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- WTH, 2001). Zhuc k2 &, HAFE CldiR
12 TR O T 2 B EAMRIS ) & RO L C i v il B
TrEREMIZH D 2 L, Lo LR H RN IR
IS5 % UM % & 9 7 BE e v LREYE DR 2520
BN EDG Do T 5,

SEMEIE N OB fHERE R 2 Tl A 720124, B
DRE - HWREEZLREE 2 RIS 5 2 L 3R
LB, TDHIIE, BEIIT S TR R
FHEBEOMFEREDF 71y b (AViEn) mo
RS, WFEOHIZM O 24T ) LB IS T
(KH, 1999 : Burbank & Anderson, 2001) % v 7
JAUE 7% & 2wy, RS, MO TR RCHERT Y O HERGAH
FEHT HATVY, HIETMORE SO 2L TBLED
HDH. BISEBREITIEY =7 v ARBFFICED W HE
FHLAIAAT (B 218 Posamentier & Vail, 1988 ; iFH
1Z20, 1995) 2%, BIFOIFHONE % FHIWT§ 5 729012
VETH D, EHWIZANISGHIE N4 71y b=
1, BEO RN 7 KEEAL - KT AL - 72
b= 7 BRERILEOETOEBENEE SN2 DT
HY, 4 OBROMIEE BT AH7-DIIFEE R
RIS E 2 5. & 512, WEOBREREZ R
5720121, A2 ed 1REELEoX - Rk
T4 v (F10 54E) 2R fREIBHRE Hwb 2
EMWVEETH L. % Ok - MOk A 2 VAT
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X, WHOZERBKEZA—E TRV LIZS
PTHHDT, 144 7 VI WEA - HEZ
JEIE & TFHACAME L CHIE L WEMFHME & 3% 0 45
v F 7o, BEREMVAZEILIEIC RS N2 IERIE
ozt (X32), KROKPVOHET L00, &
D & HIZZEAL L TROBPIKINIZE 2 O 2O F il A #E
BRI EEERLTWAS, S521E, AAMNR CO20
PEAT S 72 & T KB ORBEILAS, TFROKMBEERNIZ K
BT EL TS A EAHEEET, K- BDOKETY A
IVORFMEEIZILTCLE) b od S E
I, TN ZRFR 10 JTAERREEICIRE L7220k,
L ORFEENZ ST 52 LD TE R, KEEHD
HBAERELZITLAY L —F Y TIE, T0L) R
RO RORELYFUNT 5 LIIARTRETH S L
L, —7T 100 J54F O FHAM I o AT idok i - k)
YA VAR RT ZEIIHETHLOT, D 2
LK) A7 ZEIT 52 EEEE T LY E -
Tw5 (SKB, 2004). Z OxbcIZEEERE The b BI5EW
GEIETH ), THUIHED & S RBEEB ORI T
WERROFEAERIZ e T 5 2 L <, K - Ik
YA 7 NICBT A EAEIR TE (NETIERATH
) v WICABELEBICLARARAR L LTRADIE
Wz kil s,

b LT EBEORE - MR RE(LREAEELT
oL LTy, #BLoFhlEEz ZzoEE—wEMlE LT
TRIAHET B 720120, ZOHDOT 7 =27 A9
FIZBWTLTHEETH LI L LRABFIIRLTEL
VB . IS OREMEL, MBSO X i
WMORRFUCTLHEOEETH Y, FHEABLLEOE
FNW o> CEDOEABEZHS 2 L TB L LEDND

LLDEERD. FAZT 7 N7 ADPAELET, b
NG OALDFEEI N L M TlE, HFER RTINS
L, WA HOREFEMIC B D AHEEEIKE
A, Bl ZAXTER 100 TE %2 FHlT 5 O ThHiLE, &F
AEA R NS K & 2 WAL ZZ B OGRS Z LS & 7T
HHH) T ENHMTE DO ML (B100 4
BEZWLIEZENLLE) FTHL L, a7k
W3 R AE CHL RS S S E AR Z B S 2 L TB L
WD, TOFEE, Bl ZIXLBHIEENIHI L
R - AR LR DS FHIE I B L TR T4 7% <
SWHEWES, INEINET L I L oL HR T
LHHMZR > TWD, 72, Wz T— 5 no6E5
NDHAED S 100 SEREOTN A7 — )V TOMREH)
§i%, ZBHIESEM K S5 501000 ELL Lok
B A7 — )V OMREE G E —F LA LidLidL
5. BlZ21E, Wk A RAuiEE O KPR T,
EEN AT SRS E H SN2 20 b5
T, AL S o T B (I - EEA
1979). Tk, Wb 2 B L D b BwWissk
MR T & 2 BRI M 22 HS A B T A L S B &
NLERY 725 L, MHENLREIEE KRR IC 2
THFXYEVERTLEI D EBREIN TS (G
H, 1996). B2 Z &, GBI 42 BLRe k2
B LBEAMITEOT 7 b= A2 HLPIZT 5720
2, AR T — 8 720 CIEBIIIE A E T X 5 0
T, kO HE O EEEISZEICET 57— 5
PEARMRTHDLE ) HTHA.

WA b, RAMRBIERICEEL 525727 Tk
<, WTFREREICORELRZEMTL726 LID. BUE
KO EHRIICH 2 b 0D, WALk
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PRI e KENEALT 5 2 L3R TH B, 7272
L, TOZAE 2P 5 2 & IEHRO X 9 (2K
THhb. TORORFETFMTIE, A RN I
TE 140m & HREZEENC X B FHI RN O i 2 L E
OEFHE (AR a2 L) <, Rl ok
COELZHTRRORKE L FHIL TBeziFiud
bR, HIETAHTARICO 5 T8LE LT
I, MEIRBER O~ OB, GEH T REE O
b, WFREDRDED DY, TSI TEaEE 2L
DHTAGRAS, AT~ B L 726 L S0
ZAbE 523508, FHEIND . FHlix G,
LA T K - BRI A 2 VBRI NS 0% LE
WoTBY, WMTRKOERT Y X 728D 2%
OREDPTFMTE L0 WHEINS. BARBIZIE,
HTFRHIZER LTV AN 7 A2 & B BEHAEAH
SEFE (Morikawa et al, 2005) & FHVy, 2l S
WO FKEMRIC LD, MERIZEALIC X 5 H KRB ZE
IbDEBETL, 2L 212, FRD 1 ~ 2 FERY
THIUL, BEHOBETEICHE L, EFERZERT S
KATH Y, 10 FEREOEAMEIES i, 4
7 < & EHOKIN O O K2R L C:4R%H
TARRIELETH o7 L DIREND . HEHOZE(LIX
WEEEBICB VT, MR L) ZEIV SV oL E
ZHN5. LaL, HAGE TSR WESIC X
D BKEDRPRDIEEL TOLEFIHN LN, K
FEERIC BT IRIRE AR %l L CHETE 22 LA™ oK
TN B2 52 DR S 2 I ET 2 LB
HLH. FORER, FREEHEWEZL 2O TE
REERE L CIRT S5 L9 L TRROZELAFES
NoHHIIE, #TDH 2 EAFFE L,

0 E BHE - SHHIERICEE T REHAR

4. HEEE

A - FHMER | HhEEE

@ (WMZRBFMEE) FWCITEBUICHEDRE
ENBESHEFOEHIFTIE, KiERWLD FNIIZE(C
KOEEANBERFIEITDAREMENDD, ZDMED
FEN KNS EHE TR DNENDD.

O (UA hEEZEFEER) FECSEHLICBDT
B ED, HRPZOMTICARRERBNEED D
BAEF, ZOMBOREEECHEREMDOREENEE
TNBHDT, FIFEDFENNURLHEZEET
DINENGDD.

O (U+ hEEZSESEE) HEFEEICKD, FERK
FEYEZE UAD THHEEEICHEZSZ ORI
D& DM TFKDFE DD WVFKBEDE LD FEEIND
EHETIF, WEEHOXEZERT DNENDD.
O (UA hEEZEXEH) WEEHICREZSID
TORZORCDWTE, [FRICBIFDZTDRE M Z
EZETDONEDDD

T OEBIZERN T 0B & B EITIRE AR
L, ZN& L HIZEBPIZIZEALE VIR TIT AV
FpHEHEIN T, EMZKT S &, S
ZAENRL Lo THERRIL, ZNFETICHZLN
TWZEAI AN F— %W (HEHK) OB T
W3s WELE, CoX)RBRIMTITRISZ
ETHD. WERIZL > TRHPENLZHRIZONT
FHIEB &V HFER VWA, T2, SBREOBIERDH
LM EBICH O SRS EE I TNE EFTRE, 2
DR NN 2 WG LR $abb, WED
ST A TIE 2, HWRIEA) 2FFoTED,
WEOBEIITNE L BEHEOIL SICL>TREN
L. HWESSEEBICERE SN DERE, Ty
U 7RO BIG SIS v, WSRO HUE TS
BRI, WEBIC X A0 O, R
DO HFRE O R HERNC L T KEREEZE L, R
DTN L DI EROBWIESRH ), TN HT
KKE DAL AT O ZAL L LTI 2 %
5252025,

HABE E 2081z, KREETL—N, 74
Vg7l —b, ZLTCHEMOTL— b ERIEE3 DD
TU— B D, i 2EHIBEIH L TLAAATE
D, I 7L — MNEOHAEESIZ L > THARYIE L
ZORBOEB DD NINELTnD,. ARE
& Z DA TEAET AR L MWEAFINY A T 5T
LY, TL— MERUTETRAET 2 ME, LAAL T
L — FADOHEE, FEFHOEROEVHED 32125517
bNA (33 HEFHAHEEARL, 1997). 7L — b
BERUHE O, EARALKFEETL— T 1)
EVilE7 L — MR LEMO 7L — FAMEAE TR
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£ 3 & A FHIEEICET ORZHHR

B HTREE O MENET S, LAAL T L —
NTH LIE LI A OBIEIE X CRILENTET S
A, EEEERLEROES 3L THDLH. ARFIED
Beig CosHE§ 5 MiRE, T OREEA 20km LV b &
DONBIFEAETH D, ZOOMBOHBEIK E W
WAL, EEREOThEmICE TEL, I
TAE G252 (MEMEOWE) %\, #ES
WEOPFAEN S, MBEICEMEZ G 2 ZWETIE, Pk

CEBB/EBIOFHFEIDoT, 20 L) FThp
PRLACE, TabbRMENSHEVELEAELS
EDGIo TN . ZDL ) BRMBIEE Y KL,
Gt d O REVED D 2 WTiE 2 G e & 15 (G
Wizes, 1991).

WA ST 5 TH 2 ) FFROMBENZOWTIE,
[l 2 AR L 7 Hh 52 B 0 ) (b 3 5 A 4 A AR
2006) xHI2T B L, FHEMIM & LC 10 EM %
SBHEHIZEWY A, HAVIEDOIZE A LETOMIET
BHE6LLEOENEHMETEIT L Z LA HEkE . L
ML, WEBONEE I TIZENSLRDB I EN
INFCREMICHS 2SN TEBY (HILEIE),
1987), M FHiFk TO 15 % B ORE DR S LT
W45, COREORAUIMEE 3258w, $/2,
WREB) OB DR { R b RBEREHERE Y O 5
1, SCHRRAB RS CHER S TR Y, I EEE
B39 &9 REEGHE ORI Loz L A Lk
WHDEARLNL. —, BERL EN TRV ES)
DL LT, KBS R REIC X 2855 & i
R OBERH - T ARBITRBEORERH 5. &
D& RUREE D B B BEREHIE R, ST O D) 1 -
ety O RA CHERR L, WLsih e Loy
BUENRGH L. F72, FOXD) AT OEE - B
Tetild, TR TR b T2 2 R 2 5| &2 S
FTIELEEIETTOL LV (REMERD [vA - &
TAY ] DL ATER).

—J, HUERO M O MR M BB X KB
DAL & o THU P KBRS AALAE L A 2 LA 5
NTws, 7L—ERTEAETLIERMEIX, MS
DL E BB 1) NI R B R Mk o [iF 2 5 2
5. 1946 A EEHLEE T, R 5% 100 k m#k
N ZRE OB HRERICB VT 10m M oKMET
AU (AR, 1947 5 )12, 1991). Ziux, Mo
MfEIZ L 2bDEEZLNTEY (UM - b, 2005),
¥or ACHE L7z, MR OGS & o THUT AR A
L7 —ATIRIZEAEDEE, BH» S5 HD
W CARMIEREST 2 L9 ThH D, LaL, 20034F
O+ FribE T, EEOEEOHTIZBWT, 1
EMRERB L CHAMD L ~ 10m KT LAz F FH4E
L CWwWhWwHEF2H 5 (Matsumoto & Akita, 2004).
WFROEHPRECEEIIEVHET L2 L H
. 7L — MERMBEILR CEEIZE VT 100 ~

30

RO O T
(MR (1891 F ) S 1995 F

RHAGT L — FADHRE
(IEHFSE - 1933 £ RHBR)

ABRALEET L — bADIBE
(R XUAAR - 1994 SFdbiEE
PR

7 — FRhER
({EAREETAF - 1968 EHBLILE, 1923 5§
BRI CmE 7 70 LW DR L)
RBALIET L — FADFNRER

{7k EHRAR - 1993 FEAFE PR

3-3 BFINBRUZDENITHET HMEDY AT
(hERFEHERSS, 1997)

150 FE A THIZEEDHE & B 7200, B b7z 5 R
MBI, WTRROLEEICKE 2EREL S
29 5. W ERHIC BV TIE, HE 0 B R G
L, ZRSCHUBRE S5 2 457 L CHU T /KT Bh o 22 Bk
WZOWTHIS NI L TBLLEDSH L. 72, HER
ICH T AROKENZALT 2856058 5 Z LIS NT
VL HEICHE, XD ETOHTOKANEA TS Z &
WCEDilRE2EEZONLr— AT, WERKT
EREE L THKRENEILL-FE Fo6I2H 5 (RIT,
1976 ; Wakita et al, 1978 BLi& - KJE, 2001). K'E
DOEFIERATIORE B E2 525720, I
) BEFOEB LRI OWTHETRETHL. £
DFER, TR 2 L 2o Th ik &
LT &5 L9 T ARROENDS TS ILLH
I GGHir R & ) ke zef]) &, i LT
3 E L L B,

FEtl CREIEOE KBS IS4 LEIRITE O3 1
EIELZ2%AI120E, WO s, 371Ul -
THLER F TIRFDOH T ARBATRBE D2 1T S b
XD, FOMEIBITH D 1995 4F L IR E
BICBWTIE, (BEEMEELO) REEIZBWTH
TOKRDTHE T B RN & 72 (Sato et al, 2000). 111l
THRATZEL, FHHTHBELTWE, 50D
HEUE, M2 X0 W R osiiE S Tl T ok
AL e LTHEEL 72720, MHRIICKE 2 TR S
FA—=FPEAL L2 L ICE B EZOND. RN
A UMM R A~BUERTH 505, BAED L&
WLTOAEL Tw2wnhlddH b (Sato et al, 2000;



Kitagawa & Koizumi, 2000). f£ > C, Wifg O 465 T,
HWEIZ & DT AREDSKE CEALT 2T REMED D B 2
LR GUHICEIP LS TR LRV, 20720, kb
KHE & 54 S8, FTIEM MY K31 REME %2 FD
TEWIRE OB 2 sHiNIE, I IE@ES TR <, TS
VN L, ZTNFETITH S DI % o 720G W E O 5575
X, THAOIGEE ] (GEETREIEs, 1991)
WHEHAR DB [EWiE 7 — % X— 2 ] (http//www.
aist.go.jp/RIODB/activefault/) Z& L \w. 7272 L,
W OERIIWIER IS L > TR Y, [{EHiET—
F X =2 ] TIEAY 10 TTAEFT AR 2 D 38 LGB L 72
LOMPTbNTVWL, HE-T, FNRI0TGEEZBZ 5
£ nEMICERSHMTOTFMEIT 2 HEE, 20
£ BIGWRBOER? ST NWE L EET L 0%
AT A, FFR 100 FHEOHM % &FHICHE 2 5,
AR TILEE VAN TG EY L 720 (8 W IR O iG BTRE)
ERNFIZTDUEND L. Fiz, WEROTERTEOREE
E, BICEREEEY AW HIZHFRO A TITHhILTW
B2LDONRLNI LICOFERELATIUE RO 2. 20
72 OWilEZ Db OOBMMEI AT 5 bDE LD
PHIRTH 2. §EoT, HIEMICRBEAZLIGEREIZD
WTIRRAELE SN TWEH00H Y, 2000 4F B
THER IR EE D & O % KRR IV THAE L 72 )
OTHDH (XM, 2005). LAL, T0X9 RKiGEE
TEDWTREIZ DT b WhE LW & A R L 72 B o
BRI X ) HERomBIETRETH D UMK - 1210,
2004 ; AHIRIE A, 2005), MEZFRAC I FRA T 5 sk
THVE MY ICFRO S N5 BEE DTG 2 MR & L7z
WL D, ZOI3h, WX ETIEMHE L TERHS
NAEME S, =RITHICERSSR L CEX-BREL
5, BEICHEVETREVEOREI;REE L 2 L HHL D
123N TW5 (Ikeda, 1983). WEEFAETIE, FRD
GWIEOMEZE)D SHEICEWAESLET, M
W AMES 2 DI T4 a2 £ TR BB IE % )
B EREES, TGRS MRETINEHS LT
BAUEPHS D .

HADTERE DL <13, aifl~ b i ogmk s
noffkEwEE S LIS L2ET 7 b =7 AR
ENTWDE (EHE 1996 ; X1 3-4). HE-> T, IHEiE &
L CEHFRICH N WEEF ORI 8 25 TG 8 % 3 5 1T R
PEEESHS T2 h D (B 213 2003 45 3 IR AL 5B s
), BRI R U R O M IS KB 7 7 HSAFAE
TAHEEE, HEHOWREEEZEEL, TIUEOR
BT OIS LA BT L2 ENEF L. 2DE P,
B OWE A 2  HIOMEEIZ & - TRHEFE S NEM &
CFZEbHY, PFEMED L AXEEEEE &L
NTW5h, TOFLRFHE LTI 1968 4FEDOKER
LI~y s iE (M64) b Y, ZORICER
A5 40 ~ 70km #EL, REHTD LT T RFL
T AMBAMEERICL > TCINEMNEZRI LTS

8 E BHE - SHHIERICEE T RENAR

(Allen et al, 1972). F7-, 1923 SERIHAHIEDRRIZ
FERIE D i W =R AR B I B L 7o MR N
BHEL, FEMBOMEITHAH . DL RFHT
NN AR 720128, Pl G b | 2 B 20 T hg
DRV EDPEE LV,

INENEIE 2> O RO HFRIGE 2 Tl 9 2 B2, &
DD T 7 =7 APRRIZBNTLTHEETH D
ZEAMIFIZR L TBLALEN D L. KRHIZT 7 M=
7 AL T, I DAL P E N5 I T,
WD AR BT A AFEF DR E L % b,
2, 77 N =27 ADOREETIEIHOEALDHE S % Hl
BT, FRED L) I OFGEI S X L D0 T
W22 EDWEEZ R D, F2, ISHEIEILT 5L
INFTHUETWAELPHIOT S 2 L TERBRED
TS HANIRE B LT 2L bHGNTEY U
K37, 2006), HTRRANDBELRKE O,

A3~ S e HEFR AR AR )
(150077 FATLAFE)

L# - THRER
(30075 i LLB%)

(1650-150077 A1)

3-4 BRI DO MithBEHERN

FRETIHOOERS CER S NICEXRBER D, RE
DEME CREBEE LTV, (B1BIFD. 2006)
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5. N - XINER

e - S HMIER N - ROTER)

@ (MERAAEHMEIE) HBIULNILDFENESH
EoTebiEE, BANICKDEEADEREED S
[FHERICHHE S ND AT BN G O, BT DNENGD D
@ (WZERBMEE) FWONUNFELLELSE
BFCICNMUDHIR LB D, BN(CKDEEE
WEZERIED D VWIFHRARHIND RSN DD
BFDMENDD.

O (UA hEEZEEH) FWHNUDEMESD DL
(FEXREANDOIREMDD DEFDELT, FERBET
YBZEEUIAD TEHEEEICHEZSZ DOEEEDD
HUTKDRE, KEDZELHDWIFHIEDZE(EH T
BEINDHIGTIE, ZNSDNIL - ¥ ITNEBIDEE
ZERBITDODNENDD.

O (UA hEEZESE) N - YINEHICKE
BE5Z2DTURZORIDVTIE, HERICBITDZFD
ZEUZZEB T DNENDD

KINEENE, T~ 7~ (BRLEA) HE
F203F 0 FTLEA L THARBET S F ToMIC
FIESRITSFSFLMHT, BA - B - B - B
AIGED - KILPEREE - KLU B R S EEN 5.
O bEKIL, 7R EoaEER Loy, K
IH A, #TFOEA%REDPAFRIZHEIHE S LH
RTHDH, WTHTHEADREZIUL, HUT e OnE
MR OMFEAOHHE L 72 5T DT, FFREKD
AT 2 B AR D B 2 T AR LT B A D B
T/, KIMEOMRREEIC L AL, S L
W AIZHIEE R e DR E L 25 LGS, F
D L) PTEEK O RN S 2 & 13 & A LE
BLTBY, BMAOHETEZ S Z LKL, F7-,
KINA 2T HFEICER T 57213 T, TFRRICHE
i, & D\VIEHT ANZE FNLKBLRDEAG L, T K
BATY U 2B COKIR - KEDOBALRBATREE O
ZALE LTI E Y52 528125, T
bbb, KILOEF T 100C ko EiRo ik pH4
DUF ot oA A8 I I L, 5t 14 b~o
BAIZEY, BEEAREGONTN) 7 E2RET 54—
IN=INy 7 RFEA OFERER 3 L AUT S8 2 W REE
Wb, KA AL, $EE - R - bk -
TR e EIRERTE O MU T K EAE B YIS E
NCTWb. T, ZLREEZETEREOH TR
HERINT 5 ETNHIVEICEALL, REEA A+ & &
U, ZORMAFIZYT v E#KEEY, vT
DFIBEIENE L e b7z, WTFAGRE A L Ol e
FHOBITEIES S L. 72, SiRmitEo T K,
JEFRDORKIK N T 2 HER T 5 Mg IS BOREE &2 L&
) LELEETLLEDN D L.
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K, BEAGEBI T S N SEMIN 2 EEE b o
WED L IIETH D, o T, KDL, #
FNBE LA 220 R CVE. HAIX
KITEB OS2 2 H b, HkL BEBLZ1
TTEELDRIIE K L 72, & 5 WIS EIE B 01 58 7 K1)
AT 108 1/, WAL (B2 170 4RI SEEE T) 12
ML 72 KA 200 % B 2 T % (ERIHE R AR
T =7 X—=Z [ HARDFEMNA K] http//www.aist.
gojp/RIODB/strata/VOL_JP/indexhtm). 7z 72 L,
KULNEHARFIBIZ oM T 2 b TiEnl, 7
L — M OREICER S URTES 2 H25HE TH 5.
Tabb, HAFIEOENL AL 7L — hOiks
ARBEFD & B 7 L — b NIC 200 ~ 300km EfEd 7z
MEICH LK 7a Y~ EIZROEIZOAL, K7
0> b EhAARETR OB (HiEEs) (ZIZ KL
L 72\ (Sugimura, 1960). 72, kih7a > bH»5
UL 2 1 & D KILDOGA DS FIL 5 127 A E]A)
LEFETH L. Kih7ary Mawizi, FE—KE»S
DOVEK DY K S 72 g KL= 7 )V 75 KA E S
GAE LTS (PR, 1983). 20 & 9 e KILo G5
Wb Y, EHADOILEEATIkL 7Ty
MASARHABZ 2 Y, A S A KL UK O KB
EARET 5 HECK LA S (PR, 1983).

BEFFOKILTHE Z B ROBKDOEEE BT 5 720
12, K2 o » A BEOHEESLETHS. 22T
R E T LK, [k 10 TR 100 T4 O %
AUHICEC &, EABREOM S 5K Tk
AT, BIWRKILENRIZTLULEDR DB, K
IO LKEP ST T 7D ENREEIED 208
SMAICEE (BEA) LKA X -5, 1
KETE L CHIIEMICEETE 5. IR A 2 Vi
ZEBERE (1999) 13, MK AE 22 5 KLl A 6 i
12 20km DAY & BRI BIAEIP & L-OR L7228, i
IR R CRERRIN R =D DDA E R L L TnE T
EICIEBELRTNE RS 2w, EE =58 2000 4
BT A G2 5 40km LB < 7 <Ml 5 128
AL72Z BRI ICIR 2 5T b (GEHFZ
A, 2001). Y 7Y OB AFHEKINEOR S ME &
LTI TH Y, SN TR AT AER S
AR S N7z TOBIFG A & RIS A #i 0 % 5t
Ao 72b 0N 35 THALH. HAAREMEHFETH S
BESEIEKILEEICRE CRR Y, FRI=EE - ok
- fEE - MR HC LT - SO &) R ftE
IO KINREZAKILTIES D BSRE V. Zhn &R
% MO KITTOEFIHOLEA D 13/NE <, KIHL
5 20km PIIZINE o T b, ZOHRIITE ARKD
EINH O E WRRIC S ORI R > TR Y, H
RNDOEIENPREVITET I PBE LTIk
DOFENLEEZOLNS (FH, 1994) . {to T, #®ED
/A SRR OBNFEH Z TS 2B121E, Z0%o
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3-5 BRSNS LMROFAEFHE CIEHFOD SORERRORR.
FIHESPEIEFTONLTE, oD SOREERD 20km7Z#Z 5

CEITFR

T NI ADPRRIZBNTCHTHEETHHI D
FECR L CBLBENDH L. KT 7 =2 A0
ALGET, IO TR S L g TIlX, TESE
R T L <, MO AR B0 B ANHE
EUPIKEL RS,

KIS AT T H T RO B, 72 & 213,
M2 Bl o 2ZF L, Ko KH.Lrb BB
10km DANICE 32 OUM2 - M2, 1999). L2 L,
72l Z2A0E, IEKILEB OB ICRRE O £ 9 125K
25 10km Ll LB 72 & 2 A THK EHAZAE LT
AYG (HEHITA, 1999), H 5w, AFRACER
RO X2, Kl S E 10km BEL 2235112 KILED
TREVEDS B B BUK DIFAE DS HEE SN B B (BfG13 7,
1996) %, BN b L4 HbHZ DML NTWS. Lz
Ao T, KILTEEYZHE R 3 2 Bk A3 0 1 T AR
252 BB O WTEHIT 51218, 72 & 2 FFilix &
DR ERH AL 10km b KA SB35 -
T, AENDELE R DEDH 5. KILEEKOM
AT RAE U B W REE OB VIGET T, BT E %
BLAOTEBBRETE L IKTSEL L) 2Tk
FROZEALD BV EFHIROZLATFREND. b0
Ml Tlx, BUKIGEID TS H T KRN D R IZ >
W L 2 UE 7% 5 v, FomE8ER, Kl
5 OEE, WE O, WEEEFICI)RLLLE
ZAbind. BIE, WTFKREANOKILEEOKDOTEAIZD
W, v 7 RREWE 0L - AR (Symonds
et al, 1994 ; -, 1997 ) = FIH L7 FEALA#ER L
A, BLUOZOLFEBTARROMHE RO K S
(Morikawa et al, 2005) Zf#AHEHLEL T LI2LD,
ErMICFHITEETH 5. wEOKILESOMKN L 7
OMNZHE LT ARRNORE L ZOJER (HikE1c &

L0, WEREEIZLL200) bhiuL, Fkok
- < 7 <GB OZEALIC X B B E DI & B B
KIGEBDOEACDRE LR WET LI ENTEDLLEERS
nas.

HATIE T, 4w b ooFE Rk (5
W~ 7 <8&H100 3707 km %8z 5 X 9 ZRIEK) 7%
DIRLEELTWAE, EREATIERKTHEE 20km
O Z D HFATEAIC L) —FEICHE - b s, i
FIL lkm BEMELTLE . & SIEEDIT AR
e LC100km ML B L, A &P IC #h3R 2 5
b, F72, TOXH HEREUKDSS 725 T HUTARRA
DB, TNE THIRFBATE A S, FEE
HNVT T RWEE I NT T OAET I PEERIE iR
10 FAERNC B OBEE CEABAAZEELTEY,
F ORI L ) bR E v (ITH - ik, 2003).
— T, HALM RO & 9 128 100 HAEE R TE R
ARSI S H Y (LI, 1992), HAYE
B2 EREKOFSEME I ZHITFICRE (R o
TWwh. fiEoT, 100 ERIO MM 2 &BHIZE < 7%
5, BED L) LA REFEORWES L HET S
VEPELTI LY. TOBIZIE, FHESS % HEIUR
KUNZBRET 2 DIEIAT4T, T2 8EOHERR
CHrE =A 2 saltfy 1000 JT4ERT AR oW X @IE
SEEIZANDLLEND 5.

FFAli S MU P L A X B ALK ILDSTEAE L e < & ),
Xt G s A KON O ETICFB LSBT 5 T RE
PEIZDWTIEERIT L CB S BEDXH 5. ERCKILO
FIBOTEP ST THETH Y (BE, 191), ¥
k10 FAHEOHIM %2 % 2 AWTHAEEE P oK1 o £
DS, F 2R 100 FEOHIE % % 2 AUSBAETRE
FOKILDIFEAEDFEHZEIELTLED. fEo
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£ 3 & A FHIEEICET ORZHHR

T, FEMEIR2SEENC b7 51T E BRI AL TR 72
25845 2 KINEB ORI E RIS 2 > CL b, 7272
L, WHATIEHE=AEEUEO L7 T Y ~of
BIRHAAEONE ERECIFEDLS VO TORMED,
1989), H¥3k 100 15 4F % FFIM & L T3 2 oAk
P AL BN S L IFE 212w, Zhw z,
HAARO K OFHHRBEFFM Tl LGHA D FIES
k7 ey b SEEN SIS R & D
(X 36). —J, Kii7a > s 2T H A D
B2 & JUNALI TUE TR L 72 & 9 ICHE S ILEEA
L, BKOFEISKILAHHHEL T 5. P A
OHBCKILTEOF ez B L & ) <, 100 T34
IR ATWS (Suto et al, 1998). ‘KilioFH IO
TIREVE % 570 L Craf i x s b2 CHER 3 4 720
121, S oM BRI B L 72 L Y &

BIEAERH (177~78RH %A

PEAEHHORTY (78~30F FA0)

BEtL, EDX) RGBT~ BBELZOD, &
DEBGM WL CBLErH L. 20 TR
DFEME U ORI FICAHFET 200D % i
BN 7= PO B 2T E 7z b %w, B
RIZIE, B =Rt 3 il o 72 KL R 224547
Hr (B 212546, 1995:Kondo et al, 1998: 1% 3-7) 12,
il % OKIE DA AFMET (52, 1995 Kimura &
Yoshida, 2006) # i1z, & BAED RO HERY
PRI S (BA)IE2y, 1991) Z B 2228
SEEMODH L~ TR ET VAT 5 2 L DE
FLwv. Fo, TRk PlloFE] OBETHR L7 &
I, WEMHERE 2 S Ko BBl E T 2 554
Y7V ORHAEEFICLESE L LI L) EEED
IR ENEEE vy (Smith, 2002).

FREASE T DR LIFE
(30 FrI~ 1)

E = _139V

a1 e

3-6 HRILHARBNCHTDNUNTHDZETL.

Rl

/ PRII=PaY

@ MEBXW-BEN—LR
tj AT S K

ST, ALT0OY bOMEFAZE. —J53, KUT0OY SOBEIMECIENLEERDARE ZS U,
5(C 30 AEFFLE CTIIHEIMNE CHMC I LZAE THNUDFRICHIR Uz
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inmuri-Ko, n
Op- o

8 E BHE - SHHIERICEE T RENAR

M 3-7 BEEBFXICHIIDT7IVAURRERRANILBDORZES . #ERkILEE 100 ~
200 FEDFESHPEZER > CL\D. NIEENEIFRE EHICEIMAICRES NS KD
(CIED, SIS NUFILRRIICOHDNMTD. FEH (1995) (CXD.

6. FRECRE

AE - FHmIER | ORERE

O (UA hEEEEZRIR)  FEOREDEEICKD,
FERBAMMEZRA VLD TH S HEICREZSZ D
T%H@@éﬂ?%@*“ﬁﬁb%@éﬂéﬂﬁ?

. RECREDFEEZERT DLEDDD.

@ (DA NEEEEFIH) FREAKDOLRICEE
'ES5ZBDT U N_ZOXCDWVTIK, FERICBIFDHZD
RTEMZERIT DNENDD.

T — MOLARARTINEST B AARGETIE, £
 OREERC WG DAL HT 72 7 W A X 2 )R
DFEGEDLHTFK - FAEDO LR - BELREND Y, Wﬁ
TEBEZEW) DML MR EE T 5 300 m LLEDH T 7KIZ
mf%%%f$\#§m :@%%f@,ﬂ?*ﬁ@

IZRAKEIFE T WA A DG TN TN S 2 DD
6.::(@,_®#£Atﬁ®ﬂTK%ﬁ%ﬁ%t
M5 RESARIE, PARG AL G, BIRET
bH5LONE L, ALaEEK - lEEBEK S IR TW S
TREY I P BRI L v Bk (RS
W) B D VIE, I~ EH T AU L T
%A BRI R AT SN 5 R A (Kazahaya et
al, 2003) WD 75 — X OGRS &N
5CO2 2R EARKLZETHLIENEZD
ns (338).

TR, iR, IR, K pH THEOZ

AL 2 STmE (2 212, FBRIRRK R
I, 1974) Db B2, HT RO SO ZEIC
KERZELRIZTRMEDSD S, A EIEHKO LA
BlL, FAEERICAESNLAEE - SER SRRV
HARBIL L TBY, ABERICBWCIIME TR
JETH D, ENDEEAAEIIRA LT 5 FHBI 50
CBWTH SN2 (Morikawa et al., 2005), %
X 1600m TIA BRSOk Z L8 ICE0HEKBE 2 L,
1000m & ) VR CIZIRIEEK 5 D% Wb TRk E %
e LTwa, 2, FERRREKDOICIZZR 5%
iﬁi%ﬁk%ﬁ%% ZCO2 & ATWAZZ, 1000m L

IZBWTCO2 2%t RA L, X ERICHET S
i&Tﬂ(%mﬁmﬁft LTWwWbZElZEbEEZLND.
F 72, 1000m EEEICBIT B CO2 12 L B ERISKMT T
\X pH=3 DML 2R § 7260, [HIEEE ] OEIZHR
ENDH L9, 100C L EoiER L UMKV pH O FF
W% B BUKITR G 2 4 — N — 8y 7 DR 2 |
CIKTF S 2MEEELrH L. —JT, KNGS @
HTHlR~R72L 912, CO2 &2 &L FRIZEMOEH
ERUSTIUR, 7T v OEMREE % BN S & 5 KT R
Uh. &512, BERHKIZHEKD 2 HIHALS 55
ClEEOFHM 2> TV HELEEL R TlEiR b
v ZOEPICS HASIEIZE, FERILPED SR
Lhhb oS, EIEEOMEEE CO2 R EREE A 4 ~
% GURBH T ARPEENIL S AA LTS, i
BRZ, TOXD RERMT RIS 2551, 20
EFEZHOIZL, BRTHDLONEDRDH L 00
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O E #HE - SHARE CET REHAIR

HIURER AR L 575

AR ER AL S L 5k
>

REBRAA DY

c R MVERIRO&EH R
- ZROBLRE
- BIERE (BKko0 28 OBk
*pH: 3~4
- RE : BiB~100C

M 3-8 HANSICHBTDMTICHTDRAEEE. FEMED LFEHE ROFHZ R URKN

ZoWT, METLHVLENRH L. T2, CO2 DAL
BHLBEEICE, FORICOWTHHFRELITH LA
H%.

R LR, o F DIRBEIC Y RE D 6 Buke
CO2 DEEFED D B 2 &1L, 25 REEN ALy H o
HEBE LTV AENE TR SN WEHTH Y,
EPETIZOREOFMIT ) LEXH L. ZORE
R DRIFEAELENK TH 254, SHikE TR
HEHEIHLL0DOBAFRIIBEL—ETH D, &
AR TH B4, EIREE, KpH, #CO2 (&
mTHHILLHNIGE)THD R, FIEHLD
HE S N5 72O R ITEER T, T ARNDEA D
EFWIIZHL (AW, WMRKTLZELHNED)
CEBEZEDL D, BEMWFNI BV IR
Lz 62w,

Beo T, RAEMEFMD7z0OI21E, WA HITERE O FE
T AKOBAEDLAIFER L & D12, W HRE R O
FOEBIZHEEL, FATLUREOD L FERBHT K
IR L T A IRESAR DR OfE, HIEDILEEM
% - B R - RARSEOMEIROEB Tl % 179 LEH
BB, WAINNTEEREBE R B CEHEIH s
B AT ROCFERSF#OZER) & 202k Tk
DS (F—N=7%y 7 DI O - EIEDFEE,
MHBTOME - BEORE) %5HEiT 5720, Fil
TMARDOEBEOFEB LN ZOREZHL ML TBEL
CENEETH S,
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7. Al

SHE - FHIIEE RALL
@ BIZFEFMER) FIORCITEELITBALLD
FED, BIEBEECHOSD EF e, EEAD
BEERIED D VFHRNTHEN D CEHNEZSND
DT, BIJTDLEDDD.

PeXIL &S, EE B RIBRIKIT & B o 7R ANR &
AT7ENELTERL, HTFA GRREK) | FA,EIZ
A E &S ITHFICHER LT, cEM LS,
SBE m, EEK km b MR (A IR (1M
) WwEx L2 b0THS RBYATELD LRI,
W0 (1-3km) 5% 528, 20O LABET
LITLITE Ao g 283%E, 7a v 7L LRHFIZHLY
Aty FDOWRTA T ENR  RKINLEEEDIED
L%b I ENLW RBYATENME, 7L — MUEN,
WA SR & WD, AR OBE DT S e 3 v
BE RS EICHIE S, B O REICE VI
FROKFEATER ENR T WG TH LT E 212 TH
B9 AR 2 £ (B 2 13108 - /N1, 1989) . F
7o MMM - KRR AN (X5 oA FL— &
LEEIND) IZELoRKLDPTHTLI LG, 2
S DM CTERL S % KR ADRKILTEHL & K& <
MboTnbZEbRBEINTE (TAR - H,
1997) (R4 TENVD [fbh ] ZEABRES AT
Eu RREER BT ATENRAT v VETHDL EH
AoNTEY , ZEHROL L oMET»LERINT
Wb (I 21E Ujiie, 2000) .

—J5 KW - R ORI B E R B
BIREEEL £y Ml oTWAEAENE W (B 213k




MR SZAENRR) . 2o X 2 i, &A%,
FlR DIRIRIK , A AT & —HE IR L5 2 #uk
PRI E V) BI%R (FIAITEE - bR 0Bss
= NI, 1998) BB A Z EDBHSNT WS Bk
PRSI &L D TR S N IRASEE CHEE S TV 2 8
ROFIED SN T WD (BukitbBiEoitn) .

bOENC D 2R, bl - Fr e Aol (FARR -
M, 1997) |, 3 L O9E - IR (B - H
2005) O 2 FDHE SN TS . F 728515 (2006)
& AvHEE - R A & GEBEIRR) 2SR
THh A HEMEIZ DV TIHRRT

eIl DEEIZ 1,

OHBIZ L VIFENFR N L EZONLYE,

QBN (X EE), ThbbETABREBLD

DM - HeRE DI

LB D . DAETIE, dLifEE - FrERA LI BT
A TR X 7-MERICH R T KEB X RO A
Holz (BIZIETTFARR - HF, 1997) , LW FIHED
BB EN T DARTHL 72720, b2 EREED
BE, PN v (HER) 2EOWNTIIEHOBED
BIAH 5TV D (B 2 I EEEIT 22, 2006). F 72, ik -
ACTRAKILOE T % Bl 9 % JBEfri <13 <Rz
b >ty (BE91km) T, BIEOTRMEAT A DS
WREHICEH A S N7z e 30kgl/cm? 1232 5 @V i
JEARFFOMEICHEE L ERIC20 FL oA &%
L7 eafsancns (e - i, 2005) .

Tk S OFAR DB T H I AR 2 F R
KEDPEB D ERDVEETLEEZLNTBY 2
BRI D E Y 20 B8 AR RN, B8R R RS &
B TR0 K ERE GO EME , AR ZE B £ 2GR 7% E
MR TSR O MR R X B AR L O R TR
DEED DO DO ZADFEDOHNIEITE ESNTWD
CGBr4s - HFR, 2005)

DDIETINKILD 34 LT 2 HuIdi | ik TER &
NTHEY , Fal Uz KIS 7 2850 & |
FNSOHIHE WS B Z L HICTRETH S . — ),
TR DZ D RKILO AT S D HIs ORERR
1 EHEN 2 K T d B TR I W BRI ORI
I DWHRETH 5 BEITECHEBKESAE U3
Fre LT, - RO A, 7L — NS (5%
RORD) &, 2 EWRERR, iR Esho L 21
WEW R LA LR T WIGHT (20858 E LT, 5
WOMERL I & 2 BKSLH B O aMAL - 7 AE235
T D) BEZLNDLOT, ARSI RIZ
FO L) HLWHEBRETICENPNLTTREELNH 500 %
TR T D BN D D

8 E BHE - SHHIERICEE T RENAR

M 3-9 #aAL (dbmE)
AP VDDNE8E (RE 200m, 18 150m
=S 20m). BEOEMNSNTVSENET &
(B# 200m. &< 20m). #FiRALE 12km
DEFEICOFH D EPERINTND (RADH
DIFRZE 760m, 7% 330m, &< 50m).
SEENHAFERICEIKEALIE, 5D WFERKEILIE
DOEHTHUWVEBRAEHEESNTLD.

8. YA - Lh—TXUhk

AE - FMAER N ALA—T AV b
@ BIEP/EFMEBIR) ARBLEIYAL—TAY b
DEHIERNIEZRE CROD E/F O fCHIE T, RIEE
DI U—TOFTNIHIRICK D BEFDERBIE
THIENEIEINDDT, JU—TPFTNRIRDFE
E0 S EHE LB T DNEND D

WRORERW LA, K - oK - W7 & OB E I
Lo THI D LS AU 22 k- & L CRBEIT 2 8% %
1R SRR & MERAS, S IUSK LR ORI R
WK 5 Z 28D, B A VITHGE - KILGE) 7%
EOHHEP LG ZONTERE EoNTFE LT, 20
WEHEOBERIC Lo TV A B) & LTEHSE R
YA LA—T A NEMER YA - A—T XY MY
L TRV L ODDEFRSTEHI T b TWAEDS, 2
TG LT O X DI 5 .

CHbRR A E B S IR <, S Eh IS & AN E) 5

WO b 0.

C MY EBENEEE AR E S, BB AE L LR

BRI OB R SR b D,

C ) =7 EEEE AR TR, GERIFE & ARE

I OB FAIARE 2 b D,

YA A—=T AV MEMNOERH TS ) - TR
Y2 KBTI X0 IR E DRSS
Fl&EfEzsh, FogEsnsifsrz s ) — 7mes
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£ 3 E A FHIEEICET ORZHHR

AN e L CHEREoBE) (FHEZE) 255 &
FEEND, BRHEOTBORARLELE VD LD
AN < A - W=7 X Y MIHERIZIAEL T
WABHS, AW - WIS ESE LR BRSNS 2
LI, FBABBE LY A - A—T X b LalE
DOREEH L OBFIIAPETH L. LELr LD,
FNTIEHLNYA - A—T A2 M XY B4
BEMEOREA100 T md 282 5 X9 AERBED
RA - L—=T AV NPEETLEIERHENT NS,
M (1984) 1%, HAZ &GO /-HER EOBEKHBO~
A D—=T A PMIOWVWTTEED, YA L—T AV
M2 XD By 7 BHIHE B 0 &A% 1000 5 m® % 8
25 L EMIECHREIZ A L2 O A L L
T, ZNLLEOBREEE Fo 2 BERHE & A T
L. %72, AR (1995) &, BBX 21007 m?»
5 1000 J7 m® FLHE DL - 1R R % 70 B3 & HOK B I
ELTWA. HFEEWEEH 1000 5 md 22 55D
ElOERFEIL, F& L TRIMEREE E U+ % o
TREHERA RIS L TBY, Znlsto b oidb
FTHALINCT ER W (F31). HEWEE? 100 5
m® 25 (H) BRI FHHETISEAEE
T 505, UL KILRE A & 07155 O e BIERE A H
B2 < SRS DA CIATIMEHER Y v O IR A R
J, =P oK R E s, Fovbw s o) —
VT HIEICEINZ RRO B LA.
KURSEBIZ S E T 2 BRI, KO FE I
NG EREEPHELZ ZoNTICHELZb (5
FERE LD, KILEOEE - HIFNZ X ) E ISR ZE
REEDTER S NHR PN AT 2o T ICHEL 2D
o GLIE - BHLZ &) R EDH DA, KILMER- L
S H LS ORI O RN TH B T b,
TR E R RBICEOLLDE TS,

VU 45 O P B R s S A S B EOR RS,

K G 1 HPEICBTDEKRBEER (TAR, 1995 ZiZ)

Wi EE) 2 &2 K DSR2 B R R, S
7 IR DT ORE - HIRIC & ) EIIICAZE %
DT S NAMBE R 2 ) —F CaEr ) —7)
HHEL, TOHROHESCHENL X o IHIEL

BOWITEAETHS. MTIVTAOLHILANR
FEIL (14 3-10) OB ZE LT IZRT (Chigira,1992;
Chigira & Kiho, 1994; T/KE, 1995).

Ot HiEr ) — 7# 4 kmx 3 km,

% E 400 m
@ik Bl ) — TFH#iB 3 kmx 15 km,
%300 m

B, WHTHORERE A EAET S ()
EORBEE D Goiud, s ) — 7721 cldk i
HERETEDTRIN & 7 2 EFH S FAAET 275, ERHIE
OFRREE 7 ) — 7D RO BNDL DIFFRAED
WEBREORTH 5.

FEMMRHERE Y T DO RIKEREBIC S ET 2 () B
KEEL, BEICHRVCAKERD? D % 2 ILHKOBE O
B BN & 0 WAL E RSN S 1,
ZOBOWERLHEREZ E>PITICHBIELZLOTH S
CNIBIE 2>, 2006). =115 O Sk R I 54§
5 () EORBEE, migEEctsbo LAy
=T EBbDNROLNDE. Wb®LT ) —F
TSNS T A (HE) BORBIEEX, AX 084 Mg
EORt % G REREE AR A TN AR L
20D TH A,

M- o-LHEILEIL - RN OBEE - RS0 5 8
SR LKLY R - =T X ¥ MIASRRE
FCEALEELRITL) L. KHBA<YA - A—7
AV b, FRICERMEBEFIENLHEOT A - =7
AV NOFEITFOHE O - HUE R E L SR
HWLTHBY), BEERAMI & 0B oAy A5
WL MR 2 BT 5 E R0 A M % 22 h BB 5o B

HE 7% =y
IEOLFR (FEA4E 1@& e . B
107 m?3
Weffier | KA 1702 1205 aibs - BiahkE [akr)—7 HiE
AR 1746 L twbE - BHahkE [Ar)—7 B
L 1852 IS - BaERE |Aks) -7 HiEE
AR - 270 ntwis - AahkE |aks)—7 -
FAE - 08/l EAE mHEs ) —T
Ky F#E - U Fib s - B ETE [EE ) — 7+ vk
1l kAN 8387 350/ fir IKAEGIRIS ?
KiRE 1331 75 E Ll i ?
JE I 1792 48 HEE, KNGS ?
ST 1858] 2741 i
1) 1883 150 Wi, KFELRE ?
B 1911 15 E P
A 1984 36 Hhi
Zofl JFEIL 1586 1[I TRLRUA Hi 2
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EL

__[2000m
[ 1500m
__11000m
0 1000 m 2000 m
3-10 mATEEER)IEBROIREENDRIER
(Chigira & Kiho, 1994)
WRAELLFUML S 2 (FARE, 1998). F7z, A

7)) = 7O b DT HFFE TR TE LV ITHE
A3d 78, R—1) ¥ 7 Fidk % b L7/ A 00 72 Fl i
WX IR E E R SN D, BMERAHIE L F 0
VKL< A - L—=T A ¥ S OMEDHS 2 &
oI TIE, A - A—T7 A 2 N OEIMEE S
L7zbETRA - A—=T7 A2 MED 7)) — FRTNK
OB K S Y T L, ZORBZ 8 5 0%
MHbH, T, A L—=TALMIEI Y —TR
FAUBIE O 52D T SR & D) b o0 8 PR LT 22
B X D) BT B TTREEDSEAE L, BEREARDSZ DA
WICHAES 256 T FR UL S N D R S 5 72
DI, ZOHEFEE T L LERD S,

9. AINNUT7DERBERIE

FEWZENCE T 29 4 NEREEZEEED ) HOwL
O, HTOKOE), KEDZEND B\ IZEADZAL
A5, Mg S AT K252 BB OWREEIZ DWW T
EZEITREZLEZRRTVWE, ZOHITIE, ThHo
ZALDSHUB AL > AT 2252 % 8% §H T 5 DI
VERBIHE LC, bOEIIBITE AT 7T OE
BRI H 0 B TR B L ORHEATRIC DWW TR
w5,

[T 7K ED]

KUNE B R W= B 7 &S ORI E B ERN 2 HHR T &
72We, AN TR b7z o THEIZ L E
VRN D ZEDESNT D, ZOANTN) TO
WL BN B I THERE LT, HFKRIE
WZHED NN T OFEEEI 2T 5. AT\
TDH)EF—N= %y 7 (NEBIZBEEMRET) (JILE
ECEBFTH Y, I KFENS THEE SN HHEIC
IV T 52 L E A, BEAIE LB R
IRIEN T PRI X D RESI) 5. R
A 7 VERSEEERE (2005) TIE, BRI T /KBRS T (&

8 E BHE - SHHIRRICEE T RIEHAR

K 2BV TPEEHE 2 x 10%m/s 12wt b
FA N (FABRER0) PRE BEIoAf Fok
W) SNBIEFRMERELTBY, BKRITRSHET
IZBWTARY M4 N OBREHLR DA T 5 i
BIRINE Y B/AEWTENGTH 2 HREMIRIE S
Nz LTwad, —JF, KR TFREET (NaCl
0.2mol/1 & 0.64mol/1) 2B\ -CTFIgH#E 8 x 10%m/s
IZBWTARY M A PORBEITA FOEEDED S
NN Ehs, WARHTREHTIZBLTRY b
FA NOREHEDIFEET LA MAMEIIINLD B
REVHENGTH S 2 L ZEEIICIB L2 LT
5.

WLAFERE & ABSE S A HT 300 mBLEIC BT AT
KNI TRV EE 2 STV B, HiBh
TS 72 & DT RTEAE L R E % v
TR E S NHHImD Th v, S, K-
) v 730 1AL TR RE 2 B - AT ORI
FRE (1 x 107m/s FEE) 23 T ERFB DR EIZ T
HYTXD7200THY), HWFERO—MENZFHEIT 1 x
107m/s BEDTEEZTEIWESLDS (Bl 4z &
&0 NB K E B EIKABEASE A S A7 B B
). L2 L%ds, MEROBAEMERCFHZS,
BB\ NITMKEEB) : EOFBNZ LY, WiEh o
TAROBATRERR & 720 9 DHEE IR > TR Ot
DHEE ) DU 0 9 2 REMEIEH B EE RS
N5, toT, BREMERBEED L) 2T KROW
AR AT S A L 7 o 72#iFH B L OO HIE
ZAD B \ TR EEZ B O 52BN &0 SR A 2T S
W5 L) RHTKROFHEDY &0 9 HEEEHIL,
T EEZH LA TB EREDE L LIKF 35 2 &8
BaEnsd.

(b

NTINY 7 OBEEREICE L CiE, 79 ABEMED TS
BUHED T AT b ik a2 L, F2MT
NI L 7= B DR EM OB L 2B 2 Bijik3 5 2
ENHRISEME D, 2D BT ADFERSL k-
B LTE, 77 AEMLROREFES 4 — /=Xy
7 FRAEM ORRERL R & D BRI E NS, K
FERATICEE L CBNC R72E, KRETIT AL DR
IS K W BHEORATSIIH END CsD k) %hldb b
505, 22T T ABILERERO MR DS A B
BN 2 72, RGBT A 7 OV B SEHERE (2000) I3 AR
MOBIZ X 2ZEIZOWT, 100C %2 LiREZ &
BRL 7=y b A FaECIE, BEMEEL N ToE R
Y= a OB, WHIST - B 7)) —
THEMEDOEADRHEINTVEELTWS, Bk
B A 7 VB SRS 2005) T, S 512, EBT—
F G SN T2 200CHEE £ TEHE L8
EMEERET L CB Y, HERG IR TR & i
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£ 3 E HE  FHIEEICET ORZHHR

MB100C L EIZ R 2581280V Th 4 74 MEost
RIS, S U - XA F—3 3y O3
REVEIET <, Rt O BMZ ek Ic B e RITT LT
MLTwa, F72, BARSER CIEREM IR ESIREDS
100C LRI BEICBVTE X Y NEBEPSD KT
A F ¥ ORFEEC X o TIWERE D r — A2~
TA T4 MEDFEEW RN, T2 U0 - &
AT =2 a o THhRAETREETECRY, #%
EM OBEMEOIK T %0 R ZEEICEEE RIZT &
FHRL TV A, IR A 27 )V BHZSHERE C(2005) T,
R AR B R AT 100°C % #8 2 B B A OFRE A 1
RENO RSB T 2 MANZ L, E=2l5T
HNENEETDH B 7200, BURTIIAZIRE A 7 )V BHSsHE
i (2000) & R0 2R 4o GRRTE I S s B & IR FE 28
I00CUT) 2FF LwEEZ6NLELT0A.

KR i B, G DIERE IS B S
- BYRER L GEO L A 7 b (BEERRE - 41
T T L - R - MRS 2 L) 12L&
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- R SISO CRENT — 7 o8, e
INTHEAM O, H S OBEDMERIC X ) BRILA %
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HEEEOIRALETH 5. G, EEOWE )
5% HWiEH & L CGEE L TV AEBIAL VDT, K
P72 EWIE 12DV TR SR O 5 ES, 4F
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SNBETENEF L, RIS, IEWTRE I AN B R
T, WHERE & OZALBILR D AN 2 R BRI T E 12
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OV F 88 VYT v RETRD SN Ek

SR SFi L]
EE
Q 1/;( r—'—»E 5] /jﬁ:,‘l =
- ~ [ BB R FIL
] 5 ERRTHHE
& Y /
2 s = o P
i ¥ [EALR ® ES kS '
ey KT HER
= 3] Y] B
-
o
T\j ,I Hm e Hm g
=l =
g  lsmien
® =35 B EYT] B
-
N ERRF SRR
) ,1 v g g v /
= - 3 HEE
g° LT B ] B RERT SR
x4-4 )WIFVEBRICBIIDEMEKTESD (Petr) DEtE
B T KL S TR X [ HF KL A3 7Bk X e T KA A FRER X [
A v bekhags L0 TFIchHEE FIZ b DY
(XZ
Py :p0+Yw{(hl _hz_u]_hs}
%‘ﬁfﬁ peﬁ:P0+Yw(h1_hz_h3) pc/f:p0+Yw(hl_h3)
azg_hz (0<a<L)
py 1 AIETOEAKES (kgf/cm?) 5 hy - EHFE & RBRIXHF ROE S (em)
h, @ HUTNIKAZ & BRER K R DR & (em)
fifi & h, : EREGUC L HBOKEET, SBELITHEGHIE LV kOB D (em)
vy ¢ KO BT AR R (kgT/cm?).
1, popp ERER X O H ISR B 2 L 1RO M 2 EEICFHI S 5 2 L AN ATRE.
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DKBEERNT A — 7 1F, FHEOBKRE T
%, GROEBKREOIREE 225NV T4 VET
HhH. oM, REXBNIZ 10kgf/cm?2
(098MN/m?) DIESITEFAL, REEXH 1m 4
720D 1 AHOFEKELEERSNTVE,. £2
T, BWEKT ] Peff OFHE I H T KAE & 3B
X[ & ORI 2 il BIARIC & o THFR 44 1R
F3MHIZGITONL (Bl 2 1T HiE T 55,
1995).

F72, VT UEOPRGE T FALBRE T O A
W&o TR L. K48 IV F v REFRE R
SN T F MEDRD O R IRS. 22T,
it & AL 2 L E AR EKETT Peff (kgf/
cm?) EHATEX (Im) 720 OEKE ql/
min/m) TH 5.

WIF E (Lu) i, H4SITRENTVE T A
V1D X9 7% Peff-q MR ICHIERERH L 2 &%
feRB L7214, A&k AL 10kgl/cm? FF D 7EK
BELTRDDL, VU MEE BRI
HE,INTFIEHT X 10° cm/s TH 5.
HAKE D % Be BB LB % 479 18, 48
WRENTWDETIA 2D XD, HAEKEN
D27 5 LR ENEBICH R T 5556 T,
Z O Peff-q EMRIMRDZEE D D 1SIZ BT AR K
JEN#RAREN Per EEFEIND. ZOB, W
BB @ Peff-q M#RORFUE S LUT OBEMAE LR L
THEKET 10kgf/cm2 1 ZA1Y 4 2 HATE &
W70 OFKE (/min/m) & KD THE LV T F ~
il (Lu) &42 (MW#ETE45 1995).

@ JFT. W49 12 JET. FOERKEL» 5 EK
¥ xR RO L FIHERT. K49 a) D &9 HAKAL
& O FLARE % 1 4-9 b) 1R X ) 1k
SR A P U AR L i o ol
B OAIEE (m) %KD B E RO E AR
K(cm/s) 3R> 2 L 7 (Hvorslev,1951) O P57k
ko TROSNZ DS, SlAGOWRKIE LD
REHXEORIZ L > TRE->TL A, £S5

JETRIC BT 2 &K RBORERTEZ T L0,

@58 FEEKEER 5 #0PIgE KRR Kem/s) 13
FEARMIZAR Y 2 L 7 (Hvorslev,1951) O FFHIZ
Lo TROLNL DS, FHiEAHOWKIRIM O
BEXEOIRIC L > TR - T A, KA4612%E
FEAGRERZ BT 2 BRI s 5 O 3 %
FL5.

OAFTTTAN D AT 7T A MAFITABENR L %
% 1@ i ACK I R0 i 9 | 2221 S 8- 72 K BE D
FREOEWIZ L 5T, BREROR ) J7 i Fik
ELERL 5T D, KRTIE, HIERKET,
JKBE D W E (Overdamped, ZKEEASHLFIIZMET
L, EHEIIC X2 AN RIRE ST L v ) 1K

£ 45 FHEDEDS

541 542
0.98MN/m?
af————— _—————,
{ 10kgf/ cm? } P
[ p -l
e L1 |
< E |
3]
R 3 |
I
&= | o BREA
M oo | Lu: Wi
& E | #
v é | L Q#lby?}“/ﬂ
3 I |
0 ] |
0 Lu Lu’

MURZH-YDEKR ¢(//min/m)

X 4-8 JLIFAMEOELGE MEIFR, 1995)
z ¥ FMk L
b
=]
*
— B Mi(s)
a) kfi » LEEM + DBAGE
~ & m= —Bs1/82)
E 5 n-n
#s
|
=
¥ \
T \
\\._

0

nhn — B Mi(s)

b) log - r AR

4-9 J. F TOECBIIDEKFRHOELTTE T
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=
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xK4-5 JETIACHITHEBEEKRBDELTTEA

AR RE G
d’ln[(?»L/D)+«/1+(kL/D)z] s r o K
R = K
AR EENEE, &5 LREL, (2L/D)>=8 DIFA (J6S1321-1995)
k06647 log2L/D)
L
d’ln[(ZXL/D)+\/1+(27uL/D)Z:| s e |Ka
K= -Inf = Rra
8L(t,—1,) [sz ] kK,
BT K EENE, S EAREL, (2L/D)>=8DiE (J6S1321-1995)
K 0.66d* log(4L/ D) m
L
d : AKRACHEE N O W & AKMHIE 7 — 7 LV OmiE & DLV RD D
= BHEINEZE (em)
" D: AMRKMAOERE (em) ;L: RBXMOES (em) ;
K, : KEH M OFEKERE ; K, - $R1EL T 17 D AREREL.

IEH KB TH - TH, BMBRXHE O L - T & HKE OB & o B SR X FLIE
BOMELETHD5EI3ARER KRB OFEXZ NS,

K4-6 BEERDKERICHIIDEBFKRHOBIEEL A

HrACRTE EL -
ALz4D ODFE ALz4Dp DGE
K= L) ]l{ﬂ) K= ) ~sinh"[h—LJ
— wmLH | D mLH D
NEF
EMENYE, 7 ERET H%A (JGS1321-1995)
g L1150, (2L
" nlH og( DJ
AL>2D DIEE AL<2D DIFE
- & n(ﬂ) K:7Q" <sinh"(ﬁ]
wmLH | D wmLH D
K
EENYE, 5 ERET 5856 (JGS1321-1995)
Ko 1150, (4L
" nlH °g( D]
A=K, /K,
s = Q : EHIRAEIZHE S A7z ifi i (em®/s)
H : 5R5R X R A g D K E/KEE (em) &SP T /KL /KER (cm) & DFE
ZDOMOFLE DO EMIZERE L [F L.

MEERTKIE T > Th, MBRIXH O L« Tis & Ak E 05 & o BRREEDS BB IX R FLIE
BOMELETH D 5E 3R ERKEOFHEXZ AN,
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x4-7 ATITTABNIHBIFD Cooper et al. &

£ 45 FHEDEDS

B kO 2
WIERT A — S =FEp) o=i5t p =L
5 — &R ” ”
- MEENSF (o, B), KEHNAS B OFEUER
HRAE A VR
fEAT Tk « [F] R & — /L CHiEl 2 01 E #6 FH/HO
KON HERF# L2 7 2 v b
- HFRIEIC Ko CK, SsEFFE
Fla, B)DEFHIiLCooper et al. (X8,9) =&
H @ BHAIEER t DRFOKIE |
Hy @ BRFROIZ 8L S BT KIE
i # r, : AR OR—U > 7R
S, : HHPEE ;L MBRXHEEKEOE S ;
r, : BUAE DR
K @ARERE ;o aBRBAAR) & DI

x4-8 RAIB/ UV ABKABIEROEETE

v e— H _ _ mris L _ mKLt
?f%;;ﬁg F»_F(a’ﬁ) *TV.Copug ﬁ_Vowpwg
HER S <0.1 o>0.1
Cooper et al. DFyE Bredehoeft and Papadopulos® FiE
« MEESE (o, B), HEERAS B D - M (o, B), HEHRAS o B D
" ; b g (559 b g (559
e 1% o R A A — L T A o R — L T R A
H/HO 5 3o R | ) 2 g H/HO 5 S8 oA L2 ) 2 IRF AT L
filta 72 v b 71w b
- BB X o TK, Ss&HRE - MFEIC & o> TK, SsEHFE
BE%F (o, B) DEFElXCooper et al. (38,9) , F7~IXBredehoeft and Papadopulos
(X9, 10) &M
s = | H: 3R tOREDET) ; Hy: 7OVRIE ;v BBREEOR—Y v 7R
Sy ¢ HHTRE L RBRKEEKBEORES 5V, o UL REICAM S D KRDIRFE ;
C,, : MEEOIEMHNEZ ZB LI KDIEMR 5 o, 1 KOKE ;
g EAMERE ; K:@AKREE; ¢ VL ARERBG D b DOFEH
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* 4-9 HIKEERICBITFD Theis ik, Jacob iEB KU Thiem ik

Theis{t

Jacobi

Thiemi%

s HF DS OEPREIT—E

- KR ITE,

L, PR IRNCERDIL DY Y

7 - )
e - S OB CHEF D OB HAB ORI £ 5 b0
C HFEHKE I EREA c ETFAREAKEN S ORAKITERTE D
VAL FEEA /IR I/ FEE T (M) Pt/ () EH
- BKEREtIC B Ds B
* TheisMDFEUE R % (ERK A AR ) 3 ST ) AR T B b
C IR — AR O %};E?g}ﬁ&%gfﬁn () “PHPRAEIZ 31T 5 & BLI
fMT s—r2/tihi#E 7 m b Zfﬂs&rz/)tigﬂg ; #szh“hf%@m
P N + s—log (t/r?) HiIFRDEHEER /3 D - HiElhIs K OSd oD iZzn
T PEERERD, WEDETS 0 6 g 5 o) ZhsErk Ty b
LOEBBIES (t/v2) s=0% FAIRD - s-log r HIFRO BRSO AN
AEE OB ER DT - AL VK, S &R A sZEHHED
[@/v),, s, ], [A, W(1) ] « KA K DKE RN
i &)
s ALY K S EFEMH
s, =4K 3""’ 2.30, 230
FHE Qz Ik " 4nDas = 2nDas
NI r
= () s =225K(17)., S, HAHIR
492 min/ m?) .
(£ =0 r(m)
i o3 102 107! 103 102 10-1
Wit ) ) . 0 LLLLLL AL 0 |||||||4| MRAUL IR
) = - g | I o
X i = § ,__2 - ! __\2 =
Bmo  E = | E, J CH A T
s [ ] "L ;f Ly
o1l 5 L I;; |170 " |I |. 1 ; L =HHE L
IR i R '
102 101 1Y 6 5
i
t o B KB O RGE R s BN O KRR T & ; hy @ FIHIKAL
h: BN DOKAL ; v BRI S B E T O ; W(A) =2 @ H B
%5 K : BAREREL S, ¢ iR D: HKBOEE ; Q, : Pk ;

h, @ SEHRRIEIC 550 BB P O (L ;

As : BEEl D 1logV A 7 WITHHET DsD7E (HBRDOAE)

(t/12)s=0 : s—log(t/r2) HIfR O EREH S OEhEIF




BOWELZAIL LCHEBICRNTE. ZOBE,
B —EOKELAMISEAT L. BUHI—
EDKREBBIIEAT S Z L& - T, BUHIFHN
|2 Ho DI/KBHZ BRI N S &, 2 O Blpiy (21
SRR 2 b2 JE L, #4712
753 Cooper et al. (1967) D F-iE% FHvCHIE D%
KERH B & U AR ZFE S A 2 & CTE 5.
BV AFIKERER @ 79V A SRR R O BB Y
JAHET, BUBRSRMOEVIZ L > TR - TL 5.
F AN O A R OB T LR T, ER
DERIZH 25T, £A8IZEFRSN TV LR
TE/XT A= — g TFRIIT D6 vz, FHE
3FFa=01&MEL, Cooper et al. (1967)
OFELIVREZRIT->TCHhDL. ZTORE L L
a >0.1 EHEr sS4, ST Papadopulos
et al(1973) DTFE L VFE LETVLEDLH 5.
OB 5K ER O AT X K8 O #E S
RGN, BARFOBE AR, HAEORES
LFUOHNOREELR EIC Lo TER L. TNHDH
B b — I 5T % O Theis 7,
Cooper-Jacob 1% (Modified Theis Nonequilibrium
Test Method & ¥ %) B X U Thiem #:T
H5H (MiETHEE 1995). s =DODOMHTE
DERMES, BITTFIES L ORIEAX R ED

x£4-10 FRUBKETFHERODIE

£ 45 FHEDEDS

MELERIIIZE LD D,

OT Wb THEHBIL Y — AEH0ENIZ L o T,
FIERESKTHHAER (EKO%E SFEB),
7V AT RS X NIRRT RS2
bNb. KA1 IZENThORBEOFEE B X
UERBTTEEZ L DD,

3.7.2.5 HHEILA

TEOR - EEIN R KRN T EN R E 2
BB 1R B E COREIZE T 57— 7
VL 72 B KBS AT E O KIRFEE O FAT I OV Tl
3724 THD [JFALEZ BT 5K - W BAT4 AT
THECRER L TR Y, ARETIXOHISICH L TRl
5.

JEAL B S D E IR 0 9 &, Bififk
— NSV ST B e, KRR L ST
i CTh L. 20 HIARKEBRBEI A ML F I
ELTEELCELBMTH Y, FMEIZBIT D3N
DIITHEISE L TB Y, —J, IRREEBE T
BEICHEARTHFOSFIZBNTCHAESN TS, 77,
IRIER A58y B — 12 X BEHEXEPICSAE L2 1
mARE D LR & 70 2 HIFE & FE o O TI
IS HIBT 2 3 L, LR D O 2R in 71556
EREETDHOIELTWADOIIH L, ST

REE TE T A K T HaR 7L A F PR IERL TR
B © FEF (FE7IFRERIL) M ORGSR X O ORHEEZFTT 5.
V—AFNL—EORET YV —AICEREEK E T Y — A HRNOWE F I KEELE E
KERA T, THUCER SO0 UK E 5 %, 83 WICHE L, BHHNTRAETDES
OB T28HHNOENELE R FNTRERATLIENORERL L OREER I ONAEEZNET S.
HE O ZEZRET S.
T5.
- HEL - EMEAOTREL g (1)
=4 ERFROENSE Ap (D)
< ’L:L
T o R '/\ /?5(5\\ /
PRl Sl S DFE SALE Mo 0 < \ v/ fpo >t
A q 112 3 4ls 6 \j o/ s
Vi \
A LY
A ] E— T (EREHETIERBOMN)
A 17
IR 5L
F 7R ik g s = 11 Chs " Businov-Umrichini%
ik LS S Kamel-Brighamik FE TR -
Blackj:
+ PR T A P i~ « A ROBENRS © ) A ADBRENES
Lo - LRI ER 5 ORT « ZRGTHYKER R D FE
O A AT HE Al 3 AT HE i A3 R HE
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F# RIS HETH 5 b DD, 10 ~$% 10mm
I OIFF /N & RSO SR S8 % §H 3
572 OEA DA MR BB T E OB E 2
RIL o TWA, B, lla 7% Hvi-ZNRER
W2 &Y RIS & HEE T A Tk (B114HO F 2R
TRiR) dRESN TS,
INSEDOFFEDOTRTH, ZNEFNOTFHEITHLT
A 2 (R O N30 O e 2 ME O G & L
TWh, ZOFAERBEREL D b IEVEIBROFIEN 2 G
NEFHET 57201218, TORELTT 2 Z 2 TIEY
AL 4T LEL DV, RIS Y% IS 5 72012
ZZNS DFERIZONT, 115 D ORFEEH 7 WP % i
TUERHLZLIHETLLEND D, B, Bk
B A 2 OVERSEHEE (1999) 12 XAUE, IRARTISHO
HIENE T L — b EE) - WA - = AllEfR - &
FEMEAD SIHEE SN D EM AN IR R Y, BTN %
WIECHIE OB Z T T T3 v e S, L
IS5 7% R ORI R D S IR EIR 1 O
FEFET A LN E R 5NB.

a) KEBHE  KEEREOERIE, K- 71l
W28y o — gl LZEX 2 3%, Z ORI
KEEAL, BEXMOILBERIZE L ERI0T0
SIBERREE (St) (2T 5 &, WREMICIIN AT 2T
M (R/NEMEIG T 2B IRMEIENE U, RN
A9 5. R, BREANTEAKDI AL, PEXHE
NOETIMET T 5. T OWHEO R 7 & — )VAFRD
WRARIEI L : 7L —2 T Ly ¥ x— (Pb)
LIPS, PHEXEANOKDEAZELT A E, KER
BAEOIKIZE D HRWKT L, BZUCEEZIGHEE
EN\ L phb—EL D, ZOFENIBEDHIITE
Xy MMy Ty yy— (Ps) LIS,

NS DEMEIFREGRICEDSL L, WTFD LI
BHIND.

Pb=3Sh-SH-Pp+St

Ps=Sh

(SH : ZKFHNRATIETI, Sh @ AP ANERNE
573, Pp t MIBKIE)
LAL, FEAEICBITS St ofEgid, 6z 1330 o
T OBIEMEDMEZ St & LTHWAHAIZBWTY
A= ¥ ZHRH - 27 U B 2 EALERTT OB
B & D R 2 7 NSNS S AT 5 T L e e
SAEHI T 7 O IR F AL O St & L IEREZIE—
BLhweEEInNs, Forz, BiEE Ph) ofth
D2, BEOFEOE VA —7T=v 77Ty v—
(Pr) % JH\%Ji{: (Zoback et al,1977; Bewdehoeft et
al, 1986) 2SR SN, ZOWEFHOEERIZ PO
) 12 Pr(=Pb-St) % T

Pr=3Sh-SH-Pp

Ps=Sh
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AP BERA VLN TG,
LA L2 s, KEREICES 2 &EDOWZE (Tto
et al, 1999) 12XV, TEROKEMEED Y AT L H
R BAFHIE (Pr) ZHCOE %514
LFRICHELN S D 2 RIS, fiERkoK
FERE R ORIEMIE I 2 HICEH SN D,
OKEBRREEE DI > 754 T > AT, KIE
R 70 EOKERE Y AT 2 8thoa sy 754
TYANKETE, BHEBEMHOLE (Pr) % IEHE
IZEEB e TE RV,

@IKEBEC & o THR L 7B ZHIKEIME T LT
DA DD HaHE R EORBEN 5554213
TN KA B DR 5720, 8D
THHPHEAKRPEAL, BEFHOLE (Pr)
o 2 53 206k ORAK Y 7.7z
72\,

OofEFmIcH LT, sHlld2 K- v 7iloFEs
INEL L, KEWFEEEOIER - sHIR %2 B3/ Sy
77— IZECE L CRIEBR Y AT a&koa 75
ATV ARNELTEFEPRESN TS, T2,
BZEHLE (Pr) 2B L CIERMBRAREICS 72w
HFLVERAIMELZEEI N TS (Tto et al, 1999).

Pr= (3Sh-SH) /2

F 7z, ENRBRIC L) KEBHEIXE OWE 2 7 o
FloR ) ME R ROIUL, a7 EOMEIXS S
Lo, WWE (Pb) »HRZEHEHOE (Pr) %%
DFEETRDOL ZEDVMRETH L. TD7-0, KEMK
MY AT Ao RE L EE DI, WHla 7055
DREEER Z ORI A 2 L2 X Y WIS ot iE o
KGR - M2 1N L3 23RN T hbloDoH 5. F
72, KERCWEREEORIE D ThIL T 5.

BEFDKEB R FEOTHIE R 2 FHMIT 5 12H 7o C
(&, IREERERG R o B P B L ORI ZALICH BT 5
VRS L. Thbbh, ) - ARSI 2
R L R BRICKESME T3 254 L, IREIE
ERLCHERDIED W o < ) & LAKIEAMET L 2w
BED2ODr —ANSHbHEVIFETHL. ZD2D
Dy —21%, INFETIE, FISHEEINES 2 Eh
LELLZLDEEZOLNTER. Thbbin KKFE
I5J) (SH) &d/KFIE)) (Sh) OB EZETH D,
SH < 2Sh-Pp (HIBAKE) O¥a 3L IC B2 E 5
HESEKETRHESEEZECETH L D14
RENTH D720, BEDPHD L BENCRILNGE F
TIEAKINRA L, 28 RIETIORT 3 U7z & R
ENTwb. —J, SH > 2Sh-Pp ®¥ 42 fLEE 12
BRSSO IR R A EI E T 2 &
BHER B0, Wo Y EIREDET LT 5
ENTWE, ZOZErs, KEHEBIZLDIBTO
FLENIOKIE B e % AT o 72 JHAL 8 OIS ) IREE (SH & Sh
DWOIKE) 1TE YV KE L RL o7& % 2 REMEDS



HY, BEOT—5 2GS 2 LR EEN L
BTH5b.

B, KEMHEL, JI6A A v 7 NRBMNEDS
Bl AEL Y, PHRIORESLZOTNE
BETDHTETH L0, MBS Y AT 2128515
W OB Z KT SRS DH L. Dol
FRAB R B AR ITHE TR & L COKIER
WHT 28610%, Mok X 2R gLy~ A
FACG A LB GO THEICEETLILEDLD
5.

b) IGFEERGE - ISHIBRE DML, £HTEA
Lo =% R—1) v FILOTLRICEERFIC XY EE
L, BEHSEOBRIZICERA L YT —DFY &4 —
IN=aT ) 7L BRI PSR T A2 LI2LD,
WIS %504 5. e /IBE i, FLSHREI O )
B CREFLEHRE], BRIEFLSIRE, MEFLEIR S
R IKIET T O7KE L 72 fURICIEfED DRI S F T2
It = E Wi B IR 2 (AR S D
WM O, £ - DR Y % EREIC A — N —
A7) v HFE, BREAROHELRIUT (£
= OHFFAE T IESRE) S8 E L CGRHll 2 EiE 3 2
WS DH. F7z, FITKEEORHIITIE, HESNT
BHIREHAERN (MEKEOREIZ L BERISOE
E, WHIA T A 20X =B RITI 8 R
WCEBEAFHIMED F) 7 &, WEMKICELERT
R VEED BRI & % HIME 02 0E) (TR
LD B B

TSI, IR 2SS — B AR E T &
HHEC, BAEMIZIEA 8 7 MRERICE SIS D
DTH Y, FITAEROBEMEIZBIM AR B 2 K
BEAREL & RHAA 1 o0 BE AR B ORI SE R i 0 55 7 19 8
FREBHMER T D & DIRED & ORREERL Y 37D 24K
FLTWA, K= » 7ILEHHEIT 5 R L 72
N, K= v 7RI & S VI FLESRENC X D
A L 7N EDSRITAE R G- 2 B 8L, K& %
ICHER P FEEINLMTRTTEERRLDER D
LEZLN, FHIOBHEEME TN T2 ERE R LT &
TG ERT DUEND D,

TR & B B S e ) W 52 o 8 i P 1
1000m #2E & Z 2 S n . 2 AT E T A 1000m
Az DL, FLNICIEAT 2 BRSO KIEA RIS
LD MEREROMFET R, R7HR—VTL—2 7
FDXH %AR—=") v FTIEEOHIER G ORE R 12 &
D, IRIIRBE OB SR L 2 LTSNS
MHETHBE., SHIZENERETHEZIT) 720121,
TSSTHIE R ARA I ¥ =DA% &3 HlE 71—
T EROMLE - M - B SO 2 0ED D 5
WTFHESCTHEBREN100CEBR 5 L) RBFTT
&, HE 7T — T O/ R LTRSS L C

£ 45 FHEDEDS

B DA, MR XY AkoERRED IS T
ERL AGELTHEINS, WE 70— T OENE
PR G KIRE COISTHEICIZIEELRERZTH 5.

3.726 &E

3723 WX 3724 HTIY B 7 M@ H = B &,
MR Lo\ A 2 M T H AR Y, SEEAE TR
R ET DG - BRORHEIZIE U 72— 2 ke
DR ENZEESNDH, TITEFRLZ. W
HERA N N7y 7 (1998) @ [%# 135 WyHsE |
mEDEEEHEEZHINT V.

3.8 BRFAAE

HE - FHHIEE  HWERE

@ (MZHAENMEIR) RENMEDD DIMYEIR
DEFENMIZRE CHOSDTEOfCE8HEIE, FRICH
WCABRADEZEN DD TERITDUNENDD.

JEF 9% 4 B D BB B X[ SE & U5 o Bl A7
PEHE LTEIFLNTEY, BEHRAIEIRFY
\ZEER IR (BL3EDE 3 ST Sz [
ERETD) DBEHET LD ERAL - FHT 5 LE)S
HbH. B, FHMUIH-o T, BFHFNLEEEDIZ
PSR AL BB T HLENH 5.

LSETRAE 34l E SNz T8 ) 121E, ERO#
WoIh, Ak Al - RRT AR EDREEND. b
HENZERTES 2%  OHWEIR, Ak - Al - RIRA
A, KSR ElZonwTlE, I E TIZAEW
IZHREATONTEY, 55/ - BE - B2 L1250 T
IIHERE RO 2R BLBRAS 2 ST W 5, SRS s B & O
Z O JE B HIF RN 7 BN SR E VR O AFAEDTH S
NTWABEEE, N5 OHWERON M - g - =
WZOWTHAEZITY. BB, —HomWER (& L
TAZN) AZOWTIIHIE L HEEIRE SN TED,
RS R SN LMD A Z L ICEET S
DAY Y

E B FEP Clid, B &5 o H I & 5 X0 Hh 240
WEENTWEDS, WHEFEIAF T2 L) 2 HEER
B3 L OV PEBESE AL I I & 22 ICAE T H
% (B, WBEFEICOWCIZ36E [HEFE] %=
ZM). T2, KEFEIZOWTIE, #H - B¥EH - T
SER & L TR &2 -UFZKIZAL 3 L~V 2 A~
BICRWTHIKEN KT AGENE L, Z0LH %
R T AL B L T b7z, KEFRE L
THY D LEMIIME N EEZEZS5NE. —F, & -
BEEER - TEM & LTS L ANV WREE DR
TWARED SHARK LTV ALGE, ZN5OHKEITHT
AT DB ORIZH 5. LRI
ACTEAFAE T 2 ol | MRS AR AT b [X 0 38 72 B T CHE B
ENL2D, RO TKERIZOWTHARERE L
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THY D BEEIIE N EEZ SN L. B - #LEF]
HaBIE L2 H 12 X 2 FARFHIZOWT
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7 EOEIRE R BEEHC R U USAE B R I E AR
FER LNV THDL. Tz, WTKELLT OHEREY - &
AORBE - B ST 55 % T — A T
X, BENEOLET 2 T KMANFH ST L2 L1ETER
VL BRI EIICH STV AR E S ET
OWEREEIL100 y gal F—%—TH Y, HWTFKRED
BTZ20b 07 5HE SN A EIEDZEERIXIER
EUT2ERERBEOLNVTHY, EIEOLE)
W HIKMANDOZIRITIRENR S CERE RS v,
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HEPIZL, o e LCoartt (NI 70k
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DOHALZIFE S IZRVBRICH 2720, BRFENRE
R & PR T AR RS Z DAL IR 24T ) L5
Bd L. FALORRE R, R & 2 H
SRR LTATS . F72, R OEREE, WK
fbFR B R &L fg T (k) o i ks
FEALRT 27201 s 5. BREEERAIC B
VB E RS EROBEREITHFH S (1, 2003; BiZ
7, 2005), WEEGATE AL TIZINS Z LD TE
e\, NSRS VAR - U TR R e & oWy -
bW 7O A2 HOENZT A ENTE S, [l
B, o bE R O uIRC KR L iR
BT DBHREWOZDHZ LX), KEREZ T TR
BONGZWERZEL LRSI, G IETER
SrEF (B ZAZILA, 1999; ILAIZ A, 2003) B
FEARMOTE (F 2 EHFBTA, 1995 Hfr, 2003) T
%L OFEREDTTOL, WINEEFAIE L T,
[[A—H OB TH o TH, RIGE - REERRK - i
EOBRETEDILEMESKE L HHL ) 22 L h
5, [H—H TG 2 BREL - 40HT L TR E
THERR L, MAICHEBEOEND L0 E 0% T 5
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a) &0 - HEYDEH - 9T

BRI S X O ORI A B ah - 3
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B WD O FAL-ZEBNZDOWT, 6 R R TEIR
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Bz CICB S 2 AIRBIE 2179 . BB ORI Cfs
TR, FORPZY) REELBEHTRLET 54
Bl H. B IZHIPEB L ThAEE1E, £h
ST AKDIREEZ GLFk L T2 WTREMEDS S 5 2 L
5, FHICREINCRCIR T 5. BURMER IR (B 2139811,
1999) AEALERICEIS SN LG E1, T OMERCHRE
% & G TR 5.

“HhO - RO e 2 LB L THEBT 5.
SO L, ah - R OERE - HEZ
BIET 5720 TH 20, KECEHDO KA % BT %72
DIZSHEHTH Y, FROKINEEOFHIZ S FH T
ELZeHsH (EIESHO [KII - <7< EH ]
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RRE R EI2 Lo GEIRT 5.
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ARXTH A ME—RAHAER £ 72 13RI 0 #ok 4
BRI L o TEB SN, SRPEMIC T TRl
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e s (FHR, 2001) OT, FHIZAXZ ¥4 LK
MEEET A, T2, ARXAZ 7 A MEBGA F 58
WE LR E RN D B 720, FRDLEFTOE
WCEEBETAHEE R B, V) AW TIE, I
Opal-A, Opal-CT, 7V A NNUVA, HEDHER
(Williams et al, 1985) BL A X 7 ¥ 4 FDE 4 12
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MR EENLWE - AR T KIEHTE 2w
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L VIRENELY, —RICERIEE ST ERCE
% RT (Bailey, 1988). fit> T, FHEOERIL
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oA SO R - AT, ReHICE L
LW O Frfr s - IR O AT B X OER AT - 4
fEHIE 7 &2 & 0 W TR B P O LR BB O SR IE
M4 5 (Paces et al,, 2004).
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A—=51%, KOREXICIET L720DWHLRT—4 T
HDLH, INHLDOINTXA=FZELGV0, [#
DA | TEALEEE ] AR B CTH 5. [ EO850H7 )
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2001). ST, HEICT VA Y EE (HCO3+CO3) 1%
HIGCIET A, MSAOF—/N—=23y 712 LTZED

89



F 45 FAEDEDT

WREA T S 2 ENERENLE TV E= T A4 F
> % TRU BEFEY O BB AL H3 70 SN2 56 1 R R
1+ bERT 5.

BEMERSIE, N=254 VL L TNy 27
Ty NBEEEZRETADIENTH Y, BwEzid
R I 2N L 720, 7L — 2 L AR
e, FEEE 7T A<t (ICP-AES), ks
AT A< EESHE ICP-MS) % &I2L > CER
FThH RN=254 L LTI BHEBITOE=SY
YT REET HE, S, Al Fe, Mn, F, Li, B%
oAbz, T AEALEDTCH (BEREH A 7 OV BZER
1 ,1999) 7 5 Se, Zr, Nb, (Tc), Pd, Sn, Cs, Sm,
Pb, Ra, Ac, Th, Pa, U, (Np, Pu, Am, Cm) X
SrE&ENTHIEHRE LTLETHL FHilFEHE 0k
N TR D 720 R — 2 T A Tl Sk
WTHAH)).

Fe?"/Fed* b4 + > (S¥) 1, Wbtk
BLLCTHEETHL. HILWA + i3t —N—r3y 7
DEEEIZOEBT L. TNSHEMBILEING VD,
FUBK & SEBREE F Calil T 2 1IIE R ICER L, ik
WA 4 > (S%) 3 biligh & LCRIEST L8N DH 5.
CCCHEELSIL, FEAEORELZ MR SIS
B AR L TIBEHREEL N TH S, ST EHE
TIFKE LR ICERMA R 5720, BRILEICE
Lo THEPIRELSEDLL FeRSIZBWTIE, W
DIRNHIZ X > TEZENS OB - RIIREED K & <
ZALTCLE ) 2OEENPLETH L. Fe2t/Fedt,
SZ/S04% DAL & pH, Eh 7> 582516 T
BONTFERE DRI XY 7 — % O - 3z 3
5.

(3) J0O4 RiyEs

R—2ATA VEEO—o L LT, 204 FO@EL
T LIRS 2 LENH L. GHTIIETE X O FEDDH
L, ABETEEm MU ET045 umDA LTS
VITANY —m BT AWM TR IS B E L
T, BRAMEBEZ VT A 200 A58 % T, Al
DLW T4 NVT =128 F o 7 bF 2 LS50 5
L. fERAWLENTWA Y 1aaf RRTF57 v 7 A
Tl XY RIRORPUE A T TH 5 7w 2
AT ABIERO T R R, TAXRY ML
ERL-ABICB T A0, FTHEIEMEICL S
BIRR R E TR S 2 B L TR 4 X0 HEGT
%47 ) LED B 275, FEEDO S DR - HHTIZHE
BT L. ML EHEIE, Si, Al Fe, Mn% K OVBI4R
TLHMEICEELT, U ThiaErHsb, HTFKT
oA FigESRCEE, BEY) v VoKD
LYy w7 —, yOAT7O— 7 EEIRE
NI ED T DD 2 DD DS, 74 V5 —D
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AING Y ADF v 7HEOYIEN B B (Degueldre et
al., 1989; Eyrolle & Chamasson, 2000). Z 2T, 3
O A FARB L OREH (B X OIESE ) DA
HOIBRD 720, JFALEH T KIZBIT 28 O AR &
K80 O B3N (Saturation Index), F%HE O B 7 B
S OHFIEEOILE 2T, a0 ForoZ4tz
MRT LI EDVETHS.

(4) TOC (=BHK=RE)

AT, ®RA T T UMD R,
AW DFFVERAH D) & U T RAL i R L I8
L72h, BRALEITCES 2 T 2L 2 b0 L, B
RO EIRENDT, BT 2 HEDEORE
LCHET 2 (LH - 30K, 2006).

(5) BIffA+E

KT - MR  N) F 7 LRI, KZFO
LOORE - WEERL, FHTKREOIRESE 2
L7z T HNEN D L. T2, RERLAT Y, A
o rFy ARAL G ED KO P L ==& LT
OFMEEET L7720, RS AZLEND L.
HAWE ORIRIT A, AR, ifbksz, A7 )
DY b, FHICTERIL R R RTALK R I IR AR % A3
L7290, BEEOBWKEER LTV, T2, KA
H AN, EHEEHD 5V I3 L EoFEEFEE LCEF
i 2 0EEDH 5. HARYEL, HTFARPIHERL
TOWTOXREDZELTH ETIEEHEIEELTLE ) 72
B, T T OBEBETREL 2 XD IR 5
CEICHETS.
HAADOFRCTHICEE 2D DX, He & Rn & & 2
5NG. Held~ 7/~ REHmAEro 72631513
PMIRIRD  WEIZX > THAELD, Rn b REOM
W T VEEYNPSAE LS. o T, He X Rn 2
T HHALFN— R T 4 VEREOILRIE, B0
=50 27U L) BEFR O IREE R M T K EY A3 C
& LR RIS 5.

3.11.2 &2

HiJg L3 75T E S A R EE 300 ~ 1000m F2 o Hb
TR b A DR 3 4 (Whitman et al, 1998).
Z OHBERGENI HE R K SIS L TR ERIES
D XM 5 7% (Chapelle, 2001), AL5335 D %58 MR %
TERAT IO LT T WD YEH S 115 (Pedersen,
2005). MAENIBEAHEET L7215 TRL, BHE
POGHED R NHIRIE 2 1 L€, “ffigkz & &&ETh
LT RO EE 2% E 2 ]9, MTEET
WEEMITRALKER A ¥ VSR R T HE LS N
(FF 134, 1999; Shimizu et al, 2006; Maekawa et al.,
2006), W HEFERELT ED X 9 % EWALS IS AN
o TV A RS A 3L, R S 5 B IS



DI EEMRIIBWTHEETH L. BHEBITICE
Ba RATTALFROGE LT, Wi, 5,
ERIAR, a4 P, AR~ B L O
B AR DZET 5 A (Pedersen, 2005). T 72#1 Tk
@ pH, FRALEITCIREE S L UL~ D B W 14 35
FEMINZ & B —RIEZRE L — RIS D SEM 7
LR RO FZKRENO RN EIZ OV T L ERY
09 VEHDH 5 (Hunter et al, 1998).

MEFE DO AR —1) ¥ 7R KGR R O’ T R R
FECH TR BRIE I A BT B AW AT A LA L
S, PR, WEHITORBIBEI NG FTICHK
T~BEFEF -V DML ET L LHEESIND
(Pedersen, 1996). it > T, #EEFAEER OIIIZ4
WAL ZRET 2HEPEE L, BEAEORE
1% Push-Pull #: & IR 2 HIILR T2 T, H
5 HEE D YA SUSHE 2 WE T 5 Fikidfr L ¢
W2 AY (Isotok et al, 1997), Z O T T Wit
ERBIESIHEL 2 A LD, 2005 LNt
N=2ZA T4 % PWET 5121, K=V rr7arvzfn
TeEBENTOT — ¥ S - AL & 7 b,

a7 RO (B E b e WiEDTRED,
LT L REMRHTIC X 2 AR ERE, B X OHER
Wi BT BRSO BIGIE TS L T X
EEHTHLH, INHEBENRMEDRET ML, =
T OB Z I L, A OREED O A
NZZEHEETH L. HlzIE, FHAETOBAEY
BRI 2R, KkFE BE TUrE=ZY
DA K v, RHEEA A v, HEREEA 2, TREEA A4,
A AMEREE ORISR T 5 BB R D 5. £/, A
& U RHALKFEICE L CiE, AEREIC X s L
LOPWALNITT 720, ZEFAMAHK T TR~
HPLFE L, a7HOFEMICOWTY, MEmOT
AV F—HEEICHV SN L BERIRERY, —Zhgkd L
CWE=Mlgk % SEediy, ibWayy, mBRIESWED
GHEBIOHEEEWAO PICTI2UEND D,

FLEEDSH L 2 WHER S ot & L 7-ElsAA& T
1, ISR BV IdAR Y < — FIRA L2 3ETT
VS, fLEZIRET 21 H &2 Rz, fLEEDS
HiZ 3 Affda TR A s LTEKEHWAZ &
bTE D2, W NOBHIAE D BEY OG5 7
LEEZEE L RTNERS RV, a7 EFETLIOL
MRS, HREIRAAR S V5 R E W REG IR A L 2 LT
275 v, BUEWRA BT 2 LTI, A— LT
Ty PO 7 R EERE, BRRICTEHETMASE
T, O ECREE & MERE L CULEL R 0 B D RS
WA L 2 I UE e 5 722 v,

ERIER IR I B VT, ElATHEs LT
L R=0 7 a7 OFMERG EY) BrE, HROD %
WHHIESZ B Y. o TR Ta T v 7L
I, Zra—7Ky 7 ZAEOHRTITbs. 25612

£ 45 FHEDEDS

AR LIRERMARICIRA L ML= — O I
A RERR L VG QL Al 2 4T ) 4D A (Russell et al,
1992). %, MAEWKOBFEE =X ML —HF— &
LTHWONLDS, HERTERAAT A 72O II3FE
BEET L. RERLIVEFONFW L —F—2H
WHNBEE, O 2R TREIBRK 2 fl
L, bL—H—igEAillE L CHLEZFMT 5. 2
ROBVHE - AR BKES B WAL, JEEITE
AEEECTREL T, PWHITEAZ LTl bR
OWAEYHIE LT TERE LTV, WEFRAE L7
HRTE s a7 ERT 2 MEY E ER A, b
L —% =2 HW/ Gt ii & A EBERE RS 2 <
A ZOLD) RiHRERANRICT A%, IEHEEE E
L72@EREPERAEE LTHWDL 2 EFEEND A,
ILEEORER Yy bOY v I UV T HEET 0%
D5 .

N=2AF A OEYALFRER TS 51245720 &
BT HRE ML, BEIBROERT A= VICHEE L H K
(&, F TP CREARENCAE L OEET A2 MAm L b,
W ARHIC RS LGB 2 h s L, S
B2 B WAL R R TR DS D . F OFER,
R EATEAR D, WS AR e A Wi B & M
TLENDH L. WTHERPOZEMIZBWT LT K
HEBAM L, EEH & BT 2L ) B MY
BHR ONAF 740 a) PREENZHBSHSN
% (Pedersen, 2005). Hi T h ik %I D HITF KD <
A AT E A TR EMES]EL S N2 B d 5 72
W, RK=1) 7 a7k ERA oL L
FEOIIRITFEMZ BT T REFEHETH 5.

M—UYIJEHEICHREDEBER ik L7z X512, FLEE
WHIM L 2 WHERES 2 G & L-EgAE Tl —i#%
RS T8 d B\ I3 R Y ~ — R RA L 72 IRE kDS
HAwboh, Uz RES »5E 2Rz, £72, R
SRS O 7R E L Ca A BigE - seiL, R
W CRMRGET 200EHTH L. 20 L9 R IEENE
R 7 - AL TIEEROMAENIC X B EELE
52 LIZRNZ R, [EoT, MEMREEEIZBWY
THERR S IS O # M EY) % B3 5 D Th UL, it
KOWHIES Lo 7T UL LIRS A5, b LI
MAE L CTHEYALFRE 2 BB 2 B KR —1) ¥ 7%
7% ) BEDH L. JERIT R DILT S 7AW
BT HEOR=) 7Tl EBREE LK E
PHIFMAE LTHWAS Z L2 X ) -EMEYORANE
B EETWDD, a7 Fa—7RK—-1)rr7uy
Z SN SR T b wEEHEHALTED,
A7 Fa—TRR=rruay N4 LbE
WAEMORANEFITE 5 L9 2E 70 79 2135
i ST W2, REEERHIZ & TIEaEToR—1 »
T AT LK B AL S HIE L < AL
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FHEOIEIRIZE L 72 RE 2 ORIUTE L v ods
HRTH 5. 9o T, HHEHFLEREOROEHRALIEHI
Bil2, JLERMEASETOR=Y ¥ 7Y AT L% HE
L7zva— 1 - Ly DVOMmE 21772\, Wik
FEEJBIRICHE L - BEO 2 7H A 2155 2 & A
TFERELTEZLNS.

F72, WHIBORT R— VI £ BILAKIZBE TS
A OB, SO FLEIZHIR S LTz
AV OEB S HE G ZZM AL I L2k, A
B L ITR2 5, BEMAEYEEZITR) &N
FESIND. FFRICH TGP OZEMIZBNT
b, KO EH LSRG, BRI 2D EEE
NAF T A4V A) DB ENDEBFON TN D
(Pedersen, personal communication). it - T, #iHl
BROETOBBIZB N THEBEYORA Z —ER
ELFICHI L2 R = > 7 a7 2 FH L7491k
RO LERITEWEEZ ONS.

3.11.3 KIERH4

WL PRI BT 5 MU T KT EI AR T2 MET S
R - PLEE RO T 3.7.2.4 THTHENS % BEaR L 72,
RIHTIE, FBWNERRBERL ZWNILEGER, T 725 &
ERHERIZ BT 23 - AT Lo E IO WCRER
5.

WRg QW ERATR S 2 EEE T 5 7, BB
U L CUBERRER, JRHCH S LTIk iatba
BHY, BENTIEIR=) Y 72XV FERENR-aT %
RIRERZ (T2 9. BENRBECEBREoREEZ
GRS 5 W20 H 555, NSz a7 otfEh o
fAAEIREE, EIS, HUE - BIBUKE - RVBika % &
T HBL7RECHBESTTRETH ), SR
DZEAL RIIGOZEAL - BEHEBKEDOREER L) (12
IS U BT O LR B TE L. F, EN
HRRBR TSRS L 0N v 7Y v 7 LT
HY, IS XY ERE S B BRI - WO
VIS AT B ERMED EIR VW RA S IZ X
LW T KB OF G5 %ML 720, WS - e
RERAZ IS WY — B OB 2 LR T %
FCEELRTF-5 LR 5,

JEATIE - N2 BT BBk - BEEEBR O & 31213,
FNENORBEHE E 2N 227 VAL L 723
BREEERAS CTd Y, FHET — & 3B A 55
T SRATIR % I CRANT S, S FE RS A T4 I A ER Al
END. fEoT, EBEOFEERIZBWTZ ORI L
AT BENZIRBE AT b N2 E BRI 7 — & 12xf LTt
BRF 2 DEICHBT 2T A BE L Th, Boh
LYMEIEOMEE KE L PNl E 25 2 &
HbH. EERICHLEEOMERCT TV a T oOWER
T 2 A BEICIE, BB I FTHENLY
ERATREIG U7k 2 IR L, 2 o sERE
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WZEFEICHBRE ER L 2 TER S W,

FAERNE 72 I ERBROFH T — & 2 S W ER
T Z BT 27200 3 UCEICHENE 1K
f T T OB SRAT GESRAT) SR ohs. 72,
EFIREOFHA T — & 2 6 FAGRER CILE AR, Ik
BB ClERILER S, FEEEIREOFH 7 — 4 2
5B IR B Tl BRSO O LB R 28, EiGABR <l
FEN LRI OV IEAR AT S 5
- AT LA AR AR O ST R 2 W I C 2R L, HERO

FHll T — & 20 & BB KRR S B VX FATILER B

ZEMTLHETHL. T2, HHHEOEFIRED

AR L CRIBEDLL, Ao idic Iy Hil L

7B RNR I @ B X FERNILFUR B O & VT,

IR 5 VIR A B LT 5 5 1 47 7D

H5bH. ZOFFEFERNCEFIREBOFHIT— 712

L2 T E 2w,

- MR SRR B O B v, B E A
FEET B 7o OFEMEAR 2R L, S S gl
T =& LR & A T A 2 L1 X o THTEEE
M ZRET B HETH L. ZOHFITIEETIRE
DOFHT— & 16 L CGRHANE TS 278, Tllr =
B B \ITIRIER S 7% IR BARRE I BIAR T 5 P tEAE
DN S WA SN S WIE ORI RIS A — 4
— IR SRRETRE LA WEEND D 5.

« FUREAFAT 12 HeD  FRAT L A A FRBR D e B 1 5 72
HESE A AV, TSR & RS R CER S NS
HWBI % % fm/MEd 2 LT TRz | /X9 x—%
OMEZRET S, REEIC L > TR ZORERP O
FESINDLINT A—=5 &9 LICHMD D 25605
L7z, WHATABIITERNIC N EIREL TBL
VIR B

(1) Z=RFEKEER

S NFEKRER TR S L2 3 7 OHRE T OAFAE
Kig, B, HUE - BIBEKIE - AR BIKRAEL R & & T
HLRETRBEDS TONL ZEDPET L, ZENE
IREBRIZZEARII, EFHINIZ 2D W TE R % K
B B SEMNLL R OV (g Topss, 1980), 7%
FE77 OKEEZ) FHINZ ZE DWW CE R I R SR % 7 1 —
Ry 7 GEmiigd:) (Olsen, 1965 ; Olsen et al,
1985;Song, 2004) KON b5 >~ ¥ = ¥ F73)V A (Brace
et al, 1968), ER{KD— it TR — &Rk
IREh 2 52, s O BFRE OIRIEOHIEES L NEN
Rt L@ KRR E RO 2 MBES Y L— a v
(Kranz, 1990) %% 5. ZNnSoRBEDH b 70—
R T A B TR BRBRBA MG 2 | SR AR i v
AT AR O TR & 2 BKA R (B EERK) 2358
BT L2 ENHLNELR->TEY (Zhang et al, 1998;
2000a; 2000b; 2002), ik OEAEYKAEL T T O 5k
RATRHDET7TU—=R Y FTHELZTTH .
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x4-12 HEZENFKEBREDOHZHNS FOERTETIL

RBRE TEARNLIE B Tu—Rr Tk rF oY=y bRk
WA, H=0=constant HEH , H=0=constant Ji i, H=0=constant R Tmbo WA, H=H(0.1)
—IEViE , g=aV
ET IV
IR A~D
AR, H=A H=constant AWM, H=H(L.1) ik, 0 AR, H=H(L.0)
o | HE0)=0 ar 0<z<L H(E0)=0 at 0<z<L H(E0)=0 at 0<z<L H(E0)=0 at 0<z<L
H=0 at z=0 H=0 at z=0 ia_H_a_H=0 at z=0
H=0 at z=0 w1 oH KA ot oz
Bt H=AH at z=L a9 OH o ooy =——|g-c,==| @& ==L S, 0H oH
KA ot oz dz KA ot L—t+—=0 at z=1L
KA ot oz
x4-13 BREENBKHABROBKZHE
RERIE TE iR R Bk AR
LSS q q: z 2 AH -
K=—"—=—"— H(z,t)=AH{—+— i =— .
1 VRN, (z,2) It t(z,t) 7 ﬂ+2 nzlcos(mt)
SEa . 2n2 nnz K nn?
S S 3 cOs(mt)-sinﬂexp e t €oS| —— [-exp| — 51
F= L s, I L S, L
Zhang etal. 1998, Geotechnical Testing J., 21(1), 52-57.
LA K 22309 100 [ 1 RV =y PN ARORERERIAT 5 LR TE D,
=2.30—1log, | —-
R S,ma S, Hoh
T RBRE 35, 1998, Hokk aido Geotechnics, No.9, 15-20.
7r— R .1
__ 49 ___4 L L )1
K=—"—=—>"— =4= ]z i(zt)=9=]" _
vk ai aan | HED=Sp {L 2 c C=g {L 2
Olsen, 1996 =—c
> A-S
Water R esources exp| _ﬁﬁjt sin([},,z) s exp| _£ﬁ3, Cos(ﬁ,,z)
Research, 2(6), - S, 1 o S,
287-295. ‘£ N tarl(ﬁL)=B—8 i ——
LB, cos(B,z N L| B2 +5 [t L3 cos(B,z 0| B2 += e
3 3 3 3
Esaki et al. 1996, Geotechnical Testing J., 19(3), 241 -246.
Zhang etal. 1998, Geotechnical Testing J., 21(1), 52-57.
[ o .
| R = HEr)=——42% iGr)=25 S
EVE A v 1+B+y m=0 > m=0 [,
. H-——.exp(-6r) 2 .
e v, +V, __expk00? Joos0,5)- 10, /B kin,E )] expf Ko7 Tainfo, 2 1[0 eosfo, =
SNV, (+B +v -2 /B koso, —0, (+y+2y/BJsino,, s, " "L B "L
AV, +7, 2
(B E=Z, a= Kt B_SSAL Y—i {ang = @ +1p 1+[j+y—YE"’ cos¢m—¢m(1+y+zﬁl)sinq>m
Brace etal. 1968, - L’ - 28’ - s 7 B s’ Ty /B -
J. Geoph.R e, : " " ™ /ﬁ p
73(6), 2225 -2236. Hsieh, et al. 1981, Int. J. Rock Mech. Min. Sci., 18(3) , 245 -252. Zhang etal. 2000, Geotechnical Testing J., 23(1), 83 -99.
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R 412 |2 B ENEKARE OB SN B & U7
TN, RBROMBEMNS L UREREMGERT (R
7, 1997 0 WiEIE A, 1998). FNENDENEKK
BRoMMGEM, SRR TR (1) TRIN L
MREFRO—RITEBET RN EH D &, L4131
R BHENERABRO B F W AEp%  (Zhang et
al, 2002).

0°H Ss oH _

aZZ _?.g_ :Et (1)
22T, H: Rk oKE OKEE) ;7 fEEo
THHE A S OEEE K, Ss: #N Ut ADEK

FRE R OS5 5 ¢ 0 EBRBIIA R OFLHIE T d 5.

OEKMEE - EFIREOF A E®RREZ H, £4-
13RI B RN D 2 % & 0 A3 0 #EK AR
BrBEHT L2 ENRNTED.

@R  HESEH IR RE D AT ZE AL A S % T,
T AL IR ERMFEOEFMR L 0 ko E
KRB EFRT B N TE D, T2, BKE
KBz N5 0V v MOV A EKRER DR &
LCEZOLNLz®, FEEFREOMESREL H
W, b Y a r M2V AR O R E R R RIS
W, RO B ARRE IR =R oW ) % 5k
LI ELWEETHL (FFIED, 1998).

@7u—Ry7E  EWREOWE/REZ v, #
L13IRT 7 H =Ry THEoEER LY ko
EXRE AT AN TEL, /2, JEEF
RREEOWEREREZ H, MERIIREN TS 71
— RV TEORER P IUL, SETELD
BERR DO BB O A 59, MEFEEZ D FE
WSRO 5N L. FIZ, FEFHTE VL Z LIS
L0, EEEKVEAE O E KGR R IR A K
MG 5 2 & BMHETH 5 (Esaki et al.
1996; Zhang et al., 1997).

D7 vy MOV A L HEERIRRE O WA R
BIUOEKLIBIRT TP v b2V AED

x4-14 HERENIEGLEROHERTTE

SERRT IV, KL ) R0 E KR A
W4 22 DM iETH S (Brace et al, 1968).
F72, FEEFREBOUES R A, FREITRS
NTWD T Y x v SV RO RER % FIH
JiuE, M (Hsieh et al, 1981 : Neuzil et
al, 1981) & L 38T (Zhang et al,
2000b) &£ ) B OBRBEO AL 5T, LF
A2 QRFHZEHNT 2 2 E AT RETH 5.
OB L—va yik EERICL VRSN
A IRIFO IR & ALAH O JZIUZ B9 4 A i %
ENRAREB L ORI S 5 R0/ 8T X —
FIZOWTHERL L, KRS & 0 BRBREHT 21T 9
(Fischer,1992). F7:, EHH L D EPNLKE
REMAOENIE T 5 2 20RIZ2 N5 FEE
AL, BB & O % BT 12
IVFFET LI EHIRETH L (WG, 2003).

(2) EALEGEER

FENILHERE I L BT 5725, 22 TEEN
BB & E B PL gk, B AIEEE (indiffusion), {7
HEEE (outdiffusion), =7 ARG 2 (5RiZ
7>, 2004; Zhang et al,, 2006a).

a) EBIEUE

F YL HGE O RERF B RERE % 2 D OB TR
H, —HOBEWREZ L —Y—%2HAL, FAdsn
W H OEEAED N L — ) — R & I EHEI L,
ERNILHARE DS L OBEREEZNET L5 DTH 5.
EWILFLII R AR T LI 5142075k
I EN5.

O ERER A — iR L (constant inlet
concentration-constant outlet concentration) : Z
DITETIIW S O DR T — IR D,
TEREETAEICERL TS ML= —O#=E
ERERERICEHI T 2 A TH L. FHllT—F D9
B R — A 5 R D 28 B IREE D & 2 5 5 %)

RO — E— TR | RO —E— FABEE B | RO T — PR B | R AR T — PR —
FL—3— s b L—t— SIS b L—t— 2T b L—t— BEE—E
i ST P i i i A Y i i o
g i | ™ § # M S| = i ~
T g 4 8 54 = # H« b " ¥
W ol W T i [T W g
c FRSEICEBT D L= =W |- FRMEHIAEM B0 5 By e BRIARRICS T D S L—Y | BIiRAEREIC BT D FL—
m BD7 T v 7 ADRRRZEL — T — W B DR R AL — WV IRIE DI — W IRIE DI T
‘iﬁ © FURBIEHU AR IR L 7 b (E5) s FRAESRAEICEB TS b L—Y
E | voy-mHoRE —WHIRED 5
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WHREEERL, BERIIEBEE IS S
HER O FIRE O OMIE BN 2 v 1
AT 7FICLVENT 5. BRI 3 E w KRR
OFHT— & #5720, REROWEBITH
PRI Lo TIRABRICERM 2 24 2. 20l
NRYMFAN, XYM FAMEES, V7 —
b, EAS, HELGICEE T 5 N TR, HE
BRI 2 3B CIA SR E T 5 (Bl 213,
Skagius & Neretnieks, 1986 ; Rebour et al.,
1997 ; Sato, 1997 ; Tits et al, 2003). L 7 L,
COFEPLRD b D BIEREL, SH/ Y
Y= RETHNy FRERE L 34— 45—
BENSEE L TCHREIONEZ LB LS
BRI D/NSETHMM NS L H 5.
C ORTERUZ BT HGG & ERROEBRTOH:
EOFIER, 54 LT 7K 57— 5 AT B R
TOBREDIER EITRKT 5 2 ENPL L%
5TwW5 (Zhang & Takeda, 2005). F72, %<
DOFERHTITREFHNOES S 26 P L —F — i
JE A B CRE T AEIAISS R S AL, R
DL ——OFEERE LT 572012, BE
2R % 0IRE, REMRILDSTEZ2REDE
R THENETEZIRE O DK E BT 21635 %k
ft LT %  TE R 5 7%\,

QEMREER A — 2 RN (constant inlet

concentration-increasing outlet concentration) :

— OB 2 BRI, P L=t
L TK 2 O BN % #E R L 2RI 5 07
#:CTd 5. Rebour et al. (1997) % P& Z D)k
12 &0 EEPEFEREBR ST S BN e DS, R
IROIEREEEA — BRI L -, SRS
BEZTHY, HERFNHISER S 2 5HIEEAME
WENDBEEZOLND, ABEHEILIEE FIRED
FHUl 7= 72 L TITh R TE R b o,

K4-15 BRARENILEGELEBROFERTTE

F 45 FEDEDTS

Rebour et al. (1997) 1EfitifiE 12 X 2 BREFAM %
ToTwh, Ziuxt L, Zhang & Takeda (2005)
(EABREF MO K FE % 7] 1 S & 5 720 (BRI A
LN Z B L CTnWE,. UL, 20
HES BRERA - BiRER R L e R, ML
= —HERE N E M LT B F TICIRE 2 52
5.

(®iZ AL I — 12 M EER N (decreasing inlet

concentration-increasing outlet concentration) :
ZOFETIE—HOBEBIZ M L —F—2& A
L, WD L —4 =R ZAL % 5Hl 5
%. Garcia et al. (2004) (& = D EREED D 72
ONZEE % Fva722%, Zhang et al. (2006b) (&
AR\ & % ARAE 2 AR S B 72 O\ FFAT i 2 35
L, 537 2R E LRBROFEMIC 2 OfFHT
i BmHLTCW5. ZORBEOFTIL, HiEil
WO % BT 50BN <, MY HEBRSE:
TERET D E ML= =AM ORE T HF <
Y, F72, TR VS 2 LX) IEEFEIR
REOFHAT— & 120h LT BTl T 2, 3R
BHEECTEHHIIH 5.

(D7 A EFERSIN — E R 1 (decreasing inlet

concentration-constant outlet concentration
through-diffusion) : Z O ERFE— ) D VETAE 2
—ERED ML —H =% AL, MG OEREND
R FICERT 2 2 LIS X ) BRI
TH A, sHINE ML —H =AM OEEAEAN O
BEORFN L ZATH L. TOFHEIE ML —H—
AR OWRERHZ 3 5720, EiRERA -2
R I & TEIRBEIR A — R R EERE N & T
LABRIE R 255 <, EIREER A — Bl EER ik &
DHBEEDPES TH L. TOHEIRT BT
fi#lx Zhang & Takeda (2005) 12 & Y EH ST
B05, RICHERBNL .

W B —iE & (UE BT
N=T RN T
Wi~ — 7 e VTR FrJs =7 e PR
DR s
HREE—TED

& BT
2

© BRERIBITIIT I 1 B S |+ BRBRICHITIAIC 31T SUBESHT | - BRBRASHT I E5 1T B IS | - VRS 51T 5 b L— Y — T
m BEDIET
s © BRI B A
=
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b) EAILECE (In-diffusion method)

— 2, BAHGEIZ L DRSNS BRI [ A
P OIFARETH D, B AILEE L O BRI
I EAIBIRTEIIICESICERE ML= =1,
MR 0 2 o0k E NS,

O EEM - EZm L —F—FEFEIH
IN=T RN A N7 BB
SO EINS.

N=T R VETIE, BEBMEE o0 VNI TEE
b LCIEEAEL, MlBAoMIZE=ZD L —
— B E RS, L= —F &S (Cho

1

et al., 1993 ; Kozaki et al, 1999 ; Idemitsu et al.,

1990). @ % AR FERERTASREM L 72 1212 T i BR AR N
DML —H—aArFhll L, REE T SRR LK
ET HITPFIC L ) SRR A 17

A =TT, REEE R E R =D
OEIVHIZTEIED L 1325 L, B0z

—E®ED b L —H—%iZEEH S (Gillham et al,

1984). ABRIIZo0RBAR e HEEIEL LT
HEY, BONLEHT— 7 IZ—ERRZICBT
BREEN OLESTT (R T4 A HLENDH S)
TH D, REET PR & AGE S 2 TR % H
VBRI AT DI .

AP WORE I T BB AR 0D — i | 2 i 08 FEE VA VTR & 3
I, MR Y75y 2 2L L, —ERM A
L 72t D BRIR N O BE 534 % BHAIS 5 i TH
L. ZORFETIE, WBRERGLE T2 E T
BRI Z TR Wz ORBEIIAES TH 5.
ML —H— & LTS E E F\, A =7
vy — w5 LB ORIES T, B
BifhkE A5 4 A9 52 7L FHT 2 2 Ll
Thb. T/, TOEGLHEBEFIENS, N2 b
FA PR b A MRET, WA, HBkr

K4-16 RHEENIEGLEROMERTTE

BHIATAATELMBMENCTICEAINT
W,

@ AT 2 o FRBRE SRR o B b
RO FNETIT DN DAY, AN O EE O
7 ZE L D FHIS 5 2 812 X 0 FEREUREL & %
EARE DG B WEEE 2 5. 2 OYE O R
WEEAERE % W TfTb b (Rowe & Booker,
1988) 7%, Takeda et al. (2006) (FEHEMEIZ L 5
REEEM O REAE IR T 5 72012, FENTE 2 2
LCWw5. ZOREREOF SIZFEDILEREE &
O [ &2 ] OLEAREDS— R O BRI X 0 FF#ih
SNDHWZHL, LrLehs, ZoOREBEDE
JEfix 7 (Van et al, 2005).

c) =HIECE (Out-diffusion method)

B MIEHOE R BR AN BRI b L — T — &R A
S, 0%, AR I AR A RE L ML ——
RN RM S5 HETH 5. BHILHEIER
BRAKN ORI O A IC &) K416 1TRT L H I
2O END.

OWHRIE W AT 0 2 O P& S L EE O
SERREERA — ERERNEORIC, RBRMICK
TE AR L 7208 B 7 T s O VA VRAS PR D VAT & T EE O
DOFEWICEIE L, WO E g E 35 ML —
IR RERICEH S 5 TH S, 0T
L, EREEA - EREENEE OO AT
v 7 DIDIZFEEE LA (Jakob et al., 1999 ;
Tits et al., 2003).

QW —RRIE R A s © 2 )7l iR 12 Bk
RPN —FRIZ N L —H— %5040 &8, Rk )7k
& R RR A B BRAR T Ui | VAV 2 R, =9 A b
L= —E0E bz 5Hll3 % (Lever, 1986).
COFETITHBHENZ—FRIC b L — — 2 Bk

AR IR PN O A7) A5 BE L3RR S0 AT

ARER (RPN OO ) A BE 138 o0 AT

VI KB (5 T
@ || & I &
= I =1} e
=00
|
HEFH] PR T (53]

VI E B (K Rites

At=0

REE
REE

=
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FDIL, BERZOLOR ;T —N—Xv 7R DA
TN VB R 5 2 5 COz, HCO3, COs% & X d
RMBEBLOCHA 4 v oOREICEHT LS. ZL T,
NS OFEALFFE A MR D 72 5 FTERERTAR, K
IR, KIS DWW T2 ORJRNT FI2 oW CEL
5.

(1) KDIZIR

W ARFICE N2 HHERFEOKIE, EhEnE
HOKSE - BRERMAEILEZFEOZ EMOENT VD,
[ 4-10 1 Al Hh TR DK - BRI FALARALEL 2 7R L
720 B4101SR T L 918, RARRBEO KL, EHifE L
2755 GEH - A, 1996). ~ 7 ~iliEAR CKil
A HTH - BIES, 1986), TR A 7 70
SRR SN A EH AR (BHEEOK AR &R T 5,

~5D=85180+15

2004), Rk (ELdiifEk) 7o &NV %
[FINARFRL Z > T\ 2. BEMERAK (i HEEgK)
IZBIL TIE, ZoEFIGERE FA K, ks L ORK
DWTND, HAVITEHRE L ONEY L7
REMEDS® 0, RAKEIZELCEL DS ODOIEF A
LA O #PH 2 F> (IIEEIE A, 2000). LA L%
W5, BHIRCTEERZERIZOWTIZbhro T
WV X 4-10 & ) HARFBIIERAKGERBE DA ORE 4 72
EIFROKDPELEL TWABEZ LD brb, HTKOED
R B L WG B~ O RERHli O L TEE RO
X, AL TWAKOEBEOEELZFFMTHL. <7
~EAK, ERE EAKRRMEK (EEdiiEk) 1 Ch %
L EH, M2FIZEHIC, CO2b%EICEDL. b
L, IBALTWABKDS~Y 7 ~<iEFEKD BV ILIELE 5
KOBGEE, T ARRIHE SN DT TH L0 5,
FRIZD72o TOMEERLZOEHO T EEIZ %
L. =0, IBALTWAKRD, Kk (HbiEk) o
Beld, FICENWICREIHFIEL T zoh )
P GAEHEAZEOCTHOPIITAZEDNEETH 5.
WARKORET Z2HLE CIEL G \U7 VLR ORI
DFEGE, #TROEMZEEHfio L CIFFICHEE
Th b, fil, HEAKISHEFL T2 36C (BEIEH,
2006) % 1291 (Muramatsu et al, 2001) % H\>7zT-E
WHFESINODH 5.

(%o)
o 2 4 6 8
10
i~ r 20
B ; ' {
© O EBRRSERK | 30
=t RN
v DR | 49
- 3
L 50
6o ~
L 70
o R - REELEERRKEN
o HBREMIERKEH - -80
we HIE - AL ROKER
= HEMIERSOKEE (OCkiE) -90
EiEbiR ROKE R (SCik{E)
-100

4-10 E#H~BIR~JuREt )T CRERUTORRKDKER - BRERERIAERDBIR
CREBMEIRIEMR Y5 — . 2003 2004, 2005)
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(2) BAEFHEEREE (DIC) DR

HWTRP D CO2 1%, &1 - S & UL L, HCOs
R COZF AW T S, MWFROPHIZLY), THE
HFRBEORIAZENT S, L72h > T, BRI
DR T D 5 B REE (DIC) & LTHhbin s
LWL\ T KHIZE NS DIC X, OFEW O
SR KD AR ST COp, @IRBEIE DO ERRIC LD
RS N7z HCOs, @ik 7z ElZitc & TN Tnb
DIC @O~ 7~ d bWVid~ v MVEDERD S MG
ENTCO R EMEFE L TEZLNL. TDH b,
DT bbb <dH b WIEEERIFED COy DD
PR BN L, RED S IR O COy DR %
FRITD2)ZT D B, FOFEILEL %5,
RIS O [ 58 VAl H R SR E RN AR LS W S5
(B 4-11). EaRo X icpHIZX Y, REEMEORE LA
BT 52 nn, ERERE LRI LENRHL. L
ML, RFRLERNARL T T Rk oEYE o [F5E
IR T EREIMICTE R WD, JARET
U T KOS 5 WE, fik, KERFELHEY &
7 ExER LT, REDEDOTREMNEL LIZ>TW
CRENRD L. BOHHERFRE (MC) OFH S AR
THOLGEND D (FEEHMERENIEL & — | 2004
Takahashi et al, 2004).

(3) BER

a) KOERBENICHITDEER

O— I FAROLERMALIE, ZEE0T Ot
AR DEEEDLLLNLDEEZ BN TS, L
2L, WTFKOHEEER AR b2 254K
EAEWIGAIE, AR - 81 & ORISR I RS
PEL TV D ) EBREEE 2 5. EE
5 UL, SRR SEYSE & Ol FAARASHE R
R Ah REEAE & IR - BRSR R ARSI UG T
H5.

@~ 7~ B LOGEMRE - HAYBTIE, &bk

-40 30 20 -10 0 10
(a) BHY (Riokzze> 52 I
T (2) E e (LERO5E)
(o) kEpgs Ces) [
(b) mEstEs (k) RS
(b) REsEE (2ok) I

(OF:Z3|
(d) ®&'< - Fesizipxz

M 4-11 REOEFYPEDKRFREMIAFL (Hoefs, 2004:;

RHIFN. 1974) .

813C (%o)

£ 45 FHEDEDS

DR H VT T BIEREH T IKDL W2 &%
STWa. Lad, FHMHEIN)I 250 THD
DT, LIFHiL 20T R bk, &5 564 H
AR 2 o720 (M4-11), KH$ 5
720121k, MO EAFED AT R M T AR &Kl &
DRIR 7 EIRSCHE E RN R E T .

b) DIC DiREEfTICHITOEER

OB D% - HIENOBEYTEENC X 2 B
O TI X ATIE, CO2DANIET L0,
FINLAREE S TC 4 OF I O, I FgEET
EHW O EE L TWwAEEIE, CO 72T
e RALKER L AT 5720, BHIZKBITE
5. FRARIIE LIZ LIZEWEZ E (b3,
1974 ; & \E2, 2002). 72721, WO B IHE
WRECTHAR L 72 ALK EMEE L) ¥4 0 CO »
FAfRIIE, TN O S TER L 72 COz &
e fE% 7”3 (Aali et al., 2006).

QRERYES O - REBE OB IEIEORE T
HEUA. BT APED I, RO SI
(Saturation Index: fafll§§iE) TF v 7 TZX 5.
ERMTARTIE, RBEICHEAL TV Z D%
W RERIESEIC I, RHUBE A MR R BRI E (
WA NRE), BUKSRIZE SN S RERIESLY &
WEOWE RO REESEM D Y, FI o34
BRI 5720, A RFEME AR LIS
=35 (Hoefs, 2004).

@ik HERKDPIEBALTWA EEZZSNLHEILD
AREBTLLERD L. TOB, BHAEOHKFO
DIC (&2 5%, Wik O%E XS0 H#EFT 7%
ELEZONDLDTHEENLETH .

@O~ 7= B L OERSRE - KORIFIAT & FEIC,
DICICBWTHFHMALETH L. &6 L[
FARAZ WL 7 2 Fio 72 (Hoefs, 2004), [X 31
T 5720120%, MOEEOMENT 21T KSR &K
& DRIfRZ ERKSCHEEMICIET 5.

4.5 TRKOFEAE

R, BHAxBREOKOEEGWTHY, bLd
& al— I o [ CAEJHEO K TH T A2 R SN Tnw5b
DU TV, L7225 T REICITH T RIZBWT,
FREVIBEIIEHRTE RV, —HRICH T ROEN
X, & LEEONIKIENZ —EiiE CiBid 2T K
B, KB E T NCEES 2 ORI CREIN .
xR E V). —FT, 5L EI2ZD
YA L7 N KD S A PTICE 20 6 UiiEh L
%l o 2L, FORMIZH T RERZDL D
THh5. AKHETIE, PHHZERGLROBERE LT
EHTARERTHLDOT, DT, 3 XTHTARERE
P52
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F 45 FAEDEDT

W ARERZMEST B FEE LT, N AKRPICE
9 5 igsAE (T, 1UC, 36C1 2 &) AV
F e, WTRBEBFICERINLKG (BEA L
v, He, VAr 2 &) OREXH VL FEIHITLN
% (Kazemi et al, 2006). A& 1L, SO 12
LY EATELERFHEASRSNL I, K-EAHKIE
2 & BB S OEIRB ST ORI % 17> 72 ECHEMRfE
BEHL 5 EADH S, 4He % 36CL & 72 T,
ALFIEARTEER RS TH B 720 K—E ARSI L 5
WEREET HUEN W2, MBS IZB VT
K LB LBITELD O T RKEROMETFE L LTI
HHTH 5.

(1) ‘He ERAITDE

WFARFOHe 1X, KR, v ¥ MUvB X UH®RN
ToO U, ThEOWSEED ZhEhofEo He
REWMTH 5. He MALARLB X O Ne i D 5HTIC
L), BREMEORAELERDLZENTEDL, K
FHETEHTADIE, 09 bIUHIEZEEE O 4He
Thb. Z0Meld, ¥ T LM TFARICER ST,
WRREMPAEL 2B L L BIZFOREIIELL 5.
He # V72 T KRERITKALSFIH SIS
(Morikawa et al., 2005). #ft75135% 4-17 » 8.

Tr = C(*He), (1- 22 PP,

g C3) =

ERXSbhs L), MTRERZEESHT 20
121, OHFKRER He iFE - R ALISMA T, @
HWAKBHROER D LIHAET S He OERGEREE, Hijk
EHE DS E NS He 7T v 7 X, LY LR
T 5 AR He [ & v o 72 4He OFEIFIZE T 5
HE, @FADERE WKBES, FEMTKO%R
JE & o 7o KB BB RS LI L SNb.

(2) SCI ERBITE

b —ooBEMOM T RKERBEDE L LC36Cl
BETFLENE, KFFREHFTTCOERTHD,
WK EXRMRE L 2E 120w Tid, ko fEiE

BHHIITERVOTHEET LS. HAVIBIZS AT
T2 G OIRIK O BB ORI AR D TR AT
EZ2HN5, BClOREIX, FHHEIE (Cosmogenic
36Cl) & H N T OB FURIC & 2 FALEARK (in
situ 36Cl) D 2 ODZEF NG . HEEBZOH T KL,
FH AR 36C] 2 &4, THIE T UC LR U< H
TR L CIREE T A, 36CT o i i
301,000 £ CTd 2 DT, @ HE 2 AEF L 10 T74F
Rt~ 100 HAERRETH 5.

—75, B O 36C] & v 7z BRI O
HAEEMRTE S, — %2, 200 F4ELL LR —BRET
BT 8A, BB T O 36CT 1R
FE L, BCI/ClIiIE ClBE I T —ED T
ET D, MK o BCl OMRIFES T HIAGER Z & F
R ERD SN, O O 36CL/CLBG - i &
—F L 72a, FORBKIE 200 HEMEZFZIZEL
ZOLNTVEEV) ZEPHEIIS NG, COFHEE
W7 FHEIRIZE L LT, BN TR RS (F1E)
Mo HER T K (BEIZ2, 2006) IZBWTHEIN
TW5.

(3) BER

He % I\ 72 T KA E X T A @ He 3852 -
FNARL DT — % B3 57217 T7% {, He O
ZOb DI LA, KBS A MR LET
HDH. INHIEFVWING, JFRETLHTAK - #HIKT
LT BRUED BV, TR HER L
I/ KBV E A 2 AT 24T D) LED DD, b
BZOHMTARERBEOEZ L TH Y, FRBPEHED
AMEEEICHERERECEEL 5250 T H 5.

a) 4He FRAIEICBITHEER

OHy FIRIEAT He B - FIRLARLE - $RECL 7230KHC
BRORAD D DYE, COWRBEICRE hiiEtr
LB F72, He 3BHIHAT A% . L
72755 T, He T H OFEHEIUIE L Cidfc
OFEEZHDRIEE S v, AEpsIE, JEH
ORI BV TILEALE TORBHRIGE £
L., ZRORBARCBA AOE S R D 72012

KR4-17 FEMTNKEREEICUHEL/(SX—F
Ro, Ra: R T K, BETAAD He ML CHe/2He).
C(*He)o: PR H T 7k @ 4He 3R (cmSSTP/g H20)
P(*He): HRBHOEG LY HUH SN D 4He 4 B (cm3STP/cm3/y)
F(He): HERER L ) PG SN D 4He 7T v 7 A (cmSSTP/cm?/y)
h: KBRS (cm)
p: K E o 22 E
D W VR H T K DB (g/cmd).
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X He A% L TMOA A AWEEE, &% - BER
EDOEMEGDOT =5 QB E 7D, BERAK
O, B AN SN 8E1, He iR & HiE
THMEND L. FIUTRE L 72ER B 3R
U D, HEEOMEAEIC L DERMEOERAEIL,
T ENTTEE HVAUS BN S v,

@ ‘He ORIFICHT 2HE  WKEHFOEHDS
B4 5 He ld, HKEEADOILFME L D BEG
ICETE T RETdH 5 (Andrews, 1985). Hbidkiz
WLt sns He 75 v 7 2%, HEK(LEE
M S KA R K TRAE ST 5.
LL, FAIBIZRLAZLIICHe 7T v 7 A
ERELS R L L. HROLEREA D 2 UL He
DEFGREE I DN D0, tHe 75 v 7 A Hhak4:
W He #il2Jil 3+ 50bdHH720, WOFES-
EEBICAETE S B Gk 2 E OG5 % ZRBIC AN D W
B D, HARFIEBIZBWTIX, FL— MNEoE
Wy, R - MBS OB SIS X ) Ml T
EICREBENDTFHENS. £/, F—H#IC
BWTh, WAKEIEICHe 79 v 7 ARL D
CEDPBMISNTEDY (£4-18), KRECPFIFEE
HWFKIZBWTLZIDZ EATRIBENTVS (3
KEHF L 2007).

G7KEL U TR - 30 (1) 10T R o AR 7 12
RS 2 TR 2 W RICEZE SNz, HEHI BV
THM LA EXH SN T2, Ihdiik
JE XA - A X DR E T A, He DIER
DAz, S KREEIERO RAED DiREL E

£4-18 FEMTKAND tHe BFE TS v 7 RBEDO—H|

£ 45 FHEDEDS

BAERMEDOBAEIIO RN D, —T7, R A Hus
MRS M & 3R ), BEICH T R ANRAE T
B, WKBES - BERE LD L IER
LEH0HEE LS. SHROBEERETH 5.

@ He W FKERTZABEHT 212H72oTE, HT
KHETO He DILEx BT 256055 5.

O TAREEGEZRI LSEOBRPMEE 2 5.
REMHTEATV, BAE L2 T ROIRES DER,
wRODTHEERET H2UENH 5.

b) CI ERAEICHITDEER

@ 36C1 4 A E T, 36CT 1) ik BE 0 A M
Hdy HDOTHEFE S S, 36CI OREIFZ IERECI 5 2
s L, T/, UC LFEBIZEADPSERT S
5 DRI 24T D) LB S 5.

@ 36CL /Cl ST P I HE 12 & ) e . JEAL
{8 2 B 36C1 & H - i R R o JfE 21, P IS
ELTWL2E) PO 2> TnHDT,
TR BRI ETH B

QOUTRIBEERI LLEORINHEE 2 5.
FRCHKDIRE D & o 72854, 30CH IR b B2
Wb LEbns, KAKRBEOKIEKEREL
723, FOIRALKO Cl oI IZIFEK
IZHET 2 b 0127, 36C1 % Fw 7R E 1E
ZOHKDFEREERT L L D% 5.

4.6 KB ITOTADE
WTIROKRER, B4 ZREOHTROES, HE

Site He 75 v 7 % Reference
x10% cm3STP/cm  /y)

HA
R E HL T K

NS 0.5 Mahara and Igarashi (2003)
Mg LT K

g (L5 >0.04 Takahata and Sano (2000)
MRIRA AH:

B ST 11, 10 Sano(1986)
FHAHE
R E HL T K

Paris Basin (Dogger Aquifer, central part, {4 ) 0.45 [ IRE i

Paris Basin (central part, 14) 45 7] I

Paris Basin (Trias Aquifer eastern part, 14) 115 [A] I

Great Artesian Basin (M) 36 [f] I

[a] I 2.1 [ |

Great Hungarian Plain (N> #471) —) 0.08 ~ 0.55 [ I

EQRUIEZ

*mantle He, crustal He MXFIF7E L.

SENEORBHI T KO TS v XIE, Takahata and Sano (P000),

Ballentin e et al. (P002), Mahara and Igarashi (P003) ([C2)\A)LENTWS.
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F 45 FAEDEDT

HOEH - 8 & ORUG, T ADMINZ X 5 IS A
GG EOBAFICL VIR S NG . KEADISIZ
LVPESNTCNLO0, Zhe b FIREOMT KD
RBEICIVELLTYDEDN, HHWIE, EBE5HH
FRLTWABDYR, IZOWTHLNIT AT Lid, ik
27 EH TR O L TUEOFEHTH S, KD
REDTFRAN D72 ) ZETH LD E ) DOFEMI BV
T, BEICRE L2 &) ISEEOR S, FHEET
HHH, BISIZ & D IREAZELL 9 DIEAREERIZD
WU, KERE 7T A LY i Lo
FEMEB L OS2 O 0 L TB L BEDLD 5.
CNE OVETEREE, 31112 [kt - AL ]
KCBWTREENTWA EB), EELMENTH
5.

K o R ERFE O FUG 1X, CaCOgs (Calcite) 72 & 0
RBEOBEHZED) oS, CaCOs & LTk
550, HEHVITEILIG R &% L OIS T T E AN
EZ2bNbL. ZITR, #BEEOFHKEBELIVEHD
LS L B — iR OS2 R T & & b1, HAYE
T & E 2 5N D EEEE CO2 O L A U7
UG 78 & 2 O % MR 3 & OHS  BUa s o
WORT.

(1) —MHIE It

HeAE S PI2ix, CaCOsz (Calcite) & %\ 1% CaMg
(CO3)2 (Dolomite) %0 ERIESIMIAAFAE L, HITF K
D CO2 & B9 5. Calcite DEMRRISIE,

CaCO3+CO2+H20 = Ca?* + 2HCO3 B)

TRIND. T/, WEPIHFET 2R8I E £
DA A 2GR UG

Ca?* + Nag (ad) = 2Na* + Ca(ad)  ——— ©)

12X, TAKRFD Cagt S Nat IZZELL Tw < 720,
B) DRISIZE HIZHETT S, &b, (ad)id, 14>
TSI 5-3 5 Smectite 7 & ORG-S % £
POSDHETIZONTIE, SRS 2 B DRI T
& % SI (Saturation Index; FaFIF8IE ) TP T X 5.
Bz 11X (B) oo Tld, Slcalcite <1 ® & 12D A
HETT 5.

ZDED, EAOBEALIE SIS A. MR Z
L& LT, Albite D,

NaAlSi3Og(Albite) + CO2+ H20 =
Nat+HCO3+2H4Si04+1/2Al19Si205(0OH) 4
(Kaolinite) D)

&0, Wt o—#Tdh % Kaolinite &AW T 5.

106

DEORISIZEWT, BE53 2% CO B W D55
fEICEDELY, FE» MRS b odREE
B A, BIEICAR L7z £ 9 (S RFAMAAR LTS &
DRBEZRODLZENTED.

(2) E=fcids (JU—57) HhignEs|

7 = TIEEEA O AAIEENC L)
L7z KRR KRB S % 5B TH Y, BIEIE 2
~3km \Z#ET 5. HAFIETIE, WHHATIZHAE
WS, BEER DAoL A AR TIPS DR 2 5o
LM THAEL TW5D. ZOX ) IIRIZ54 LT
57— TN BT BB % 9 5
ZEE, BEIEHT KRR BRI AR O B 2 K E R O
TALR L 2 B3 5 L CEETH L. T, JbkE
WA B BHEHEE (REHEBREEZE -t v & —
2006) % fHACHENT D

T =2y T HISIAETE Y A IEB I KL, KEE
LT A e E ORI S BRIy 72 ) — 2 5 TR
DK'E (Na, Ca-Cl, SO4 %) 2°FET, CO2%1I& A
EEATOWERWY A T L CO # 4RI EHKE (Ca-
HCOs B D% 4 70 2HEDP AT 5. h#E L, W
BRI ALE L, T ADRNARE A S~ > R VIR
® He & CO2 3B HL T AR~ S TR S
7LEZOND, KROFMAFMBITETORTRAK
KEFCTH B Z L a2RT. ARMIBUI LI KINIAEE
Lawio, < Mup b s S - @iimfko LA
DG ThHALEEZOLNSL. L, s 7)) — >
5 7RO H T KD DIC/3He iz #Ek ETH - &
DEWEZFFO~Y Y MUEL D b S HIZEWEEZ R L
72. ZMUd He & COg 28/ & LTt sz
%, DIC LT DAL T XX %/ET, K
DIC/He It # DIl Wz ot b 2 L DONEYTH
5. Slcalcite>1 & Sl-gypsum<l OfENP S, 7)) —
5 7HEIZ% &N D Gypsum ASAEH L, Calcite
DD HZ TR LZEEIIHLEEZONL. T4
bH, L7 Et A,

CaSO4 + COz + H20 = CaCO3 + 2H* + SO4% — (E)

THEEN, 7)) —r ¥ 712 FN5 Chlorite E728 7
V1) PEo pH buffer & L CTHRE L 7235812 2 OIS
WHELS.

MERILS 5158 2 — FTdh 5 PHREEQC (Parkhurst
& Appelo, 1999) # W7z I 2 b= a YIZX 5EF
fili % 5l 7oAt o, I 70) — 2 5 T OFEBEHIT K
OAEITMHINIFFIC L CHH SN, SHITiEsh
72 CO2 #1301 ~ 15mol/L (23 L, s s 7z COy
D 980 ~ 998% ASHA 5 CaCO3 & L Tkt s
T2l bh ol SOFEFME ) -2y T OHEDS,
I L\ pH buffer BREEZFFDO & & B 12, KETIE



BERBEZ I ALEIRVIZO b O,
IZIX CO AZRICHIG SN TOKEER SN2 L %
RILOTHL. ZOL) =TELLRERE 7D
T ADIHTE, T ARRO R LA B & 7§
HETHRETEZLAVLDOTH Y, WTFABITYF
) IS & BRI BT ISR R MmO RE D
LETREEHETH 2.

(3) HREs (tEa) =M

it & LT AL, HAGIEIC B 503
R EEERTH L M RIEHIS O SET O TR TH
%, LIFIZ, BUEPEHbIE I B\ CHRBIFAAL IS X 0 3R
NI S BT RO A% FV 7256 %
RS GEES MR BRSERIZE £ > 4 — | 2006).
HCO3 DA FIE, Ca?t & Nat ¥ T8WIc & 54 4
¥ SR OHEFTIZ X 2 Calcite DG

CaCO3 + Hz0 = CaZ*+ HCO3" + OH"  --rmv (F)

BB IE, CO2 DAINIC & % CaCO3 D i K (B)
DWTNHATHL. BEFOHTIKIZ Na-HCO3 BT,
Na® & HCOg O ORIRIZ 1 1 OIEFIZ B VHHES
BRIz, A4 YMPUE (C) 2 ERT B L, FEEE
WCAEUSIEB) THELEXED L., Thbb, K
B COs DIFAEN AU K TIH B, T D COz D
JRIL, ARV OSBRI AEEIZEZ HNLDS, K
FRMAEZ S VL2 SN 13T TH 5.
COg DFIFEDS, FEHEFTHIITH TET LS 0 =
Ho kst EEPSTWDLIEIIHRDLIDT, 0
MR EE O REMEIC DV CRHi$ 5.

(4) BEaR

KEDIEH, HTKRDORE, HAMEOER, By
ABIOVEN - SMEDTUBICE VAL S, EEICW
21X I TRTOTaLAZHSPIZ L2 ETHR
GHNKRBEEEE ETMETRETHL. LoLeds
5, BURTINIIRETH 5.

4.7 BWRETIVOHEE

LR 41 ~ 46 FIZFEIR L 72 AT T % 7ok
BB LTI LICE VTR AT LOMEET
VOREEEAATD . AT T VL, Bl Sibis 72 1
T, Mo S TiO R E THE F
ns.

(1) MR2ETIICEFENDER (M4-12 & 13)
CEEMAREL, KIEBLOEME T LS.
I AR RE L, KB LT 295,
CEEH TR ERIRE S L, SKROBE, LAY
TERHEE, [LENRESE T L0 5.

£ 45 FHEDEDT

W B, T AR ORI & OERSB
L OHL K BEITRE SR 2 eI, B TR & EE
TRROEREDY; OkAB) ZHEEL, KINEB L
DT ens.

- R TR~ IR T K DAL R - S O 85
ARSI S,

TRBHT KOERDGA % T Lo, EEHT RO
BRI 7 JUIR T 2.

TREHT KO E T o, v RIEWY,
AR E S ORAE TR, EEIBT KR
NHAEEFHS2ICT 5,

SRR H T RO ERRDE, FHAngsEEL BRI S
EEITROEE % 2y 2 ER A L, KB
MeET IV EELT D,

(2) BE=

HWERI D S BRI L TV BIGE, FRHRES
FICBRNTE L CW LA, REoM&aE TV
RESZ 1L, b o TR EBREE (b)Y 7 R)
HOH T RKOWE O TV DI, AL FE#CE I
BT52ET, LOBRENLZMEETVEREST LS
LT H B, FOBIZ, HWTFKY Y TV ERIT
B R=1) v 7LoJin L BROEBTIOBRICL S
BTN T DINA T AREEBT DLENHD.

T/, MERAEEBTIE T 0N ZEDAE
PO PRER ST T VBRI T 255 2
CIEHEEEEZ HNL 0, EEEEOMSET VE
RGE L, KRB OBAENTE 7V O TIVIRGEIZ & -
TAREESE A KR S 2 LT D 5.
L OF—FPPNETETC, BHEOHMTKET VA
TEDHHNWHo>ThH, FHRITHAY ZOETIVHEATE
O TRAVIEICEELET L. 20720, 1%k
OHWIAEFOWT, ke - BA, B KL
L BHERE, BRI OZAL, WIREIEEIC L 2 E MR &
DIFRFINED X, GRS IO M2 LAY E
HWTRKAB L OFEEHTRRICH 22 5 2BIZDONWT
LEHI L TBLANETHA ).
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45 FAEDEDT

B L
BEELZOE

KILES)
RELUVRKBIGLTQED

EFRBIE - HER

REpmAftioszx
R T KR Eh
ME-RBEXTDEH BaliESE Sk

TRAIE - &R
BRIE # R K

Aano? wi

Sw® BER - pe as wEY
AN, B AHEOZH | cepkEEs ERER
BHOEIL

M 4-12 TRKIRT LAOBRETIUEICHIEDERIT AN
TEREBIRR

BB TARBR
(ERS, i, ARES,
E7k'§. e KIE/RFA-A)
R smrops

KLt REBFAK AL RERTKRBR
(8 & 8 (B & 8 (g, KRR S, KE, RE, KE/ITA—4,
EBHTRKREDEAY, KEEE)

HREHTK

CRE - RE O REIDEFREMG. ABHTKREDBER MECSOBF
- HEEIRSR, MG | KIEMEE. HTKRDOXS
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1% 2 B FEP (RN

The following pages are extracted from Version 1.0 of the International FEP Database.
The FEP records are printed in classification scheme order, see Table B.2 in Appendix B. International FEP
names and scheme numbers are in bold, definitions are in normal type, and comments in italics.
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1% 2 B FEP (RN

ASSESSMENT BASIS 0

Factors that the analyst will consider in determining the scope of the analysis. These may include factors
related to regulatory requirements, definition of desired calculation end-points and requirements in a particular
phase of assessment. Decisions at this point will affect the phenomenological scope of a particular phase of
assessment, i.e. what “Physical FEPs” will be included.

“Assessment Basis” is a category in the International FEP List and is subdivided into individual FEPs.

Impacts of concern 0.01

The long-term human health and environmental effects or risks that may arise from the disposed wastes and
repository. These FEPs include health or environmental effects of concern in an assessment (what effect and to
whom/what), and health or environmental effects ruled to be of no concern.

The impact most frequently considered is the radiation dose or risk to man, often represented by the annual
dose rate or risk to a member of a “critical group” of potentially most exposed individuals (see FEP 0.06).

Examples of other impacts that have been considered in safety assessments are increases in radiation levels
in the environment, and release or concentrations of non-radiological toxic contaminants.

Timescales of concern 0.02
The time periods over which the disposed wastes and repository may present some significant human health
or environmental hazard.
These may correspond to the timescale over which the safety of the disposed wastes and repository is
estimated or discussed. In some countries national regulations set a limit up to which quantitative assessment is
required, with more qualitative arguments to demonstrate safety being sufficient at later times.

Spatial domain of concern 0.03

The domain over which the disposed wastes and repository may present some significant human health or
environmental hazard.

This may correspond to the spatial domain over which the safety of the disposed wastes and repository is
estimated, or the domain which it is necessary to model in order to develop an understanding of the movement of
contaminants and exposures.

Repository assumptions 0.04
The assumptions that are made in the assessment about the construction, operation, closure and
administration of the repository.
For example, most post-closure assessments make the assumption that a repository has been successfully
closed, although, in practice such decisions may be delayed or the subject of uncertainty.

Future human action assumptions 0.05

The assumptions made in the assessment concerning general boundary conditions for assessing future
human action.

For example, it can be expected that human technology and society will develop over the timescales of
relevance for repository safety assessment, however, this development is unpredictable. Therefore, it is usual to
make some assumptions in order to constrain the range of future human activities that are considered. A common
assumption is that only present-day technologies, or technologies practised in the past will be considered.
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Future human behaviour (target group) assumptions 0.06

The assumptions made concerning potentially exposed individuals or population groups that are considered in
the assessment.

Doses or risks are usually estimated for in dividuals or groups (critical groups) thought to be representative
of the individuals or population groups that may be at highest risk or receive the highest doses as a result of
the disposed wastes and repository. This is the accepted approach for assessing radiological risk or dose to
members of the public resulting from a source of radioactive release to the environment. To assess the doses
or risks at times in the far future, when the characteristics of potentially exposed populations are unknown a
hypothetical critical group, or groups, is/are usually defined.

Dose response assumptions 0.07

Those assumptions made in an assessment in order to convert received dose to a measure of risk to an
individual or population.

Usually this will refer to individual human dose response, e.g. by a dose-risk conversion factor where
the factor is the probability of a specified health effect per unit of radiation exposure. If other organisms are
considered then a risk to individual organisms or a species might be considered.

The variation of a given response or human health effect (e.g. cancer incidence, cancer mortality) with the
amount of radiation dose an individual or a group of individuals received is referred to as the dose-response
relation. It is not possible to determine the shape of the dose response curve at low doses with any precision,
because the incidence of health effects is very low. A linear dose-response relation with no dose threshold is
generally assumed to be cautious.

Aims of the assessment 0.08

The purpose for which the assessment is being undertaken.

For example, it may be to demonstrate the feasibility of a disposal concept (concept assessment), or for the
purposes of site selection, or for the demonstration of regulatory compliance. The aim of the assessment is likely
to depend on the stage in the repository development project at which the assessment is carried out and may
also affect the scope of assessment.

Regulatory requirements and exclusions 0.09

The specific terms or conditions in the national regulations or guidance relating to repository post closure
safety assessment.

Regulatory requirements and exclusions may be expressed in terms of release, dose or risk limits or targets
to individuals or populations effective over a specified timescale; they may also make demands about procedures
following closure of the repository. In some regulations, the long-term scenarios to be assessed are specified, or
some scenarios or events are specifically ruled out of consideration.

Model and data issues 0.10
General (i.e. methodological) issues affecting the assessment modelling process and use of data.
Examples of general model and data issues are:
* treatment of uncertainty (see below);
» method of handling site data;
» model and data reduction/simplification.
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EXTERNAL FACTORS 1

FEPs with causes or origin outside the disposal system domain, i.e. natural or human factors of a more global
nature and their immediate effects. Included in this category are decisions related to repository design, operation
and closure since these are outside the temporal boundary of the disposal system domain for post-closure
assessment.

“External Factors” is a category in the International FEP List and is divided into sub-categories.

REPOSITORY ISSUES 1.1
Decisions on designs and waste allocation, and also events related to site investigation, operations and closure.
“Repository Issues” is a sub-category in the International FEP List and is divided into individual FEPs.

Site investigation 1.1.01

FEPs related to the investigations that are carried out at a potential repository site in order to characterise the
site both prior to repository excavation and during construction and operation.

Site investigation activities provide detailed site-specific data that characterise the site, provide performance
assessment data and establish baseline conditions.

Excavation/construction 1.1.02

FEPs related to the excavation of shafts, tunnels, disposal galleries, silos etc. of a repository, the stabilisation
of these openings and installation/assembly of structural elements.

This includes rock bolting, shotcrete, grouting construction of tunnel/shaft linings, drain layers and installation
of services and waste handling components.

Emplacement of wastes and backfilling 1.1.03

FEPs related to the placing of wastes (usually in containers) at their final position within the repository and
placing of buffer and/of backfill materials.

This includes methods and schedule of emplacement.

Closure and repository sealing 1.1.04

FEPs related to the cessation of waste disposal operations at a site and the backfilling and sealing of access
tunnels and shafts.

The intention of repository sealing is to prevent human access to the wastes. Sealing should also promote
a return to pre-excavation hydrogeological conditions. Individual sections of a repository may be closed in
sequence, but closure usually refers to final closure of the whole repository, and will probably include removal
of surface installations. The schedule and procedure for sealing and closure may need to be considered in the
assessment.

Records and markers, repository 1.1.05

FEPs related to the retention of records of the content and nature of a repository after closure and also the
placing of permanent markers at or near the site.

It is expected that records will be kept to allow future generations to recall the existence and nature of the
repository following closure. In some countries, the use of site markers has been proposed where the intention
is that the location and nature of the repository might be recalled even in the event of a lapse of present-day
administrative controls.
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Waste allocation 1.1.06

FEPs related to the choices on allocation of wastes to the repository, including waste type(s) and amount(s).
The waste type and waste allocation is established in a general way in the repository disposal concept.
There may, however, be a number of options concerning these factors. Final decisions may not be made until
the repository is operating and will be subject to regulation. In safety assessments, assumptions may need to be
made about future waste arisings and future waste allocation strategies.

Repository design 1.1.07

FEPs related to the design of the repository including both the safety concept, i.e. the general features of
design and how they are expected to lead to a satisfactory performance, and the more detailed engineering
specification for excavation, construction and operation.

The repository design and construction is established in a general way in the disposal concept for the
repository which is based on expected host rock characteristics, waste and backfill characteristics, construction
technology, and economics. There may, nevertheless, be a range of engineering design and construction options
still open. As the repository project proceeds, and more detailed site-specific information becomes available, the
range of options may be constrained and decisions will be made. At any stage, repository safety assessments
may only analyse a subset of the total range of options.

Quality control 1.1.08

FEPs related to quality assurance and control procedures and tests during the design, construction and
operation of the repository, as well as the manufacture of the waste forms, containers and engineered features.

It can be expected that a range of quality control measures will be applied during construction and operation
of the repository, as well as to the manufacture of the waste forms, containers etc. In an assessment these may
be invoked to avoid analysis of situations which, it is expected, can be prevented by quality control. There may
be specific regulations governing quality control procedures, objectives and criteria.

Schedule and planning 1.1.09

FEPs related to the sequence of events and activities occurring during repository excavation, construction,
waste emplacement and sealing.

Relevant events may include phased excavation of caverns and emplacement of wastes, backfilling, sealing
and closure of sections of the repository after wastes are emplaced, and monitoring activities to provide data
on the transient behaviour of the system or to provide input to the final assessment. The sequence of events
and time between events may have implications for long term performance, e.g. decline of activity and heat

production from the wastes, material degradation, chemical and hydraulic changes during a prolonged “open
phase.

Administrative control, repository site 1.1.10

FEPs related to measures to control events at or around the repository site both during the operational period
and after closure.

The responsibility for administrative control of the site before closure of the repository during the construction
and operational phases, and subsequently following closure of the repository may not be the same.

Furthermore, the type of administrative control may vary depending on the stage in the repository lifetime.
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Monitoring of repository 1.1.11

FEPs related to any monitoring that is carried out during operations or following closure of sections of, or the
total, repository. This includes monitoring for operational safety and also monitoring of parameters related to the
long-term safety and performance.

The extent and requirement for such monitoring activities may be determined by repository design and
geological setting, regulations and public pressure.

Accidents and unplanned events 1.1.12

FEPs related to accidents and unplanned events during excavation, construction, waste emplacement and
closure which might have an impact on long-term performance or safety.

Accidents are events that are outside the range of normal operations although the possibility that certain
types of accident may occur should be anticipated in repository operational planning. Unplanned events include
accidents but could also include deliberate deviations from operational plans, e.g. in response to an accident,
unexpected geological event or unexpected waste arising during operations.

Retrievability 1.1.13

FEPs related to any special design, emplacement, operational or administrative measures that might be
applied or considered in order to enable or ease retrieval of wastes.

Designs may specifically allow for retrieval or rule it out. In some cases, an interim period might be planned,
between waste emplacement and final repository sealing, during which time retrieval is possible.

GEOLOGICAL PROCESSES AND EFFECTS 1.2

Processes arising from the wider geological setting and long-term processes.

“Geological Processes and Effects” is a sub-category in the International FEP List and is divided into individual
FEPs.

Tectonic movements and orogeny 1.2.01

Tectonic movements are movements of rock masses as a result of movements of the Earth’s crustal plates;
regionally the surface rocks respond to the underlying movements of plates. Orogeny is the process or period of
mountain-building, often occurring over periods of hundreds of millions of years.

Orogenies may be associated with metamorphism, plutonism, and plastic deformation in deeper layers as well
as thrusting, faulting and folding in the lithosphere which is the name given to the rigid, outermost layer of the
earth, made up predominantly of solid rocks.

Deformation, elastic, plastic or brittle 1.2.02

FEPs related to the physical deformation of geological structures in response to geological forces. This
includes faulting, fracturing, extrusion and compression of rocks.

A fault is a fracture in the Earth’ s crust accompanied by displacement of one side of the fracture relative to
the other. Fractures may be caused by compressional or tensional forces in the Earth’s crust. Such forces may
result in the activation of existing faults and, less likely, the generation of new faults.
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Seismicity 1.2.03

FEPs related to seismic events and also the potential for seismic events. A seismic event is caused by
rapid relative movements within the Earth’s crust usually along existing faults or geological interfaces. The
accompanying release of energy may result in ground movement and/or rupture, e.g. earthquakes.

Seismic events may result in changes in the physical properties of rocks due to stress changes and induced
hydrological changes. Seismic events are most common in tectonically active or volcanically active regions at
crustal plate margins. The seismic waves that are generated by a tectonic or volcanic disturbance of the ocean
floor may result in a giant sea wave, known as a tsunami.

Volcanic and magmatic activity 1.2.04

Magma is molten, mobile rock material, generated below the Earth’s crust, which gives rise to igneous rocks
when solidified. Magmatic activity occurs when there is intrusion of magma into the crust. A volcano is a vent or
fissure in the Earth’s surface through which molten or part-molten materials (lava) may flow, and ash and hot
gases be expelled.

The high temperatures and pressures associated with volcanic and magmatic activity may result in permanent
changes in the surrounding rocks; this process is referred to as metamorphism but is not confined to volcanic and
magmatic activity (see FEP 1.2.05).

Metamorphism 1.2.05

The processes by which rocks are changed by the action of heat (T>200 C) and pressure at great depths
(usually several kilometers) beneath the Earth’s surface or in the vicinity of magmatic activity.

Metamorphic processes are unlikely to be important at typical mined repository depths, but past metamorphic
history of a host rock may be very important to understanding its present-day characteristics.

Hydrothermal activity 1.2.06
FEPs associated with high temperature groundwaters, including processes such as density-driven
groundwater flow and hydrothermal alteration of minerals in the rocks through which the high temperature
groundwater flows.
Groundwater temperature is determined by the large-scale geological and petrophysical properties of the rock
formations (e.g. radiogenic heat formation, thermal conductivity), as well as the hydrogeological characteristics
(e.g. hydraulic conductivity) of the rock.

Erosion and sedimentation 1.2.07

FEPs related the large scale (geological) removal and accumulation of rocks and sediments, with associated
changes in topography and geological/hydrogeological conditions of the repository host rock.

Compare FEP 2.3.12 which is concerned with more local processes over shorter periods of time.

Diagenesis 1.2.08

The processes by which deposited sediments at or near the Earth’s surface are formed into rocks by
compaction, cementation and crystallisation, i.e. under conditions of temperature and pressure normal to the
upper few kilometres of the earth’s crust.
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Salt diapirism and dissolution 1.2.09

The large scale evolution of salt formations. Diapirism is the lateral or vertical intrusion or upwelling of either
buoyant or non-buoyant rock, into overlying strata (the overburden) from a source layer. Dissolution of the salt
may occur where the evolving salt formation is in contact with groundwaters with salt content below saturation.

Diapirism is most commonly associated with salt formations where a salt diapir comprises a mass of salt that
has flowed in a ductile manner from a source layer and pierces or intrudes into the over-lying rocks. The term can
also be applied to magmatic or migmatic intrusion.

Hydrological/hydrogeological response to geological changes 1.2.10

FEPs arising from large-scale geological changes. These could include changes of hydrological boundary
conditions due to effects of erosion on topography, and changes of hydraulic properties of geological units due to
changes in rock stress or fault movements.

In and below low-permeability geological formations, hydrogeological conditions may evolve very slowly and
often reflect past geological conditions, i.e. be in a state of disequilibrium.

CLIMATIC PROCESSES AND EFFECTS 1.3

Processes related to global climate change and consequent regional effects.

“Climatic Processes and Effects” is a sub-category in the International FEP List and is divided into individual
FEPs.

Climate change, global 1.3.01

FEPs related to the possible future, and evidence for past, long term change of global climate. This is distinct
from resulting changes that may occur at specific locations according to their regional setting and also climate
fluctuations, c.f. FEP 1.3.02.

The last two million years of the Quaternary have been characterised by glacial/interglacial cycling.

According to the Milankovitch Theory, the Quaternary glacial/interglacial cycles are caused by long term
changes in seasonal and latitudinal distribution of incoming solar radiation which are due to the periodic
variations of the Earth’ s orbit about the Sun (Milankovitch cycles). The direct effects are magnified by factors
such as changes in ice, vegetation and cloud cover, and atmospheric composition.

Climate change, regional and local 1.3.02

FEPs related to the possible future changes, and evidence for past changes, of climate at a repository site.
This is likely to occur in response to global climate change, but the changes will be specific to situation, and may
include shorter term fluctuations, c.f. FEP 1.3.01.

Climate is characterised by a range of factors including temperature, precipitation and pressure as well as
other components of the climate system such as oceans, ice and snow, biota and the land surface. The Earth’s
climate varies by location and for convenience broad climate types have been distinguished in assessments, e.g.
tropical, savannah, mediterranean, temperate, boreal and tundra. Climatic changes lasting only a few decades
are referred to as climatic fluctuations. These are unpredictable at the current state of knowledge although
historical evidence indicates the degree of past fluctuations.

Sea level change 1.3.03

FEPs related to changes in sea level which may occur as a result of global (eustatic) change and regional
geological change, e.g. isostatic movements.

The component of sea-level change involving the interchange of water between land ice and the sea is
referred to as eustatic change. As ice sheets melt so the ocean volume increases and sea levels rise. Sea level
at a given location will also be affected by vertical movement of the land mass, e.g. depression and rebound due
to glacial loading and unloading, referred to as isostatic change.
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Periglacial effects 1.3.04

FEPs related to the physical processes and associated landforms in cold but ice-sheet-free environments.

An important characteristic of periglacial environments is the seasonal change from winter freezing to summer
thaw with large water movements and potential for erosion. The frozen subsoils are referred to as permafrost.

Meltwater of the seasonal thaw is unable to percolate downwards due to permafrost and saturates the surface
materials, this can result in a mass movement called solifluction (literally soil-flow). Permafrost layers may isolate
the deep hydrological regime from surface hydrology, or flow may be focused at tliks (localised unfrozen zones,
e.g. under lakes, large rivers or at regions of groundwater discharge).

Glacial and ice sheet effects, local 1.3.05

FEPs related to the effects of glaciers and ice sheets within the region of a repository, e.g. changes in the
geomorphology, erosion, meltwater and hydraulic effects. This is distinct from the effect of large ice masses on
global and regional climate, c.f. FEPs 1.3.01, 1.3.02.

Erosional processes (abrasion, overdeepening) associated with glacial action, especially advancing glaciers
and ice sheets, and with glacial meltwaters beneath the ice mass and at the margins, can lead to morphological
changes in the environment e.g. U-shaped valleys, hanging valleys, fjords and drumlins. Depositional features
associated with glaciers and ice sheets include moraines and eskers. The pressure of the ice mass on the
landscape may result in significant hydrogeological effects and even depression of the regional crustal plate.

Warm climate effects (tropical and desert) 1.3.06

FEPs related to warm tropical and desert climates, including seasonal effects, and meteorological and
geomorphological effects special to these climates.

Regions with a tropical climate may experience extreme weather patterns (monsoons, hurricanes), that
could result in flooding, storm surges, high winds etc. with implications for erosion and hydrology. The high
temperatures and humidity associated with tropical climates result in rapid biological degradation and soils are
generally thin. In arid climates, total rainfall, erosion and recharge may be dominated by infrequent storm events.

Hydrological/hydrogeological response to climate changes 1.3.07

FEPs related to changes in hydrology and hydrogeology, e.g. recharge, sediment load and seasonality, in
response to climate change in a region.

The hydrology and hydrogeology of a region is closely coupled to climate. Climate controls the amount of
precipitation and evaporation, seasonal ice cover, and thus the soil water balance, extent of soil saturation,
surface runoff and groundwater recharge. Vegetation and human actions may modify these responses.

Ecological response to climate changes 1.3.08

FEPs related to changes in ecology, e.g. vegetation, plant and animal populations, in response to climate
change in a region.

The ecology of an environment is linked to climate. Ecological adaptation has allowed flora and fauna to
survive and exploit even the most hostile of environments. For example, cacti have evolved to survive extreme
heat and desiccation of the desert environment, and certain plant species complete their entire lifecycle over very
short time periods following rare rain events in the desert. Some tree and plant species have evolved to survive
natural events such as forest fires, and may require them to complete their lifecycle.
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Human response to climate changes 1.3.09

FEPs related to changes in human behaviour, e.g. habits, diet, size of communities, in response to climate
change in a region.

Human response is closely linked to climate. Climate affects the abundance and availability of natural
resources such as water, as well as the types of crops that can be grown. The more extreme a climate, the
greater the extent of human control over these resources is necessary to maintain agricultural productivity, e.g.
through the use of dams, irrigation systems, controlled agricultural environments (greenhouses).

FUTURE HUMAN ACTIONS (ACTIVE) 1.4

Human actions and regional practices, in the post-closure period, that can potentially affect the performance
of the engineered and/or geological barriers, e.g. intrusive actions, but not the passive behaviour and habits of
the local population, c.f. 2.4.

“Human Actions (Active)” is a sub-category in the International FEP List and is divided into individual FEPs.

Human influences on climate 1.4.01

FEPs related to human activities that could affect the change of climate either globally or in a region.

For example, man-made emissions of “greenhouse” gases such as CO2 and CH4 have been implicated as a
factor in global warming. Regionally, climate can be modified by de-forestation.

Motivation and knowledge issues (inadvertent/deliberate human actions) 1.4.02
FEPs related to the degree of knowledge of the existence, location and/or nature of the repository. Also,
reasons for deliberate interference with, or intrusion into, a repository after closure with complete or incomplete
knowledge.
Some future human actions, e.g. see FEPs 1.4.04, 1.4.05, could directly impact upon the repository
performance. Many assessments distinguish between:
sinadvertent actions, which are actions taken without knowledge or awareness of the repository, and
deliberate actions, which are actions that are taken with knowledge of the repository’ s existence and
location, e.g. deliberate attempts to retrieve the waste, malicious intrusion and sabotage.
Intermediate cases, of intrusion with incomplete knowledge, could also occur.

Un-intrusive site investigation 1.4.03

FEPs related to airborne, geophysical or other surface-based investigation of a repository site after repository
closure.

Such investigation, e.g. prospecting for geological resources, might occur after information of the location of a
repository had been lost. The evidence of the repository itself, e.g. discovery of an old shaft, might itself prompt
investigation, including research of historical archives.

Drilling activities (human intrusion) 1.4.04
FEPs related to any type of drilling activity in the vicinity of the repository. These may be taken with or without
knowledge of the repository (see FEP 1.4.02).
Drilling activities include:
~exploratory and/or exploitation drilling for natural resources;
swater well drilling;
«drilling for research or site characterisation studies;
«drilling for waste injection;
«drilling for hydrothermal resources.
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Mining and other underground activities (human intrusion) 1.4.05

FEPs related to any type of mining or excavation activity carried out in the vicinity of the repository. These may
be taken with or without knowledge of the repository (see FEP 1.4.02).

Mining and other excavation activities include:

sresource mining;

eexcavation for industry;

eexcavation for storage or disposal;

sexcavation for military purposes;

*geothermal energy production;

sinjection of liquid wastes and other fluids;

sscientific or archaeological investigation;

shaft construction, underground construction and tunnelling;

sunderground nuclear testing;

*malicious intrusion, sabotage or war;

srecovery of repository materials.

Surface environment, human activities 1.4.06
FEPs related to any type of human activities that may be carried out in the surface environment that can
potentially affect the performance of the engineered and/or geological barriers, or the exposure pathways,
excepting those FEPs related to water management which are at FEP 1.4.07.
Examples include:
equarrying, trenching;
eexcavation for construction;
eresidential, industrial, transport and road construction;
*pollution of surface environment and groundwater.
Quarrying, excavation and shallow site investigation may lead to direct human intrusion in the case of a near-
surface repository.

Water management (wells, reservoirs, dams) 1.4.07

FEPs related to groundwater and surface water management including water extraction, reservoirs, dams,
and river management.

Water is a valuable resource and water extraction and management schemes provide increased control over
its distribution and availability through construction of dams, barrages, canals, pumping stations and pipelines.

Groundwater and surface water may be extracted for human domestic use (e.g. drinking water, washing),
agricultural uses (e.g. irrigation, animal consumption) and industrial uses. Extraction and management of water
may affect the movement of radionuclides to and in the surface environment.

Social and institutional developments 1.4.08
FEPs related to changes in social patterns and degree of local government, planning and regulation.
Potentially significant social and institutional developments include:
schanges in planning controls and environmental legislation;
*demographic change and urban development;
echanges in land use;
+loss of archives/records, loss/degradation of societal memory.
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Technological developments 1.4.09

FEPs related to future developments in human technology and changes in the capacity and motivation
to implement technologies. This may include retrograde developments, e.g. loss of capacity to implement a
technology.

Of interest are those technologies that might change the capacity of man to intrude deliberately or otherwise
into a repository, to cause changes that would affect the movement of contaminants, to affect the exposure or its
health implications. Technological developments are likely but may not be predictable especially at longer times
into the future. In most assessments assumptions are made to limit the scope of consideration.

Remedial actions 1.4.10

FEPs related to actions that might be taken following repository closure to remedy problems with a waste
repository that, either, was not performing to the standards required, had been disrupted by some natural event
or process, or had been inadvertently or deliberately damaged by human actions.

Explosions and crashes 1.4.11
FEPs related to deliberate or accidental explosions and crashes such as might have some impact on a closed
repository, e.g. underground nuclear testing, aircraft crash on the site, acts of war.

OTHER 1.5
A “Catch-all” for any external factor not accommodated in 1.1 to 1.4, e.g. meteorite impact.
“Other” is a sub-category in the International FEP List and is divided into individual FEPs.

Meteorite impact 1.5.01

The possibility of a large meteorite impact occurring at or close to the repository site and related
consequences.

The probability of impact of a meteorite sufficiently large and close to a repository to cause damage to the
repository can be estimated based on the estimated frequency of large meteorite impacts in the past, and taking
account of the repository depth.

Species evolution 1.5.02

FEPs related to the biological evolution of humans, other animal or plant species, by both natural selection
and selective breeding/culturing.

Animal (including man) and plant species have evolved with time. Over the timescales considered in some
repository safety assessments natural evolution of plants and animal species is possible. Forced evolution of
plant and animal species by selective breeding, especially species used for human foods, has occurred over very
recent timescales and presumably will continue. In safety assessments, assumptions are usually made to avoid
consideration of new species whose characteristics would be speculative.

Miscellaneous and FEPs of uncertain relevance 1.5.03
FEPs that cannot be mapped anywhere else on the International FEP List also FEPs which have been
identified, but no connection made to possible effects on repository performance.

There are a number of phenomena that have been suggested (i.e. added to FEP lists) during project scenario
and FEP identification studies, for which no mechanism leading to any significant effect has been identified, e.g.
changes in the Earth’ s magnetic field. For completeness, such phenomena of uncertain relevance or effect are
retained by mapping to this FEP in the International List.
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DISPOSAL SYSTEM DOMAIN: ENVIRONMENTAL FACTORS 2

Features and processes occurring within that spatial and temporal (postclosure) domain whose principal effect
is to determine the evolution of the physical, chemical, biological and human conditions of the domain that are
relevant to estimating the release and migration of radionuclides and consequent exposure to man.

“Disposal System Domain: Environmental Factors” is a category in the International FEP List and is divided
into sub-categories.

WASTES AND ENGINEERED FEATURES 2.1

Features and processes within the waste and engineered components of the disposal system.

“Wastes and Engineered Features” is a sub-category in the International FEP List and is divided into individual
FEPs.

Inventory, radionuclide and other material 2.1.01

FEPs related to the total content of the repository of a given type of material, substance, element, individual
radionuclides, total radioactivity or inventory of toxic substances.

The FEP often refers to content of radionuclides but the content of other materials, e.g. steels, other metals,
concrete or organic materials, could be of interest.

Waste form materials and characteristics 2.1.02

FEPs related to the physical, chemical, biological characteristics of the waste form at the time of disposal and
also as they may evolve in the repository, including FEPs which are relevant specifically as waste degradation
processes.

The waste form will usually be conditioned prior to disposal, e.g. by solidification and inclusion of grout
materials. The waste characteristics will evolve due to various processes that will be affected by the physical and
chemical conditions of the repository environment. Processes that are relevant specifically as waste degradation
processes, as compared to general evolution of the near field, are included in this FEP.

Container materials and characteristics 2.1.03

FEPs related to the physical, chemical, biological characteristics of the container at the time of disposal
and also as they may evolve in the repository, including FEPs which are relevant specifically as container
degradation/failure processes.

The container characteristics will evolve due to various processes that will be affected by the physical and
chemical conditions of the repository environment. Processes which are relevant specifically as container
degradation/failure processes, as compared to general evolution of the near field, are included in this FEP.

Buffer/backfill materials and characteristics 2.1.04

FEPs related to the physical, chemical, biological characteristics of the buffer and/or backfill at the time of
disposal and also as they may evolve in the repository, including FEPs which are relevant specifically as buffer/
backfill degradation processes.

Buffer and backfill are sometimes used synonymously. In some HLW/spent fuel concepts, the term buffer is
used to mean material immediately surrounding a waste container and having some chemical and/or mechanical
buffering role whereas backfill is used to mean material used to fill other underground openings.

However, in ILW/LLW concepts the term backfill is used to describe the material placed between waste
containers which may have a chemical role. Buffer/backfill materials may include clays, cement and mixtures of
cement with aggregates, e.g. of crushed rock.

The buffer/backfill characteristics will evolve due to various processes that will be affected by the physical and
chemical conditions of the repository environment. Processes which are relevant specifically as buffer/backfill
degradation processes, as compared to general evolution of the near field, are included in this FEP.
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Seals, cavern/tunnel/shaft 2.1.05

FEPs related to the design, physical, chemical, hydraulic etc. characteristics of the cavern/tunnel/shaft seals
at the time of sealing and also as they may evolve in the repository, including FEPs which are relevant specifically
as cavern/tunnel/shaft seal degradation processes.

Cavern/tunnel/shaft seal failure may result from gradual degradation processes, or may be the result of a
sudden event. The importance is that alternative routes for groundwater flow and radionuclide transport may be
created along the tunnels and/or shafts and associated EDZ (see FEP 2.2.01).

Other engineered features materials and characteristics 2.1.06

FEPs related to the physical, chemical, biological characteristics of the engineered features (other than
containers, buffer/backfill, and seals) at the time of disposal and also as they may evolve in the repository,
including FEPs which are relevant specifically as degradation processes acting on the engineered features.

Examples of other engineered features are rock bolts, shotcrete, tunnel liners, silo walls, any services and
equipment not removed before closure. The engineered features, materials and characteristics will evolve due
to various processes that will be affected by the physical and chemical conditions of the repository environment.
Processes which are relevant specifically as degradation processes acting on the features, as compared to
general evolution of the near field, are be included in this FEP.

Mechanical processes and conditions (in wastes and EBS) 2.1.07
FEPs related to the mechanical processes that affect the wastes, containers, seals and other engineered
features, and the overall mechanical evolution of near field with time. This includes the effects of hydraulic and
mechanical loads imposed on wastes, containers and repository components by the surrounding geology.
Examples of relevant processes are:

scontainer collapse,

buffer swelling pressure,

*material volume changes,

tunnel roof or lining collapse.

Hydraulic/hydrogeological processes and conditions (in wastes and EBS) 2.1.08
FEPs related to the hydraulic/hydrogeological processes that affect the wastes, containers, seals and other
engineered features, and the overall hydraulic/hydrogeological evolution of near field with time. This includes
the effects of hydraulic/hydrogeological influences on wastes, containers and repository components by the
surrounding geology.
Examples of relevant processes are:
sinfiltration and movement of fluids in the repository environment;
sresaturation/desaturation of the repository or its components;
swater flow and contaminant transport paths within the repository.

Chemical/geochemical processes and conditions (in wastes and EBS) 2.1.09
FEPs related to the chemical/geochemical processes that affect the wastes, containers, seals and other
engineered features, and the overall chemical/geochemical evolution of near field with time. This includes the
effects of chemical/geochemical influences on wastes, containers and repository components by the surrounding
geology.
Examples of relevant processes are:
egeneral corrosion processes;
schemical conditioning and buffering processes;
selectrochemical processes;
precipitation/dissolution reactions.
evolution of redox (Eh) and acidity/alkalinity (pH) etc.

166



iz 2 B FEP (RN

2.1.05 YO, &, DT —)b

T VIR ECOZEN, U, YO, W0, (bR, KIRAEMEREICE T A FEP. LS IR i 22
Yo, i, Y- VO TENEREICEEY 5 2 2570 AHFICHE T 5 FEP * &

A0, JiE, IO T—VIIER» R BILORE, b LIIEROFELRICIVEGE T 20 AN kv, EE
el LXBTER YT, BT A EDZ (GREIEZESEE) 12iho TR T ROBNSCHEOBITV— b 23S
NBWEESEH DL ETHD.

2.1.06 DAL/ 7 DR S 45E

WA EE T TONT N 7 (NS AR, #EEA B LA, ¥ — VDA b o) oWBing, (LA, AWy
B9 % FEP. AR AR A TN 78 % 5.2 2 5L 7 0 & AU ICBE S % FEP % &t

MOANT N TORE LT, Ty 7KV, WEMITIYZ)— N, BEDT A F—, 4 akE B
EINLETOEN - B2 EDFTONL. ATN) 7, MEOREE, WaBBioWwar, [LFIREICE
BEZFDHLEL DT AL > TERT S, =7 74—V FO—fEIZGE i LT, X kL% 7 o
AL LU CTEHT AT Z O FEP IZ&E NS

2.1.07 hENTOEREZORE (BEAETIZ/NUT VAT LR)
BEREIR, Z5dR, TN, TOMONTNY TISHET 5 L9 %, N¥ENTOXARY, BHEIE) =771 —
VRO FTRTCOIFNEBIZHET 5 FEP.
AL, BEEER, A% WO OBEAIR D I X Sk, NENEELEENS.
B4 570t 2063koEBY.
- R ORI
- WA DI
- M ORTEZAL
CYEORH, T4 F—ORE

2.1.08 KEZ KXHBEZHN IO EZDRE (BEGRETZ/NNUTIRTLA)

BESEIR, 24, T — UM, ZTOMOANTNY) TS 2 5 2 5 KEEE LUK CHE S 7o 22T 5
FEP Th 5. Tz, BRI Eo TZALT 5 =7 7 4 — )V FOKIS: K CHE SNBSS &, & 512, BHERE,
i ORI IESE 0 A FHOME I X KIS R SCHVE SFEEO R D &t

B4 2 70t 2 DF)

BRI T OTMA DT AR B E)
LY B & O ORI~ O KO BRI & ARl
IR OIROGEE) & HRE OB H)

2.1.09 b=/ #EKtEN TO TR EZOREE (FEEAETZNU TV RT LRA)

BEIEIR, 78, ¥ — UM, ZOMO NToN) TISE L 5 2 2105 WEkbE 7a v A% FEP Th 5
T, BEHICE S CEALT 527 7 1 — )V FOfb A MEMLEBR b &, S 512, BEENR, &% LWikho
RERLEEFR TR 2 FF O M 2 & 21053 IR LZ B O E S &t

B34 2 70 2 D)

R E R A

ALFAYIREER X ORE 7 0 & A

- ERAFN TR A

TR/ R EOG

- BRbsEoCEN (Eh) EERVEEE / 7vh ) E (pH) ©ZAL

167



18z 2 B FEP (RN

Biological/biochemical processes and conditions (in wastes and EBS) 2.1.10

FEPs related to the biological/biochemical processes that affect the wastes, containers, seals and other
engineered features, and the overall biological/biochemical evolution of near field with time. This includes the
effects of biological/biochemical influences on wastes, containers and repository components by the surrounding
geology.

Examples of relevant processes are:
*microbial growth and poisoning;
*microbially/biologically mediated processes;
*microbial/biological effects of evolution of redox (Eh) and acidity/alkalinity (pH), etc.

Thermal processes and conditions (in wastes and EBS) 2.1.11
FEPs related to the thermal processes that affect the wastes, containers, seals and other engineered
features, and the overall thermal evolution of the near field with time. This includes the effects of heat on wastes,
containers and repository components from the surrounding geology.
Examples of relevant processes are:
eradiogenic, chemical and biological heat production from the wastes;
schemical heat production from engineered features, e.g. concrete hydration;
stemperature evolution;
stemperature dependence of physical/chemical/biological/hydraulic processes, e.g. corrosion and
resaturation.

Gas sources and effects (in wastes and EBS) 2.1.12

FEPs within and around the wastes, containers and engineered features resulting in the generation of gases
and their subsequent effects on the repository system.

Gas production may result from degradation and corrosion of various waste, container and engineered feature
materials, as well as radiation effects. The effects of gas production may change local chemical and hydraulic
conditions, and the mechanisms for radionuclide transport, i.e. gas-induced and gas-mediated transport.

Radiation effects (in wastes and EBS) 2.1.13
FEPs related to the effects that result from the radiation emitted from the wastes that affect the wastes,
containers, seals and other engineered features, and the overall radiogenic evolution of the near field with time.
Examples of relevant effects are ionisation, radiolytic decomposition of water (radiolysis), radiation damage to
waste matrix or container materials, helium gas production due to alpha decay.

Nuclear criticality 2.1.14
FEPs related to the possibility and effects of spontaneous nuclear fission chain reactions within the repository.
A chain reaction is the self-sustaining process of nuclear fission in which each neutron released from a fission
triggers, on average, at least one other nuclear fission. Nuclear criticality requires a sufficient concentration and
localised mass (critical mass) of fissile isotopes (e.g. U-235, Pu-239) and also presence of neutron moderating
materials in a suitable geometry; a chain reaction is liable to be damped by the presence of neutron absorbing
isotopes (e.g. Pu-240).

GEOLOGICAL ENVIRONMENT 2.2
The features and processes within this environment including, for example, the hydrogeological,
geomechanical and geochemical features and processes, both in pre-emplacement state and as modified by the
presence of the repository and other long-term changes.
“Geological Environment” is a sub-category in the International FEP List and is divided into individual FEPs.

168



iz 2 B FEP (RN

2.1.10 &EYMZ  HEENTOLAEZDREE (BEEETIFNUT VT LA)

BEFER, Bm, ¥ — WM, EOMO NTN) T8 % 5.2 2805 b7 a v 2289 5 FEP Th 5.
T/, BRI TELT =7 7 1 — )V FOAEWZ AL R L &, & 512, RBHEEK B Walkho
R ER IS 2 HHOME L L 5 EWE AR RO R &

#3270t 206

G 10) R
AW SN A Ta e A
- Eh X pH OZALIZR 3 2 k)~ EWxh R

2.1.11 BNT7OLRAEZDRE (BEEEIFNUT VT LA)

BEIEAR, 7%, M, ZOMONT N TISHEEEZ 52 28070 A5 2 FEP Th b, F72,
ﬁ’%of”%?%”774~wF@%ﬁ%% . EHIT, BEEHE, AR, WO ORER I 5 B
HEIC X 2B EEHORD &,

@ﬁT%7U%X@W

- BEIAR B ORATEE, fLFEROG, EYBUGIC X BB SE

< NIN) 75 DAL B0 584

lREOZAL

- MR AL ey KRN 0 b 2 OIRERAENE, B AR AR K o AL A

2.1.12 ARBEEZDFE (BEAETIZ/INUFPIATLA)

BEFAR R 2w, NTN) T OWNINTH ANEEL, FOH AP AT 2252 552280285 % FEP C©
H5.

BEZEfh - 0 - AT\ 7TOGLRIFEIZ L Y HAILEAET HHS, BEHRIRIC L >TH HADEET S, F
AFSHE DRI X - T, LN - KEENPREIZRTICEL L ) 5. F72, TAFRBER A AENBEIHE
ZhE, WHEBEOBEO X 1 = AL b 2T 5.

2.1.13 patird (REGEIZ/INUT7IRT LR)

B, FHir, V-, TOMOANTIN) TISHET L, BEEDP O OBSHIC L 8B LU, BRI
=T T4 =V ROFTNTOMGRF IR 2B #E S 5 FEP.

BLE BB OB L LTE, A4 AL, KOFBHHIC X 2500 (BT #), BEIEAE~ M) v 7 ARE M
BLOWMGI X 21085, o FIEICE 2NN Y AT ADFEND 5.

2.1.14 R

WS 3N CRG A5 - HEHRURATH RS A3 2T FelE & 2B IC I H 5 % FEP.

HSEOSE, 84278 Fission triggers 705 Ol # O PET-25, P LT, L% Ed 1 DOMOEGED S
CHHUFME T O ATH 5.

B, EortkmEMg (U235, Pu239 2 l) oFRAML2E (BRE) OT52RE L7PrdZ20HICk
ﬁ&ﬁ@?ﬁﬁﬁ(Eﬁﬁmiﬂm%00i7&¢ﬁ%WWHuWﬁﬁE?%¥k;iofﬁﬁ?é@ﬁ#%&
PHET DL EDVPVETHS.

2.2 WEIRR

B 2L, ARSCHE S, SRS, MM E T a e R, AU R E R ORI & Lo R 5724k,
%@{x@ﬁﬂ\;ﬁﬂﬁ’ﬁﬂﬁi’aﬁf)ﬂiﬁ Bl a2 E 7t 2.
[ ] &, BB FEP YA D1 20H7A 73 —ThY, o FEP ICMMMbIh 5.

169



1% 2 B FEP (RN

Excavation disturbed zone, host rock 2.2.01

FEPs related to the zone of rock around caverns, tunnels, shafts or other underground openings that may be
mechanically disturbed during excavation, and the properties and characteristics as they may evolve both before
and after repository closure.

The excavation damaged zone may have different properties to the undisturbed host rock, e.g. opening of
fractures or change of hydraulic properties due to stress relief. This zone may become desaturated to some
degree during the period in which the tunnels are open and also subject to chemical changes both in the “open”
period and after closure.

Host rock 2.2.02

FEPs related to the properties and characteristics of the rock in which the repository is sited (excluding the
rock that may be mechanically disturbed by the excavation) as they may evolve both before and after repository
closure.

Relevant properties include thermal and hydraulic conductivity, compressive and shear strength, porosity efc.

Geological units, other 2.2.03

FEPs related to the properties and characteristics of rocks other than the host rock as they may evolve both
before and after repository closure.

Geological units are the separate rock structures and types that make up the region in which the repository
is located. These units are identified in the geological investigations of the region. Each geological unit is
characterised according to its geometry and its general physical properties and characteristics. A unit may be
comprised of more than one rock formation, e.g. Quaternary sediments. Details concerning inhomogeneity and
uncertainty associated with each unit are included in the characterisation.

Discontinuities, large scale (in geosphere) 2.2.04
FEPs related to the properties and characteristics of discontinuities in and between the host rock and
geological units, including faults, shear zones, intrusive dykes and interfaces between different rock types.

Contaminant transport path characteristics (in geosphere) 2.2.05

FEPs related to the properties and characteristics of smaller discontinuities and features within the host
rock and other geological units that are expected to be the main paths for contaminant transport through the
geosphere, as they may evolve both before and after repository closure.

Groundwater flow and contaminant transport through rocks may occur in a variety of systems depending on
the rock characteristics. Porous flow is predominantly through pores in the medium or through the interstitial
spaces between small grains of materials. Fracture flow is predominantly along fractures in the rock which
represent the only connected open spaces. Changes in the contaminant transport path characteristics due to the
repository construction or its chemical influence efc. are included.

Mechanical processes and conditions (in geosphere) 2.2.06

FEPs related to the mechanical processes that affect the host rock and other rock units, and the overall
evolution of conditions with time. This includes the effects of changes in condition, e.g. rock stress, due to the
excavation, construction and long-term presence of the repository.
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Hydraulic/hydrogeological processes and conditions (in geosphere) 2.2.07

FEPs related to the hydraulic and hydrogeological processes that affect the host rock and other rock units,
and the overall evolution of conditions with time. This includes the effects of changes in condition, e.g. hydraulic
head, due to the excavation, construction and long-term presence of the repository.

The hydrogeological regime is the characterisation of the composition and movement of water through the
relevant geological formations in the repository region and the factors that control this. This requires knowledge
of the recharge and discharge zones, the groundwater flow systems, saturation, and other factors that may drive
the hydrogeology, such as density effects due to salinity gradients or temperature gradients.

Changes of the hydrogeological regime due to the construction and/or presence of the repository are included.

Chemical/geochemical processes and conditions (in geosphere) 2.2.08

FEPs related to the chemical and geochemical processes that affect the host rock and other rock units, and
the overall evolution of conditions with time. This includes the effects of changes in condition, e.g. Eh, pH, due to
the excavation, construction and long-term presence of the repository.

The hydrochemical regime refers to the groundwater chemistry in the geological formations in the repository
region, and the factors that control this. This requires knowledge of the groundwater chemistry including
speciation, solubility, complexants, redox (reduction/oxidation) conditions, rock mineral composition and
weathering processes, salinity and chemical gradients. Changes of the hydrochemical regime due to the
construction and/or presence of the repository are included.

Biological/biochemical processes and conditions (in geosphere) 2.2.09

FEPs related to the biological and biochemical processes that affect the host rock and other rock units, and
the overall evolution of conditions with time. This includes the effects of changes in condition, e.g. microbe
populations, due to the excavation, construction and long-term presence of the repository.

Thermal processes and conditions (in geosphere) 2.2.10
FEPs related to the thermal processes that affect the host rock and other rock units, and the overall evolution
of conditions with time. This includes the effects of changes in condition, e.g. temperature, due to the excavation,
construction and long-term presence of the repository.
Geothermal regime refers to sources of geological heat, the distribution of heat by conduction and
transport(convection) in fluids, and the resulting thermal field or gradient. Changes of the geothermal regime due
to the construction and/or presence of the repository are included.

Gas sources and effects (in geosphere) 2.2.11

FEPs related to natural gas sources and production of gas within the geosphere and also the effect of natural
and repository produced gas on the geosphere, including the transport of bulk gases and the overall evolution of
conditions with time.

Gas movement in the geosphere will be determined by many factors including the rate of production, gas
permeability and solubility, and the hydrostatic pressure regime.

Undetected features (in geosphere) 2.2.12

FEPs related to natural or man-made features within the geology that may not be detected during the site
investigation.

Examples of possible undetected features are fracture zones, brine pockets or old mine workings. Some
physical features of the repository environment may remain undetected during site surveys and even during
pilot tunnel excavations. The nature of the geological environment will indicate the likelihood that certain types
of undetected features may be present and the site investigation may be able to place bounds on the maximum
size or minimum proximity to such features.

172



iz 2 BERR FEP (RN

2.2.07 KIBZ IKXHEFNTOTAEZDRE (EN)

TEEB L MO EAHICICRE L 5 -2 2 K% KT EEN T o v A, BLOWME &b I2BfbT52015
DIRFEERLIZEIT 5 FEP Th 5. REBOZLICL 2 EL &0, H12E, Wirolidl, i EHHOfF
2 & BKEEZE LR &

RCHE 2, W35 RN O BIE T O3 F K OLE R ), 2 L CENICEELY 52 2 EREH L 2T
b, ZO7HITIE, HTAKROWA - — &, HTKREN Y AT AOMBPLETH L. S50, HiRES
BCF 72 HREARIC X 2REM RO LI 12, KCHEIEEL 52 2 EEOMHEHLLETH L. W oHEL
FEIF#E 12 & 2K CHUE AR IRRE DAL b & 6.

2.2.08 (L2 MIK(EENTOTRAEZOREE (HEW)

Wad 5 VIO EABITTIZHE 2 5 2 LU / ERLEN 7o e X, BXURR & & B I2ELT 5215
DIRFEEMZIZS % FEP Th %, Wi oiifl - #ix - BRI X 2008 (F121E, Eh ® pH) ZfLoEHE
bED.

KIALETIE, G EA O HE 2 2 T ROILFERIE, B IS ERZ G2 2E R 25T
5. ZORRZILET 2 1IIH TR FORBILETH L. bbb, BAALAEOMY, HWE, 5K, R
{LEITIRTE, &SI O & BAL 71t A, B & ALAR ORI S A AL ETH 5. W0k
ABRAFBE N D) AKSALAIIREDZAL S & .

2.2.09 W7/ EMILFH TOEAE ZOREE (HEF)

RHE 5 & 2 OMOEE I EE G 2 5 EWHEM - EWEN T 0 e X L 25 DEWRE - LWL
KAEOBMEZ T 5 FEP Th o, SHOEIC L5 PE, WAL WHBOmE - B - EEERC L2
BADROE & 28R Ehat,

2.2.10 #WTOEREZDREE (HEW)
BEBLOZOMOERHICIZHEEZ G2 5280 70X EZN5OLENORMZEILICET S FEP Th 5.
FMEOZALIZ L BB L 0. IR, WG oREl - Bk - BIPFEHRIC L 2 mEELOEE L 25,
WHGRIZIE, RRADOBE, (RERCHADTENC & 2 WEADMRE, TORRE L TELLIBOLEARIE TN
5. WGP ORER A & D AL S IBCROZBILY E .

2.2.11 ARADILREZDHFE (HEN)

BN TORKS ZORIE &R, %5 B TER SN D RRT A LHRNTERS 2 7 2ADTEIR -+
NS DOGMGOREHZAL DB TS5 FEP Th 5.

WHETOFAOBENL, FAEERE, TAOEEEE L GRE, Z L CHKES kL, £ OENICLD
HEIND.

2.2.12 BRIV (HEIR)

WA BOBRH S N WITRAED B B, KIS E AT & 2 WEHHEZ T % FEP T 5.
Hellh S WITREPEO B BHFEDBI L LTIk, Wi, AKX, SILEFD D2, WSS EAOMIIEFED
VOB, MBS A B b b2 AV ORHIFT S AR S RS Livey, WEESOPEE &
LTHAB I LW, bAMOMM S e VIHENFET 2 TREOS2 2 &, 2 LTLMBOMEII LY, 2h
S DRHED B DR LI NOEMIEATE & B TREPE D 5.

173



1% 2 B FEP (RN

Geological resources 2.2.13

FEPs related to natural resources within the geosphere, particularly those that might encourage investigation
or excavation at or near the repository site.

Geological resources could include oil and gas, solid minerals, water, and geothermal resources. For a near-
surface repository, quarrying of near-surface deposits, e.g. sand, gravel or clay, may be of interest.

SURFACE ENVIRONMENT 2.3
The features and processes within the surface environment, including near-surface aquifers and
unconsolidated sediments but excluding human activities and behaviour, see 1.4 and 2.4.
“Surface Environment” is a sub-category in the International FEP List and is divided into individual FEPs.

Topography and morphology 2.3.01

FEPs related to the relief and shape of the surface environment and its evolution.

This FEP refers to local land form and land form changes with implications for the surface environment, e.g.
plains, hills, valleys, and effects of river and glacial erosion thereon. In the long term, such changes may occur as
a response to geological changes, see 1.3.

Soil and sediment 2.3.02

FEPs related to the characteristics of the soils and sediments and their evolution.

Different soil and sediment types, e.g. characterised by particle-size distribution and organic content, will have
different properties with respect erosion/deposition and contaminant sorption etc.

Aquifers and water-bearing features, near surface 2.3.03
FEPs related to the characteristics of aquifers and water-bearing features within a few metres of the land
surface and their evolution.
Aquifers are water-bearing features geological units or near-surface deposits that yield significant amounts of
water to wells or springs. The presence of aquifers and other water-bearing features will be determined by the
geological, hydrological and climatic factors.

Lakes, rivers, streams and springs 2.3.04
FEPs related to the characteristics of terrestrial surface water bodies and their evolution.
Streams, rivers and lakes often act as boundaries on the hydrogeological system. They usually represent
a significant source of dilution for materials (including) radionuclides entering these systems, but in hot dry
environments, where evaporation dominates, concentration is possible.

Coastal features 2.3.05

FEPs related to the characteristics of coasts and the near shore, and their evolution. Coastal features include
headlands, bays, beaches, spits, cliffs and estuaries.

The processes operating on these features, e.g. active erosion, deposition, longshore transport, determine the
development of the system and may represent a significant mechanism for dilution or accumulation of materials
(including radionuclides) entering the system.
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Marine features 2.3.06

FEPs related to the characteristics of seas and oceans, including the sea bed, and their evolution. Marine
features include oceans, ocean trenches, shallow seas, and inland seas.

Processes operating on these features such as erosion, deposition, thermal stratification and salinity
gradients, determine the development of the system and may represent a significant mechanism for dilution or
accumulation of materials (including radionuclides) entering the system.

Atmosphere 2.3.07
FEPs related to the characteristics of the atmosphere, including capacity for transport, and their evolution.
Relevant processes include physical transport of gases, aerosols and dust in the atmosphere and chemical
and photochemical reactions.

Vegetation 2.3.08
FEPs related to the characteristics of terrestrial and aquatic vegetation both as individual plants and in mass,
and their evolution.

Animal populations 2.3.09
FEPs related to the characteristics of the terrestrial and aquatic animals both as individual animals and as
populations, and their evolution.

Meteorology 2.3.10
FEPs related to the characteristics of weather and climate, and their evolution.
Meteorology is characterised by precipitation, temperature, pressure and wind speed and direction. The
variability in meteorology should be included so that extremes such as drought, flooding, storms and snow melt
are identified.

Hydrological regime and water balance (near-surface) 2.3.11
FEPs related to near-surface hydrology at a catchment scale and also soil water balance, and their evolution.
The hydrological regime is a description of the movement of water through the surface and near-surface
environment. It includes the movement of materials associated with the water such as sediments and
particulates. Extremes such as drought, flooding, storms and snow melt may be relevant.

Erosion and deposition 2.3.12
FEPs related to all the erosional and depositional processes that operate in the surface environment, and their
evolution.
Relevant processes may include, fluvial and glacial erosion and deposition, denudation, eolian erosion
and deposition. These processes will be controlled by factors such as the climate, vegetation, topography and
geomorphology.

Ecological/biological/microbial systems 2.3.13
FEPs related to living organisms and relations between populations of animals, plants and their evolution.
Characteristics of the ecological system include the vegetation regime, and natural cycles such as forest fires
or flash floods that influence the development of the ecology. The plant and animal populations occupying the
surface environment are an intrinsic component of its ecology. Their behaviour and population dynamics are
regulated by the wide range of processes that define the ecological system. Human activities have significantly
altered the natural ecology of most environments.
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HUMAN BEHAVIOUR 2.4

The habits and characteristics of the individuals or populations, e.g. critical groups, to whom exposures
are calculated, not including intrusive or other activities which will have an impact on the performance of the
engineered or geological barriers, see 1.4.

“Human Behaviour (passive)” is a sub-category in the International FEP List and is divided into individual
FEPs.

Human characteristics (physiology, metabolism) 2.4.01

FEPs related to characteristics, e.g. physiology, metabolism, of individual humans.

Physiology refers to body and organ form and function. Metabolism refers to the chemical and biochemical
reactions which occur within an organism, or part of an organism, in connection with the production and use of
energy.

Adults, children, infants and other variations 2.4.02
FEPs related to considerations of variability, in individual humans, of physiology, metabolism and habits.
Children and infants, although similar to adults, often have characteristic differences, e.g. metabolism,
respiratory rates, habits (e.g. pica, ingestion of soil) which may lead to different exposure characteristics.

Diet and fluid intake 2.4.03
FEPs related to intake of food and water by individual humans and the compositions and origin of intake.
The human diet refers to the range of food products consumed by humans.

Habits (non-diet-related behaviour) 2.4.04
FEPSs related to non-diet related behaviour of individual humans, including time spent in various environments,
pursuit of activities and uses of materials.

The human habits refers to the time spent in different environments in pursuit of different activities and
other uses of materials. The diet and habits will be influenced by agricultural practices and human factors such
as culture, religion, economics and technology. Smoking, ploughing, fishing, and swimming are examples of
behaviour that might give rise to particular modes of exposure to environmental contaminants.

Community characteristics 2.4.05

FEPs related to characteristics, behaviour and lifestyle of groups of humans that might be considered as
target groups in an assessment.

Relevant characteristics might be the size of a group and degree of self-sufficiency in food stuffs/diet. For
example, hunter/gathering describes a subsistence lifestyle employed by nomadic or semi-nomadic groups who
roam relatively large areas of land hunting wild game and/or fish, and gathering native fruits, berries, roots and
nuts, to obtain their dietary requirements.

Food and water processing and preparation 2.4.06

FEPs related to treatment of food stuffs and water between raw origin and consumption.

Once a crop is harvested or an animal slaughtered it may be subject to a variety of storage, processing and
preparational activities prior to human or livestock consumption. These may change the radionuclide distribution
and/or content of the product. For example, radioactive decay during storage, chemical processing, washing
losses and cooking losses during food preparation. Water sources may be treated prior to human or livestock
consumption, e.g. chemical treatment and/or filtration.
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Dwellings 2.4.07

FEPs related to houses or other structures or shelter in which humans spend time.
Dwellings are the structures which humans live in. The materials used in their construction and their location
may be significant factors for determining potential radionuclide exposure pathways.

Wild and natural land and water use 2.4.08

FEPs related to use of natural or semi-natural tracts of land and water such as forest, bush and lakes.

Special foodstuffs and resources may be gathered from natural land and water which may lead to significant
modes of exposure.

Rural and agricultural land and water use (incl. fisheries) 2.4.09

FEPs related to use of permanently or sporadically agriculturally managed land and managed fisheries.

An important set of processes are those related to agricultural practices, their effects on land form, hydrology
and natural ecology, and also their impact in determining uptake through food chains and other exposure paths.

Urban and industrial land and water use 2.4.10

FEPs related to urban and industrial developments, including transport, and their effects on hydrology and
potential contaminant pathways.

Human populations are concentrated in urban areas in modern societies. Significant areas of land may be
devoted to industrial activities. Water resources may be diverted over considerable distances to serve urban and/
or industrial requirements.

Leisure and other uses of environment 2.4.11

FEPs related to leisure activities, the effects on the surface environment and implications for contaminant
exposure pathways.

Significant areas of land, water, and coastal areas may be devoted to leisure activities. e.g. water bodies for
recreational uses, mountains/wilderness areas for hiking and camping activities.
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RADIONUCLIDE/CONTAMINANT FACTORS 3

FEPs that take place in the disposal system domain that directly affect the release and migration of
radionuclides and other contaminants, or directly affect the dose to members of a critical group from given
concentrations of radiotoxic and chemotoxic species in environmental media.

“Disposal System Domain: Radionuclide Factors” is a category in the International FEP List and is divided into
sub-categories.

CONTAMINANT CHARACTERISTICS 3.1
The characteristics of the radiotoxic and chemotoxic species that might be considered in a postclosure safety
assessment.
“Contaminant Characteristics” is a sub-category in the International FEP List and is divided into individual
FEPs.

Radioactive decay and in-growth 3.1.01
Radioactivity is the spontaneous disintegration of an unstable atomic nucleus resulting in the emission of sub-
atomic particles. Radioactive isotopes are known as radionuclides. Where a parent radionuclide decays to a
daughter nuclide so that the population of the daughter nuclide increases this is known as in-growth.
In post-closure assessment models, radioactive decay chains are often simplified, e.g. by neglecting the
shorter-lived nuclides in transport calculations, or adding dose contributions from shorter-lived nuclides to dose
factors for the longer-lived parent in dose calculations.

Chemical/organic toxin stability 3.1.02
FEPs related to chemical stability of chemotoxic species.

Inorganic solids/solutes 3.1.03
FEPs related to the characteristics of inorganic solids/solutes that may be considered.

Volatiles and potential for volatility 3.1.04

FEPs related to the characteristics of radiotoxic and chemotoxic species that are volatile or have the potential
for volatility in repository or environmental conditions.

Some radionuclides may be isotopes of gaseous elements (e.g. Kr isotopes) or may form volatile compounds.
Gaseous radionuclides or species may arise from chemical or biochemical reactions, e.g. metal corrosion to yield
hydrogen gas and microbial degradation of organic material to yield methane and carbon dioxide.

Organics and potential for organic forms 3.1.05
FEPs related to the characteristics of radiotoxic and chemotoxic species that are organic or have the potential
to form organics in repository or environmental conditions.

Noble gases 3.1.06
FEPs related to the characteristics of noble gases.
Radon and thoron are special cases, see FEP 3.3.08.

CONTAMINANT RELEASE/MIGRATION FACTORS 3.2
The processes that directly affect the release and/or migration of radionuclides in the disposal system domain.
“Release/Migration Factors” is a sub-category in the International FEP List and is divided into individual FEPs.
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Dissolution, precipitation and crystallisation, contaminant 3.2.01

FEPs related to the dissolution, precipitation and crystallisation of radiotoxic and chemotoxic species under
repository or environmental conditions.

Dissolution is the process by which constituents of a solid dissolve into solution. Precipitation and
crystallisation are processes by which solids are formed out of liquids. Precipitation occurs when chemical
species in solution react to produce a solid that does not remain in solution. Crystallisation is the process of
producing pure crystals of an element, molecule or mineral from a fluid or solution undergoing a cooling process.

Speciation and solubility, contaminant 3.2.02

FEPs related to the chemical speciation and solubility of radiotoxic and chemotoxic species in repository or
environmental conditions.

The solubility of a substance in aqueous solution is an expression of the degree to which it dissolves. Factors
such as temperature and pressure affect solubility, as do the pH and redox conditions. These factors affect the
chemical form and speciation of the substance. Thus different species of the same element may have different
solubilities in a particular solution. Porewater and groundwater speciation and solubility are very important factors
affecting the behaviour and transport of radionuclides.

Sorption/desorption processes, contaminant 3.2.03

FEPs related to sorption/desorption of radiotoxic and chemotoxic species in repository or environmental
conditions.

Sorption describes the physico-chemical interaction of dissolved species with a solid phase. Desorption
is the opposite effect. Sorption processes are very important for determining the transport of radionuclides in
groundwater. Sorption is often described by a simple partition constant (Kd) which is the ratio of solid phase
radionuclide concentration to that in solution. This assumes that sorption is reversible, reaches equilibrium
rapidly, is independent of variations in water chemistry or mineralogy along the flow path, the solid-water ratio, or
concentrations of other species. More sophisticated approaches involve the use of sorption isotherms.

Colloids, contaminant interactions and transport with 3.2.04

FEPs related to the transport of colloids and interaction of radiotoxic and chemotoxic species with colloids in
repository or environmental conditions.

Colloids are particles in the nanometre to micrometre size range which can form stable suspensions in a
liquid phase. Metastable solid phases are unstable thermodynamically but exist due to the very slow kinetics
of their alteration into more stable products. Colloids are present in groundwaters and may also be produced
during degradation of the wastes or engineered barrier materials. Colloids may influence radionuclide transport
in a variety of ways: retarding transport by sorption of aqueous radionuclide species and subsequent filtration; or,
enhancing transport by sorption and transport with flowing groundwater.

Chemical/complexing agents, effects on contaminant speciation/transport 3.2.05

FEPs related to the modification of speciation or transport of radiotoxic and chemotoxic species in repository
or environmental conditions due to association with chemical and complexing agents.

This FEP refers to any chemical agents that are present in the repository system and the effects that they
may have on the release and migration of radionuclides from the repository environment. Chemical agents may
be present in the wastes or in repository materials or introduced, e.g. from spillage during repository construction
and operation, e.qg. oil, hydraulic fluids, organic solvents. Chemical agents may be used during construction and
operation, e.g. in drilling fluids, as additives to cements and grouts etc.
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Microbial/biological/plant-mediated processes, contaminant 3.2.06

FEPs related to the modification of speciation or phase change due to microbial/biological/plant activity.
Microbial activity may facilitate chemical transformations of various kinds.

Water-mediated transport of contaminants 3.2.07
FEPs related to transport of radiotoxic and chemotoxic species in groundwater and surface water in aqueous
phase and as sediments in surface water bodies.
Water-mediated transport of radionuclides includes all processes leading to transport of radionuclides in
water. Radionuclides may travel in water as aqueous solutes (including dissolved gases), associated with
colloids (see FEP 3.2.04) or, if flow conditions permit, with larger particulates/sediments. Relevant processes
include:
~advection, i.e. movement with the bulk movement of the fluid;
emolecular diffusion, i.e. random movement of individual atoms or molecules within the fluid;
edispersion, i.e. the spread of spatial distribution with time due to differential advection;
*matrix diffusion, i.e. the diffusion or micro-advection of solute/colloids etc. into non-flowing pores;
*percolation, i.e. movement of the fluid under gravity;
*multiphase transport processes.

Solid-mediated transport of contaminants 3.2.08
FEPs related to transport of radiotoxic and chemotoxic species in solid phase, for example large-scale
movements of sediments, landslide, solifluction and volcanic activity.
Relevant processes include transport by suspended sediments and erosion.

Gas-mediated transport of contaminants 3.2.09

FEPs related to transport of radiotoxic and chemotoxic species in gas or vapour phase or as fine particulate or
aerosol in gas or vapour.

Radioactive gases may be generated from the wastes, e.g. C-14-labelled carbon dioxide or methane.
Radioactive aerosols or particulates may be transported along with non-radioactive gases, or gases may expel
contaminated groundwater ahead of them.

Atmospheric transport of contaminants 3.2.10

FEPs related to transport of radiotoxic and chemotoxic species in the air as gas, vapour, fine particulate or
aerosol.

Radionuclides may enter the atmosphere from the surface environment as a result of a variety of processes
including transpiration, suspension of radioactive dusts and particulates or as aerosols. The atmospheric system
may represent a significant source of dilution for these radionuclides. It may also provide exposure pathways e.g.
inhalation, immersion.

Animal, plant and microbe mediated transport of contaminants 3.2.11
FEPs related to transport of radiotoxic and chemotoxic species as a result of animal, plant and microbial
activity.
Burrowing animals, deep rooting species and movement of contaminated microbes are included.
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Human-action-mediated transport of contaminants 3.2.12

FEPs related to transport of radiotoxic and chemotoxic species as a direct result of human actions.

Human-action-mediated transport of contaminants includes processes such as drilling into or excavation of
the repository, the dredging of contaminated sediments from lakes, rivers and estuaries and placing them on
land.

Earthworks and dam construction may result in the significant movement of solid material from one part of
the biosphere to another. Ploughing results in the mixing of the top layer of agricultural soil, usually on an annual
basis.

Foodchains, uptake of contaminants in 3.2.13

FEPs related to incorporation of radiotoxic and chemotoxic species into plant or animal species that are part
of the possible eventual food chain to humans.

Plants may become contaminated either as a result of direct deposition of radionuclides onto their surfaces or
indirectly as a result of uptake from contaminated soils or water via the roots. Animals may become contaminated
with radionuclides as a result of ingesting contaminated plants, or directly as a result of ingesting contaminated
soils, sediments and water sources, or via inhalation of contaminated particulates, aerosols or gases.

EXPOSURE FACTORS 3.3
Processes and conditions that directly affect the dose to members of the critical group, from given
concentrations of radionuclides in environmental media.
“Exposure Factors” is a sub-category in the International FEP List and is divided into individual FEPs.

Drinking water, foodstuffs and drugs, contaminant concentrations in 3.3.01
FEPs related to the presence of radiotoxic and chemotoxic species in drinking water, foodstuffs or drugs that
may be consumed by human.

Environmental media, contaminant concentrations in 3.3.02
FEPs related to the presence of radiotoxic and chemotoxic species in environmental media other than drinking
water, foodstuffs or drugs.
The comparison of calculated contaminant concentrations in environmental media with naturally-occurring
concentrations of similar species or species of similar toxic potential, may provide alternative or additional criteria
for assessment less dependent on assumptions of human behaviour.

Non-food products, contaminant concentrations in 3.3.03

FEPs related to the presence of radiotoxic and chemotoxic species in human manufactured materials or
environmental materials that have special uses, e.g. clothing, building materials, peat.

Contaminants may be concentrated in non-food products to which humans are exposed. For example,
building materials, natural fibres or animal skins used in clothing, and the use of peat for fuel.

Exposure modes 3.3.04
FEPs related to the exposure of man (or other organisms) to radiotoxic and chemotoxic species.
The most important modes of exposure to radionuclides are generally:
eingestion (internal exposure) from drinking or eating contaminated water or foodstuffs;
sinhalation (internal exposure) from inhaling gaseous or particulate radioactive materials;
~external exposure as a result of direct irradiation from radionuclides deposited on, or present on, the
ground, buildings or other objects.
Exposure can also come from immersion in contaminated water bodies, direct radiation from airborne plumes
of radioactive materials, injection through wounds, and cutaneous absorption of some species.
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Dosimetry 3.3.05

FEPs related to the dependence between radiation or chemotoxic effect and amount and distribution of
radiation or chemical agent in organs of the body.

Dosimetry involves the estimation of radiation dose to individual organs, tissues, or the whole body, as a
result of exposure to radionuclides. The radiation dose will depend on: the form of exposure, e.g. ingestion or
inhalation of radionuclides leading to internal exposure or proximity to concentrations of radionuclides leading to
external exposure; the metabolism of the radioelement and physico-chemical form if inhaled or ingested, which
will determine the extent to which the radionuclide may be taken up and retained in body tissues; and the energy
and type of radioactive emissions of the radionuclide which will affect the distribution of energy within tissues of
the body.

Radiological toxicity/effects 3.3.06
FEPs related to the effect of radiation on man or other organisms.

Radiation effects are classified as somatic (occurring in the exposed individual), genetic (occurring in the
offspring of the exposed individual), stochastic (the probability of the effect is a function of dose received), non-
stochastic (the severity of the effect is a function of dose received and no effect may be observed below some
threshold).

Non-radiological toxicity/effects 3.3.07

FEPs related to the effects of chemotoxic species on man or other organisms.

Radon and radon daughter exposure 3.3.08

FEPs related to exposure to radon and radon daughters.

Radon and radon daughter exposure is considered separately to exposure to other radionuclides because the
behaviour of radon and its daughter, and the modes of exposure, are different to other radionuclides. Radon (Rn
222) is the immediate daughter of radium (Ra-226). It is a noble gas with a half-life of about 4 days and decays
through a series of very short-lived radionuclides (radon daughters), with half-lives of 27 minutes or less, to a
lead isotope (Pb-210) with a half-life of 21 years. The principal mode of exposure is through the inhalation of
radon daughters attached to dust particles which may deposit in the respiratory system.
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