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Radiocesium outflow related to the forest floor conditions in
mountainous forest of the Abukuma Mountains,Fukushima
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RRBNEEFE—FEFAREMBHRICHRT 2HRHAEMED S5, Cs-137EFFRBIHWI0FEL R, §&
RBICOEVDHERREE=Y )V IL, TOREEIAL WK BELNDHS. BEREDON7EI% & 5 H M
BICOWTI, EEEDEMOBZMPHEMATHENICANILEAZIZATORESEE EBIC, HMEHEK
SMEMERROBENREHEADNED SNTWB[1]. AR TIE, WHMFHRMKICH T SCs-137DFHEFMEICHER
RRPRIFITHEICOWVWT, EEROMRRUMICAHRIZT7ATY-OF M TOREFEREHRET 2.
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HMEBICET LRSS EY Y AR, BREERE TIMARCEBRRRO) ¥ —7 £ —ILICE W KK~
L, MENSTERHRUORERICHEVWHMAANBE T 2EA 515, TIERBICK 2Cs-137 R IFRER
DI100fFRRE2]TH Y, BIBICHEI RENLVEEEEZONS. KR T, TEREORZIDEETH B
MICK 2 TERNFORE (WHEBR) 2/WRELT, REATANORHMEEY U LAFREE EMEKTOBEES
ERY 5.

BHEESEMEBILMICAFITZ2T7ATY - IMOBEERNETHY, @EIHIOMEATHS. il
ERICT AT VIERL, FUHESmOI XTI EHE LEEELRERI DR T 5. BRIEGHOMNE LEBIX
TEI ER LEEEREFDY 4 —HHET 2. RETHIE, TEIBRESNY S —OHBLAILAIRTY
=D REINEREORAICOITONS. REOBEMHEI27~28EDEHHICH 5. MEKRKIIAERZLULE
DIBEEUCHWVWT, WEEBRTRET 2TENFAOUINT 270D TSy ahy TAREHICSAET ORE
L, W17 ABOBAEREL. RTZv>ahy TIRERIOcmBHY, hy THRAIOFRICHEKRREHIE
HLULEERIOcm®DA (REA) AhirshnTWb., ABALDOMKICREELIHY TERNFHARET D&, A
HAEAMICHY BAEESINEZSIT10cmD ML M ICTENFAENI NG, BURML 11X, REIBDEEIY
RICEWRELEAE TANRE T Z2LEBERNFERYDITONE. RTS5vahy THRAIDHEKL S LIBEHRF
MEAT B EEBECHED, AAYy 7ORAENT mUAICHHEEZBS /R ER L. BEERFOYY—ICE
ZMERDBERIE, ATy >ahy TORBAICS T E2MERECEHA L. LB FORRIZL—H—[O
FRRF D HAERRICE WIERIEL L.

BHy 7 TEYR L ZLEIZ105CT24BEEDE1E%K, Cs-137REZAE L. Cs-137RHE, AT
Sy ahy TRBAOEE, RETFTANBHL-TEODEELCs-137RENSEH L. Cs-1377HHEX
&, BAIGEIBDIEFEICH T 2RE20 cmE TOLEABOOHEL, S BAMERH =Y DCs-137EEE42HH
L, ZOEREICNTBCs-137TREEDELHERE L.
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B FHOEAIT51%THo7=. THICHEWT m?HEYOREFHAAOTEBRHELEALY, MELETSS
g, NETHMOIATI1.3g, RNETHMOEAIT21.2gTho7. BHTEORESHIE, BREEICE TS
MERO-1 cmD BRI FE LB L, BRI ERICEC FIITHHOEEERL, RRICKELBIRMATIENF
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OBIIEETERD o7/, T/, TEDCs-137TEENSKDE1 m2H7=Y OCs-137HEEIE, PELET
523 Bq, RIETFERDILAIT295Bg, RE FEDEMT710BqEe 7. T2 T, fELIMEMEmTERICS T
21m?H 7=V OCs-137&MHE (LEB33 kBg, FEF101 kBg) & DLLEA SHCs-137RHEABHT &, &
PEBLY Y —PHET ZHELEETIZ0.5%, TEAARL Y Y —DHRELAME FHROLRAT0.9%, FTEE
) g —h BHRETHZRETHROEATIE21%E o 1.

Ll ED#ERIE, MEKROBBIRAABMIBORFMEES I ARBICEL TEEABEBRHETHEIEERLT
W3, Fz, MEKROTEPEEEZERED) ¥ —REEZITI LD BHEMB TOREZFHICE VT, BRERICT
ENERLBEERENMMEIT IS OABREBEERESDODE TERT DN, BEELE Y Y LABENFIREKIC
DRNBIEERTEEIONS.

[1REA, ZMOBRAEZICDWT. http://josen.env.go.jp/about/efforts/forest.html
[2]Niizato et al., 2016, J. Environ. Radiact. 161, 11-21.
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Bentonite will be used as a buffer material in the geological disposal of radioactive waste due to the high
swelling and cation exchange capacity of the main bentonite constituent Na-montmorillonite (Na-MMT).
Replacement of the interlayer Na by other cationic species, however, can cause a significant reduction in
the swelling behavior of MMT. Nitrate salts found in transuranic wastes can be reduced to form NH," in
deep underground conditions. NH," ions could replace the interlayer Na cations of Na-MMT to form NH,
-MMT, but the swelling behavior of NH,-MMT is not well known.

To improve understanding of the swelling behavior of NH,-MMT, the expandability of a suite of homoionic
MMT, including Na-MMT, K-MMT, Cs-MMT, and NH,,-MMT were investigated by XRD under controlled
relative humidity (RH) conditions and supported by molecular dynamics (MD) calculations.

Differences in the swelling behavior of the suite of homoionic MMT were observed by XRD and could be
largely explained in terms of the valence, the radius and the hydration energy of the interlayer cations. All
these properties, however, are very similar for K and NH," and so could not be used to explain the
reduced swelling of K-MMT compared to NH,-MMT under low RH conditions. Although it has been well
known that K-MMT lost expandability by dehydration, it has not been well known whether this process
would occur on NH,-MMT or not.

First-principles MD calculations were conducted in a previous study (Shi et al., 2013) for NH ,-MMT
containing only a small number of water molecules (less than 1.25 molecules per NH,-MMT half unit cell).
The hydrogen bonding and the network between the surface oxygen, interlayer NH," ion and water were
reported to be increased by adding more water molecules to the interlayer. The basal spacing measured
by XRD under controlled RH in the current study are consistent with the interlayer containing less than
one layer of water, although the interlayer charge may be different between samples. It is also difficult to
make direct comparisons with Shi et al.'s calculations and experimental results because the number of
water molecules in the interlayer cannot be precisely controlled experimentally.

The classical MD simulations in the current study described the mixing enthalpy of MMT / water
molecules system by including the number of interlayer water molecules as a variable. The potential
functions and parameters of MMT and water molecules proposed by Nakano and Kawamura (2006) and
Kawamura (2008) were employed in this study. Parameters on NH," are determined to reproduce NH,ClI
structure. The mixing enthalpy was used as an index to evaluate the swelling state stability. To consider
the RH effect, the mixing enthalpy (H, ) was calculated by: H _; =H 1. 20y~ (Huvrtn #550), where the
chemical potential of water, ., includes the effect of RH by: «,,,= #°+RTIn(P/P,) (x° :standard
chemical potential, R:gas constant, T:temperature(K), P,/P:partial pressure of water) The minimum of H_,
indicates the stable hydration state of the MMT. In this study, n = O to 20 water molecules were added to
homoionic MMT to understand the different swelling behavior of K-MMT and NH,-MMT under each RH
condition. It was found that the series of calculated mixing enthalpy was consistent with the XRD results
under controlled RH. In the NH,-MMT system, the hydrogen bond between NH," and surface oxygen on
clay was confirmed from the radial distribution function. These hydrogen bonds make large basal spacing
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of NH,-MMT rather than that of K-MMT at 0%RH, which lead to hydration at low RH condition compare to
K-MMT because the expansion of smectite occurs when hydration of interlayer cation exceeds the
electrostatic attraction between silicate layer and cation. This result indicates that NH,-MMT is more
difficult to become non-expandable or less expandable mineral than K-MMT.

This study was partly funded by the Ministry of Economy, Trade and Industry of Japan through “The
project for validating assessment methodology in geological disposal system” in JFY 2016.
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In geological disposal of waste generated from reprocessing of spent fuel, a large amount of cement
material is used for vitrified waste and grout, and the disposal site is predicted to be a high alkaline
environment over time. Therefore, it is urgent to understand radionuclides migration and alteration of the
barrier materials under high alkaline environment. In general, most mineral surfaces are negatively
charged under high alkaline conditions. Therefore, negatively charged anions are poorly adsorbed to the
mineral surface. Although the nuclide is considered to be poorly adsorbed in the safety assessment, the
nuclide would be delayed by the dynamic processes such as precipitation and solid solution formation
without adsorption. For example, layered double hydroxides (LDH), calcium silicate hydrate (C-S-H) and
magnesium silicate hydrate (M-S-H) with positively charged surface and a high anion exchange capacity
even at a high alkaline environment (Goh, Lim, and Dong 2008)'(Evans 2008). In this context, the
objective in this study is to clarify the Mg-bearing phases produced by mixing the interstitial water of
cement (high alkaline) and the groundwater of Mg-HCO, system in the geological disposal environment.
For formation of LDHs, 50 mM of each of Mg ion solution (Mg(NOQ,), - 6H,0), Al or Fe ion solution (AI(NO,
)3 * 9H,0 or Fe(NO,), - 9H,0 ), and silicate anion solution(Na,SiO,) as an initial solution was mixed with
different ratios. After the mixing, these mixed solutions were adjusted to pH 9 or pH 12 and left at 25 C
for 24 hours. The reason for paying attention to silicate ions is that they are concerned about dissolution
from cement materials and vitrified bodies used in waste disposal and considered to be analogues of 95e
and *°Tc.

In Mg-Al system, at pH 9, in the case of adding above 15 mM silicate ions, M-S-H and amorphous
aluminium (with Al ion), or M-S-H and smectite (without Al ion) were precipitated. On the other hand, in
the case of below 15 mM silicate ions, LDH (Mg/Al 0.5) and gibbsite or boehmite (Mg/Al 0.5) were
precipitated At pH 12, in the case without Al ion and with Mg ion, brucite was confirmed. Moreover,
M-S-H (Mg/Al 0.1) or LDH (Mg/Al 0.3) instead of gibbsite and boehmite were generated. In other systems,
no change was observed with the precipitates at pH 9.

In Mg-Fe system, formation of LDH was confirmed in a system containing less silicate ion and much Mg
ion, but ferrihydrite or M-S-H was precipitated in other systems containing Fe ion.

In order to investigate these results thermodynamically, by calculating and incorporating M-S-H and LDH
database based on previous study(Hase et al. 2017), we could represent thermodynamically precipitated
mineral species.
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Low and Intermediate level wastes (LILW) in Bangladesh are being generated from operation, repair and
maintenance of 3MW TRIGA MARK-II research reactor (RR), 14 MeV Neutron Generator and research &
commercial irradiators such as Co-60 and isotope production for medical purposes. The wastes arising
from these sources are generally spent ion exchange resins, graphite, lead and polythene plugs,
contaminated vials, hand gloves, plastic syringes, tissue papers, shoe-covers, protective cloths, plastic and
metallic wares, spent and disused sources (SRS), activated carbon, gaseous discharges, etc. The
radionuclides involved with these wastes are- Co-60, Cs- 134 & 137, Sr-90, 1r-192, Tc-99m, [-131, 1-125,
C-14, H-3, Ra-226, Am-Be neutron sources, Cm-244, Am-241, Cr-51, Mn-54, Zn-65, P-32, Sc-46, etc.
Solid radioactive wastes are collected, segregated at the place of generation and stored in interim-storage
rooms of the Central Radioactive Waste Processing and Storage Facility (CWPSF), developed by
Bangladesh Atomic Energy Commission (BAEC) in cooperation with International Atomic Energy Agency
(IAEA). Short lived radionuclides containing solid wastes are managed by delay-and-decay storage and
released into the environment. Others are safely transported & stored in shielded enclosures within
CWPSF. Besides, Bangladesh is implementing Nuclear Power Plant (NPP) projects by constructing two
reactors of 1000 MW each. It is expected to have more LILW from this NPP which needs to be disposed
safely. For safe disposal of LILW, a National Radioactive Waste Management Plan (NRWMP) has been
formulated by BAEC where site investigations and processes for site selection for waste disposal facilities
is one of the key issues.

For selecting a potential site for safe disposal of radioactive waste, Bangladesh have several apparently
suitable geological formations, such as basement hard rock at more than 100 m depth and clay
formations exposed at many locations to few meters only. The basement hard rocks of Bangladesh are
tonalitic and granodioritic rocks, variously deformed to granitic gneiss and intruded by younger
monzogranite having mineralogical composition of plagioclase, quartz and hornblende, with lesser
amounts of biotite and potash feldsparand trace amounts of clinopyroxene, titanite and iron oxides.
(Ameen et al., 2007). On the other hand, the tropical clays of the central part of the country, called
Madhupur Clay Formations are typically highly weathered and reddish brown color. They are mainly
composed of kaolinite, illite, chlorite and illite-smectite mixed layer minerals along with some non-clay
minerals like quartz, crystobalite, orthoclase, microcline, plagioclase, calcite, siderite and dolomite and of
intermediate to high plasticity inorganic clay (Haque et al., 2013; Hossain and Toll, 2006). Physical and
engineering properties of these two types of geological materials have been studied by various
researchers to some extent. However, their detail geochemical characteristics, specially the migration
behavior for radionuclides and associated studies have yet to be investigated. The present study will
review these two materials’ properties for potentiality of hosting LILW repository with suggestions for
future investigations.

Keywords: Basement hard rock, Madhupur Clay, Radioactive waste repository, Bangladesh
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BARFAFRAREEL, SLNIUVBFEEEMORBLASEMICEAT 2MEREO—IRE LT, KREBE
ERMICMEY 2IRBREMEAMICEWVWT, GRES (BEE) 2XAaxRe L TCRBEORENHER
(MBRZHR) 2EDHTWS, BT, HEERMMAFRAAOEESOOMICIEH L 72KFHE AR A L /25
FELT, OMTIMEICH T2 TEMRERMOMAE, OMEBRHET ILERMORE, QOWMEEDERE LI
DD 3 DDFELRELEDTWS,

INSDMERAFEZFED D bOMEERDR LRMORKEDO—RE LT, WEBZRMEMFTADZEESOOMD
TEBNICIEKEEZERE T 2 & THED—E (LT, @KINE) 2TKTHALZL, BEKICHD MBERIER
MHDOEBREAINET 2BEEKRAREEREL TVWS, CORABROD—EE LT, WERDA—) Y IEY M%7
ALT, METKFOEBORLME (R MFA N, B, #) OBKECEBEERE O MmFEOEELE
e LBEHRLAREZEREL TV,
BORLULMICIEWPHEERY M1 FOEEYMEAWVWTWS, EY NOBOHERE LMASRICIEKEST, TEST
ROTEBEKPEZEREL, MEDTEKICHEIIEDORE LMREBOKECREMENOELT—FEEEL TV, B
BLET—9h5, EHRLEN1 TARET, BHRLMASIENL TVWE I ENTBINTWS, i
H, BIWIENR015) ICLZEBHRLHDHMEAERY M4 F100%ERE LETFREBTTIE, BKENIET
Ewv M 2EBOBEMENIOBULIGET ZERTHo /2, TOIENSIEDHRLMDORY N1 FOEFEH
MBEBICHETEIENTRINLZEDD, RV M A MEUEORLMOBNEHICHELS5Z Z2ERIE
BEINTULARL,

FROBRERT A, AARTIE, EBREICHIIZIEOR LHATORMNELELICHELSZ 2B/
ET2I&zBE LT, BME/RE/ IHEENRERERMEN I — NDACSAR-MP (&£FFH, 2012) ZzAWE
R ERBELE, BT, BORLVMOEREFICK 2BEMRIRZEI/IBHIERLICEZAZTE, BHRELM
AEDBKMES L TRAT I TKORE EBANELLDER, BHRELMOERKED & BNEZLOERKRIC
ZEBL, OEHR LMOEBREFR, QIEEDHRELMDBEKYE, GEHR LMOFBIIFELERENTA—9EL
T-RAERRINT AR L 7,
EBORLMOEBEEMICER LE-BRERTOBR, BEEHOEECEERRBICES ZTORMEDIFEZE
BICETFDEWHROOSNIZEDD, EEREICELZ T THN25082E L, £/, EEREICH T 2HNE
PHIEEEN ZZRBLI-GEEIFEEARKICRDIEEERE L, BORLMOBKEICET 2 RERERT
&, RV R4 P100%DHBEDEKELY H100EBWVEEE2BELABIERICBVWTHEEREBICES
FTH200BE2EL, EY NRFOMDETIESZRICIFERM LAV ARSI N, Chicx L, M
ICEIT 2REMRITTIE, HEROAZ I EEEDHIE—LLEHEAREZL LEBAICKIOETEORLMDS
AN IFREF L 7.

INLDERIE, BOR LMOFEBNFENMEDOR LM ORBNERICHELASZIZ2EER//NTIA—F
THY, BICEOELMOFEHN LRI’ EEL TWSHELEEZTREBLTWVWS, 52, BHELMOENE
TIERELKHET 27-0IC1F, THEMNFEICETZT—9EMBTI2IEDRERIRINT,
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Estimation of hydrogeological properties of a fault by geochemical
analysis of groundwater and mass transport analysis
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BLUNRIVBRERZYOUSFEE LT, HEZIZLHHRAZE TR SN TV HBLS T, Lo L1k
EERVICEINIBAEREIM M T RKOERTAETHLASBETH, EYBICKEBEZRIFISBRVWI EAKRDS
na. 20D, DNZEDOMTRKORERELILES Z2VENDH B D, TOREBEEICIH C THTARED
DIRRELTEH, N T ELTEHEB<IEBEDKEFHEDERII+2TAHL. ZITHEPRTIE, HTFKkOH >
TNV TELUPMEBBFERD OMERILICE 2T KDORE M — —REDOZEBDH PREZILZIE
BL, ZRTKEHBEET LV EZAVCHTKRERITS L OCYEBTRTOBRELKR TSI ET, MERID

DM TKRBRES K UCMERITREEZHE L L.

ARFROX R IZHARFHAREREEE (JAEA) HmREBRMEMRMORIMIETHS. HERMOMT
FLBMICIE, JEFE—FEERER TRES00mISET 2 A > TRIFHEBRROEIRMBENIHEL TS
Y, TOMBAICAIET 2R —") v VL@, SH12KETH TR ERRLE. FBREA(LY, TILAY
B, K&K - BREAE, RN7vIRE, ~NJFULDSEEZZHL, JAEAICK U RARESNhTWSBEDMT

KOMERKIEEE=FY VI T—% (BFFH, 2011 ; FHEFH, 2011 ; HEIED, 2012 ; KFIF
B, 2013a; KFHIED, 2013b; AFKIED, 2014) LEHLETHRERFEDOER OB PRHREELZLEL

fz. e, MRMALZECZRTKEBHEETIVEMERL, TTRETOMTKRBFENEZT o/, Bo5N
RERERAFMGELT, MEBRADEZYILFI) Yy MELEETILEAVWTHTKRBBTS S OYMEBITHE

MZETV, DR TR/ONAEAEE LEL L.

PR, WL obAAy, BIEMAAY, BIEMA AV ORBE, Kk - BREAIAL, I5ICMY
FIOLEEICOVWTHEMA TEEOADREINERZ ZENELINER ST, LD 4 VIEBEICIEEWE

ErRooh, MEBRARTOAREE EEHICSRENMET I 2R RoNA. MERID TOINEE O

ZER LB 40 OMERITHENOBRTIE, 2FEREARICHBRAERI TOAMREZRLLIR SN
. HTRKREEFTOKERTEHUBMMAI TKEREN B S NI/, EILHNMEIEKEDEETH D &

Erdontz. £, M FULENRE LEMEBTRITOBRNSIE, WERAOS X —YV—2IC

Bof, MIFULZECEWHTKORANEETE, TOREIMEEAMOADREVW ENTERSH

2. ThIZDHOBERE—BLTEY, EIUMMBICS T B TAKEND/NR E L TOREEEHEE S HIC
o .

SRIISOFERALIUADRDICOVWTERNERET 2L 610, K—FARIEEEREL, MEREZTO

KEDZEBOHPERELRLCEHEESTSFETHS.

FMRIIBFEREORAER [FHR2FERNMEREZMEZARZMMRRAE] ORRO—ETH %,

ZICEE L TERELLICRHADEERT 2,

51 Ak

WIS - Fi=Eth - FEXRE - KER (2011) BRBBEHRMETEICS T 2T KOMIKEFICE T 25

ER—IERER - TIREEE O T KOMEKIEZHFET — 9% — (2008FE) , JAEA-Data/Code
2011-003

eEEd - WES - #FEXRE - KER (2011) BRBBEHRMETEICE T 2 T KOMIKEFICE T 25

EMR—IERER - TIREEE D T KOMIKIEZFET — 9% — (2009F%E) , JAEA-Data/Code
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2011-004.
FrEEth - FNEKRE - IBHE - fRIRIER - 128F - KHE (2012) BRMEMRERMETEICS T2 TKD
HERL2ICET 2REMR—HEER - TRIEEEDH T KOMIKEZET —95%— (2010F
&) , JAEA-Data/Code 2012-003.
ABR— - FiEEth - FHEKRE - BHE - fRIRER - 285 - SA1EH (2013) @EMEMRAETEICS
IT 2 HTFKOMERILZICE T 2 RAEMR—HEER - TIRTEEEOH T KOMIKEZEET -9 & —
(20114EE) , JAEA-Data/Code 2013-001.
AHE—N - F=EH - BHE - ST AN - 2EE - FHES (2013) @FRMEMRAETEICS T HHTK
OIS 2REMR—IHEEE - LIREEE O T KOMERIEZRFET—9E— (20125
&) , JAEA-Data/Code 2013-024.
AHE— - RB)IE - RAREE - BHE - ST KRN - LEF - s AES (2014) BRMEHRMETEICS
I 2 HTFKOMERILRICE T 2 RAEMR—HEEE - TIRTEEEDOH T KOMIK RS T -9 & —
(20134 %) , JAEA-Data/Code 2014-019.
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Estimation of fracture frequency on the basis of Rock Quality
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<lFLoic>

BL NS EREMOMBASICEWVWT, BERZMEKE (2014) &, HHEHEKEI R TKICE>TA
BEBREIGEENZDNBHMNABVW EIIRERFTELERAT] H22e05, [ENEOVRVERENMSIGIER
HegTBIENEFEL] <, ZThiZlF MMEEEISENBOVBVWERAZIRIHRIBILTEEILT S EH W
ATHD] &LTWB, ZDEHICIF, FTRERDOER (BF) TOENEOIHREEMZULENH S

», BINBDOoHEZRAELAERIZRONTWS, 22T, AKREI T, BNB%2EMT 27-00RBEHRE
LT, —f&MLRAR—1) Y VREBETELBREEINTWLWSBRAD (Rock Quality Designation) ICEB L7z, 7272

L, RQDIFEINBED#HARE L TH, ENBERERICE > THRENEDLY 5 5728, BRI T—ILDINBEHEED
ZB%ImIEICKROLNBRADICEDWTEENICFHET 2 2 & ISH#ETH I AIREELSEAL OGNS, DX
O, KR TIE, TNETICHZLDFEBR—) VM Tbh TUWATREEEENKRE LT, R—YVFH
ZEICRQDOFEHEEETEL, EINBEE &L,

<AHZE>

RADIE—M&ICIEEIR S NAZ DA TERICEDVWTETES NS, LML, TOAETHE, I70XDREPE
Bl - EUXEFDEINEDEKICK > T, RQDAIELICRES S WalgEENH 2, —A T, EHIRICKRT
F—=ILTFLE (BTV) 2AVWAABBERICE > TETICENBOREAZIRA S ENTE, LEERDERY
SRADAFTE LA’ SR Z L VBEICFHicE 2 & ShTWS (8K - &F, 1997) ,

Z I T, ARE TR, WRERLEMRAAEADIOMEK,SEEILZH—Y V7197 (BAEF177, ERT
27L) &, MEFAOMBIAEN SIEEIL-HR—1) v U58 BREFAIA, KEFALR) ICBWT, BTVEAWE
EBEHRCTHIAIN-INET—4 (AE - ERE, 2015, 2016) ICEDWTRQDAETE Lz, WHRELE
A=YV 7 OEEERDHRIEEIRIZ16,180mTH Y, BRI NZENBEITEET43,658KTHD (4d, Elh
BDS55, ALEBERLETHEEORIK, EREsESICEDOTHEAINE BAEIINE) 1324,7374KT
Ho7) .

AR TIE, BENBORERE (ERILTVWBIFEICIE, HEOEREAMEA) ZHMHL, 220FNEOD
REFEMOcMULEORBERAZBEHIRIMIEICKROZ I EICEYRADZETEL, TheR—Y VI EIC
S N Y

<HEREER>

WRNSDER—1) VT ERBIRERAISDAR—1) VT DOBTVIAETHEONAEENET—4ICE DL

&, A=YV JAZTEDRQDDIEY (LLF, BHEHRQDEMR) (£79.9~98.6, EINBEHEE (1mHzUD
ZNBEOH) OFH (LUF, BHEHENBEE EMR) 1£0.7~6.6K,/ mTHho>7z (AEEINBDHT

l&, BHEHRQDIX89.5~99.1, BHEHEINBESEEIF0.5~3.84, m) ., BHEHRQD & BHEHEI W BHEE D
B ISERER 2 MHE A H Y, BHEHRQDDEMEHN K E WIT EBHEHEINBHEEINE <, BHEHRQDA /NS
WEEBHEMEINBHEENEWI EABEL MR T,

ARFTHEALAER—) Y/ OEEEPOREYERIE, HERISDEDT329~1,185m, HHH,SDIMETL
T331m, KEAT30~106mTH Y, BHFEHRQD &BHEHEINBEEEDRERIEHR—Y v AL OENEPHE
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BIRICIIHEAZHAWEHEING, 22T, RFICFERALEZR—Y VAT EDT—49 %, BEIOERA
ICERARC, BEHIRI0OOMZ & ICHEIL, RADDIFEH EANBEHEEDOEL LB L, ZOFER, HEHK
100mZ & DRQADD I (£68.0~100.0 (F1592.9) , TmE7/W DEINBLEEDFHIL0~9.24K m (Fig
2.8%K,/m) THo7=, ZORADEEINBHBEZLLE L /2R, BHIEHRQAD &BHEHEIN BSEE & DERKRIC
ERTIESDENBEFRELLAZEOD, MEICIFHEBEHIRD SN,

COERMIS, TIMZTEICRONIRADEZFEYU LRI TEHTZIEICL-T, BNBOZEDOTMICER
TEZEEZLNS, SH%IE, COREULEORBR TCAHNISEINBIEEAFICEMTE 2N 2RETT 5 &
EEHIC, MBRDT—YEMKLAERFTDPBETH S,

ik

a1E - ®E (2015, 2016) BRRFAMAFARKEMRRARSELE, JAEA-Data/Code
2015-004, 8p. & &TV2016-009, 10p.

AXRZMRE & L NIV EEZRYOLS ICET 27 42 0—7 v TREZEER BEREICET B RIATHIR
AR (2014) HRE SLNUVERREEZRMOEEREICET 5 KIMTHIRES, 65p.

A - RIR (1997) RABERMER, No.19.61-70.

F—7— R :ENBHEE. RQD, LTikfEmEE
Keywords: fracture frequency, Rock Quality Designation, Toki granite
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BAMERENLICE T DRFEBOTIARBDIRIIRIAY b
Risk management of downward erosion in the coastal area for disposal
of radioactive waste

“BA BX
*Ryuta Hataya1

1. —MHEEAN ENPRBFEAR

1. Central Research Institute of Electric Power Industry

1. ZC®IC

HLWALS 3 DRI A LB E ICHE D 2 hEEIBE[1ICB W T, ARSMAL YVEEDOEWISE Shi. h
ARITTRESNLAREBERETSHICE T 2BAL ORMIEEICET 2MRATIE, BE - BRICHKRDH
7 - EEMOSECOBEEAIRY EiFShi. —A, PREELSOBEFHDEEZETEH, PR<CEHI0BE
BIEZELWEREBEREOXE%20OE L, REERAAEZERBL TCHHRBICHDELREEABET I I ENBRINTL
3[2]. InSAEBEEZ, ARKRTHE, BEBOANTROYRIT7EIAAY NORRBRBRENEDE, AL
DIERR - BRICEDLDVRAIIRIXAY NORBRMEH, YR VZICEDLZEBREDIEY AICOVWTE#RL, ¥R
AV NOBEI ORI RZBELAMET 5.

BH, ARARTIIEREZEMET 2720, EROBHEZEEMIBICIRE, HESOFEEARL, LOFIRE
BUWT, BKEZTH 191 7 LBONI0FEREERT 3.

2. TARBDYVRIIXIAY FOBE

—REBY R IIRIAY NDRNITA>T, VRAIFISAEDRE, VRAIT7EIAX VN, YRI K
D= AV RNEEZ 3.

(M YRIITRIAY MRS

BIRIDETIE, ELWEBOEEARITZEINTVWSEY, ZOEMKLEELT, PR B 105 EB M
REHIEARW, PR EH10FFRIE—EREEZBRRTDEV2EEZAANH B2, 44 L] wWIFhicE
&, TZIHrEBEBEINS.

R VRITEAX VN
NEIICHIFBANTLUDOY R VD/MFICDOWTIE, 1DICiE, hRBE[1ASTRRONE, HBEI10FE
BREOHOBKEDRAETELEEEDH] Z2HATRNELTE2EZAANHZ. —4, [HHIEOERLSEIC
BT DREEFELEIRTE E TOXKE BKE1Y 1 7 IOBICELCETRIER, HZXta0ZEEORER
BICHI00MAENMA L DI RATHZETERBEHB[3]. 512, MBAXRICEBICEI >LTREEL
T, IhENEROTLUELTMET 2] EWIEZFEHED.

DEDESIBRTEAAY NOFEREZUT, VAVEELDOLEAZITY (YVRIFHE) . VRIEEIZDOWT
&, RECTHRT 3.

B)UVRI M=K XV b

—f&IC, URIADHIGIE, EhE, KR, 28, REDADICEKSGEINS. FI3EE, ThEh, 41 bH5S
RN T2, IBRFEEZRC TS, BHMIIZREE - AR ITZ2LEZ5.

3. BEHEBEREMN DY A1 FOREICEL TOMIITRDY R VBEDER
BEERREERAL—XICTHOT-HOOMEE LT, BrlEFH) R IVEELRD, ThERE - THAOKERA
BeDIEEP>TCERL. BIETIE, 3D20ANTRDYRIT7EAXY NDOEZAEBNLED, ThdD
ZEDDS, MEMNIOFERDOTALICRLT, UTFD3DDYRVEKEAEZ DI EDNTES.

ARABEET : BREE+KRKXBKEETE
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[BIR A H LR DBEE TICN Y 5 TRDHKAIE : [EEE+100m (FRiSt)
[CHRERE T LR DBEETICN T 2 TXOXREE : BREEHPEBERRE

AILBKEZEOREEEOREARIRT 5. Bb, BELY HBKESFRKETENKE IFNILTRIEEL
B3L, MNEFNIEERL RS, BIBKEZHICINAT, HPEEEEDEELHOIEEEOHELFRET
3. 2FY, REDPHBEIDRVWHNTH S - CIIBKELEICMA T, i - MEREOFEEHOXEEZRE
T5. b, EHATHSINIZHbHSAEW, SHAIOREIMFETERVEIIRTIE, ALBIIEATES
», ClETER.

KBEBIZIE, A, B, COIBICHREEICEAHLZHMENKELLRY, NDIGERTEBENLNDEEZDL
n, £, BENICEENEEZEZONS.

4. %D

AREIED) RVEEDZ LD ZRRNBZEDTIHEWN. ZITHRALVWRIE, PRFHUEZZANDZE, Y
RO AE, VRVEE, YRAIOMIEERDD I LW, BRICHDIVRIVERETHEVWIHLYRIOI &
TH?. LT, REOFEKREZRBY I ENKROONDIBMINERREYLSERETIE, YRITRIAY NOR
HAHERL, REMIRICERSINTWS ) RIDTOMRE ZORTERENICKRETSIE, RETDUR
VEGSATEI LN, BRAREDEOMRNDIFTHRIRM ERDEERS.

3| F>cik

MBS FEMWG (2015) RZMEEHMOES - BAEICET 2 BASRKRMWGIZS 15 hEEE
B, RIRFHEHEES (2016) FREREEYDIBRICHRBBEDEZHFICOWVWT (R) , BIESIEHL
(2016) NAME, 57, 15-26. , [4INUMO (2009) HMEREMXEE FDEEEIE.

F—U— R H#ENS. BES. BB, VRITRIAXAUH
Keywords: geological disposal, coastal area, erosion, risk management
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Assessing the probability of concealed active faults existing through
Bayesian analysis of known active faults, historical seismicity and
helium isotopes

*Andrew Martin', Koichi Asamori?, Tsuneari Ishimaru?

1. National Cooperative for the Disposal of Radioactive Waste, 2. Japan Atomic Energy Agency

Assessing the stability of the geological environment including the spatio-temporal distribution of active
faulting is of particular concern in the context of site selection of critical facilities such as nuclear power
plants, spent fuel reprocessing facities as well as geological repositories or surface storage facilities of
radioactive waste etc. Understanding the spatial distribution of active faulting is one of the challenges
facing geologists in that not all active faults have surface experessions. This is especially so for active
faults that initiated within the last 0.5 Ma due to their smaller cummulative displacements compared with
older and more mature active faults (e.g. faults that have been active for 1 -2 Ma or longer) (Doke et al.,
2012).

The western Tottori regions is an area where two recent earthquakes occurred along two separate
unknown faults; the 2000 Tottori earthquake (6 October 2000; Mw 6.6) and the 2016 Tottori Earthquake
(21 October 2016; Mw 6.2).

We present here a probabilistic approach based on Bayesian statistics that can be used to combine
multiple datasets (in this case historic seismic data and helium isotopes sampled from wells) to produce
hazard maps showing the likelihood of active faults existing or not.

In order to assess the spatio-temporal distribution of active faults, we start by looking at mapped active
faults to estimate spatial frequencies and orientations. This data is sporadic as active faults listed in
current databases do not necessarily represent all active faulting, as not all active faults have a surface
evidence and their existence might be unknown. In this case, additional datasets are needed that may
imply the existance of active faulting. Datasets such as high He-3/He-4 ratios which tend to be found in
volcanic regions have been attributed to degassing from the mantle. Studies carried out in the western
Tottori district have shown the potential of using He-3/He-4 ratios as a means of providing indirect
evidence of the existence of source fault(s) that caused the 2000 and 2016 Tottori earthquakes (e.g.,
Umeda and Ninomiya, 2009).

We applied our Bayesian model in the Tottori district as a case study. In the first step, present known
active faults are divided into equal fault segments. 2-D prior probability distributions are calculated using
probability density functions (PDFs) centered over the fault segments with varying values of standard
deviation depending on the degree of conservation required. A non-conservative PDF is assigned in the
first step so that probability is never zero. In the second step, statistical tests are used to remap additional
datasets, here He-3/He-4 and estimated historic seismic souce zones into a likelihood PDF. The prior PDF
from the first step above is then combined with the likelihood PDF using Bayes’ rule to produce a
posterior PDF. The posterior PDF is then evaluated using recent seismic activity.
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ERIEERBEFS A U w B0 RS ICR 5 h 2 IEFHNLMBRTE DR
BERE

Meso and microstructures of non-active crush zone in granite at the
Monju site

"B #H KE & BRFD
*Koji Shimada', Shigeru Sueoka’, Shuji Terusawa'

1. B REAFKEANBRRF A REFEEE
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EUOHIC : T OEEMTMZ KD BRI, FEITIE AW EABIHITH 5T O/NMIEBEE DL
RIIBEATHZ, EEMEOIIMICEE L CREEHTFMEA RO SNZ DI, LIXLIEF, NMNIELERTTH D
BN ENOLDOEMBEICEREY TCEHARFARRHFYZ< AV, ZITABRETEEHEEPICHKET SIEEE
7R D/NERBISIC D WTIRRN T 2. Aftid. BHEFEFEILIOEA L BtbDiEEEFRICHLN
DWBHEONSBOLNLEDT, ZOHWERHICIEINIIMaD LR E SIRE ALEDFEEILERD SNitLy (Sueoka
et al., submitted) .

EMRRNNRIEEREE BT REEITRYBISA > THI0OcmMDATNETRT, TOETRYBOAET
&, BIv—Hh— (HUWERT) 5T ot AMERIr#ONS, ZOMIEIOVOTHRESE, HEif
TAMERELTCEHAILE 22, ET9.3mmOBOOFEHEAMOTHIET.6LGEINE, D& 4
BIEFBZDOEAMOTHPRRNICODZHTRESNZLHICIE. ERRIEENTHI2UENH D,

ElpERBE R TERENMEE : TTRYBORSBMEDRITNEB Z "I ERMNMEEIR. ESHIcmDA
GIL—HA DO RZVOTAHERTHRICAOND, BRIEAIE. FICAE. RRA. DRA. RERTH
%, RIRADEBEICLZMIMHOERDL A LN 2D, £EMICHENAEMEIR T CERARLH Y., WHIHLMOE
EDRW, AROBESERIEEOSNAGVL, BEEDOERIEMOLAHY ., mmiBETER T 5, BEICH
Mo T, SR FAEZ2ENBEOEMNEI LTV, A% 7L —H1 bhDAR, RADEERIN/IHT
&, 0.5-TmMmIBEDRIENBEILD, RERBEEIZMIETN,. MBEEREL. IENHHERONMFIET Nt
VRA%ERY, ERANBHERERNTEERE, BREREZRT AR, REROHER. BEEN I ERMERE %
LoD EINZEZRLTEY., FEFERBOERRIEEEETH Y., FBETIERWI E%ZRLT
W3,

Sueoka et al., Fission-track dating of faulting events accommodating plastic deformation of biotites.
JGR-SE submitted.
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BMREICE 2T OREZER T 27D DERIREDKE
Installation of observation device for soil loss in a decontaminated
forest

“SED BE. AH RE. WE Bs EeAR AL =Hith R

*TakayoshiVVatanabe1,YasuoIshH1,Tadafunﬂ Niizato', Yoshito Sasaki', Katsuaki Mitachi'

1. BARREF A FRHEFEEE
1. Japan Atomic Energy Agency

(BE=x

HRBNEEE—RFAREFOERICL VRIERARBEI NS T L, READLVERICH
L7 BEA, HABARKICEY ANOEFBEORENERINTWVS. TORLNT, FELEMMKICTT S
BREICOVWT TEESFERETDIILICE >TAVRENRIBOLNEZ ZENRAZN] , [RMELOBEE
EOEFREBICHS T Z2HEHRELERT 2RI S, MEDS20mEEDEHEEDHPTICITD TR
B - XRM (BREBARBRERERHA RS VER2FESAFE2HR) EINTWE, BEFETEEIBRESL
2 EICKUHEAABEBRIN, REFEIIERTOMADREBICELARONZ EEZONS. XTI, B
ENTONEERICBVWTEIWRHE AT 2-00IWZIFAREL, TtHOBEBEZHEIL-RBREBRET
3.

(BURIAR)
AERROBMITEBERNDO I F SFEOEELERMT, 2014~2015FICHiEH 520mDEEFH TIREM T
bz, BREICKY, METIIREZOTERMNYE SN, HEBEGHYME (@I EH, BEENEAIRIC
BoOFEB - HEZ2ES) HBRESh, SELEIBEH LZREER >, BROMBA/EICEHL TWSE
Frbdho7=. 2016 F3AICHMADREIRIN/BIHICEVWT, MRAFICLZ2IWRHEZERTZH0D
REAZRELL. BAIT28EEE LT, fEABRICRS4m, EREAREICIE2MO 7Oy bEERELEL. 7
Oy MIEOERNE27 THZ. EEANOHMRFEEXDITT 27010, 7Oy MEO LimEATIC TSR
Fv IRTRELE. FRICIEHMRRICL ZAEIWARBIRT 272D LW E L TAREDREVWEEZEL
. 70Oy MIETFIHICT 2 Y ILIREScMEEMEICZE LA I ETRAO—7%22<K Y, flEEHRnsHhER
DT 7Y IREGCVWETEIRAOREVWARNE LD ICLE. MEWLWHSTRICS0LOAYFTF Ry ¥ A&
W, BP9V & L7 2016/3/160 S8R %BIAL, 12/9F TIC6ED LR %#REXL 7/-.

CREtmE)

BT ERBERT 2R EWVICEEF T WDEIK, §5H4,491gTH o7

(3/16-4/5 : 3.4g/day, 4/5-5/30 : 5.3g/day, 5/30-7/12 : 20.6g/day, 7/12-9/2 :
55.3g/day, 9/2-11/23 : 4.2g/day, 11/23-12/9 : 1.7g/day) . 7Ov hDEM@EYLY T
&, 561g (FHRFRBR05mMmIZE) THY, RRENEBEE—RFHREFAOEHMEBEMEKICADF AN
HOo TVWAVWEERONE COERIMEDI A —F —KEWNMETH 7. I, 7/12-9/20HHEICHEELTH D
6A%NHMEDR L T\, FAENROEMD S EREH CTOkMICHIERFT 7 A ADEASTORMETIE, AW
E£7T118.0mm, 75.5mm, 78.5mmMDKMHMN8A FTAICER LA/HEEZLND. THARRLAHEEIE
D, TWHRTEEXTHBUSLE (Wischmeier & Smith; 1978) DG DAL E L TREIEFD, (1990) TR
KINTVWBIRFEREO2EDOMEMEWICIEZ oW OEICF LT, RWHEME LN, RIRTIEERER
LEIWOBSEELES DV LADREPEEL TLWAIRHAMEEY VALK T 2REEGICOVWTERET 2. S
%, BEICSYNEDTENRBICHEBESN, BRTOREBIMMEHISINTW EEZZIOND I ENOER &
WIBFETHS.
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(k)
RIEE, BREBRAA NS4 VE 2R, EXK25%F58
Wischmeier, W. H., Smith, D. D., Predicting rainfall erosion losses —a guide to conservation planning.,
Agriculture Handbook No. 537. (1978)
RIEESR, BAR, PREHAD, TERCEXUSLEICS T 2BERARBOELETEE (1990)

F—U— KR BEF—REFNREMEN. FMERE
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LY VEANCLZENB AR & SREBESE

Fracture visualization by resin injection and rock texture observation

SEEE. =) A
*Ai Hamada', Kimio Miyakawa'

1. — A EEAN B P REF LT
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BLRIVEFEREEYOMBAD ICEVWTIE, BHMRENMNERIETRABTT 258, HHTOEERPICHE
ET3ENBIPETELABITREEADEEZIONTWVWS, SBAPOYERITREZ EZENICTEMT 2F 50—
DELT, BRPOENBICEEFIEZRMLAEZLY Y (BB %2EAL. LY VEBLEEDOR—Y Y JREHITHE
AT7EBICROONZ LY VREBEENEOREZEHAT 255D H 2, BEFHTIER A RTY) LEILEARIGIC
BWTCZOFEEBAL. LY VREINBOROTEZ1T o7z, TOERF\EEN L. ERDEEE R E DK
MESICERYT 3D, ENBEBOTRIEEMOEELEZEHTWS, AigTIE, AR LAZZNBDERH
BEHZEET 2701, RUEBEL Y VEARRICEAFEDOL D VEAERTEALLZOATABZAW, LY
VHEEENBEZORAUREAECERERAEEL. RABEMEBETICE T 28R %1To7-. BARFHHFR
B RS O R BRI OEEIOOMEICS WTRHIL/2AR—) /a7 ICEROEER A RML
IRFVBEEEZEIAL. LY VREBEEINBEZOREASALEERAER 2B LEBERAZT >, TORR. L
JURBEENBEDOIEIZFEHO.17mm. ENWBEREICITHBIOAREA (0.05mmATHE) L&Y HHELAEA
(0.005mmELF) ONHEAEHEE L, BIZEDARATRICIETERLY LT L-NRABEICEEL TR
Sh. LYVHEEINBEAWCTETICRET 2BMHEASNBICERELTWRHEALNZL, ZhicH LEEIE
FRADHD LMY HLBMENBREDRLEMICETEZEHNEZEWN, COLDICERZNBROARAEZNE
HICET 2804, 2HEBEBOEWCLY, LY VREINBICRE LEAARAOMBAREZERH L, 538
FEETOEGEF Y TICECDERNERMLAEL Y Y EEA(S17MPa)T5 2 & T, EEDENEEIZRML
LY VEARBLYEREREATTLY VEFALEGBESICTRIEINZENBEEZRE L, ZO&
F. AR INENEBDIEIZTEH0.006mmTHY ., FEOL Y VIFMMNACLERBDENBISEAS K
TWBZEMoHY ., KYBHMAESINBEIRE CAMARETHZ I DD >k, LEEDFETERESOOMD
A7HARCOVWTE LI VEABSLVERERBAREZTV. LY VEFAILKY ARSI h-En 8RR O
CENERIOEREBARI SENBEREFHERICOVWTERTZFETHD. BH. AHEORE
d, BBEEXELEERIXINX—TLY (—8F) ENFRARMHLIZEEL 2 (BRI TR TS
| ORMRO—EHTH2, £7/=. (BH) BRREFHAREREE S OHRHAERO—EBE L TEREL 7=,

F—O—F:ELS. LY VEA BENEFTRL. BRES. IREEE. mREERMEMNRAR

Keywords: geological repository, resin injection, fracture visualization, crystalline rocks, Toki granite,
Mizunami URL
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BEKERICHIESORE LEAR (1)EEOR LMDRE - FEBREDOE
8l

The backfilling test in the groundwater recovery experiment
(1)Observation of saturation and swelling process

"B AR, TR EsR'. BEL A
*Kentaro Takayasu', Ryuji Takeuchi', Hironori Onoe'
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1. FLC®IC

BARFHRREREEL, SLNIVBSFEEEYOHBLSRMICET HEEFEO—EE LT, KRR
WRMICMEY 2ERBRMBEMEMICEVT, HBRESE (EEE) 2XAWRe L TRBEBORZNHR
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FELT, OTHMEICS T2 TEHNERZEMORER, OMEBBE T IVERMTORSE, OEBIEDE LIk
DEFED3 DDRBZFRELEDHT WS,
INSDOHEFAFAFEDI B, QNEEDR LERMORKEO—IRE LT, WEBREEMRRMORE
500mDITERICIEKEAEZET 22 & THEDO—E (LT, BKINE : RS40mx@5mxEmI4.5m) 2#TF
KTHEEL, BEKICE HERERFEDOORBEAILCET 2BEKEAREERL TWS, ZORBRO—ERE
LT, MEBKEOEOELMY (R MMM, B, #8) OFKEPEEEREOYHTMEFEDOHEEEZ BN
ELEEBEORLEAREERL TWDS, AFEKRTIE, BORLAZBROBE L CNFEFTOBRABEREBNT 5,

2. BHRLEROEEAR

BoOR LRI, BATDEOKREBICIEYILEZR—Y Y IEY 25T (REAmxIE3mM=<ES1m) TEREL T
W3, BORLMIERNY b4 FA2BRELTEIMILEBASEULDERKEEEE2ZE2BEL, BKE
10 "m/sH— 5 —DEBKEIPHETEZREERELT, EY M (RY M A M15%, #35%,
50%) , Ev hB (RY M+ A K15%, #85%) & L7z, IBORLELICS T ZEEEEIZ, ENAROER
LA BEICEIREE].3~1.5g/cm’, EKHE11~15%E L=,

ZFEY NOMEARKEDOIBIEE LT, Ey NOWKENR, BEAR, FINBENSDFEKEFFHUEEREL TS
Y, Ey NEAROINEBEICIIBEEAEBEOIY SR MEALNED, BKDFREENEBEICEESIZ
B A XY ARAN N fl

BORLAE BORLEZHOEBERVEHAMBORBEAZOBREZENE L-FiHEARE ETREL
%, 2014F9AICEKIMEDOE Y NTEHRELAET>7-, CITREIHOIMOBES#EVIERL, BaH
$90.7~08mERBEIBI L7, BORLMADMTKDZEBRELEELIET 20, Ev M ofbi
YIKEE6ME, tEKPE14EEEORELE Y NAREEEOR—KETL, TEE6EEAEY hDhR - &
30 - ETFRICERBLE, BHORLETHEICKE, By NESICEX0.2~03mDaV o) — NEEITH LT,

v MESHRELE, 20155981082 598148 % T&, 2016F 1825, 52017F28RE (i
) FTO2EIChYBAEEBKS E,

3. BAKR

Evy NROTEKDIE, AEY bEd, BORLEZRISEKEOEZVEBREEEDATLERT 2EAN
Bonf, £/, EBEHRLH»SHNTBEBRICEKITEREIIGEI0nIZERK L, £288 It mh26ith = TR
MHDWEEEER L, BAKLEKDOBEKE, EYy NATIRTEBEKSSTOHEADIZIZIFEKFIOEICEIE L
= ZOHROEY NAOBEIKTIEMAICEYERY, Ey NARIBTHEMREE, By MM (SR okt
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Geochemical Modeling of long-term evolution for granitic groundwater
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BN O T HEE E BB T — SN OHESNAMEZNVTAHAEEICIE, —HICRIBEBZELEBVEVND
FoHoNBZE (GthEA, 1996; B4R, 2004; Shen-Tu et al.,, 1995) AHISNTWS. HEBUSICH T BEED
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THIELERERD. TDRH, HICHERICEZFRICEVTE, WRETZEEHICE T —HFREED
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TE &R HMZENOTHAEEE DB AT 2.
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T, BRAOKkMUAICEEZFNZEMEEEZAWVT, &7 Uy NEETOFEHNBROTHEEEHEL -

LLEDERMTIC & W HERE L /- IRESERAE OESN IS S AR EENE, KEABTHRAS mm/yr, L FARATIER
KTl mm/yrDEERV3 mm/yrDERETRT. TDIBLETFTEHCOVTIE, BRIEDZ K DEEICEW
TO3mm/yriEEDEREZRL, FIR—MHFPUOTHEHRFELRENS (FBREE~BMNE) OKXEFHAUDEET
IE1 mm/yrDiEkE%RY. £/, GPSEEVCKERNZICLDHER (FHLE - /IR, 2004) TiE, HILBFDKE
FEANCBEWTE mm/yriZEDEEATRIN TS Y, Rkt A OKEFRTIERIANICE THERE, THRNICIET
BEEWHIRERMNSDIEREICOWVWTIE, XATOERICEVWTEERIC, HMERMARHERRE &R HE
EROEWHAROLNZ. ZO—AT, OIFFBREDEHDFICEVTIE, FR—MHROTHERFTOILA
—ERABEOERE, LNtE (BRE-JFHES) TCOELLERNRO SN, BMENOTHEEDTHIH
(Bl Z 1L, Sagiyaetal, 2000) &RAMMLMEREZRT I EABELMNMIR >z, £, KFERICITHBEEDE
BEDFEIH DD, TOLHIBRT7TO—FEHAWVNSE I & T—HREFRMEORFICEVWTERARBERESA%Z
ENTEREEZOLNS.
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SERTEMZR, 15, 93-99. A (2004): #i¥k, 46, 183-189. Shen-Tu et al. (1995): JGR, 100, 24275-24293.
Okada (1985): BSSA, 75, 1135-1154. Shen et al. (1996): JGR, 101, 27957-27980. # £ - /\JR (2004):
=2, 57, 209-231. Sagiya et al. (2000): Pageogh, 157, 2303-2322.
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