathered granite : SWG)
EEKSEATY, TEfERES - AL EER P THESN AR EEE 2, HH
EHD—EELTRYVFEIZ L e Lk, ThOLOBFEAEL TR, £ 6.3-1 17
THRIBHIEOMERFICEVBREELZToTWS,

£ 631 RiMEBMmEEFE

Stratigraphy division of Tono area

a alfuvium

Quaternary
talus sediment, terrace sediment

Toki gravel formation

Pliocene Seto group
Tokiguchi china clay

Qidawara formation

Mizunami, Kani Akeyo formation

group

Miocene
Toki lignite-bearing

Hachiya formation

quariz porphyry

Nazegi,Toki granite

Cretaceous ~ | Igneous rock Sumikawa granite
Palacogene group Obara granite

granite porphyry

| |Noni ryorite

No division
Sand,Slate,Chart mixed
Sand rich

{|Chart rich

Mino
sedimentary
complex

Triassic ~
Jurassic

-6-14 -




%ﬁz%k%<mﬁk K4 Li-BERL, kOLS5B 6D THB,

© BROEFREEXHRL LABRRBRICER CTEKENERS 2 & (% 6.3-2

ZR)

- HRAKEOCBEFER (X 633, E 633 21) KALAIHBRAESHOR

e

- HEEOBREMICRORSMEIR (F 6.3-4 2) Ly, HTAKOBREHNHERE

KahiLTnWadZ b, BRKEFEEZE LTS AREE

REEBEX, K2 3ODBICKST A LSEYTHS L HWF L,

& 632 HEBEEXNRE LIKERBEEENE)

Division K(m/sec)
Oidawara 3.21E-09
Akeyo 8.63E-09
Akeyo/Toki 7.12E-08
Toki lignite-bearing 1.07E-07
Toki lignite-bearing

(weathered part) 3.74E-07

“6-15 -



&K 633 MTFRELSHHRAZBR-—EX

Borehola | Groundwater table leve! | Groundwater table level | Grroundwater table loval
Borehole name| Borehole name| -
hame GL-m EL.-m GL.-m EL.-m GL.-m EL.-m
Imc-8 1.10 389,900 [MC-55 3.80 276.227 [H2-B 14 0.70 148.310
IMCO 10.80 379,700 |MC-56 3.50 293.371 |H2-B 115 2.70 168.740
MC-10 4,90 390,300 |MC-57 7.80 337.416 |H2-B 116 2.00 165.990
MC-12 3.20 421,800 fMC-58 4,80 322.095 [H2-B 117 0.40 157.310
MC-13 .10 407.400 {MC-59 1.50 334.047 JH2-B 118 7.20 167.460
MC-14 0.60 350.400 {MC-60 5.50 433.569 {H2-B-J1 3.80 170.700
|MC-15 4.20 350.700 [MC-61 4.00 405.753 |H2-B-J3 4.10 193.300
|mc-18 2.40 392.600 |Mc-62 2.20 375,082 [H2-B-J4 4.30 164.500
IMc-17 2,30 395.200 [MC-63 0.70 341.046 JH2-B-J5 4,20 163,100
IMC-18 6.20 873.800 |MC-65 1.90 314.048 JH2-B-46 3.80 195.000
[nac-18 2.10 368.900 Jo7MS-01 17.90 275.270 [H2-B-J7 1.50 189.400
|mc-20 1.30 366.700 {97MS-02 13.16 280.010 JH2-B-J8 11,70 203,800
[mc-21 0.20 311.300 |58MS-03 28.37 263.880 |H2-B-J9 550 213.000
[mc-22 0.40 310.600 |98MS-04 6.65 278,556 |H2-B-J10 550 219,300
MS-23 1.20 209.300 [98RT-01 14.76 351.260 |H2-B-J11 13.40 203.100
fMC-24 4.90 267,600 |H2-8 81 17.20 236.060 JH2-B-J12 4.58 174.920
MC-25 10.10 385.900 [H2-B 82 15.40 298,160 JH2-B-J13 3.90 177.500
MC-28 0.10 377.900 {H2B 83 11.10 246.120 [H2-B-J14 1.40 182,200
|mc-a7 1.50 373,000 [H2-B 84 4.20 202,690 [NO. A 4.50 243.620
|mc-28 450 321,700 JH2-B 85 17.70 219.800 INO. B 1.50 246,350
jmc-29 6.50 205.000 |H2-B 86 3.40 203.390 NO. C 1.50 246.690
Imc-ao 2.10 343.900 |H2-B &7 18,70 217.330 ]NO. D 1,50 246.480
[nac-ai 3.20 303.800 JH2-B 88 23.20 214.330 [NO. 1 0.60 190.960
|mc-a32 18.10 464.400 |H2-B 89 2.70 195.580 [NO. 2 0.30 187.920
MC-33 7.70 427.300 |H2-B 90 2.20 198.650 [NC. 3 2.00 186.270
MC-34 6.40 480.100 [H2-B 91 2,10 199.230 JNO. 4 0.70 191.040
MC-35 1.20 325.800 JH2-8 g2 9,60 218.870 INO. 5 1.80 186.480
MC-36 8.00 316.500 {He-B 93 14.20 220.540 NO. 6 3.08 185.180
MC-27 10.20 317.800 [H2-B 94 3.40 222,400 INO. 7 1.50 190.260
mc-38 17.80 304.200 |H2-B 95 23,50 206.660 NO. 8 1.60 190.300
fmc-39 1.40 437.485 |H2-B 96 5.50 226.440 fNO. 1 2.10 143,900
|40 3.60 443,328 |H2-B 97 14.20 224.420 [NO, 2 3,60 208.400
[rac-41 0.80 436.996 [H2-B 98 11.80 220,640 [NO. 2 2.00 210,000
JMC-42 0,10 507.632 |H2-B 104 5.20 219.230 NOC. 1 2.05 170.080
imMc-43 0.00 503.982 [H2-B 102 4,00 185.010 |NO. 3 1.70 146.080
|me-44 2.20 454.707 [H2-B 1023 5.25 208,220 JNO. 4 1.80 146,470
|mc-25 210 449,713 {H2-B 104 11.50 212.900 NO. 5 2.10 135,670
|vc-a6 5.10 469,940 [H2-B 105 0.75 184.950 |NO. 6 3.25 134.300
Jmc-47 2.20 472.660 |H2-B 108 4.00 210,010 [NO. 7 4.60 137.360
|Mc-48 2,20 467.422 [H2-B 107 2.80 218.190 §NO, 8 3.90 148.790
|mcae 4.50 419.797 |H2-B 108 3.70 201.550 [NO. ¢ 3.40 153,410
|mc-s0 0.30 395.061 |H2-B 109 4.30 207.290 [NO. 10 4,00 153520
IMC-52 2.50 258.193 |H2-B 110 0.60 219,500 NO. 11 7.00 151.490
MC-53 3.10 269.468 |H2-B 111 5.25 217,840
MC-54 15,80 234.583 JH2-B 112 2.95 220.210
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TH4(1,2) THE
350,00 350.00
300,00 300,00
— 250.00 - 250.00
E E
B =
5 s
ol o
- B
B 260,00 ! 20000
“150.00 180,00, |
"~ 100.00. : - 100,00
: 2000 . {2500 300.0 - {600
Plezo.head(mHZO} -
o Obsaned: THAG): : —A—Ohsamad TH—4(2) : _'--onOhsenmd TH-a(y’
a Obsenled T]-l 8 e 510 _-—-Selo-Gmup
U e Oldaw : -—Akayo.F '
| e Tlih !ignlla bearlng F'

200

2500 300.0

Plezo.head(mi-!zO)

—ﬁ——Obsamed TH-4{2}
— OldawaraF
Toki lignite-bearing.F

H 6.3-4 BAEREZRFIR
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LETEREE - BMELEICE LTk, BT — 222 IR ERT-o T3,
6.3-5 LTRSS & A REREEOES = v 2 — I REL THEE I TV B TEHE
EELHOREEZ LD TRLERTHS, Zh iV, BELTHOIEHS TIIE/LT
BELSSFRL, #HEEREEL TV AES TETESBEL R-oTWS, RS LE
Z b B REGEOREEHAE TEOSFITEEIZEL Lo TWB, ThITERBICE
DIEMESH TR N EECTE R o d EL NS, ZRITBRICEBIT A
A OEERRI O bEBTEN S (K 6.3-7&8),

PLEXY, TS - BELEHOSmREER 6.3-6 ILRTX S ITlE Lk,

Legend“' e
Granite outcrop :
0 Seto. G-gramte ST

O Toki- Ilgmte—bearlng-Gramte
. (m) Weathered zone thrckness

B 655 LRI - REATEAHRR L LEEALRONTE
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Sedimentary rock covered areal
Borehole investigation
Woeathered zone thickness

Sedimentary rock non-covered area
Borehole investigation

Weathered zone thickness

about 10m about 80m

Sedimentary rock covered area?2
Borehole investigation

Weathered zone thickness

Om or thin

............

Fresh granite
outcrop

Relative fresh granite cutcrop 5
Along the river trong weathered granite outcrop

At the hill side

TiRTEREE - AR

B 6.3-7

(2) LIETERE - MBI E % (Highly fractured domain : HFD)

+E#EENEE (Highly fractured domain) XS HEBEICHEW Y —F 17V a
AV MEREETLIEBE SN TNE, ZOWSDOSHICE L THIREY A 7 A5
RIBEPRCTTHARNEEZL T3,

T EEEIN B ES(m)]=0. 9899 x THREEDEX(M)]+171. 03

FBHEL, ERIVEHRSND EFENBEOTHFERE LT, ThEb L%k
WENBHR, hkV Fhedtil - EREEEE (Sparsely fractured domain)
E L. ERFINBFEOBRNCE LU TREIEENE L AKICE—SN BEBEIZES
LB B# & UTERT =,

-6-19 -




(3) LTt - @E"‘B(Sparsely fractured domain : SFD)

ERDO X DRSS U LIETERERSEE (Sparsely fractured domain) (3FEE

EDBRHEDEERRINIEIS L 2D, CNICHEYTAIHEOR—V v FF—F

ERLLENBVPBCEFTIHS LHRMABRONS, BidT 5 L5 I8N E
BEIZEFTTHHL, FEENE b L IBBERSHT ARG LR LT VA,

KEHEEFNE LT, 20X 5 RENE OERRE OV ES %16 R s

HMELTEETD &L, ¥, TEZNE L LTHH &N oENE
(Minor fracture) % &ite,

6.3.1.3 FE&HIhEBER

(DEEENh B o

AR D & 512, Don-Chan Model ThE, IEEENE (Major fracture) | & Hi Tk
DEBERFKBEL LTEFNLETI D, TEEREZ VBT 32 hREE
BREA M e2d, §H, UTFIKRRS L5 2R—Y 7 FE BHTV, =27%) %
EERE LcHh BoRRFEEZER L, TEENE 2HE L, *0KEHEREEZET
B L THRITETT O,

FEFNE OBRFICIIEEOHMT S L r 5, BEDHIBTIZRY \“Ui Step ##i&

BEWEL, 20OHEBEE LT Step #EIZERMBIC 2 >OFABE N B Master
fracture iICFHEN S TH Y, FOFITHM S5 Splay BN BHEOLEIT—F
FEIZBRBE ZEBRBETEEINETHD, DFD, Step BEROEINBIZRT 1
Fxy MTay b UER, —DOKAIZRIETHD, ZOBRETLELORE
6.3-8 Th D, :

op

T J <’:‘
Y X7 |

Borehole @ (b)

H 638 XTEINBRHMBORT LAZEELE

BHTV D EEER T - F 2 HEIZRAT VAREFT 2T, o X shkMHizo 3
L2727 my bRF—VEREL, Step BESHNT S, CZCREE AT LI,
D& S F = h b Master fracture # S HICRHT & TH B, Zhiziiyss
B R CEBIZRONDEE, bL{iZV=7A v MEERSEBICBELE,

BB 24T 5 AL BERICBRE L, Tk, TEEHNEOHBIEIEBOE
HEDFEBO LI NE ARSI E HBITTY, IiRo LFENE E0S5FR0F —
FIEBRS LIET 1T o e, BMENCAWERSELEZK 6.3-9 17T, ® 6.3-101F, =
BENBEHMH LUEBOR T VABEDOHEF LELOTHD,

BRAOEREONAEEEENBO—EE2# 6.3412, $E-TEELE0ERES %
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B 6.3-11 DA T VARITRT,
Step BELZ LT SBRICKAIZOZ 7 my FORF—13dh2BEOHM CHELRE
TIEEBHY, TORBEEZEEINEIERE L,

(=] [=] (=] (=] o < [=] [=) <o [=) =) (=] o
E§ ¢ 8 &8 g 8 & &8 8 g8 &8 & ¢
- [ [y ~r w w [ @« L] o oy o ™
-62000 A - - ™ -62000
._‘.' o oo, e .
-63000 ) P 63000
- I K
L ] \"\/' I
-64000 e bt A \ o 64000
']
DH-3 f H-
-65000 M i 165000
a -'1
Fodenn) _ _ k3
-66000 i ., ' DH-T3 " LE6000
r = b} . / o=
bH-e| DH-8 { o ( a
-B7000 @ 3 —Garalsht / o i 67000
BH<7—- £ eDH-8 »
e ¥ J | [ubHt ), :
- T A - ¥
68000 N “'EI Ty [/ w, 7 68000
& =
o | [ ML i /
-69000 DH- Y (] : I L6B000
1 H
\1 [ 5 D 'I'?' j
-70000 3] ¥ k70000
J/ . ,v' (
71000 ] _ *--f”;
b ® DH-12 —_— 71000
-72000 172000
o [ [~ o o [=] [=] Q o [~ [=] [=] =
o [=] [=] [ =] (=] [ [=] (=] (=] [=] [=] [=] (=3
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# 634 FEIhE—F

DHg
5782.7{ -67206,5 275.4 ; . F .
. Section(GLm) ELm) Dip&Strike Dip Direction Width(m)
Zone 1| 205.0] 2180 _ 639| N]62]W][B2] N 28] 82 T8
Zone 2] 5950  607.0]  -3256|EW 72| S 80| 72 3.7
~ BH-10
Seuii:lréﬂ_-;ffog“'3 (ELJ:Z %8 Dipastike Dip Direction  Width(m)
Zone 11 207.0] 2170 2638| N6z Wl82] N 28] 62 14
Zone 2| 2310] 2640] 2z8.1|NS 55| E 90 55 18.9
Zone 3| 2560] 2680] 2136 N|41|W[58[S 229 58 6.4
Zone 4| 2830 2020] 188.1[NS 55| F 90| 56 52
Zone 5| 2870| 301.0] __181.6[NS 78| W 270| 78 2.9
Zone 6| 8800 443.0] 64| N | 16| W][63[ S 254] 63 286
Zone 7] 5010 6040] 768 [N[i1] E|73] S 101] 73 30.1
Zone 8] 6440] 659.0] 1750 [ N |70 E |77] S 160] 77 3.4
Zone o] 6440|6590 -170.0[NS 73| E 90| 73, 44
Zone 10 811.0] 8270 -3434] N|[30| W65 S 240] 65 6.8
Zone 11| 8870 9050 4204 [N [50|W|80[S 22080 3.1
Zone 12] 9530 0930 -497.4| N|[50|W|80] S 220] _ 80 6.9
DH-13
B Sec%gﬁzé’ﬂ'_rg’sﬁm-g EaY  Dipastrike Dip Direction  |Width(m)
Fone 125201 8170 70| N |52 W]B8l] S 218] 81 10.2
Zone 2| 8240 3370] 530 | N|72|W[54] S 198 54 7.6
Zone 3| 8240 3400| 855 N[14|E|75]N 284] 75 47
Zone 4| 8400] 8500|675 N|85|W ]3| N 5| a2 85
Zone 5| 899.0| 400.0( 1265 N| 48] W|80| N 22]__80 17
Zone 6] 4060 422.0] -1365| N|72|W[54] S 198] 54 9.4
Zone 7|__4100] 4250] -i385| N [10|W[77]S 260] 77 2.7
Zone 8] 6660] 675.0] 3930 N|54] E 174] S 144 74 2.5
MiU2
Secfizf‘?(fﬂ__nf;f’552'4 & rﬁ)?-"ﬁ Dip&Strike Dip Direction  |Width(m)
Zone 1| 888.0] 401.0| 1707 | N[e2]|W]e] N 28] 82 18
Zone 2| 607.0| 6150| 3872 | N |43 E (73] 8 133 73 2.3
Zone 3] 607.0] 6150] -8872| N |69 E {62] N 339] 62 3.8
Zone 4] 7340] _742.0] -5142[EW 75| N 0] 75 2.1
Zone 5| _8430[ @57.0] -626.2| N[79[W|77]8 191] 77 3.1
Zone 6| 848.0] 857.0] 6287 | N|7 | E 77N 57777 20
Zone 7| 857.0]  866.0] 6377 | N |51 W]63| N 9] 63 2.1
Zone 8] 8640 8790 -647.7|EW 75[ S 180 75 3.9
Zone o] 8750 887.0] 6572 N [63|W[50] N 27|50 7.7
Zone 10] 882.0] 8920 -63.2 EW 751 S 180] 75 26
Zone 11[ 9180  067.0] 7187 [EW 80 8 180 80 85
Zone 12] 9330 0610 -7232| N |62| E 85| N 332 52 17.2
Zone 18] 9570 9660 -737.7| N|33|W[56] N 57| __s6 5.0
Zone 14| 9630] 9920] -753.7 | N|40] E |56] N 310] 66 16.2
Zone 5] __988.0| 1012.0] 7762 N|63| E |61 N 333] _ 61 11.6
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42 data

Equal area

Lovver hemisphere projection

Barehole : Meojor_Fracture
Siatus
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6.3.1.4 8 B
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6.32 YEEDERE

BREMER S OYMEER, RELTERSIN TV AERBRERE TICREETT .,
e, AERBRERIOVWTREKENERS (KH) 2RBL TV LEXbNBE
KHEOKBRBER (7 7R BELAVDIILELE,

ROV TEB SN TV S KEHRHEREE 6.3-6 1, LIFERETEMBENT
WAABRBIEREZR 6.3-7TITNT, LIRERETORGICE L TL, ABERBRT — 4
DHEFRESZIHELTEBY, Fracture ¥, Intact e A& <44 L, Fracture
HICE LTI, EEENE, BEBRESHOBKEETEMT2ERL L, Intact FiZH
LT, tiedfbigs - EROBKELTMHETS 2 & L L, SIE 7 A OBz
NODEESEBETRELIT>TND, £k, KERBREREOFHEITHETHE L,

K 636 HMWEENRELKBHBER

Test section

Borehole Depth (G.L.: m) K{m/sec) 'LOG(K) Average Geology
Top Bottom

DH-2 44.00 48.50 3.80E-10 -9.42

MIU-1 18.00 23.00 5.47E-08 -7.26

MiU-1 23.00 28.00 4.65E-08 -7.33

MiU-2 15.00 25.00 6.94E-00 -8.16 8.63E-09 Akeyo

Imiu-2 25.00 35.00 3.76E-09 -8.42

MIU-2 40,00 44.00 8.96E-08 -7.05

(MIU-3 25.00 32.00 1.67E-08 -7.78

Imiu-3 33.00 44.50 8.14E-10 -9.09

[DH-2 66.00 | 74.00 5.10E-07 -6.29

MilJ-1 29.30 39.30 2 24E-08 -7.65 7.12E-08 Akeyo/Toki

MIU-2 35.00 45.00 3.16E-08 -7.50

DH-11 54.50 93.50 3.21E-09 -8.49 3.24E-00 Qidawara

DH-2 96.50 99.00 4,70E-07 -6.33

DH-2 120.50 [ 123.00 2.20E-06 -5.68

loH-2 131.00 | 139.00 1.50E-06 -5.82

{MIU-1 39.80 41.80 2.73E-06 -5.56

{MIU-1 40.00 50.00 3.74E-07 -6.43

|_MIU-1 50.30 60.30 6.91E-07 -6.16

MIU-1 61.30 71.30 5.47E-07 -6.26

MIU-1 £9.30 79.30 3.42E-07 -8.47

MIU-2 45,00 55.00 1.46E-07 -6.84 1.07E-07 Toki lignite-bearing

MIU-2 55.00 65.00 3.33E-08 -7.48

MIU-2 65.00 75.00 1.93E-11 -10.71

MIU-2 75.00 85.00 6.33E-08 -7.20

[MIU-2 83.70 88.70 1.67E-07 -8.78

IMIU-3 44,50 71.50 5.74E-08 -7.24

MIU-3 72.00 83.00 2.17E-08 -5.86

MIU-4 68.45 78.02 2 13E-11 -10.67

IMIU-4 82.50 88.65 5.43E-08 -7.27

DH-2 160.20 | 169.20 1.90E-07 -6.72

MIU-1 82.00 82.00 3.80E-07 -6.48 3.74E-07 Toki lignite-bearing

MIU-2 85.00 95.00 9.03E-08 -7.04 ) (weathered part)

MIU-3 £4.00 80.00 3.47E-08 -5.46

Total -7.23 5.85E-08
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& 637 LIBEREENRE LFKERRER

Toki granite
Highty fractured domain Sparsely fractured domain
Fraciured part Intact part Fractured part Intact part Alterd/Clay rich par]
Average Kim/s) | log(K) | Kim/s) | log(K)} | K{m/s) | log{K) | K{mvs) | logtK) | Kim/s) log(i)
1,9E-08 | -7.72 | 1.8E-08| -8.74 | 1.2E-08 -7.92 | 27E-09] -857 | 8.6E-10]| -9.07

1 7.7E-11 | -10.11_| 3.96-10] -9.48 | B.0E-00 | -8.10 33E-10[ -9.48 |83E-10] -9.08

2 1.6E-09 | -8.80 3.2E-10| 949 |1.8E-08| -7.74 |2.1E-07| -6.68 |2.7E-09| -857

3 5.3E-10) -8.28 7.2E-11] -10.14 | 3.3E-12] -11.48 | 6.2E-11 | -10.21 {1 2.1E-08 | -7.69

4 2.5E-07 | -6.60 3.1E-10] -9.51 1.3E-10| -990 |1.3E-09( -8.89 |2.0E-11§ -10.70

5 3.9E-06 | -5.41 9.0E-06] -5.04 }85E-11| -10.07 | 1.4E-09] -8.85 [9.3E-11[ -10.03

6 7.9E-10| -9.10 49609 831 |81E-10]| -9.09 |3.5E-09]| -8.45

7 3.9E-06 | -5.41 21E-06| -567 |1.2E-09] -8.92 | 4.3E-11] -10.37

8 7.9E-10| -9.10 2.0E-08]| 771 }[45E-09{ -8335 |2.0E-09]| -871

9 1.2E-08 | -7.92 9.3E-101 -9.03 |27E-06] -557 |3.2E-11] -10.49

10 3.3E-06 | -5.48 34E-08¢ -747 | 74E-10]| -9.13 | 55E-10{ -928

11 9.3E-11{ -10.03 1.6E-08| -8.81 |2.7E-11] -10.57 | 5.9E-08] -7.23

12 3.2E-06 | -5.49 1.8E-08| -7.74 [2.8E-11] -10.59 | 9.4E-11 ] -10.04

13 1.1E-09 | -8.98 6.3E-08| -7.20 |3.6e-11] -10.44 [5.9E-08] -7.23

14 1.3E-06] -5.89 1.6E-07 | -8.79 13.7E-111] -10.43

15 1.5E-06 | -5.82 4.3E-10] -9.36 | 2.0E-09| -8.71

16 1.3E-08 ] -8.89 6.0E-09] -8.22 |55E-10[ -9.26

17 8.1E-10{ -9.09 3.7E-071 -6.44 | 3.5E-09| -8.46

18 9.9E-12 | -11.00 6.6E-07| -6.18 |2.4E-10]| -9.62

19 9.5E-10| -9.02 1.8E-08| -7.74 | 5.8E-08] -7.24

20 6.2E-08 | -7.21 9.2E-10| -9.04 | 1.5E09] -8.83

21 44E-10| -9.36 9.5E-07| -6.02 |3.7E-08| -7.43

22 3.7E-08| -7.43 47E-08] -7.33 |[5.9E-07| -6.23

23 6.8E-09 | -8.17 1.1E-06| -5.98 |1.7E-09| -8.77

24 6.1E-09 | -8.22 46E-061 -5.34 |S51E-08] -8.29

25 1.1E-05 | -4.96 3.8E-07| -6.42 |1.1E-07) -6.97

26 6.1E-08 | -7.21 6.8E-10| -917 |8.1E-09] -8.09

27 6.6E-08] -7.18 456E-09| -8.35 |94E-08| -7.03

28 8.4E-11 | -10.08 49E-09] -831 [4.8E-08| -7.32

29 6.8E-06| -5.17 1.4E-08| -8.87 |1.3E-07] -6.88

30 1.4E-05[ -4.85 23E-06] -5.63 |7.2E-12] -11.14

3 7.8E-09| -8.11 2.0E-10] -9.69 |76E-08] -7.12

32 7.5E-10] -9.12 | 3.3E-08]| -7.48

33 1.4E-06| 586 |[8.2E-08] -7.09

34 1.0E06} -6.00 |5.6E-12] -11.25

35 5.0E-06| -530 |1.8E-08| -B.74

36 3.7E-10| -8.44 | 4.1E-09]| -8.39

37 {6E-09| -8.80 |39E-08| -7.41

38 8.2E-10| -9.09 |4.7E-07[ -6.33

39 2.0E-11] 1071 | 2.0E-07{ -6.70

40 5.76-11] -10.24 | 4.7E-12| -11.33
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F* 6.37(2) TEEBEESERFEELEKERBRESR

Toki granite
Highly fractured domain Sparsely fractured domain
Fractured part Intact part Fractured part Intact part Alterd/Clay rich par]
4 3.96-08| -7.41 [3.4E-07] -6.47
42 49E-07| -6.31 |57E-10] -9.25
43 1.9E-07| -6.72 [6.86-07] -6.17
44 1.4E-10] -9.85 | 1.3E-09| -8.88
45 42E09] -8.38 |91E-11] -10.04
46 22E-08] -766 |3.3E12| -11.48
47 8.6E-08| -7.07 {38E-08]| -7.42.
48 2.6E-00| -859 {20E-10| -9.70
49 2.8E-08| -7.55 |65E-10[ -9.19
50 1.9E-08] -7.72 |[1.3E-08]| -7.89
51 1.0E-08 | -8.00 |6.8E-12| 1117
52 21E-08] -7.68
53 55E-081 -7.26
54 34E-09| -8.51
55 23E-09| -8.64
56 1.1E-10| -9.96
57 4.8E-07| -6.32
58 7.8eE-08]| -7.11
59 79E-06| -5.11
60 24E-08 | -7.62
61 5.1E-10{ -9.29
62 1.0E-06 1 -5.99
63 2.0E-05] -4.71
64 1.6E-09] -8.80
€5 8.3E-09] -8.08
66 5.5E-11| -10.26
67 8.2E-10] -8.09
68 4.3E-10] -9.37
69 1.7E-09| -B.76
70
71
72
73
74
75
75
77
78
78
a0
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R 6.37(Q) LHRIEMSZEGRLE LKERRER

Toki granite
Fault zone -
Fractured part Intact part Core part
Average Kimvs) | log(K) | Kim/s} | log(K} | Kim/s)  log(K)
1.7e-07 | -6.7¢7 | 7.3E-10| -9.14 | 3.1E-09| -8.50
1 7.8E-09 ] -8.11 27E-08| -757 | 2.7E-09] -8.57
2 1.7E-06] -5.77 |41E-08]| -8.39 | 1.6E-09{ -8.80
3 22E06| -5.86 |42E-08] -7.38 | 7.1E-09| -8.15
4 7.6E08] -7.12 |5.0E-12[ -11.30
5 1.8E-09| -8.75 |s5.9E-12] -11.23
[&] 3.9E-09| -8.41 !11E-09| -8.95
7 2.1E-08| -7.67
8 2.6E-07] -6.59
9 79E-07] -6.10
10 3.7E-06] -5.44
11 3.0E-06§ -5.53
12 5.6E-07} -6.25
13 1.9E-08( -8.72
14 0.1E-07 | -6.04
15 1.2E-06 | -5.91
16 6.0E-07 | -6.22
17
18
19
20
21
22
23
24
25
26
27
28
29
30
a1
32
33
34
35
36
37
38
39
40

- 6-28 -
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6.3.3.2 /KEHEX S

B 6.3-14 ICKEMER 5 E2RT,
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T Toki lignite-bearing
Strong weathered granite
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B 6314 KEBHBERSETIL

6.3.3.3 XE&hAE
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L, FEFNBRIIMEZ T, MIU-2 B THHEREEFEBENEZBM LT3,
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® 638 EhEBEEHET—4—EX

Location R Fracture | Fracture zone width Valid Domain Control

__Ifdex X y * Pip direction type |Zonel|Zone?| Zene | Domain index Fracture|
Frci 4510.0 | -68260.0 258.0 170 65 i 80.0 | 20.0 { 100. 6] 1] 2§ 3] 4 8 1 2
Fre2 5475.2 | -68565.2 -474.7 185 66 1 80.0 | 20.0 | 100. 61} 2 glt 5 2] 1
Fre3 8450.0 | -67950.0 247.0 160 55 1 80,0 | 20.0 | 100. 61| 234 6 1 2’
Fred 5870.0 | -69270.0 189.0 Bl 77 2 1301 00 00| & 2[ 3] 4|8 §i 2| 151 17
Freh 87800 | -68800.0 2600 03 17 2 13071 00 00 6 2[3l4i5]6 2| 28
Freg 7000.0 | -68640.0 287.0 77 n 2 130 00 00] 6]l1]2(3]|4]5]86 2| 17
Frc7 84000 | -68810.0 2330 7 17 2 1301 o0 00} 6 2| 37 4| 5] 6 32
Frc8 78700 | ~-68330.0 2880 8l 17 2 i3.0 0.0 0.0 [} 213 4| 5] 6 29
Freg 79800 | ~87830.0 397.0 a8 i7 2 130] o0 00| 6 2| 31 4] 5 gl 1] 1
Frel0 8230.0 | ~67540.0 300.0 198 77 2 130] o0 00| 6 1]2[34]5]8 1] 2
Freid 7800.0 | -87050.0 265.0 198 7 2 i30] o0 0.0 1 3/ 4] 5 §| 1] 2
Frc12 4500.0 | -69460.0 232.0 248 76 1 65.0 ] 2001 6501 6|1 34]5|6 1l 1
Frel3 44800 | -67610.40 3200 259 7 2 3.0 00 0.0 1 3| 4} 5] 6] 1
Freld 4920.0 | -69760.0 2100 248 7 2 13.0( 00 00| 6] 1]2]3]4}5]8] 20,
Fic15 5080.0 | 691100 255.0 257 7 2 130 GO 00| 61 3| 4] 5] 6] 27
Fre16 6640.0 | -69540.0 175.0 243 76 1 65.0) 20.0| 65.0] 6]1 3|4 6] 1l 22
Frciy 6600.0 ] -68810.0 187.0 263 76 2 13.0{ 0.0 00] #]/12{3]4 [ 2| 18
Fre1g 7000.0 { —-68130.0 307.0 256 78 2 13.0| 00 00] 6 21314 §4£ 2| 24
Frei8 6760.0 | -86470.0 2840 263 76 30| 00 00! 6 2| 3 4] 5| 6 1] 29
Fre20 4470.0 | -89080.0 256.0 151 fil 30| 00 00| 6 2| 3] 4] 5] 6 1] 15

_Frc24 5540.0 | -69080.0 201.0 12 7 30| 00 00] &[1]2]3]4]5]8 2| 2
Fro2o 5740.0 | -68960.0 197.0 131 7 1 650 200 | 650 &{ 1 2]3/4|5]6 1] 2

| Frc23 5880.0 | ~70380.0 . 2190 65 77 2 134 0.0 00| sl1]2)3]4 6 1] 16

|_Frc24 7250.0 | -68850.0 2190 131 77 2 13, 0.0 00| e[1]2[3[4]5]6 2] 18
Frc25 7150.0 | -89230.0 2430 153 77 2 13 0.0 00| sl1}2}3[4][5}6 2] 18} 32

| _Fre26 4300.0 | -67140.0 3000 152 77 1 65.0] 20,0 | &5.0] 6[1/2/3]4i5]& 18 30
Fre27 4940.0 | —67390.0 2820 121 ? p 13.0] 00 00611 2[3[4{5] 6l 2] 13
Fre28 5820.0 | -66530.0 280.0 164 77 [ 65.0] 20.0 | 65.0] &) 1]2]3]4[5]6] 1| 30
Frc29 6890.0 | -66850.0 242.0 116 77 1 65.0] 200 650} 6| 1]2|3!4]5]86] 2
Fre30 5350.0 | -67120.0 258.0 49 82 1 65.0) 20.0| 650 8| 1]2|3]4]5]8| 29
Freai 55000 | —68730.0 209.0 §7 82 2 13.0 0.0 0.0 61112131415 §_| 2
Fre32 78600 | -69330.0 2230 49 a2 320 00 00| 6/1]2]3|4[5]6 1] 24
Fre33 5480.0 | -65800.0 299.0 35 82 3.0 00 001 B/ 112/3|4/ 5|6 11 28

|_Fre3d 6080.0 | -656040.0 352.0 58 82 3.0 0.0 0.0 6| 1[2{3| 4[5 6 1} 29
Fre35 5433.3 | 685524 ~170.7 28] 82 Sl 00 00| 1186 0
Frc36 5433.3 | -88552 4 —387.2 133 73 2 2.3 0.0 .0 ] ol -
Fre37 5433.3 | -68552.4 —387.2 339 62 2 38} 00 .0 o} 0
Frc38 5433.3 | ~68552.4 -514.2 0 75 2 2.1 0.0 .0 [ 0
Frc39 5433.3 | -68552.4 -626.2 191 77 2 4 0.0 0.0 0
Fred0 5433.3 | -68552.4 —-628.7 277 77 2 2.0 .0 0.0 0
Fredi 54333 | -68552.4 -637.7 39 63 2 a1 .0 0.0 1]
Frod42 5433.3 | -BB552.4 —647.7 180/ 75 2 3.9 .0 2.0 ]
Fred3 54333 | —68552.4 ~B57.2 27 50 2 1.7 9.0 0.0 6 L¢]
Frcdd 5433.3 | -58552.4 —663.2 180 75 2 28] 00 0.0 [] [i]
Fre4s 5433.3 | -88552.4 —718.7 180 80 2 85| 00 0.0 8 0
Freds 54333 | 685524 =723.2 332 52 1721 00 0.0 [} 0
Fred7 5433.3 | -68552.4 =737.7 n':i.ﬂ 56 5.0 00 0.0 1186 0]
Frcd8 5433.3 | -685524 =743.7 310| 56 1621 00 00l 1|8 1]
Fro49 5433.3 | -68552.4 =716.2 333 61 11.6 0.0 0.0 1] 8 0
Fre50 4510.0 | -65000.0 258.0 137 i 2 220] 00 o.0] 1]8| o]
Fre51 4510.0 | -66000.0 268.0 137 77 2 220]| 0.0 0.0] 1]6] 0
Fre52 4510.0 | -67000.0 258.0 137 77 2 22.0] 0.0 0.0] 116] 1]
Frc53 4510.0 | -68000.0 258.0 137 77 2 220 0.0 0.0} i[e6] 0
Fro54 4510.0 | -69000.0 258.0 a7 77 0} 00 0.0[ g’ 0
Frc55 4510.0 | -70000.0 258.0 137 77 01 00 0] 116 0
Freseé 4510.0 | -71600.0 258.0 187 77 2.0{ 0.0 0.0({ 1[sl 0

| _Freb7 4510.0 | -72000.0 258.0 137 77 ] 220] 0.0 o0 1]se| Q
FreS8 A510.0 | -73000.0 258.0 137 77 2 220] 0.0 00| 18 0

| _Frc59 4510.0§ -64900.0 258.0 38 7 2 8.0] 0.0 0.0] 1186 [¢]
Frced 4510.0 | -67200.0 258.0 36 ir 2 0| 0.0 00] 16 C
Frei 45810.0 | -69500.0 258.0 3€ Frd 2 0] 0.0 0.0 8 (

| _Frce2 4510.0 | -71800.0 258.0 36 77 2 0| 0.0 0.0 [:] 0
-FreB3 4510.0 | -62600.0 258.0 225 73 2 10041 0.0 0.0 6 0
Freg4 4510.0 | -684700.0 258, 225 73 2 10.0] 0.0 0.0 [F] 0
Frc65 4510.0 | -66800.0 258.0 225 73 2 0.0] 0.0 0.0 | 0
Frocgé 4510.0 | -68500.0 258.0 225 73 2 0.0] 00 0,0] 18| 0

| Fre67 4510.0 [ -71000.0 258.0 225 73 2 00] 0.0 0.0] §| 0

|_Frc68 4510.0 | -65800.0 258.0 3 54 9.0] 0.0 0.0) 1i[8 [
Fre69 4510.0 | -69200.0 258.0 3 54 9.0] 0.0 0.0 3] 0
FrerQ 4510.0 | -72600.0 258.0 3 54 9.0] 00 0.0 8| 0
Fre71 4510.0 | -85200.0 258.0 182 73 2 20| 0.0 0.0 3] 0
Fre72 4510.0 | -66600.0 58.0 182 73 2 20| 0.0 00| 118 [¢]
Fre73 4510.0 { -68000.0 58.0 182 73 2 20| 0.0 00| 116 1]
Ftc74 4510.0 ] -68400.0 58.0 182 73 2 1201 0.0 00] 1f€ 0
Fre7s 4510.0 | -70800.0 2580 182 73 2 12.0] 0.0 00l 116 [1]
Fre76 3800.0 | -88260.0 258.0 269 74 2 29.0{ 0.0 00{ 116 0
Fre?7 6600.0 | -88260.0 258.0 269 74 2 29.0] 0.0 00] 116 0
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6.3.3.5 YIEEDHE

6.32 HiZB2ETHMMETNVOYEEL LTHK 6.3 9 IRTEERELE.2FL,
TR, LIRS - AR, BB o 7SR L CERBRMN RIS TR TR
HEE LTEZTE,

ARRERIT, TR 13 EEDTT N L RBICEDLERE L BAEKICET 38R
REBEBICREET o7, HEL, #BESIUBB 7 OIEEKSIZE L Tii—4
30% & L,

# 639 FHETFLYEE—Z

Matrix part Major fracture Fauit
Domain Hydraulic conductivity {mfs} | Hydraulic conductivity {im/s) Zone Hydraulic canductivity (m/s)
kKX [ wy T kz | kx T k' | &z ke | K | Kz

Domaint i Zonel 2.00E-07
Sato group 2.00E-06 Not generate Zone2 1.00E-10
Zone3d 2.00E-07

Domain2 . Zonel 2.00E-07
Akeyo-Oidawara formation 2.00E-08 Not generate Zone2 1,00E-10
Zone3d 2.00E-07

Domain3 Zone 2.00E-67
Toki lignite-bearing 2.00E-07 Not generate Zone2 1.00E-10
Zone3 2.00E-07

Domaing Zonel 2.00E-07
Strong weathered granite 2.00E-06 Not generate Zone2 1.00E-10
Zone3 2.00E-07

Domainb Zonel 2.00E-07
Highly fractured domain 2.0CE-08 Not ganerate Zone2 1.00E-10
Zoned 2.00E-07

Domainé Zone1 2.00E-07
Sparsely fractured domain 3.00E-09 1.00E-08 Zone2 1.C0E-10
) Zone3 2,00E-07

KX : Strike direction of fault

KY' : Dip direction of fault

KZ': Perpendicular direction of fault palne
Zone : Foot wall fractured zone

Zone2 ; Fault core

ZoneB : Hamging wall fractured zene
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6.4 EFNLX¥YJIL—L3v
6.4.1 fEHIEHEOH
6.41.1 BREH

BRI, B 641 IKRTEI)CRE L, HTREOBERZE,D, Fy
GL.-5m OEICHH L TWEZ L 2BE L, FEERIMERL Y -5m OMBICH
qu%ﬁﬁbtlﬁmﬁﬁﬁ&btait,@ﬁﬁﬁk;UTﬁﬁﬁir%me
BREBELE,

e, RENOERSEEE LT, ERGLOHKETEZE L, HESLOHEK
BOBARKR LY, SHEBEZBRE, HEBMHEE LTS 1992~1999 £/ 0 A B5
— & & ZIT 50m3¥/day( = 3.4E-05 m¥/sec) DHEAKR % BiAL, BB LAHEICA B
SHLEBERICRIMHEL UTHRE L,

Upper boundary : Fixed head
(Upper surface elevation -5m)

Bottorn boundary : No-Flow
® 641 HEREH
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6.4.2 WMHETILIEEER
68421 WHIETILORENER

TEETNORNTHEREUTICRT.E 645138 KESTRNETLERTH S,
i, K 6.46~HK 6.4-8 IITERLBRBEOLEE R LERTHS, K 6.4-6~
X 6.4-8 &V, BITREREOEIPEMELLEL CEHEDOELLR>TWE, £,
MIU-2 L33 L ' MIU-3 ILIC R b v A /KEEEORER L, FBENS MIU-2 LT 40m
HEWHEERRONIDICK L, TR TH 10m BoBRE LrR AV, MIU-3
HIZOWTHRRDIER L 2o T3, £, A EEBEO THRAITITERE & 2T
DZEE, MIU-2 F.C 10m, MIU-3 FLC 20m ¥ DBEERH B, —F, HEACE
FOREIKRE < MIU-1 7 GH 46m, MIU-2 FLC# 40m, MIU-3 7L.°C 50m 3805
& LinoTING,

TH-4, TH-6 TiZ, &E CI3ERE MBI EICRERERR b2V, EL250m
PEETCRRE2BEE L RoTn3, AN L CHERE & AZITEIC 20m~30m DX
BROND, DH-9 AL TIHEBOEIXIZFE—FH LTV, ELI100mEET 10m~
20m DEAE LR oTNA,

PLEE D, T AORECRERIEE EAEIC A S REE 855 I L i
oo HEELTHROLI B EBBITENS,

BRECTIEANE & AT EIC R E RIS, 202 b, EHFOBEREEIE
LBREREETHDE LHEEN S,

AEWB R BAEKBEOTEFIIEA THLERTETWADR, FOREHIEN,

AEWE « LEBRAOKEEZBRAEMELY b 20m~50m EIFEOFBREREL 2
ST 5,

KELRT, IAETVOERBRERT,

-6-38 -




Legend
Piezometric head {mH,0)

375

E 6.45 #MHAETILBIFESR - £/KESH

TH-A)

00

0.0

i == T A

06,0

{wiueesal

o 300.0

Q

180.0 200.

o

0.

3

]

2000

]

50,

¥

0

9

2000 250

0

50

¥

Plezo.Heedimi20}

Piazo Head{mH20)

Fiexze. Head{mH20)

G Cbaenation —g— Calauiatian

=g Chosnalion ~o-Caloulalion

== Obaenalion —gw= Calsulation

6

TH

TH-4(2)
R -

-4(1)

TH
6

EBITEDOLE (D

(i}

il

-
4

#

6 HIHEETILEEN

4

B 6.39 -



3000

M3

3500

300.0

DH-09

2004

B O A O S S G D 5 L IACTITIIIIIL
B e = s i O SRl S s Sl et el S
B I Y DU By N s o D ) @ I A
IR NG RO I ) ol W W M 2 -||uhunanuw“uuuuuwwm
P e ey A BN O SN A = I e i
- 8
?

Plezo.HeadimH20)

2500
o= Obaenation ——Caleulation

150.0
[11: ]

300.0
200.0
0.0

100.0
oQ
=100.0
-200.0
800.0
-400.8
5000
-£00.0
~700,0
-H00.0
-100,0

i § 0§

ﬂEv_B_.ggum

2000

-500.0
-700.0

000

MiU-2

300.0

E L IS ()

N
4

MiuU-2

ANG
T
I
|
[
1
h
{
1
1
1
|
I
I
1
+
t
r
T
I
|
I

Plero.Head{mHa0)

-

B & BATEDLE ()

/

250.0

Plazo,Head{mH20)

AN-3

=gp—Cbzaruation —5— Caleuation

2000
—G—Obaenation ~.-Calculation

- 6.40 -

50.0

o a
NN
(wiuciieas|g

150.0

000

300.0

MU

3000

Ig
b
230.0

250.0

6.47 FIHITETILENEE -8

AN-1

£
, 3
e ey 8 8 - I R R Wy
S e e e e s e . S S S o e e
Freide et 51 S S N I s o o e
N P et B 3% ¢ I N s S
O P A It Sl SO B (g f NP N Dupul Sy A Mol

E 6.48 ¥MATETFIEHER - £8

Plezo Head{mH20)

200.0
—g—0Obsenation —g—Calculation

150.0

< W a o o - a @ Q a ] o o Q@
g E &8 § 8§ i 8 &8 ° 8B B § %
(wiuepesai3 (wjuorieasiy

-700.0
1500



6.4.2.2 BB DB ARG EIC OV TORE

THEF L OWBIZOWTEREFEEEE L?‘J} » KEREDOZARRTA ED X
IWETIIERTHD,

BWREOFEARRSHICEL T, ROL D BREETo%, HBOBEKBH AT D
LB OWRBREER LRELZTo T3, 22Tk, MEOBEKEFEER
DEFTRFATZTEITY, R 6420X5 5 —2A%RE LK,

TOFRREHE 6.410~K 6.4-12 17T, BEICRONB LS Icr—RBTRE R

EXR OV, ﬂmwa@Eﬁ&%%*btC%waﬁs&—x¢m$%;w@
BmEiraTNS,

® 641 MBOEKRAESZATS

Type Hydraulic anisotropy Geological feature
 Type01 — _ —
D1p. direction permeabllltglr :High Strike-slip fault.
Type02 Strike direction | .
s :Low type
permeability
Dip direction permeability ! Low
Type03 Strike direction | . ... Reverse fault type
- :High
permeability

Type01 Type02 (Strike slip fault)  Type03 (Reverse fault)
Isotropy along fault Dip direction max. Strike direction max.

Hydraulic anisotropy of fault

649 HBODEKRAESZAT
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& 6.42 HEOBKESHEICET HEHI—R

Hydraulic conductivities of Fault
Case01 (Typeot) Case02 {Type02) Case03 (Type03)
Domain Zons Hydraulic conduetivity {m/s) Hydraulic conductivity (m/s Hydraulic conduetivity {m/s)
KX | Ky | Kz KX KY' Kz KX KY' Kz
Domaint Zonel 2.00E-07 2.00E-08 | 2.00E-07 | 2.00E-07 | 2.00E-07 | 2.00E-08 | 2.00E-07
Seto group Zone2 1.00E-1¢ 1.00E-10 1.00E-10
Zone3 2.00E-07 2.00E-08 | 2.00E-07 | 2.00E-07 | 2.00E-07 | 2.00E-08 | 2,00E-07
Dotmain2 Zonei 2.00E-07 2.00E-08 | 2.00E-07 | 2.00E-07 | 2.00E-07 | 2.00E-08 | 2,00E-07
Akeyo-Oidawara formation | Zone2 1.00E-10 1.00E-10 1.00E-10
Zone3d 2.00E-07 2.00E-08 ?_.QDE-O? 2.00E-07 | 2.00E-07 | 2,.00E-08 | 2.00E-07
Domain3 Zonei 2.00E-07 2.00E-08 ) 2.00E-07 | 2.60E-07 | 2.00E-07 { 2.00E-08 | 2.00E-07
Toki lignite-bearing Zone2 1,00E-10 1.00E-10 1.00E-10
Z_ones 2.00E-07 2.00E-08 { 2.00E-07 | 2.00E-G7 _%OOE-O'? 2,00E-08 | 2.00E-07
Domain4 Zonel 2.00E-07 2.00E-08 | 2.00E-07 | 2.00E-07 | 2.00E-07 | 2,00E-08 | 2.00E-07
Strong weathered granite Zone2 1.00E-10 1.00E-10 1.00E-10
Zoned 2.00E-07 2.00E-08 | 2.00E-07 | 2.00E-07 | 2.00E-07 | 2.00E-08 | 2,00E-07
Domaind Zonel 2.00E-07 2.00E-08 | 2.00E-07 | 2.00E-07 | 2.00E-07 | 2.00E-08 | 2.00E-07
Highly fractured domain Zone2 1.00E-10 1,00E-10 1.00E-10
Zone3 2.00E-07 2,00E-08 2.00E-07 2.00E-07 | 2,00E-07 | 2.00E-08 2.0!:)5-(1l
Domainé Zonel 2.00E-07 2.00E-08 | 2.00E-07 | 2.00E-07 | 2.00E-07 | 2.00E-08 | 2.00E-07
Sparsely fractured domain Zone? 1.00E-10 1.00E-10 1.00E-10
Zoned’ 2.00E-07 2.00E-08 | 2.00E-07 | 2.00E-07 | 2.00E-07 | 2.00E-08 | 2.00E-07
KX': Strike direction of fault
KY' : Dip direction of fault
KZ': Perpendicular dirsction of fault paine
Zone1 : Foot wall fractured zone
Zone2 : Fault core
Zone3d : Hamging wall fractured zone
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6.4.2.3 EKBED HTICRET 2485

MEFET N TIRE 6.4-18 IR TWIBISEAEEELEL T, =0
EDOHAPKEED SR E 2 BEEBITOWTER L,

B 8.4 13 I RLEEKEED > LA FEBOHEAEELEL, NERL NW %
DEFBIZ OV TIBAREOREEZER THZ L TEAMEL RS Lz, ¥, T
DEBIZ DN TEARBFEEZEBLE 6.43ICFRT 35 —ReBE LB 7,
EOFREREHE 6.414~K 6.4-16 ITRT, TORE, Casel6 I0ho & b LUMERMN

Rbohi,

& 6.43 BEKBEOHMICET SEHI—R

Hydraulic conductivitles of Fault
Case04 (Typelt) Cased5 (Type(2) Case086 (Typel3)
Domain Zone Hydraulic conductivity {m/s) Hydraulic conductivity {m/s) Hydraulic sonductivity (m/s)
KX | Ky K2 KX Ky' | KZ K Y KZ

Domain1 Zonel 2.00E-07 2.00E-08 | 2.00E-07 | 2.00E-07 | 2.00E-07 | 2.00E-08 | 2.00E-07
Seto group Zone? 1.00E-16 1.00E-10 1.00E-10

Zono3 2,00E-07 2.00E-08 | 2,00E-07 | 2.00E-07 | 2,00E-07 | 2.00E-08 [ 2.00E-07
‘Domain2 Zone1 2.00E-07 2.00E-08 | 2.00E-07 } 2.00E-07 { 2.00E-07 | 2.00E-08 ] 2.00E-07
Akeyo-Oldawara formation | Zone? 1.00E-10 1.00E-10 1.00E-10

Zonea 2.00E-07 2.0[JE-08| 2.00E-07 | 2.00E-07 | 2.00E-07 | 2.00E-08  2.00E-07
Domain3 Zonel 2,00E-07 2.00E-08 | 2.00F-07 | 2.00E-07 | 2.66E-67 | 2.00E-08 | 2.00E-07
Toki lignite-bearing Zone2 1.00E-10 1.00E-10 1.00E-10

Zone3d 2,00E-07 2,00E-08 | 2.00E-07 | 2.005-07 | 2.00E-07 | 2.00E-08 | 2.00E-07
Domaind Zonet 2.00E-07 2,00E-08 | 2.00E-07 | 2.00E-07 | 2.00E-07 | 3.00E-08 | 2.00E-07
|s—tr§ng weathered granite Zone2 1.00E-10 . 1.00E-10 T.00E-10

Zone3 2.00E-07 2.00E-08 | 2.00E-07 | 2.00E-07 | 200807 I 2.00E-08 | 2.00E-07
Domains Zons] 2.00E-07 2.00E-08 | 2.00E-07 | 2,00E-07 | 2.00E-07 | 2.00E-08 | 2.00E-07
Highly fractured domain Zone2 1.00E-10 1.00E-10 1.00E-10

_Zones 2.00E-07 2,00E-08 | 2.00E-07 ] 2.00E-07 | 2.00E-67 | 2.005-08 | 2.00E-07

Domaing Zonel 2.00E-07 2.00E-08 | 2.00E-07 | 3.00E-07 | 2.00E-07 | 2,.00E-08 | 2.00E-07 |
Sparsely fractured domain Zcne2 1.00E-10 1.00E-10 1.00E-10

Zoned 2.00E-07 2.00E-08 | 2,00E-07 | 2,00E-07 | 2.06E-07 | 2.00E-08 | 2.00E-07

KX' : Strike directlon of fault

KY' : Dip direction of fault

KZ : Perpendicular direction of fault paine
Zone1 : Foot wall fractured zone

Zone? : Fault cora

Zone3 : Hamging wall fractured zone

Water barrier
fracture type

Water barrier
fracture type

Initial model

Water barrier fracture type

release

Water barrier fracture type

release

X 6.4-13 EfEETIVE




—a—Casels —n—Casels

—g— Cased4

—g-Obsarvation

TH4{2)

THA[1}

————

(wjuaerey

260.0

200.0

150.0

ag0.0

250.0

200.0

150.0

300.0

2600

200.0

150.0

Plaza.Haad[mH20)

Piszo.Head{mH20)

Piazo.Hazd{mH20)

TH-8

g & fEfREO s (1

>
P
[/

TH-4(2)

TH-4(1)
B 6.4-14 BKRKEBEOHHIZHT HBITIEE - 8

$6-45 -



—p—{Casels wg— Cage0b

—a—Casedd4

—o—0bservation

MiU-a

M2

MR-

2000

-800.0

= 1!1|||-|||||||||||||..|n|\“m|
= - — A
AN RGN | JPVUR S S D - ==
o]
. :1a¢t¢,11”\|\||uv.ﬂ\|“||.||| -
R s e e H B B A
- == __| __ - _l__}__

200.6

2000

500.0
£50.0
-700.0

i 3

{wijuspere|3

-200.0

| - |- - ] Pt — gty |

- — |- =gt e —— T Oy

«508.0
-600.0
700.0

8 3

{whoesa3

250.0 3000
Pieza.Head[mH20}

200.0

150.0

300.¢

2800

Piszo.HeadimH20}

200.0

1500

250.0 300.0
Fiexe.Hend(mHZ0)

200.0

150.0

MIU-3

AME S fEFEDLEE (2

3|
[

MiU-2

MIU-1

BEKBEDSTICHET HEMER - B

B 6.4-15

—~a-—Casels —a—Caselds

—a—Casel4

~o—Observaticn

DH-08

AN-3

AN

300.0

<500.0

~700.0

300.0

A00.0
<300.¢
-400.0

3

(wcene3

-500.0

-TH.0

EEEE—

ic0.0

7000

200.0 260.0 000

160.0

300.0

250.0

200.0

150,0

200.0 250.0 3000

150.0

Piezo. Head(mH20)

Plozo.Hoad{mH20)

Plszo.Head[mH20)

DH-09
HE & BITED L8

AN-3

AN-1
H 6.4-16 WBAKEEOHWIZET IBITEE - 8

(3

- 6-46 -



6.4.2.4 FMIHEFIVICE T 2R E

FTEET AT ONT, BIBOBKRFE, EAEEDOSRBKBEOSIIZELD
HEPRTE, TOBEEZNIELEDS,

- BEBMEOKEEOSFIIHAEE LB LT, KERBEALARY., ZOT
ED b EHOBERSEOREITBELY THELELLNS,

- AEWBO LBAIOKEERSSHICKEREEZRLTEY, SRAEE BB LT
20m~50m WV EB R 5, FlIZMIU L TOEICKRELRBEERELRS,

« BEOHAKEFHICE LU TRERZIToREER, BMBF A7 (Type03) E3/E
Lier—ABHOr—R & B UCBFThH o T,

- BAEEOSHICEL TRNET- R IBEFTA L L CAZTHED
HBEREEE LT —2ARBBFThotk, Fi=, FORTLUMBEX A7
(Type03) #BRELII—ABMOIr—R L HELTRGFTH- T,

AEWRE ERUOKEEREWVELR>TWAEBL LT, BEREGOREND,
FENTRIRAL RO BBEBMOFENE L bhb, LB ->T, ZhbDBERENTS
£ I HEED L IBABROBRENRNETH S,

ETFNETHET5HEL LT,

- AEWRB LV ARG EAEEE AT OB EERT 5 - L TIHEEAR O
HEEHEMT S
© BREOEEFMEIMICRIER X A OB K FEORE

REBRBIT oD, RELUBEZRABIZOVWTREZ T BEELTT,
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6.4.3 KEHERSOEKEICETIHE

6 DOKRBEMER G OFEKRPEORES, BHERICET22EBELFET S L% E
Mz, EEENE, BBEF VOB RO EEMAEF L TREET o, TORE
s, DERE - BELERS L O LHEh BB CBKEFE2 5252 LT, BE
R ODBAELEITED~ vy F L I BRRIFICRB 2 EBbhrol,

6.4.3.1 RS DM T KESH MkiR

K 6.4-17 I3HEFEF CREMBH SN T ABBAKEDCE=F Y V' FHERE LY,
REREL LTERY EFbivk, BBRKEEZEAKETERLEETHS, ZORL Y,
TH-6 L Cid EL.230mIIE TREBKESH & RoT W5, —F, TH4IL T
EL.240m~210m {Z 1 &, EL.190m~170m iz 28, EL.150m LB T1IBLER B

- IKEREDBKESMBBHEEL TEY, i EL.190m SHEDKEEOIEWEBIZE L

T, HRBHEILOPHKROEEREL b, ZHhEEWT TH-4Q), TH-6 % 4
5L, KEREN 230~240m BELFNHTH S, LA L, WIFhoORSIL LI DE
®iX EL.310~315m TH ¥, ZOKBEEEH T RES & RiBEE, 1720 EVWEE
WHITARMIIMBEL WA L 225,

MORERL TITON TV HEREB O T /AKMBARFE T, HRB2EIH2b00
FH GL-SmfHEIZ A L TRY, LROSHEX Yy v IBRELRS,

ZOFERICIIZBR OB T RNAHMEBET D 2 & THBEARSERT< 25, TH6
HLOENKESHERD L, BAESFEZELIZCDAERF LY LHERDZ L, hx
KEABETLTHAHERHY, 2hi b b it kESHmERTAEKBNH
HLEBESNSD, £, EL255m~240m fHETIIEARARATRER LS h, #
eI EEMEBEEL WA,
ZROFBKBHRFET A=D1, SEFAOHNELES L 5 HBESLETHY,
R DHEFES BRI AR E X TH, SAEF ML BB FAOBKEICEFERHD L
D LY EH B,

—5T, FELILBIROEROMTAS TS EDOBKESAH»LEE LE, 230m
~240m & L7356, BEMOHEBIILICESERDEOROER LBRh—K LT
D, Tie, HHEE» L ZOMTICIERA L #EEs (AiRE) OBERRRLS, +
L0 TH-6 JLOTEEFROER, IREOES, RURMBILNOKESHIFAHTH
DT Enb, LA HESERICEEKRE R THEER L S TMHRERD S,
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Pressure head distribution in TH-4(1),{2) Pressure head distribution in TH-6
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6.4.3.2 fEHTHER

THAETNVOBRBFEERELLEET V% Modell & L, BABEOBRELEETL
TeET V% Model2 & LTRERDIB 21T > Thd, £, TH-4, TH-6 LLicBIT 5
EREDBRNE & T EOLEER %2 E 6.4-19, 6.4-20 =7,

R 6.4-41%, Modell, Model2 12331} 5 B /KBHE K4 DFBKEHO—ERTH B,
D& 51 Modell {255 LT Model2 iZAE HF B OB A MEZ LKL LTREFEEZ8
TW3, K 6.4-18 i% Modell, Model2 D&AkiE= X —HTH B,

6.4-19, [ 6.4-20ICRONB X Oz, HEREE, BREE - BEALE, EULmE

NER, BAREFEEFZE TV Modell (23 LT Model2 O AT 2S8R
W, £, TORERIZ LR OSSP OM FAESAICETAEE LT TH S,

| 6.4-4 Modell, Model2 BKEFEH—F

Hydraulic conductivities of Matrix part

Model1 Model2
Domain Hydraufic conductivity (m/s} Hydraulic conductivity (m/s)
KX | KY | Kz KX KY KZ
Domaint 2.00E-06 2.00E-06 | 2.00E-06 | 2.00E:09
Seto group _ Eptinhamiid
Domain2 . 2.00E-08 2.00E-08 | 2.00E-08 | 2.00E:10
Akeyo-Oidawara formation =
Domaind . 2 00E-07 2.00E-06 | 2.00E-06 | 2.00E-09
Toki lignite-bearing . )
Domaind . 2.00E-06 2.00E-05 | 2.00E-05 | 2.00E-00
Strong weathered granite .
Domainb
DOE- .O0E- 2,00E-05 | 2.00E-03
Highly fractured domain 2.00E-08 2.00E-05 0
Domaing -
OOE- .00E-09
Epgarsely fractured domain 3.00E-09 3.00E

Modeld Modeil2

Legend
Piezomaetric head (mH,0)

130 250 -
B 64-18 £KEBaIVE2—F
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644 ETIOEER

6.42, 643 DRFERLY, BTSNV OEREITo R, UTIORTEFAN
HRTRLBIEL BITHOY v F U FBBEVWEFT A L ol (FFA4 74899 r—
Ao

6.4.4.1 ETNEEEORME

TRETNCHTIAEELRZUTICE L3,

Q EAEEEZETOIHBOSFHOEE

AEAT AL O BAEE S OB R S OB R BT 2 EARE LML, BEROE

F&MOEBERER LT NE ROBAMEEE MR L, TN L EREF N
#HK 6.4-21 1277, .

Water barrier Water barrier
fracture type fracture type

- “'. ’“‘ﬁ@, / .
Water barrier Plan view ;Nat:ar barrier Plan view
fracture type racture type

B 6.4-21 EKIEEDSMILE
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@ YEECER
MRETN EEREETNOYERO—EER 6.4-5 17T,

& 6.45 PYHE-F

Matrix part Major fracture Fault
Meda! | Domain Hydratlic conductivity (m/s) Hydraulic conductivily (im/s) § Rydraulic conductivity (mis}
KX | KY KZ | Kk | KZ - KX | Ky | K&
Domaini 2.00E-06 Mot generate 2.00E-07
1 Domain2 L00E-08 of generate 2.00E-07
€  |Comaind O0E-07 ot generate Zone1.3 2.00E-07
E Domaind 2.00E-06 Not generate Y 2,00E-07
2  |Bomains 2.00E-08 Nol generale 2.00E-07
£ |Demaing 3.00E-09 1.00E-08 2.00E-07
Zone2 . 1.00E-10
= Demaint 2.,00E-06 2.00E-09 Not ganerate Zone1,2,3 | 2.00E-06 |- 2.00E-09 | 2.00E-06
B Domain2 2.00E-08 2.00E-10 Not generate - 2.00E-08" | 2.00£-10 | 2.00E-08
£ Domain3 2.00E-08 2.00E-09 Not generate 2.00E-06 | 2.00E-09 | 2.00E-06
§ [Domaine 2.00E-08 2.00E-09 Not generate Zonel,3 | 2,00E-05 | 2.00E-09 | 2.00E-05
Zg Domains 2.00E-05 2.00E-09 Not gensrate 2.00E-05 |: 2.00E-09 | 2,00E-D5
&  |Domaing 3.00E-08 1.00E-07 2.00E-08 | 2.00E-08 | 2.00E-06
Zona2 1.00E-10

KX : Strike direction of fault
KY' : Dip direction of fault
KZ': Perpendicular direction of fault palne
Zone1 : Foot wall fractured zone
Zone2 : Fault core

Zong3 : Hamging wall fractured zone

. 6.53 -




6.4.4.2 ISR

= 646 HAUELBHMEOLSTGEEREMN

Initial model | Revision model Decrease

TH-4(1) 103788.7 334836 32.3%
TH-4(2) 2620.3 896.9 34.2%
TH-6 38894.7 i7175.2 44.2%
MIU-1 9506.7 ' 1358.0 14.3%
MiU-2 5572.1 699.7 12.6%
MIU-3 9340.7 | 758.3 8.1%

AN-1 7989.8 2178.6 27.3%
AN-3 29491 1096.3 37.2%
DHO 791.3 297.6 37.6%
TOTAL 181453.3 57944.2 31.9%

Legend
Plezometric head (mH,0)

130 250 375

H 6.4-22 EBEETIHERER - 2KESGE
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6.443% B
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BLESIT T,
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» RO T KREEITR R L E L LB EKEESRME

© HIROH TR EE L Ui-BEKESE

BEZOND., MEECEREHFICHETIRNERY, ROBRAKEF—% LT
AUEDFTRBET —F LV, 3HFEHOHBOH TR EZE L LB EKER IR EY
& W L7,

Bk & LTiE, BEARGEOBRVWCTEAEEDSHRRERL-TL A LEEEL,
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ZDXIRBFEERETH LT, HEOEREENERICECEELRIFE R
7Y, 2EOKEEZETECSZ EBRTARE b7, BRIGEOHEHEIZE L
TN ATADERBLNELDOT, KERBRLE LDy 77 v AIEBERR D, -
L, BARRFEICE LT, #REETORBAEDRRR E1DH BERERENT
ETH B,

BRI LR, BARLELERETALHRE L, LB RERENES
nic, BREICIIEEO I —RERELBRZIToTWAN, F0OERT, WENHE
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BT aEmBR O, ZOEANERNESEOAEREL &Y, BRlE: H
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6.5 RHEKEEIIaL—I3Y
6.5.1 HKFst

BIRDOEKRELSMDT 4 v F 4 T EfFoFETARK L, BEEAREREMGEIC
TPoh T3 ASHE 2 7THIIRB SN TWA Ay 1 —BHEOE N GEOREE
BIZEB L, fIROETABREEZFEMEITH LTED L S REBETTONHONT
ZB L,

B 6.5-1 iLRbND X 5 HAKNEHTHS MIU-2 LA SHBEHICHRESLE
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6.52 MIU-2 SAEROEREBT KA

MIU-2 SIS T 5 EEHEBER LN BETAVCER Lz, EEMICIE MIU-2
SHONETRETDENE ZREIERL, ThHOREROERE MIU-2 BE
&Lz, I22L, FITRIT BN B OMEEIIBET I KBHERS LR UREL

L,

INOOERICEEKEESEL UTHTAEYOELRET L8 C, vy h—E
HEFO MIU-2 LA DEREERET 3, HTARMOME LT MIU-2 BFRLOAD
EREEDEERET S, Lrl, EFHERRTE LIS A EWE LBAOKEE
2 MIU-2 DFLRER LD @72, fEFTEEO_HEROKEEI 10m »E BT LE
245m WS EEBE L, £, AEOCEREEFRIROETTAR Y 71— 5
YOEBEERTE L,

6.5.3 JEETHEBEHOBRTE

AN B % B I BREOEIZR 651 17T, YEMEARBRTELRTWAEL
D ZDEHE 1.5E-06(1/m) 2HHMESE Uiz, £7-, Z0#FHEZSKEMERSLE
WEZ T, EOMOHHEEICELTHE, SOEETFLOWEESE L,

% 651 EHEARBREICSTIHEERNEEEE

Lang term pomping test results _
Borehole | Probe Interval(mgg;:;lon oo Storage cosfficient Spiz';';i::::ge Comment
MIL-3 PRB-5 691.7 7037 32.0 9.46E-05 2,96E-06 Tsukiyoshi fault zone
L miu-3 PRB-6 724.6 780.5 55.9 4.51E-05 8.07E-G7
MIU-3 PRB-7 781.4 8324 51.0 5.36E-05 1.05E-06 Footwall of Tsukiyoshi fault
MUG PRB-8 B76.1 941,85 B65.4 7.53E-05 1,15E-06 )
MIU-1 PRB-6 835.7 869.6 33.9 3.71E-05 1.08E-08
MIU-1 PRB-7 8721 923.9 51.8 5.72E-05 1.10E-08 N f .
MIUT_| PRBB | 9512 971.6 20.4 3.87E-05 1.90E-06___| 12ngingwall of Tsukiyoshi fault
MIU-1 PRB-g 9741 1014 38.9 8.12E-05 2.04E-06
Specific storage coefficient average 1.51E-06 (1/m)
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R 652 YHEEDERE

. Matrix part Major fracture Fault
Model | Domain Hydraullc conductivity sy Hydraullc conductivity (m/g) | Hydraullc corductivity {mis}
K kY | Kz K | Ky | Kz e | Ky [ Kz
Domaini QDE-0 Not generate 2.00E-07
3 Domain2 .Q0E-0: Not generate 2.00E-07
?  |Domain3 > 00E-0 Not generate Zorel. DE-O7
E  I|Pomaind 3, 00E-06 ot generate ! G007
£ |Domains 2.00E-08 Not ganerale 2.00E-07
£ |comains 3.00E-09" 1.00E-08 2.00E-07
Zone2 1.00E-10
— Cemalni 2.00E-06 2.00E-09 Not generale Zonel,2.3 | 2.00E-06 | 2.00E-09 | 2.00E-06
'§ Domain2 2.00E-08 2.00E-10 ot generate 2.00E-08 | 2.00E-10 { 2.00E-08B
E Domaind 2.00E-08 2.00E-09 ot genarate 2.00E-06 | 2.00E-00 | 2.00E-08
s Domaind 2.00E-05 2.00E-09 ot generate Zonel,3 { 2.00E-05 | 2.00E-09 | 2.00E-05
g Domains 2.00E-05 2.00E-08 lot generate 2.00E-05 | 2.00E-09 | 2.00E-05
K Domaing 3.00E-09 1.00E-07 2.00E-06 | 2.00E-08 | 2.00E-08
Zone?2 1.00E-10

KX' : Strike direction of fault

KY' : Dlp direction of fault

KZ': Perpendicular direction of fault palne
Zane1 : Foo! wall fractured zone

Zone?2 : Fault core

Zone3 : Hamging wali fractured zone
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8.56 FSATIL
6.5.6.1 FSAFILIr—R
b oA TABI LR OREEE 2 TohBRP% 653 HEXHBE T4
T IV — RLRT,

b7 A T AOFEFOHEETL, MIU-1(PRB06) & MIU-3(PRBO6) DE % FHEETHE=
FUV 7L, BARMTOEIBENA—F—DELZoTHEEE Lz,

%+ 653 EFEEHELIZFATNLI—X

Domain | Hydorogeology |=is T vixp | Fixa | Fixe | FXe | Fixe | Fx7 ] Fixe | Fixe | Fxao

1.5E-06] 1.5E-06] 1.5E-08] 1.5E-06 SE-068] 1.5E-06 1.5E-06| 1.5E-06] 1.5E-06
Sedimetary rocks 1.5E-05) 1,6E-06] 1.5E-06f 1.5E-06 SE-06 15506 1.SE-OE| 1.BE-068| 1.5E
1.5E—06! 1.5E-06] 1.5E-08| 1.5E-06 SE-06|] 1.5E-061 1.5E-06] 1.5E-06| 1.5E-06] 1.5E-08 .SE-

1.65E-06] 1.5E-06] 1.6E-06] 1.5E-06] 1.5E-06] 1.5E-068] 16E-06] 1.5E-06] 1.5E-06] 1.5E-06

Toki graréte _1.5E-06] 1.0E-08| t.5E-08f 1.5E-081 1.0B-07] 1.0E-08] 1.0E08] 1.0E08] 10E0B] 1.0E-08

. 1.5E:G8| 1.0E-08f 1.SE-06] 1.5E-081 10FE-07) 1.0E.08| 10E.08] 1.0E.08f 1.6E-10] 1.0E.08

1.5E-06] 1.5E-06] 1.6E-08| 1.5E-06] 1.5E-06] 1.5E-06 S5E-06] 1.5E06] 1.5E-06] 1.5E408

1.5E-GS| 1.EE-068] t.5E-06] 15FE06 SE-06] _1.5E-06 SE-06]  1.5E-05] {.SE-06] 15E08

1.6E-06] 1.5E-06| 1.5E-08] 1.5E-06 ,5E-06] 1.5E-08 SE-06|] 1.5E-08| 1.5E-068] 1.5E-06

1.5E-06|] 1.5E-06| 1.5E-08] 1.5E-08] 1.5E-08| 1.5E-08| 1.5E-06| 1.5E-08} 1.5E-08| 1.5E-08

1.5E-06] 1.0€-08{ 1.0FE-08] 1.0E-07{ 1.0E-07} 1.0E-07| S5.0E-08] 9.0E-08| 9.0E-08| 7.0E-08

1.6E-06] 1.0E-08| 1.0E.08) 1.0E.07| 10E.07| 1.0E.07| S.0E.08] 9.0E-08( 9.0E-08| 7.0E.08
Major fracture 1.5E-06} 1.0E-08] 1.0E-08| 1.0E.07] 1.0E-07] 1.0E.07 5.0E-OB|' 9.0E-08| 9.0E-08] 7.0E-08

Fault

B o jon | f |1 | | Jen | b fed [ha | —
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# 6.6-1 BERETI - PHEE—F

2002 Modal
. Hydraulic conductivity
Domain Hydeoro geology Ss{1/m}) Porosity
Kx{misee) | Ky(misee) | Kaimisec)

1 Seto group 2.0E-08] 2.0E-08] 2.0E-08 1.5E-08] 0.2
2 Sedimetary rocks [Akeyo-Didawara.F 2,0E-08]  2.0E-08] 2.0E-10 1.5E-06 0.3
E Toki lignite-boaring.F 2.0E-06] 2.0E-06] 20E-08] 1.5E-G8 0.3
4 Strong weathered granite 2.0E-05 2,0E-05 2.0E-09 1.6E-06 0.3
5 Toki granite  {Highly fractured demain 2.0E-05 2.0E-05 2.0E-09) 1.0E-08 0.03
[ Spasely fractured domain 3.0E-09 3.0E-09 3.QE-05| 1.0E-08 0.02
Fault zenet 2.0E-06 2.0E-09] 2.0E-08] 1.5E-06, 0.3]
1 Seto group* Fault zona2 2.0E-08 2.0E-09 2.0E-06] 1.5E-06 0.3
Fault zonea 2.0E-06]  20E-08] 20E-08]  1.5E-08 0.3
Fault zone1 2.0E-08 2.0E-10 2.0E-08) 1,6E-06 0.3
2 Akeyo-Oldawara.F* Fault zone2 1.0E-10 1.0E-10 1.6E-10 1.5E-08 0.3
Fault zone3 2.0E-08 2.0E-10 2,0E-08 1.5E-08 0.3

Fault zone1 2.0E-08 2.0E-09 2.0E-08 1.6E-06 0.3]
3 Toki ignite-bearing F* Fault zone2 1,CE-10 1.0E-10 1,0E-10 1.5E-08] 0.3
Fault Fault zone3 2.0E-08 2.0E-09 2.0E-08 1.5E-06] 0.3
Fault zonel 2.0E-05 2.0E-09 2.0E-05 1.5E-08 0.3

4 Strong weathered granite*  [Fault zone2 1.0E-10 1.0E-10 1.0E-10 1.5E-06 0.3}
Fault zone3 2.0E-05 2.0E-09 2.0E-05 1.5E-08 0.3
Fault zonei 2.0E-05 2.0E-09 2.0E-05 6.0E-08] 0.11
5 Highly fractured domain*  [Fault zone2 1.0E-10 1.0E-10 1.0E-10 6.0E-08] 0.3
Fault zone3 2.0E-05 2.0E-09] 2.0E-05 6.0E-08 0.11
Fault zonel 2.0E-06 2.0E-08 2.0E-06 6.0E-08 0.07

6 Spasely fractured domain®  |[Fault zone2 1.0E-10] 1.0E-10 1.0E-10] 6.0E-08 0,3]
Fault zone3 a.o@§| 2.0E-08] 20E-08] 5.0£-08 0.07
[ Maior fracture  |Spasely fractured domain® 1.0E-07 1.0E-07)  1.0E-07]  6.0E-08 0.04

130

Legend

Piozometric head (mH,C)

375
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Hydraulic conductivity distribution
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6.6.2.6 CNDO1 OEHLBRETLOHE

R CNDOl OHITRBEITRKE L BEEKETFTNVOBITREOLE2{To7-, H
6.6-33 IBITREOLEBRTH 3,

CNDO1 D&M ERKEETNVDEREMETH D CNDO2 OFETHERERNLELNBK
FESHIIIREBRZBZIR G2 o7, T AROBITREIIERASENSRELRZ EX
ELEDL>TL B Pbhhot, HITEABECHBEZEI UETTNVTIREEL R
HEEZIBNS,

X 6.6-33 FITREEBOLLE (1

- 6-106 -

Poinlo1~Palnti2 (Traval path) Paint01~Paini12 (Travel patiy)
- _// \,\ o _// . ]
67000 I/ ﬁ 9-5{ \ 67000 I/ o] \
P TRVN TRV
68000 \ﬁ d 68000 \\‘.
_ \ 9 _ E .4
£ L \o P ° = L ® ° ® J
70000 \ !L_V—\\A 70000 \ /
o0 \/’Y/ ' /" "~ \/’\ /J
~— ~f—
-msuoo 4000 500 . 6000 7000 8000 Jmaﬂw 4000 BOOD - 8000 T000 8000
Paint13-Point24 (Travel path} Point18-Foint24 (Traval palh)
aco0 _// \‘\ a0 _// T~ <
7000 (f o o L \\ £7000 (f -] o -] \\
E-eacoo 2 E-eaooo -
S0 == aa My L Lr"g:"' !
o \ {‘V—‘\%‘ o \ ““'\"*/
71000 \/’_V / J -71000 \/’\\ /j
= 7
-WOSODD 4000 B000 X 5000 TOOD 8000 -TMSCIDD 4000 5000 - B000 TO0 8000
CNDO1 Final model




s -1000

A

Paini01-Painti 2(v-2)

Paintt] =Pocdi (Y. 7y

N T Ay

~Z000

~JT000

Eci] SOD

Ponid)-Port12(n

Pointot-Poiti 206D

.

Pointt3-Pont2 -2

Point13-Pant 4% D

ni,
!

S I

CNDO1
E 6.6

Final model

-34 BITRBOHLE 9

- 6-107 -
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6.6.3.2 ETILMELE
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(CVR: =
WiBE T /VICB LTI, 2001 873 A EWBO A& EF AL L TV 3, 2002 4F

ETVIBIRD & 51, FERFICRLNAV =T AL FEEBE LTHELTWAS, &

2L, AEHB L ARICEAEE 2/ T AHBOLHICOVTIL, FSATFA-T K-
TTCEDRELTVD, 7, BEABEELESRVWEFAVIEESINE DIERICE
ATWS, L, EEFNBIIERE - BEWORCERLTEY, WEITHEE S
WWHERLTWDS, (H 6.6-36, X 6.6-37 )
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6.6.3.3 WTEEDHRE

2001 SEET & 2002 BETA TR, HHEEOEDHEBBROBRENKE L BB,
L2001 TN TIIHEES L IE RS BE RO EE L & M4 Minor fracture %
FERE LBAREEL B2 LT, —F, 2002 EEFATHE, BHEEOMERZEM
CEHERMAREL LTEEHERELLIZD SEY LI L— 30% L L, ke %z
Br < FERABEIL, FEREOBABRE L ADRBRICETIRBR B ETREEFT-
TwW3,

BARREACE LTI, 2001 27 Tlt, HEWEB (Fracture zone), TEEH B
NE—=BIBITAKEHBRERE T ERICRBREE TV,

2002 FETATIE, EEEN BT L TRERAEEET O Fractured 3zl
JHKEBERBEROTEHEERTRTOZTEINBICRBREEE, ASHBICE LTI,
HEHEERED 2R N EEFBEIIMBIE A2 SMTVWAMBICE T A KER
FREOEHEERBMLTEY, ZOMOEBIZOWTS Z0EP—&52TW5,
Fio, EREECELTEETTLE HIZRAT 1.0X 100 m/sec (AL 30%)
EERELTWVWD, 2001 E2FA0OWMEEEE 6.62 I0RT,

£ 6.6-2 2001 EFLYE

2001 Model
Hydraulic conductivi
Domain Hydero geclogy v by Ss(1/m) Porosity
Kx(misec) | Ky(mises) | Kz(misec)

1 Sedimentary rocks + Strong weatherd granite B8.0E-07 1.08-07 0.03

2 Intact granlite 2.0E-09 ) 0.02)
Fault zone 1.0E-06 0.04

1,2 Tsukiyoshi Fault Fault zone2 1.0E-10 1.0E-07 0.3
Fault zone: 7.0E-09 0.01

Maior fracturgl 6.0E-07 0.03

Major frasture2 7.0E-08 0.02

* Major fractures 2.0E-07 ¥ 0,02

2 Major fracture  |intact granite’ WMaior fraciured T O0E07 1.0E-07 003
Major fractureS 4.0E-08 0.05

|Malor fractures 4.0E-07 0.03
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6.6.3.4 EREH
TNENDTTNOEREMEEH 6.6-38 ILRT,

Upper bdundary : Fixed head

(Upper sutface elevation -5m)

Side boundary
Toki River Area:No-Flow
: : : Fixed head
cal aféa analysis results
X6BC 10 VER2"

| Bbttofn boundary : No-Flow

, 2002 Model
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85000
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R 8-1 BITERER - BTBMORBELE (TOUGH2)

_PathLength [m]

. TravelTime [y} -

000 | 2001

002 | 2

No.1

4239.3

1829.3

34.2

170.7

8.1
No.2 |2363.7 | 1021.3 | 771.3 9.5 34 162.8
No.3 | 1223.1 | 907.0 | 9321 2.1 22 57.2
No.4 | 4846.9 | 2357.9 | 2328.2 | 18.7 7.7 537.9
No.5 | 5181.4 | 1466.9 | 1979.7 | 15.0 3.4 118.6
No.6 1031.2 | 8924.7 | 9446 1.7 1.5 40.2
No.7 |4919.53341.3 | 27314 ]| 222 71 222.9
No.8 | 5487.8 | 2348.5 | 2130.9 | 31.1 6.4 327.3
No.9 11028.8 | 9565 | 8983 | 1.5 1.0 19.9
No.10 | 5007.3 | 3435.2 | 3388.0 ] 15.5 7.4 242.8
No.11 | 5098.8 | 2370.2 | 2262.8 | 16.4 6.6 252.7
No.12 | 918.0 | 1025.6 | 1069.7 1.1 23 80.5
No.13 | 2715.8 | 894.1 623.3 4.3 0.4 3.6
No.14 | 1303.7 | 892.6 | 708.3 7.5 0.8 41.6
No.15 | 570.6 | 447.1 | 419.6 0.9 0.3 3.6
No.16 | 2596.8 | 3002.8 | 3166.2 | 3.6 5.1 150.7
No.17 | 2932.1 | 1166.7 | 913.4 7.8 0.8 13.4
No.18 | 1333.0 | 791.2 | 673.9 6.6 0.7 14.9
No.19 | 2717.7 | 2965.8 | 3121.0| 5.8 4.7 129.1
No.20 | 2661.9 | 2014.3 | 1364.6 | 5.2 3.4 24.6
No.21 | 3048.1 | 1188.8 | 1160.6 { 9.7 1.1 6.0
No.22 | 2499.7 | 2773.9 [ 2030.2 | 4.2 34 121.9
No.23 | 2749.6 | 25325 | 1828.3| 6.9 5.6 108.8
No.24 | 2867.6 | 2920.0 | 2019.1 8.3 4.2 22.0
average | 2889.3 | 1840.7 | 1674.8 { 10.0 3.6 119.7
min 570.6 | 4471 | 4196 0.9 0.3 3.6
max | 5487.8 | 3435.2 | 3388.0 | 34.2 8.1 537.9
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® 82 ¥

B

TR - BITREORELER (EQUIV_FLO)

melyl

gth [m

No.1

56.3

1718.1 | 1000.3 | 34127 | 126
No2 | 13682 | 7556 |2115.7 | 5.1 1.0 | 321
No.3 | 7406 | 702.7 | 13538} 1.6 08 | 26.4
No.4 |1821.4 | 1647.1 | 4331.9} 3.4 18 | 816
No.5 | 1556.3 | 1067.8 | 2457.2 | 4.4 14 | 485
No.6 | 9153 | 996.5 | 19524 | 1.2 12 | 556
No.7 |2050.8 | 1739.0 | 4826.6 | 5.4 32 | 96.0
No.8 |1799.7 | 1637.5 | 20355 | 4.1 27 | 718
No.9 | 899.8 | 920.8 | 22742 | 1.8 16 | 738
No.10 | 1935.6 | 2459.5 | 5388.0 | 3.2 59 | 152.6
No.11 | 1989.9 | 1878.4 { 3357.7 | 5.0 40 | 882
No.12 | 794.2 | 7042 [ 27358 07 07 | 1155
No.13 | 728.6 | 2039.6 | 865.8 | 06 3.0 | 154
No.14 | 1075.8 | 867.9 | 989.9 | 27 1.0 | 346
No.15 | 580.2 | 487.2 | 609.0 | 2.1 06 | 29.1
No.16 | 2869.6 | 3001.4 | 1283.2 | 3.4 52 | 327
No.17 |2503.8 | 1011.8 | 1067.4 | 4.9 15 | 26.0
No.18 | 988.8 | 778.6 | 8855 | 4.2 16 | 4241
No.19 | 2926.7 | 3238.7 | 1073.3 | 4.0 56 | 375.6
No.20 {21313 | 1207.0 | 1371.7| 28 29 | 2909
No.21 | 1284.9 | 1130.6 | 1039.5 | 6.3 3.1 15.9
No.22 | 3084.9 | 3250.5 | 45432 | 6.3 8.8 | 1345
No.23 | 2265.0 | 1496.0 | 1930.6 | 3.8 53 | 26.0
No.24 | 1585.3 | 1483.1 | 1333.6 | 5.3 23 | 233
average | 1650.6 | 1487.1 | 2255.6 3.9 2.8 70.1
min | 580.2 | 487.2 | 609.0 | 06 0.6 | 15.4
max {3084.9 | 3250.5 | 5388.0 | 12.6 | 8.8 | 375.6
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& 8-3 BITREE - BTHEOBEELE (Don-Chan)

ol Ti

Path Length [m

T

No.1

3062.3 § 19932.2

32759.5

6558.0
No.2 |5657.3|3088.2 | 3176.8| 991.1 | 755 | 6340.9
No.3 | 6479.9 | 1637.9 | 2736.0 | 3570.2 | 36.2 | 9324.0
No.4 | 6362.7 | 3981.0 | 2699.9 | 15962.0 | 4044 |31716.3
No.5 | 5876.6 | 3236.0 | 3623.4 | 2030.8 | 1284 | 6191.8
No.6 | 6410.1 | 1866.5 | 2718.7 | 5148.3 | 721.9 | 4469.4 |
No.7 |6437.7 | 4121.6 | 2486.9 | 37331.3 | 237.0 | 31456.6
No.8 |5597.4 | 3361.8 | 4369.1 | 4128.6 | 224.2 | 2710.2
No.9 |5470.5 | 2294.6 | 2958.0 | 6372.6 | 78.8 | 3930.8
No.10 | 4041.9 | 4671.1 | 2567.3 | 1237.6 | 220.7 |42395.3
No.11 | 5595.4 | 38729 | 4260.2 | 8584.3 | 193.2 | 2926.3
No.12 | 5242.7 | 25217 | 3508.0 | 6052.3 | 236.8 | 8854.1
No.13 | 4380.4 | 2699.6 | 3062.0 | 4947.6 | 654 | 6298.0
No.14 | 3237.2 | 2269.4 | 1014.3 | 1542.6 | 25.6 | 1068.2
No.15 |2613.0 | 624.0 | 1052.1 | 7804.8 | 178.2 | 1206.3
No.16 | 3281.0 | 2812.6 | 2661.6 | 9967.0 | 61.9 | 2122.7
No.17 | 3198.1 | 2465.5 | 1080.6 | 1150.6 | 74.2 | 3460.5
No.18 | 22004 | 913.0 | 1001.7 384.4 | 53.0 | 5702
No.19 {3010.4 | 3154.5 | 1796.3 | 10562.0 | 81.6 | 3898.8
No.20 |3264.5 | 3041.3 | 2619.0 | 981.3 | 108.6 | 1774.4
No.21 |2116.3 [ 1756.9 | 1244.0 | 2452.1 | 42.8 | 359.2
No.22 |2970.9 | 2656.2 | 1647.2 | 11051.2 | 187.5 | 675.2
No.23 | 4077.0 | 2309.8 | 4866.8 | 1992.2 | 372.6 | 7371.6
No.24 {2114.3 | 1963.3 | 1604.7 | 6704.9 | 85.0 | 4206.6
average | 4424.7 | 2808.4 | 2575.9 | 7120.1 | 167.4 | 9003.6
min [ 2114.3 | 624.0 | 1001.7 | 384.4 | 256 | 359.2
max | 6558.0 | 6081.5 | 4866.8 | 37331.3 | 721.9 | 42395.3
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x84 BERAEBRE - FHERE -

Vel

FHELL—REOEFEI

(TOUGH2)

2.0E-02

1.4E-01

No.1 3.9E-02 | 1.1E-01 | 1.5E-01 | 9.1E-Q1 | 2.9E+02 | 6.9E+02
No.2 5.5E-02 3.6E-Oé 1.4E-02 | 21E-01 | 1.4E-01 | 2.2E-02 | 3.1E+02 | 5.8E+02 | 2.0E+01
No.3 1.9E-02 | 8.6E-02 | 2.6E-03 § 4.3E-01 | 1.8E-01 | 4.0E-01 | 6.4E+02 | 6.8BE+02 | 3.1E+01
No.4 24E-02 | 1.5E-02 | 8.1E-03 | 1.8E-01 | 1.6E-01 | 9.5E-01 | 44E+02 | 7.5E+02 | 6.2E+01
No.5 6.5E-03 | 2.0E-01 | 2.2E-03 | 3.2E-01 | 5.0E+00 | 2.6E-01 | 6.1E+02 | 8.7E+02 | 5.1E+01
No.6 2.3E-02 | 1.9E-02 | 3.4E-04 | 3.8E-01 | 4.4E-01 | 1.1E+00 | 6.7E+02 | 1.1E+03 | 4.2E+01
No.7 1.4E-01 | 1.3E-01 | 1.4E-02 | 1.5E-01 | 4,1E+00 | 9.3E-02 | 3.9E+02 | 1.2E+03 | 2.7E+01
No.8 4.4E-02 | 3.6E-02 -| 2.9E-03 | 1.0E-01 | 1.5E+01 | 8.0E-02 | 2.5E+02 | 9.5E+02 | 1.5E+01
No.2 3.6E-02 | 2.5E-02 | 1.1E-02 | 3.7E-01 | 8.1E+01 | 8.5E-02 | 1.2E+03 | 1.9E+03 | 8.4E+01
No.10 | 4.1E-02 | 4.2E-02 | 6.0E-03 | 2.1E-01 | 6.3E+00 | 3.7E-01 | 5.0E+02 | 2.0E+03 | 1.2E+02
No.11 | 1.3E-01 | 7.7E-02 | 1.4E-03 | 1.7E-01 | 3.3E-01 | 1.6E-01 | 5.0E+02 | 7.4E+02 2.2E+01
No.12 | 5.8E-02 | 1.6E-02 { 3.3E-03 | 3.5E-01 | 5.9E+01 | 3.5E-02 | 9.2E+02 | 2.1E+03 | 4.5E+01
No.13 | 8.4E-03 | 6.5E-01 | 3.0E+00 | 3.4E-01 | 1.0E+01 | 1.2E+00 | 8.2E+02 | 5.0E+03 | 2.6E+02
No.14 | 1.8E-02 | 1 -BE+00 | 1.5E+01 | 2.2E-01 | 1.0E+00 | 7.0E+00 { 4.1E+02 | 2.3E+03 | 1.1E+08
No.15 | 1.4E-02 | 1.3E-01 | 4.1E-02 | 3.8E-01 | 5.2E-01 | 4.8E-01 | 7.8E+02 | 2.2E+03 | 2.2E+02
No.16 | 1.5E-03 | 5.3E-03 | 7.9E-05 | 3.4E-01 | 2.7E-01 | 9.4E-02 | 8.3E+02 | 1.2E+03 | 4.6E+01
No.17 ] 2.5E-01 | 1.4E-02 | 8.1E-01 | 1.8E-01 | 3.0E+01 | 5.2E-01 | 4.8E+02 | 2.0E+03 | 1.7E+02
No.18 | 6.6E-02 | 4.9E-03 | 9.6E-03 | 1.6E-01 | 4.1E+01 | 2.3E-01 | 3.6E+02 | 2.1E+03 | 1.1E+02
No.19 | 7.9E-03 | 3.7E-01 | 3.4E-03 | 2.2E-01 | 2.7E-01 | 1.0E-01 | 5.6E+02 | 1.1E+03 | 4.8E+01
No.20 | 3.8E-01 | 4.1E-01 | 2.4E-01 | 3.3E-01 | 4.9E+00 | 7.6E-02 | 6.6E+02 | 9.7E+02 | 7.5E+01
No.21 ] 9.6E-02 | 6.5E+02 | 7.6E-01 | 1.3E-01 | 9.5E+01 | 1.4E+00 | 4.0E+02 | 2.2E+03 | 8.8E+02
No.22 | 1.5E-01 | 4.2E-01 | 3.0E-02 | 2.9E-01 | 7.6E+00 | 4.5E-01 | 7.0E+02 | 1.6E+03 | 3.7E+01
No.23 | 2.5E-02 | 2.2E-02 | 7.1E-05 | 2.1E-01 | 3.2E-01 | 1.7E-01 { 6.1E+02 | 6.7E+02 | 2.6E+01
No.24 | 2.2E-01 2.2E-02 | 2.2E-03 | 1.3E-01 | 2.3E-01 | 7.2E-01 | 4.3E+02 | 1.1E+03 | 3.6E+02
average | 7.7E-02 | 2.7E+01 | 8.5E-01 { 2.5E-01 | 1.5E+01 | 7.1E-01 | 5.7E+02 | 1.5E+03 | 1.6E+02
min 1.5E-03 | 4.9E-03 | 7.1E-05 | 1.0E-01 | 1.4E-01 | 2.2E-02 | 2.5E+02 | 5.8E+02 | 1.5E+01
inax 3.8E-01 | 6.5E+02 | 1.5E+01 | 4.3E-01 | 9.5E+01 | 7.0E+00 | 1.2E+03 | 5.0E+03 | 1.1E+03
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Flux

% 8-5 HERBBNE - THRK

/]

ocity [mly

s EHANL—REORELL (EQUIV_FLO)

D02

8.7E-03

1.1E+00

7.8E+02

6.1E+02

2.0E+02

No.1 4.9E-02 | 7.7E-02 2.3E-01 | 7.2E-02
No.2 2.3E-02 | 3.5E-02 | 1.1E-02 | 1.1E-01 | 1.4E-01 | 27E-01 | 5.8E+02 | 1.3E+03 | 1.1E+02
No.3 2.1E-02 | 2.,5E-02 | 6.8E-03 | 1.0E-01 | 1.8E-01 | 7.2E-02 | 6.4E+02 | 1.8E+03 | 5.8E+01
No.4 9.8E-02 | 8.9E-02 | 6.9E-03 | 2.9E-01 | 2.4E-01 | 7.3E-01 | 1 .2lé+03 1.5E+03 | 1.4E+02
No.5 2.2E-02 | 2.5E-02 | 1.3E-02 | 6.3E-02 | 3.9E-02 | 9.0E-02 | 5.3E+02 | 6.5E+02 | 5.9E+01
No.6 5.8E-02 | 7.8E-02 | 7.9E-03 | 7.0E-02 | 7.6E-02 | 3.6E-02 | 1.0E+03 | 8.3E+02 | 3.9E+01
No.7 7.1E-02 | 6.8E-02 | 6.5E-03 | 2.5E-01 | 1.4E-01 | 9.1E-01 | 7.8E+02 | 7.2E+02 | 1.6E+02
No.8 9.3E-03 | 1.1E-02°| 4.4E-02 | 8.6E-02 | 1.4E-01 | 4.6E-01 | 6.5E+02 | 1.0E+03 | 1.1E+02
No.9 44E-02 | 51E-02 | 7.2E-03 | 5.8E-02 | 9.0E-02 | 4.1E-02 | 7.7E+02 | 1.1E+03 | 3.9E+01
No.10 | 1.4E-02 | 1.5E-02 | 9.2E-03 | 1.0E-01 | 8.6E-02 | 2.9E-01 | 8.7E+02 | 5.9E+02 | 6.3E+01
No.11 | 6.4E-03 | 5.8E-03 { 8.7E-03 | 8.1E-02 | 2.3E-01 | 6.1E-01 | 5.3E+02 | 1.3E+03 | 1.3E+02
No.12 } 3.0E-02 | 1.3E-01 | 7.4E-03 | 2.2E-01 | 2.7E-01 | 1.1E-02 | 1.9E+03 | 2.3E+03 | 2.6E+01
No.13 | 7.5E-02 | 5.8E-02 | 2.0E-02 | 1.4E-01 | 8.0E-02 | 6.3E-01 | 1.6E+03 | 9.1E+02 | 7.5E+02
No.14 | 1.3E-02 | 2.6E-02 | 4.4E-03 | 6.3E-02 | 6.8E-02 | 5.1E-01 | 5.8E+02 | 1.2E+03 | 4.6E+02
No.16 { 1.6E-01 | 1.5E-01 | 2.0E-02 | 1.1E-01 | 6.5E-02 | 1.7E-01 } 7.0E+02 | 5.3E+02 | 5.2E+01
No.16 | 2.6E-01 | 2.2E-01 | 2.9E-01 | 5.0E-01 | 1.4E-01 | 4.0E-01 | 2.5E+03 | 9.6E+02 | 4.1E+02
No.17 | 4.6E-03 | 6.5E-03 | 4.1E-07 | 1.5E-01 | 9.5E-02 | 4.3E-01 | 9.0E+02 | 1.0FE+03 | 3.9E+02
No.18 | 4.1E-03 | 4.2E-03 | 2.6E-03 | 5.8E-02 | 6.5E-02 | 1.0E-01 | 3.9E+02 | 7.6E+02 | 3.8E+01
No.19 | 3.5E-03 | 3.2E-03 | 2.4E-03 | 2.7E-01 | 1.6E-01 | 6.0E-03 | 1.7E+03 | 1.1E+03 | 5.3E+00
No.20 { 2.9E-02 | 2.5E-02 | 5.8E-02 | 5.0E-01 | 7.0E-02 | 3.5E-01 | 2.9F+03 | 9.0E+02 | 3.2E+02
No.21 | 1.3E-01 | 1.4E-01 { 1.3E+00 | 5.5E-02 | 1.4E-01 | 1.9E+00 | 3.3E+02 | 5.8E+02 { 3.6E+02
No.22 | 7.7E-02 | 2.7E-02 | 1.0E+00 | 3.1E-01 | 1.8E-01 | 2.0E-01 | 1.8E+03 | 1.3E+03 | 5.5E+01
No.23 | 5.6E-03 | 5.0E-03 | 2.7E-08 | 3.5E-01 | 6.5E-02 | 1.2E+00 | 2.1E+03 | 7.5E+02 | 2.1E+02
No.24 | 3.7E-03 | 1.2E-02 | 9.9E-03 | 9.8E-02 | 1.6E-01 | 1.8E+00 | 5.7E+02 | 9.1E+02 | 2.9E+02
average | 5.1E-02 | 5.4E-02 | 1.2E-01 | 1.8E-01 | 1.2E-01 | 5.2E-01 | 1.1E+03 | 1.0E+03 | 1.9E+02
min 3.5E-03 | 3.2E-03 | 4.1E-07 | 5.5E-02 | 3.9E-02 | 6.0E-08 | 3.3E+02 | 5.3E+02 | 5.3E+00
max 2.6E-01 | 2.2E-01 | 1.3E+00 | 5.0E-01 | 2.7E-01 | 1.9E+00 ] 2.9E+03 | 2.3E+03 | 7.5E+02
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THERE - FHAN—HEOEELEL (Don-Chan)

x 86 HEMAEBHRE -
ey Velooity (] Wat

Velocity [m/y]-

No.1 9.7E-04 | 3.7E+00 | 2.9E-03 | 3.0E-02 | 3.6E+00 | 5.1E-02 | 3.0E+00 | 7.4E+01 | 1.3E+00

No.2 5.6E-02 | 3.7E+00 | 2.1E-03 | 1.1E-01 | 3.1E+00 | 5.3E-01 | 1.1E+01 | 6.4E+01 | 7.2E+00

No.3 | 1.0E-03 | 4.2E-01 | 8.3E-04 | 1.1E-01 | 4.1E+00 | 5.0E-01 | 1.1E+01 | 8.5E+01 | 6.6E+00

No.4 1.0E-08 | 2.1E-08 | 3.76-02 | 3.1E-02 | 2.4E+00 | 4.9E-02 | 3.1E400 | 5.1E+01 | 1.2E+00

No.5 9.0E-04 | 1.38-01 | 1.7E-03 | 1.1E-01 | 2.6E+00 | 2.7E-01 | 1.1E+01 | 5.6E+01 | 3.7E+00

No.6 8.5E-04 | 1.7E-03 | 1.4E-03 | 1.1E-01 | 3.2E+00 | 5.2E-01 | 1.1E+01 | 6.7E+01 | 7.0E+00

No.7 6.1E-02 | 4.7E-02 | 1.3E-01 | 4.5E-02 | 1.6E+00° | 5.3E-02 | 4.5E+00 | 3.6E+01 | 1.3E+00

No.8 6.1E-04 | 4.3E-02 | 9.2E-03 | 1.1E-01 | 2.4E+00 | 6.1E-01 | 1.1E+01 | 5.2E+01 | 8.4E+00

No.9 7.8E-04 | 3.0E+00 | 1.5E-03 | 1.2E-01 | 3.2E+00 | 5.6E-01 | 1.2E+01 | 6.7E+01 { 7.5E+00

No.10 | 7.4E-04 | 1.7E-01 | 1.5E-03 | 1.4E-01 | 1.6E+00 | 2.5E-02 | 1.4E+01 | 3.6E+01 | 6.3E-01

No.11 | 5.0E-04 | 6.3E-02 | 8.7E-04 | 1.1E-01 | 1.6E+00 | 6.3E-01 } 1.1E+01 | 3.6E+01 | 8.6E+00

No.12 | 6.6E-04 | 3.2E-02 | 8.6E-04 | 1.3E-01 | 2.8E+00 | 4.2E-01 | 1.3E+01 | 5.9E401 | 5.6E+00

No.13 | 6.8E-04 | 9.0E-02 | 9.0E-04 | 5.0E-01 | 5.9E+00 | 9.8E-01 | 5.0E+01 | 1.2E+02 | 7.0E+00

No.14 | 7.2E-04 | 3.4E+00 | 1.1E-03 | 6.8E-01 | 5.5E+00 | 2.4E+00 | 6.8E+01 | 1.1E+02 | 1.3E+01

No.15 | 1.6E-03 | 1.2E-01 | 6.8E-03 | 7.6E-03 | 5.8E-01 | 4.0E-01 | 7.6E-01 | 2.0E+01 | 4.7E+00

No.16 | 6.3E-04 | 1.2E-01 | 1.5E-02 | 6.3E-01 | 5.8E+00 | 1.1E+00 | 6.3E+01 | 1.2E+02 | 7.5E+00

No.17 | 7.5E-04 | 9.6E-02 | 6.9E-04 | 5.8E-01 | 4.8E+00 | 2.5E+00 | 5.8+01 | 9.7E+01 | 1.5E+01

No.18 { 4.4E-02 | 1.2E-01 | 1.6E-02 | 1.0E-01 | 3.4E+00 | 4.1E-01 | 1.0E+01 | 7.6E+01 | 4.9E+00

No.19 | 6.0E-04 | 9.1E-02 | 2.7E-03 | 5.6E-01 | 5.0E+00 | 6.6E-01 | 5.6E+01 | 1.0E+02 | 9.4E+00

No.20 | 7.7E-04 | 1.2E-01 | 3.2E-01 | 3.9E-01 | 3.8E+00 | 1.6E+00 | 3.9E+01 | 7.7E+01 { 1.6E+01

No.21 | 6.0E-04 | 3.2E+00 | 8.7E-02 | 1.0E-01 | 3.0E+00 | 7.2E-01 | 1.0E+01 | 6.5E+01 | 7.8E+00

No.22 | 5.7E-04 | 2.4E-03 | 2.7E-03 | 3.7E-01 | 6.4E+00 | 7.1E-01 | 8.7E+01 | 1.3E+02 | 1.0E+01

No.23 | 7.4E-04 | 8.3E-04 | 1.1E-01 | 4.0E-02 | 1.5E+00 | 1.1E-01 | 4.0E+00 | 3.5E+01 | 1.5E+00

No.24 | 6.1E-04 | 1.8E-01 | 6.7E-04 | 9.6E-02 | 2.5E+00 | 5.6E-01 | 9.6E+00 | 5.4E+01 | 6.1E+00

average | 7.4E-03 | 7.9E-01 | 3.1E-02 | 2.2E-01 | 3.4E+00 | 6.8E-01 | 2.2E+01 | 7.0E+(1 | 6.8E+00

min 5.0E-04 | 8.3E-04 | 6.7E-04 } 7.6E-03 | 5.8E-01 | 2.5E-02 | 7.6E-01 | 2.0E+01 | 6.3E-01

max 6.1E-02 | 8.7E+00 | 3.2E-01 | 6.8E-01 | 6.4E+00 | 2.56E+00 | 6.8E+01 | 1.3E+02 | 1.6E+01
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#® 87 ANL—FETEHLEBITHEOETILBIOLLE

TOUGH2 EQUIV_FL DonChan .

No.1 4.8E+05 | 7.3E+04 | 1 .OE“+06 3.2E+04 | 1.BE+05 | 3.7E+05 | 2.0E+06 | 2.5E+03 | 1 .6E+06
No.2 8.1E+04 | 2.2E+05 | 5.5E+05 | 2.1E+04 | 9.1E+03 | 1.7E+05 | 9.9E+04 | 2.6E+03 | 2.1E+05
No.3 1.5E+04 | 2.0E+04 | 2.3E+05 | 2.0E+04 | 1.5E+04 | 1.7E+05 | 3.6E+05 | 1.0E+03 | 4.2E+05
No.4 1.4E+05 | 8.8E+04 | 1.4E+06 | 3.1E+04 | 1.5E+04 | 2.4E+05 | 1.6E+06 | 3.0E+04 | 1.5E+06
No.5 8.6E+04 | 3.5E+04 | 9.2E+05 | 7.3E+04 | 6.3E+04 | 3.4E+05 | 2.0E+05 512E"'03 2.3E+05
No.6 1.3E+04 | 9.2E+04 | 1.8E+05 | 3.2E+04 | 3.3E+04 | 2.8E+05 | 5.2E+05 | 6.3E+04 | 1.7E+05
No.7 2.7E+05 3.7E+05 | 1.2E+07 | 1.1E+05 | 3.6E+05 | 3.3E+05 | 3.7E+06 | 7.2E+03 | 1.5E+06
No.8 2.2E+05 | 8.2E+04 | 3.7E+06 | 7.1E+04 | 1.2E+05 | 5.2E+05 | 41E+05 | 7.7E+03 | 3.9E+04
No.9 6.6E+03 | 1.2E+04 | 1.4E+06 | 5.0E+04 | 3.3E+04 | 2.8E+05 | 6.4E+05 | 4.4F+03 | 1.8E+05
No.10 | 9.4E+04 | 1.0E+06 | 1.1E+06 | 2.2E+05 | 3.4E+05 | 5.9E+05 | 1.2E+05 | 6.1E+03 | 2.1E+06
No.11 7.6E+04 | 1.8E+05 | 5.7E+06 | 1.4E+05 | 1.1E+05 | 4.6E+05 | 8.6E+05 | 5.6E+03 | 1.3F+05
No.12 | 3.8E+03 | 1.6E+04 | 6.4E+05 | 5.6E+03 | 4.4E+03 | 7.2E+05 | 6.0E+05 | 1.0E+04 | 3.6E+05
No.13 | 2.6E+04 | 1.8E+03 | 1.6E+03 | 2.4E+04 | 5.2E+04 | 2.7E+04 | 5.0E+05 | 2.1E+03 | 2.8E4+05
No.14 | 1.9E+05 | 7.5E+03 | 1.5E+05 | 5.6E+04 | 2.2E+04 | 7.4E+11 | 1.5E+05 | 5.4E+02 | 2.3E+04
No.16 | 7.9E+03 | 4.6E+03 | 1.3E+04 | 1.3E+04 | 2.1E+04 | 1.6E+04 | 7.8E+05 | 1.5E+04 | 2.7E+04
No.16 | 4.5E+04 | 1.5E+05 | 3.7E+06 | 4.6E+04 | 2.5E+05 | 8.3E+03 | 1.0E+06 | 1.7E+03 | 3.0E+04
No.17 } 5.2E+04 | 1.1E+05 | 4.9E405 | 1.1E+05 | 2.6E+05 | 2.5E+06 | 1.2E+05 | 2.1E+03 | 1.7E+05
No.18 | 6.9E+04 | 3.3E+04 | 2.7E+04 | 9.3E+04 | 3.4E+04 | 1.2E+05 | 3.8E+04 | 2.7E+03 | 7.5E+03
No.19 | 2.7E+04 | 1.5E+05 | 1.4E+06 | 2.0E+05 | 6.5E+05 | 3.8E+05 | 1.1E+06 | 2.7E+03 | 5.6E+04
No.20 | 2.2E+04 | 5.4E+04 | 2.7E405 | 6.3E+05 | 1.5E+05 | 2.3E+04 | 9.8E+04 | 3.1E+03 | 3.0E+04
No.21 7.9E+04 | 1.4E+05 | 4.7E404 | 1 2E+05 | 1.1E+05 | 1.1E+03 | 2.5E+05 | 1.3E+03 | 4.9E+03
No.22 | 2.2E+04 | 3.1E+04 | 3.9E+07 | 2.0E+05 | 5.9E+05 | 6.5E+05 | 1.1E+06 | 1.7E+04 | 2.5E+04
No.23 | 4.8E+04 | 2.8E+05 | 7.8E+05 | 8.9E+04 | 1.9E+05 | 1.5F+05 | 2.0E+05 | 3.0E+04 | 1.1E+05
No.24 | 6.6E+04 | 4.5E+04 | 1.7E+05 | 1.0E+05 | 1.8E+05 | 1.7E+04 | 6.7E+05 | 2.7E+03 | 1.7E+05
average | 8.9E+04 | 1.3E+05 | 3.1E+06 | 1.0E+05 | 1.6E+05 | 3.1E+10 | 7.1E+05 | 9.5E+03 | 3.9E+05
min 3.8E+03 | 1.8E+03 | 1.6E+03 | 5.6E+03 | 4.4E+03 | 1.1E+03 | 3.8E+04 | 5.4E+02 | 4.9E+03
max 4.8E+05 | 1.0E+06 | 3.9E+07 | 6.3E+05 6.5E%05 7.4E+11 | 3.7E+06 | 6.3E+04 | 2.1E+06
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8.3 SEXH

Zimmerman et al. : “A comparison of seven geostatistically based inverse approaches to
estimate transmissivities for modeling advective transport by groundwater flow” , Water
Resources Research, Vol.34, No.6, pp.1373~1413 (1998)
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