JNC TN1400 2001-011

IR EIC & 2 B I2E SR ERE

200147 H

B BREL A4 2 L B M



FEROEAE I —HE2EE - R - BET LGSR, TRICBRWEDE S,
T319-1184

FARIS AR IT AL A R R4 1049

IR A 7 VR

BTEERIAR Bl )ik
Inquiries about copyright and reproduction should be addressed to :

Technical Cooperation Section,
Technology Management Division,
Japan Nuclear Cycle Development Institute

4-49 Muramatsu, Tokai-mura, Naka-gun, Ibaraki, 319-1184
Japan

C© BB A 7 VRFEEME (JTapan Nuclear Cycle Development Institute)
2001




JNC TN1400 2001-011
20014E 7 H

BIMHEBCIIFRI2EERABRERS

WMELEHRGG F—v—ESR
B O£ TR v 3

Z B

BiIEIL, BLOFENE L > e EFHEECHEREZRE L. AVERER S0,
a9 EED ST ARRIELEEA L, PRI2EETLIFEAEHA 1,

EIFIEE L. W OEEN ., Bt - BERNIMEERICEREL T, MAMICEARESE
WFREN 2 ~ S ELOYRITHEOEE LcE S0MET—< 2 BEMICET L, HE
BELUTOEFEERB L L BT, BROMEEFTLHRAICHMETZZLZBNELT
W, - _

AMEFIT EK ] 2EEICERLCEIHRERICKS | 6 HFOWE T —< OEEh
RIZOWTEOPEEZ X LD/ bDTH B, AH. 1 6HOWAEF—<DI B, 64D
METF—<HER | 2HEETKT L1,




(R o P DY PR i
2 WBEWISREI L B PRI MRS |
(1) BAOBEEHRICHTEROMEC & 3 EARIBHAEDTIIL i 1
(2) BEMELTORY b4 B OEERMN & BIEE M 5HE 6
(&7 LAV ERCLBER)

8 v ekl R T BB ORHET R OB - — 10
(1) CMPO~TBPRIZHBY BMHOE F ALK OB 3 2b-ya /i g BB 14
6) /Sy FERERVED S LB MOV BHIE e e — 23
(6) HEBRALAE TR 7 M FAGRBI BT BB eoeooememeooeoinonnnnnnnnoce 33
(7) A=27H} RAFVASHIT B A0 BEICRE T REFREE B ETEHEIC

B BBIFTE - roreemeeeeeemeneeeos e B 45
@) HARFIMEHEE I\ S AT OERE L O F AR OZ L ORR

e ——— 51
O AT/ Ficht BRI OBII B BT o ooroorrrrrrrererre oo - B
1) RUFCYIE DS ATAIEIN BT BFFFE --rerrererrrreroomeeeerroeesesosreoereerrres oo 75
1D SAEBRAFNTI-F % F BRI & B EM OB R Y 5H%-— 81
10 U— i & HRRTRIRERD (18] ~OM B Y
1D b 7 AR LSRRG B —rrrrrrrrereorevorroreeeeereneeeeneeenemonnceon %
1 BEWIEEIE L EnmERc by 3 ERE ORI BT BHRE - 102
9 €72 MEEEER L ANERO SR EOREES L O

HIBE T L DRI BT BB -rrrrrrrreeeeeeorsresssisensenniommnnnnns 111
6 kU & IR SR ORI 4 B RIS |

{th, HEEMET U OERERD S OSBEMBIR X /1 = X LD 118




1. BEWERICK S 12 EEWETF—v—&




BEHREICLBFRH 1 2 EEFEF—v—F (1./2)

o wos o
" ﬁiﬁgﬁ % 7 - % T

PR |

ToR | BRaR

¥

il

L

AR EE

=27 F RATVARIC B B ALY | KBETLFev)-

7 WE jt’l’ v 7 BBICRE I RAEFHERET G | Bl - R —ER
IIRBER TN IRE B HI% BEMEERE | EFWET
[ERlIE 4 A~FRIAES A1 | BEHEERE |
HABTIBMEEE 2 AV ORI | AR - M SR
HIRTE DR EDOM T RFEEOZE | BIEFETIF -7

{LOHIBICEE T BHTFL
ERR1IF 4 B ~F144E 3 H]

EEE




BrtHEEICLBFEH1 2EEHFEF—v—F (2./2)

G PRVEECRT L MR
== e =
my MR B R T - s e |
. e
ree k4 Ukagdi)
AT T il 5 R seEs | sssem (i ek
0|8k % BT BT FiARA  BAERY )
] HSY BRI
e ' [FRk11Ed B~FRIMES B | IREHEEHZE-7
| BEMFLMBEOSRRERICET | AT 20y~ | HE 15
ST SEHHRE | RE &
] ERFwe T |/ING B
| [ERlEL B~FRIES AT | N7
11 SRR — PR | KET 20y~ | RE EE
MERE Al e e e T o
FI | icBad B85 U2 SEMEEEHREISS
£ CERILE 4 B~FRIES A | /17
L — i & BMERIRILE | ARTEe- | R RIE
B= 19 ﬁﬁ %ﬁ o IEkE ~OEH RitliBeE Ry 8- i F—
& R EERITH,
[EaIlE 4 H~TaldeE s A | Bl
F b U AR SRICE | ART- | El mEL
B ﬁ ﬁ%\?%ﬁ% ERT TR
e . maaraT
= (B2 4 A~FRISE S 1 | 207
SN AEEEERE L EREaRE | - |8 R
% |1y | AHBER | i) s Zmmaomms 2 = 1 | RS -1
Y7 BT B %Y
CER126 4 A ~FERkI54 3 A1
12 B Ay MEEAEE L-ENE | S ME HA
g g | BOSREp ks s ok | Bt - -
| EFLOBETRICET 555 | SFIEE
==y (R 4 B~FRISES B | o 27 LRRIF/-T
BOKEZE) - IR EOIER | BRI | BE
B | g it A FRBT 5 BRI : LF, 5 | EEERTM/I-T
B FIn | #57 L THRERD S OSBE S
Fopk A A = X ILODfEER
(FRR126E 4 B ~FRk154E 3 A




2. BRI K BT 12 FEMEMERS




BHEHZER (H9) Fak 12 FEMERERE

WHRF—~ E AR UG KTE A BIE L & 5 ERERHE DR

oE K4 e Fl

BHERS TFEMse ¥ — 5t V) 31 7 ABFSRBATRLR Bk FEATEEM GL

AR T YA 2 VBRI S — T RESER & KA | BES
g - K4

e | RIRRE AR E Y ¥ — ) YA 7 VIR
FRRIED | sty 91 7 ARSI N

i ’ ~ PIE LI ~

ST et 9 £ 1A ¥ Ok E E Frl 12 £ 4 4

(FE) TR 124 10 A8 moR oM ¥R 12 &£ 10 A
[#r7E BaY]

AEMEORMIZ, BF—FOERERBENZERTA I LICL Y, BENBREY A 7 VOBFETE
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(1BRAEBERENY A 7 VOFHMEICH O B TO 2 B HEF RN AL O SCHMER: 1960 FERICRIESHE
bDT, RBEN 10~30%bHD LD LEL  BEEBRELL 2N EBDbRBbD LD B, 22T,
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wTe RBORERS T L4, PHETRAHZERL TRAERZT .
ERIIEH AR FFEERATITo . # 4.9 Bq ® NHSTcO4 258 NHOH 27 7 UJR E
CHETLTEHSEEE. EEREY Pns 2HVTHETEZRHE L. BHEOY TIN5 HEH
ENBPRVYEE, TIRAF v I o FL—F 2RV yRARRB ATFLZRAWTRRELZ.
15 BEOFHEFRE £ 99 BiTo /2. _
112, BRIENFAYBOIRINF—ARY RIETRT, 0T NSRS NyRICLDE—IA |
A5, 180, 41Ar, 28A1, 38C), #Na Fic L By E—27 EAREL T, BHREEICERAIS L.
(2) 7— SR
(2.1) 100 O DB E _
BHEOAE: 540 KT 591keV yEONBEOBEIEEBIFT S &ICk D, 00T OFEM 2=
WELE. MyEOERMOMETEERS Z&I2X D, 00T DEEMZ 15.27+0.02(s) PR K
DEVBETRETS I &ML, B2, 540keV ¥ BEHEEORMELEZTRT .
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VEBHEDRIEE B nv/mp%, KR ®ké‘f;_$®yﬁkﬁbfﬂ&ﬁ§bto ZTT. nghdp
BOY T IVAEEE, nldEBT 5y ERARHAIL ZpROFEETH D, TOR, MEEO
HEERET DD, R ngDREMZELM, 5 EEH 1527 WOmGOAEMEH L. X, &
REEFHICEAEREBRETIEDIC. pENWERERBOKEET —FZ2AWVWEE. ZNdLD,
HHEOKRE R A DyE(G40, 591keVITH LT, e no/mg L TO L S ITRE 072,

VRIENF— (keV) /g
540 0.000168+0.00001
691 | 0.000128+0.00001
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3Ial—3 3 rTid. BEEREAOJHRIBENEI(b)EESIED. ELT n/mDEREE
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b o B OF, BhEREEA OB O H(mDHIE, ¥ I N ABMETH SN EO TR F—
ARG FIHEOEBRICHIET B E— I REOBEICRET 5 2 LAHIkS, 19Tc—190Ru DP
BRETIE. A D OEMADBEBEIC DK EAEF L TWEOT, SROFF TIERBITRLE
B DEN U R DAZEE LIz, BEICANTWANEMADHFIKLIEEEFET24% LT TH
D

B4k, 540keVyEICHL T, ERTEONE nmpET I 2l —a VEREHKELEDOT
B3. BPOEEIE. TIAF v 7 pEx B OpR&IBEEED 5 350keV DT 50keV T
OB REBEDOVI AL a iR TH D, HOLABRNEREEZRTEHE LD IAND
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of Nuclear Science and Technology, Vol. 37, No. 10 (2000)
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B2 ABIMRBIES BT D 540keV ¥ B E— VS ROBEL, @HIEHE, He

A RN ORES IO BAE N, BRITERE 15 B2E> 00T HS0BFE, S5

WOCERA 27 ), BAICERM 2.2 M RUVEBBICKELRWSY 2 ¥S3 Y Rhs0F s
ERT,



100T ¢ (15s)

Ag1r Ay3s A3 A3y,
Ratios of b,, b,, b, b,

Determined from y-ray
singles spectrum and fixed

b 25.47%)# 0+ Ay Ay 2052
1(540)= ‘ . g.;l |
by(as*asay) | b, [C031%0) 2¢ 230 2o 1362
+b, b, (5.70/.0)» _Q - 1131
+b @ Q 5 l

: b, |(0.6%), 2* ¥ 2l _v° b . 540
- 93%) 0 v g,!, 0

100R Yy (stable)

3: X alb—¥a EANRTOBRICEBIC AN B R OVR. SUEMCDRES D
FHZEEIZ. "Table of Isotopes (8th ed.)” 12 $8# X 11T V) B XTHR{E.

0.960

o) ' ]
'B‘ 5 e, :|: Experimental
- BRI i result
E 9,: 0.850 . w=); | 488 0.00168+0.00001

= ST w (0.6%)
€5 R
= 90940 } RN 27

0 SR
O v e, O keV

S D Results of e FTER I
E (i3] 0.930 | Simulations '«‘ SRS T
O L (B threshold ] T P
S et 0350 keV'
_QP ' in 50 keV step) ili 350kev -7t

0.920 : = —
0.0013 0.0015 0.0017 0.0019

n.(540keV)/n;

4 : 540keV yiRICH T 2 nd/nyDERME (BEOESIHIMER, SENEEOFEME
£Y) & YIab—Ta itk ABEREADSHMELD ndmp&KTFE (RBEOHE) . #
FOuhiFS, pRIEBOBRHMEAERS (005 350keV OHME. 50keV ZAFw 7).,
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BT L LTy M MERED DORESRM L REITREEICET SR

FRT—~ GET I U I & B AVE)

B R & =x

HEHHE | 55 FEE | a5~I70L
| PR - B4 | AEEgs SERe TEEEELr— OAHRS | &R K4 | BE 0
o EHAT | EWELA MBS LR

mEgiemn | FRL0F 48 ~ R i R

(F%) FR13%F 3A |y w£. #1 M 1 3% 3 A

(&1 | ‘

BEHE LTRIBENERY MHA bOBREDICE., WEBROARE (724 V1) Z2He LT
ereYurd b, B, MER, FHEE. FBAREPEER TS, IRLOHDFTHTLSE |
TORMBOMEREE B, AV INRHBLERTIHEORMTAR Y RERR) TBWTHE
B DEER 2 RED D LR LIZ L » TREH OERBMET T 5 TRESRZERONDS. Lo
T, RV P MEREHEOBEREDE (3HSR) CLIEPORE, FOSEE, FHEEREKR
AERER P +ER) Lo THREL, BEHOEMRERZ TRT 5.

[FFERE HE)]

RiE L LTRIRT A A (Bl 2= V1) OFREBREDIZIE. T od A4 b
50%) BbHY., TOMICEIRSSEME LTER (19 39%). BFR (3~4%). HEHE 2~3%). HF
(2~3%) BREBEENTWSE, ZOILERBERED THEEEY vt A MNIBIRZ Y & OH)
TASBETOBREIZEBWVWT, HTRPHESDHERGICL Y EEMPELT I ERBTFRISH, £
DFER, BEHOMERERSETRIZERELLNS. BAETEREIN TV AL DERERIZX
ik, BE—gokEEEIGIC L3O EERREHGR2 LIIBE<ALNIR->TWS. Lrl,
IRHDOF—F 2FRA L TREHORHEESLITMET ABIC, Sr M A MOEER S
DI FKIG T 2 R IR SR TR DESNRE WD, B—Eo s T TIIREM 2F 0
MRTEFMEITO OICEERLD. FZ CRIEH L LTRIBENERY M4 NOEREHE 3 /K
BROBPE (Br'Vatra regi) LT, =2 L—T 2B LEKRBRGHRERIZLYD, £
DEEERPEFEPICES T BV THMORERFRECRICEEE2RD 5. RRRG2RES LK
BIZTRTHRIC U, AEHITESK, pH 11~13 B (Ca(OH),, KOH, NaOH DRAEIR) %A
ERAR

[fEmEEmR]

FEEEN MBASEEMEERAOERE GREFEEE, RESTE. E—RBRHR)
SHTEERE - XRD, SEM, TEM, ICP, ICP-MS, AAS, %




[EERN (ZHEEE COME)]

FRR2FA4APLCFRBEI AT TERLA-HERFTRECE pHBERICL5OQEY )OS A+
BH.@E 2o+ A D ERABRASRE. @ ®Y uH 4 P EREREFEB® 50, 85, 110, 150T
RERTH o7, WEE XREFSHIIC & 2 EBEMEOERILLRENEFHEME & 5 SWEHE, &
BOML T L BRBREOMERENERDL LD THS.

EA T WEEZIR) _

FRI2ZFARPOFRI13EI AETERLHEARTIL, &7VH ) EREZFA LREMOEE
RERTH Y, HBBREOET 2 —7 (734 X6.9¢ X70mm) % L8 L CTREEE, BREHELCHE
WAL, TBBATOBCEEHICREATAEDZEE L CAELIFA L.

RERIZFEo AL, 727 F (NaBEyEY O+ A b 110CICTHEKEESE) . &H (Albite)
AEQuartz) Z R RIS, THEOREE 2/ THETHERIZ LT 200mesh DEF (B E 75, m) #:EB
S DEfFS5, ThEBERLEDIEF2—FIHALTEH -2 L—FiZ AN, —EHids
RIb&#5. TE)054 M EGWIE1 @ 10kE (%) TREY . 8 (B riEfok
X1l 10wty TH 5. _

* FEFBEE (C) 150, 85, 110, 150

* HEREIE (day) : 10, 30. 60, 200.

* A D BER. B pH B (Ca(OH),, KOH, NaOH % /B & X 7= ; pH 11, 12, 13)

R HEYHEAEHE  (FrEVOUF A PEMBRAR), (TrEVTFS PHER).
(BrEJOdA M +HEZE).

LTICHBREREERT

E7% 2 REMFW T analcime TH D, HDEV SOCREETIEHEA LD b7z, Analcime D4Rl
TRTCOEREIZBWT, pHIZREE»LHFE, BEDIZE L EMT A, 2 REEEHOEEILE LT
B, FCXHREFO/RICE-TE Y, BRENMEZFB L X BHABSEEYE (EEV 251 b
& analcime IRAREFOBRBEN AL S EFNEN D o0 LI EVWHEME R L) LARE, LD
EERESEHFTEBICR o7z, ZHUACERREFESCOARSABLAKOFETERILEZ T
7o, X BRERERICHALAZHEIERSEFCBLTA4RBT OB EL T ok, EEBILOBERE
BT 1 2. 3R

ERDEEYTFA FEFT VA EE (pH 13) & OFEERER (B A I1X, KM E 0 FEEAFE; 1997,
TRU F— A TOERNFHEER L ; 1996) #5113 analcime DAERIZ 100C 2B IZZFNUT ORE,HIdE
Bl WEEZ LN L L X BHREHRST L EENETFEMERSE, 51 50CIEBVWTbi
F0.25 0 m LD analcime PRBENTH D, SSTHBR TR XME -7 bER S Tn5E. &
L, IEROEREBERER (TRU F— A D 200CHER) ERY, RERREBICOEHATRELEELLNS.
ErEYOFA FERARSRAKETIE 1I0CULDEER,S, TV T4 MABRL D D analcime
DERENEZHEmMEZRLE. ChEIZOBEFIOLRADEENEL (. NI LD analcime &
B LA v OREFEndEELLNE, T/, 1I0CULEPSBTRTOBERIZBNT
analcime D ERAFER S 7z,

EXEJUI A FEREREAEETIE., 2 X analcime DEREIZRL Vo7, THIEELFT A b
DREFREFBRTO ALBEIEETH20THY, Thbb SVALEPEVEZEELF A FOK
EEELLAI AL LHEMENS (/2F 21F Donahoe and Liou, 1985). ZOltiZ b & pH TOEHE
EER CTHRESNAAESERSEBERS>HIFT I FAI>RAZ 54 t D& RSB (F-exid
Bunge and Radke 1982, Savage et al. 1992) & ZH L RERLA. ThUAOERE LTI, i DFE
PHREERFEE TIIHSIONE 7V ) B CIL HSIO A ZENTH 5 -0/ 7 V7 VTR Tid Sio,
+2HO — HSi0,” +H DI RFBICEoT, AROEFEMEpHEZBISEDEDEZLNDE,
PERDA X7 5 A VIO T VI UEENE» D#|E SN TS CSH < CASH gel %2 L1, SEOH

BTIBETE o 2%, THIZEMMRAEO LSRN TEROHE Tid 11 1000mt O & 5 IHAHEDE




o B EEALN S, ThDh. BIRAD S % Al DEE (ERD L OIEE) PRV eDil
€454 I D CSH gel R EPERLPTVEELI OGNS, Lzt TRKOABRDOEE. BEHEIS
W ABEHEOEISEITHITE A T4 PIER LT WEHEI IS,
SRR F— Y Eb LD, TYEYOFA MREL. EYEVOFA FERAREGEM, EXEY
O 4 b ERERSRE® pH 13 BREZFIE L72FIE % Arhenius OEBESRUZRASET, EXKLTZ
analcime DTEELT RN F— (Ba) % RD-EERE 51.9~59.6 kl/mol DHIFHZRL 7.

EFrEYOFA FEH (54.9 k)/mol)
c EVEVDFA FERAGRARE (519 K/mol)
c BvEYOFSL P ERERAEH (59.6 ki/mol)
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60 H - 0.5 2.4 6.7
200 H — 04 26 7.0
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“Uptake of %®Ra by plants at an uranium mine and milling in Ningyo-toge, Japan, and the
relationship with alkaline earth elements” (Journal of Environmental Radicactivity R
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ML O REEHIBE LB LW IREEIBEO L 2580, BELEETROF—FEVWPhbx
[EGEL T T ey hERTHWS (3),

2. EEEI VBRI LUEHMTKOBERT ADOBRIZSONWT (
1ETHRAX S, HEBHBROMTKEORA « FA T VRMERICESHIIIR ORI T,
BEPO Ne DAREED (WNe) i3,

J CNe) =6.7x 102 x [U] x { 1+0.123 ([Th] / [U] - 4 } (ceSTPghy™) (1)

T#&END (Craig and Lupton, 1976), B=FAHd U-Th EBEL LT, LIKERESOCREGE (U: Sppm,
Th : 26ppm) 25 &, RBHUIROZERFO *Ne DAEREEE, 3.8 x 10 ccSTP/gy 725, HT
AROWERHEE t () & LEHE, tEMCHTARFCERENS "Ne iX, Andrews and Lee (1979)
@ He EAF O & FRIC, : '

2Ne = t Ay XJ (Ne) x p/ps x (1-9/5 (2)

Ay P EHREPORAELT Ne B T ATICHHENBHE
Pre Py A+ KOEE (g e
TERIND, BADERBHAC LIETERE OZRE 0. 8%%, HTREEREIZZ OMEOHTAROENR
(14,000 £ ; Iwatsuki et al., 2000) ZHWB &, BAE LR A TTHEMTARFICHEHEINE
BE (A=) Th, HTAFTEREND 2WNe 1X 2 x 107 ccSTP/gH,0 & 423, ZOMEIX, KREFE

TTHDK, TROLEEFCHTRKICEENS MNe O 0. 0445 THD, HREOHE J CNediTK |

S RBTGITRVD, EEERAST VD, HTARZERSRD MNe B i, DED, HRHIRO
HTRKZBWT, BANOEAET IR LART VRANEOEESNRAE LN AN L ITFYORRT




H5D,

Wiz, KD BHEEITLD Ar OHTARA~OMAIE EZEENCONTEXD, TS FO K0 OEE
Z5%E LTBRE, BAT0 Y%A OLREEL PAr) ]Ik, K OBEEREES.55 x 1070 D& ST
FETDHLE, 1.55 x 10 ccSTP g v &2 B, LEOIXFOFE RIS, BTAMEMCEAREO
BEPOREELE PAr B9 S THTARPICBTRAALLRETS &, REMIROMTARFIZEHSH
5 PAr 138 x 107 ccSTP/gh,0 725, EEBICH TAIZEEN S We iE 3~4 x 107%cSTP/gH,0 TH
Do LEH-T, MABTRELE EBRO A KEDZT7TAI Y ANEOEHBRLARNT L3R
LDOKRETH D,

RAY, TADCRRIMLE ZRRY, ~Y U ARAELIT 1 EOBBRR b, BE~Y
7 AOREIZERNIZ 3SMAB B L LIS, HFRIO He/'He I « He/®Ne LkDBWERIFA L, 4EHS
LI RBHBRO BT AR O~ ¥ AORIRL R L, H4i%, ERETOBTAIZEBIT S He/He
fk ‘He/®Ne OBBERLLDOTHD, M, RREIKTRD L~ MBS OREZA V%, &

T fﬁflﬁii’btﬁl&’\ﬁi KED E R EERGOBESIE L2 TA BN TAROBMEOREH
ERLTND, HEEERS O He/MHe teb, EHEOILEHER LY REL ok,

DH—13, MIU—4 5LV ERLEEREROBTAIL, KIRSFHENIDDIVIERAKES
LS BERS DRE T A RN ET S, 2%V, Zhb0HTAE, BEERISATHERR
BRADFEN AZMA, RPN EERDEFETAZ LX) LROBEBELREZL VLA,
%Kﬁﬂﬂ'){t#ﬁﬁi VIR, HFEMLELNIAY UARMELIX1.3~3.8x 108 Thh, =
DIEIE, Torgersen and Clarke (1987)SEAHS o 7= LESHIAED HIET B~ v ARNLHKIL L K< —
BLTWS, LEBRST, MTFKICEHIShTWAE~I TAR, RUBTRELLA~Y Y AICHET
HLDONHLINE, HRIERLV ERALTEAELOTHANIA~Y U ARMEEE DL TS bR
AN _
DH— 125 LV ENERTKRKEWTFRE, ZTORETFA I @ALMI ey FER
%5, DH—1 25O TAEZ, MESPAXRESOEME 2HEIVEBESTHEELETHE, 53—
DRI He/*He D 3~5 x 107 &742 53, DH—1 2 E5FLEEHEBO Li &4 (538EhH T, Li
B, 38~66ppm LR o7, ZDF—F 6L, BEMNLIEET S He/He HedB 3~5 x 107 L1Z4A2Y
Z72vy, DH—1 25 HOMTAFONY T AOERE LTIELORSEZELDLERD S,

3. NIDUATTF v RAORELY

2ELY, EEAETOHMTADIX, BEOEFRI VI, BB ERIVREELERSOEBEHEZL DA~
VU ARMEBERER L THWAEZ & Bbhots, HITKEEAY VAL KZMTKEROHEE - #1T
KIRBREAT 21T 5 LT, Eﬂﬁﬁ&tbﬂﬁ%ﬁibtﬁ?é«)ﬁA%(AJ?A77;&R)
FRELAZEFATRTHAB,
NV AT T o7 ARUTORUC L > CEHETIRETH B,
t- F
[He].., =¢_
(Hel,, : MR T oo~ 7 ABRE (ccSTP/gH,0) (3)
h: BEAKEOES (cm)
f i BAAOLERERK
F:~YBAT75 w72 (ccSTPem?y™)
SERMELCHTAREABOANY T AF—F b, KBHBRONOAT T v A RABb 7. 72




B, BN AOHHE - (BFESAEED) SBOROENEBETAE®, ~U 7 ABREOEIE, M|
TOFETHELEEERFESTH3,

-7 )
Co =[4He],,- —1%3% (ceSTP / gH,0)

Cue t *He FHIERREE (ccSTP/gH,0)

[*He] et - ‘He EHME (ceSTP/gH,0)

(®Nelge: : *Ne EHME (ccSTP/gH0)
7B, TIT, LBx0TZI0CORK L FEHZHIEEKFO Ne DBEETHSB, 2V ZO/BE
RiE, FAVOERELBREH»S, HHESB VL, SEOBHEELRMLY, ~UTA . X4
O « BREFEZFRCEEELEZI AT, He EMEZ XA CHEBELAELOTHS, .

(4) RITBNT, [Hel, iz~ 7 ABEREE,D 10COKRE L FHCHEREKEONY 7 A
FEE (4.65 x 108 ccSTP/gl0) ZZELBIWA{E, HFEOZITIEIEIT 0.49, HTFAREMRE LT HCHER
ERALE, i, WABOEZXZOWTH, ZRThORELOCERR L D AL o, ks
RETHBTIC, ESKEREEL, ESABLECRTAOHEZRLINTHEZ LAEEE
NTOLe®), EFKELHIZOWTIX, SBRBVAFETH (TH-60AK) HA0ViE, HitSR
fB B0 5 LISk R BB THE OB A BRRE COEMEN 10~ 100m i HABOES & Uk, 5%
ARBETENCOVWTIRE, TIEFRBERRE TEHEOEKE S EMLT»b DGEHE L OFEE £ T0M 30n % |
HWABOBES L Lz, ‘ |

50, EORBICESEFFELAE [Hel, x ¢ x h (coSTP/cd) Mz, “C ERFIEIIZL
RbDOTHD, FREETF—ZRA Y NERBARBEER~NY T AT7F 97 X(F) 2R2BR, BRI
5DLHTEBEDW e, BISHD 3 »>OERIEL, TH-3ELOTERRAE, TH— 6202 R
AV FERD, TOEPOF—FHRA v M bBEONEERERTHE, FRENOEBROES L, ~
YOATZTGw I RALLT, #HhPH, 59 x107-1.1 x 107+ 1.6 x 10 (ccSTPemZy ) (YT 5,
SERCEEFAMCEBAY T AT S v 7 REEEE, EROFHEER, RELZLOBRES 7>
N ANDBNREIZLY, KERFBEREZB-TVWSLEL LIS, TH3 SLOTERERETEE
EVERLUEHTAIL, HBMEVHTAE DBESRTRENTVS, “CERIZZ ORBEZT, 48
R EHNEREEXTWS LT, B5 50 TH-3, 124, 0n OF —F RA > MIAEL Y bERS
N, BPTLEROANY TATS 9 REREZ TV A TEERD B,

YT RT Ty 7 AMERE, RRFAEO He IBEE, HTFARBEDOANY & ABER & EBEH B DHEEMN
BREBTTONEY, KEFONY 7 ABEND OTFAEES Y BRESA TS, TFE
BERTEREOZIME (3 x 10 ccSTP/cn?/Y) IZH_T, SEOMHEI 1~ 2HEVMEE 25 TN B,
L, EEIZR-T, HTFAFONY Y ABENL TS v o AEHETARLREL LENTEY,
FN b OE L FFROMEIEAE  Bo TUVRN, |

NYTAT T o7 AOHIRETOEY, ITAOSITEILOTF v 7 AORMEL VITEE LTI,
BETHH— LERAILARY, HTAEONY 7 ABEND, BTFAEROEEETSES, ~U T
A75 97 AEERCRML D Z LIIRARTHY, 4B L VIECRIET I BERH B,

4. HTKREREST ~DBERIZ>WT

SEGBNTEHTRONT T ADEET O T 7 LN~ ) AT S v 7 2k BWTHERBIT T




BT ~OEBRETT, '

Stute et al. (1992) IXiE‘iEA L HHMIZES £ TOERICBITS, HHTARFTFO~Y U ABEORE
Ea7rANDarta—FrIizb—yarifTolk, TOMBR, BRERIBNTL BELE
BT, ~V T ABERENL, RHBRCEOTE, BERLAINY VAREOEWIHEY Abhi
W, ¥z, A—BECBOTHERREMHETONY VAREL RIS LEHOEVLARLGNRTH
BE6), ~NYTATTy s AME, EERELBERAOCHEBORE, SAOERSER SHBHIIROT
—FERAVWTHAELETAERH DA, Stute et al. (19921, H-T7—A-F %1 OFREREEAT
HEANRBEIIED LRV E LTS, Stute et al. (1992) OFERELDH-3 -—12—13%
1T, MIU—4A8LIVELNE~NY) PABEORE R 77 A N2kt 5 L, DH—1 21X
HIRD TR 7 7 A NATE, M1 U— 435888 & RO PHME, DH-3 « — 1 323ERROT
B 7 AR ey hERB, ¥k, N UAREOREI R I s ANLBETALERL—ELT
W3 (K6), 3KRTHBEREILLZEEHAN—TEMEEHENTOER, KEHELRBOMTARIX
HESLOIH L BEAIAB S AORBROBREZERERE L, TEIEREEE LTH5&ERLR-
T3 (SHf, 1998), = OEAFERIZENE, DH— 1 3i3E#HS, DH— 1 2 3 HRichrrE T
B, ~) O ADORRIY, ZOMTRERE-ELTNA,

SHEVFEMRANY DABEOT BT 74 )L HBHIROT —F 2A0niE~) VAREDRE
TrANDYIab—alrBiTHlLIlLkoT, THERIETAINERHDITHSI, '

5. k&9

FEEOREILTOLBY THA,

(1) FEERHEOHTRKFO~NY o ABELIX, KREEEHCHAHAILY iKW, DH-1 2,
MIU—48HLLVERLAEREPTOHTKRIZBULTHE, *He/'He LHIFREZ LS FTIZE—E L
o,

(2) BRHIROMTARFORA Y « 7TV RMMKEE, RKELF@EICTH DK D OEENIR
WV, HEHSOHB T ADERLEENEORFY « TATVOEREENPLELD L, TOBRER
UThHBEVZB,

(3) ~V O LTFvrAiX, 0.02~0.59 x 10 ccSTP/el0 DL RE LB Z &M TE X,
(4) TERBETFOHTRDONY O ABEOEE 17 7 A VX, HBESLUEZOHTKS, HiR
SO EBD BEREERE L L) 2HHEE LTEZLSE I OND L BbhE v
Sa2b—TarvEREIK—ETR LBghol,

[#®OTE (BEEUBEOHEE)]

FEETHRERT TS

(VA= %58 - ERAB ~OREMLH]

BB - R - SR ER  HESUEEORTARONY U ARMEL, 2000 £E B ARMREES
FEL BEEESEL. o 138 |
Geochemical Journal 3E~DRXER (BHREHFHE F)
Helium and neon isotopes in deep groundwaters from Tono area, Central Japan / N. Morikawal




#1.DH-12, 13, MIU-4 B X 9 5RIR LI TR DAY 7 4 « A BREER (RRIALHE

LT BE /g ‘He  ®Ne *Hel'He PNefNe  *'NeNe
{m) ( x 10° ccSTP/gH,0} (x10% '

‘ ( x 107ccSTP/gH0)
DH-12  157.45~164.12 S-G 660 0.87 0.384 (13)°  9.65(8)* 0.0280 (5)*
DH-12 5-G 470 0.48 0.420 (15) 9.93(11)  0.0286 (8)
DH-12 S-G 2900 35 0.401 (14) 9.89 (8) 0.0285 (5)
DH-12  178.00~280.17 G 2700 23 0.326 (12)  10.04 (9) 0.0294 (10)
DH-12 G 1800 2.8 0.333 (12) 9.90 (9) 0.0290 (4)
DH-12  345.9~387.2 G 2800 1.6 0.488 (17) 9.98 (8) 0.0294 (4)
DH-12 G 340 0.18 0.502 (20)  10.06 (10) 0.0283 (5)
DH-12  388.9~429.7 G 2100 16 0.468 (17) 9.79 (8) 0.0283 (4)
DH-12 G 1500 1.0 0499 (19) nd.? n.d.
DH-12 G 7100 52 0.486 (17) 9.78 (8) 0.0288 (4)
DH-12  431.4~510.0 G 1200 0.86 0.444 (16) 9.88 (8) 0.0293 (4)
DH-12 G 1800 23 0.435 (17) 9.94 (8) 0.0292 (4)
DH-12 G 800 0.92 0.447 (18) 9.83 (8) 0.0287 (3)
DH-13  60.50~74.15 G 10 24 0.448 (18) 9.71(9) 0.0297 (6)
DH-13 G 18 2.9 0.457 (17) 9,93 (8) 0.0294 (6)
MIU-4  8250~88.65maBH  TL 48 1.5 0.138 (5) 9.88 (9) 0.0291 (5)
MIU-4 TL 100 3.0 0.125 (5) 9.95 (8) 0.0288 (3)
MiU-4 TL 8.8 0.7 0.139 (7) 9.97 (12) 0.0282 (8)
MIU-4  95.02~13447maBH G 130 2.7 0.101 (5) n.d. nd.
MIU-4 G 190 4.1 0.108 (4) n.d. nd.
MIU-4 G 9 15 0.109 (6) n.d. n.d.
MIU-4  314.95~316.95maBH G 61 0.62 0.091 (4) 9.97 (9) 0.0300 (5)
MIU-4 G 33 0.40 0.098 (4) 9.99 (11) 0.0297 (5)

:iA:ﬂﬂﬂiﬂ% F,TU: TESERBBERRE, TL: THRERBTIE 6: LEERSE s-6: BE (EEEARD)
 fERT :
f10) ROWFIF1onBE




2 Tk “Ar BEELE, 7LD -REEKE

gkB Bk 4“0Ar 88AT/I6AT WAY/SSAr
(m) ( x 10 ccSTP/gH:0)
2000/7/26 DH-12 157.45~164.12 2.1 0.189 (5)* 298 (3)*
2000/7/26 DH-12 157.45~164.12 0.79 0.191 (6) 297 (3)
2000/7/26 DH-12 157.45~164.12 6.0 0.1871(16) 284 (3)
2000/8/27 DH-12 178.00~280.17 3.0 0.189 (5) 302 (3)
2000/8/27 DH-12 178.00~280.17 6.0 0.188 (3) 299 (3)
2000/12/1% DH-12 345.9~387.2 1.7 0.187 (3) 292 (3)
2000/12/19 DH-12 345.9~387.2 014 0.187 (11) . 292 (3)
2000/12/7 DH-12 388.9~429.7 2.4 0.188 (2) 298 (3)
2000/12/7 DH-12 388.9~429.7 1.2 0.190 (3) 293 (3)
2000/12/7 DH-12 388.9~429.7 5.9 0.189 (2) 292 (3)
2000/11/22 DH-12 431.4~510.0 1.3 0.189 (4) 295 (4)
2000/11/22 DH-12 431.4~510.0 2.2 0.1851(11) 287 (3)
- 2000/11/22 DH-12 431.4~510.0 1.1 0.185 (4) 290 (3)
2000/9/1 DH-13 60.50~74.15 5.9 0.186 (5) 298 (3)
2000/9/1  DH-13 60.50~74.15 : 5.0 0.187 (4) 291 (3)
2000/7/24 MIU-4 82.50~88 65mabh 2.1 0.187 (3) 296 (3)
2000/7/24 MIU-4 82.50~88.65mabh 5.5 0.185 (6) 294 (3)
2000/7/24 MIU-4 B2.50~88.65mabh 0.18 0.191 (11) 296 (3)
2000/8/13 MIU-4 95.02~134.47Tmabh 42 n.d. n.d.
2000/8/13 MIU-4 95.02~134.47mabh 5.6 n.d. n.d.
2000/8/13 MIU-4 95.02~134.47mabh 1.9 nd. n.d.
2000/12/2 MIU-4 814.95~316.95mabh n.d. nd. . n.d.
2000/12/2 MIU-4 314.95~316.95mabh 0.61  0.186 (2) 292 (3)
2000/12/2 MIU-4 314.95~316.95mabh 0.37 0.188 (5) 293 (3)
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B 6 Stute et al. (1992) (=X B Two—dimensional helium
transpor model M 2 a2 Lr—3r3 UFHR (a) &, HBEHIZD
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BEHEE (H11) T 12 FEREMEREE

F—ZFFA FRAF LRI BB ALY USRI RIFTREHREIEON

go =
BRET Y| ResmmscHms sHR

WEE RS | wE st

7 AV M " o TE-KE | BH #-—
R MeE, R —Bf, EEFa &F

WSS | KB T2 r> 5 — BHHERRES

BEWEE | Em11& 48 ~ w o E E| FTH129% 48 ~
(F%) TRl 44 3H B K M Pl 34 3A
CEAZED)

EEFFOHMEIE LTRHNWSN TS F—ZAFF 1 FRAT VAR, FHETFERENRETTO
%ﬁﬁﬁﬁﬁﬁhﬁmr&%ﬁﬁﬁéﬂt%ﬁ‘z:uyﬁ&ﬁzﬁzakxwmﬂ%%WEmaﬁ
ENEBBE AR EDOTENETL., BAMTHEHE Na ORI ENIGORELETIERET
TZEMHENTND, XS5ICFEOESHPEIEEICECIBESH. bl IIFERPICBITIRE
BEERN, AT FEIMCKESEFEERIZTIENRRAZINTNS, £k, EERENEDS
NTVBETTA FPRAT VLV ABEDA LY U TEENZONT S, INSOZELZRITHAEEND
. INSOALY L TEENIBHICK DFESINBWICHEZTHNDE EBHEINTNSA,
HHIZHSMIEINTW RN, FITEFETIE. PHETEHLEF—ATFHT FRAT VL AMIC
DT, ALY T ORITED T REREBHBEEN NS ECSNHMFORGRE. SRS
- BERHICB U DHENERE. k. BEOEENSERTHLZENET S,

[(FERNE ()]
ﬁﬁb#uﬁx?&kxﬁL£H6ZIU/ﬁé%®ﬁﬁm§*ﬁki5%%&0 ALY T
BRAFEUTREUZRE MEHENY) SREEEFORETHEE U /EE (REREHERM I
BIFTBALY 7 EHOMERE EBEFRTHSORE L ORBEERFNTLIZEEENET S, E—
IR ET R 2T > - EHED Fe-CrNi 2SI HENTELHBELEZETNESITH LT, BHE
BXNHEGERRS REdul & UG, eIl rETs C&ick D, ikt
R EERT D, RKICERAFTHIHE316H. wEF—ATF1 MIZRANWT. REBHM. #
FHESH, BEESERAMICBT28BBEREDRN, FBOETINESEDIBICK 5THY
%%E%Eb.ﬁ&%aﬁ%FXIUyﬁ@ﬁﬁ#B%mmﬁfwéﬁ&ﬁﬁwiﬁ%ﬁﬁoé%
EC B UCETHEONBRTERVWEYI AL a VBRERTHEON R L
ﬁH\ghb@ﬁ%%ﬁ%%ﬁ@ﬁ&@ﬁﬁb&dTéoMKT ETOXBEN. LD &ERE
RERWL., BB Tao&ickD, BRHEES 2 WEARHEERICEDSFEI-REEE
L. BRz2EF52&icds T BEFICBIT 32 ERBOBKN AL & BRHFERN - fTHRUTAL
U2 TEBEORBEHRS MIT 3, :

(FHEXEmE
EM4WWX£E@i%?ﬁﬁﬁ(mﬁ%E4mmﬂ&U BT TRV F—aBBXEDN |
S EEEDS)




(EHRR (UHEEETOME)]

AL 12 £ER. EDS EBOBIED D ITIBESTEENIZIZERTIEOREL - /=0T, Jrk 11 FEE
DIEBIET—F L D BHIE Fe-15Cr-20Ni REFINELIBITBRA RREZFOBEFEB LK, T
BdEhicm i CRABERAENHE DY S LOREETo /. i, TR 11 EFEOREEAAE
SBBESTRZERZTN, TEH SHEE THIFT Journal of Nuclear Material 551 L ., itk
R THEHEFTHS. £/ZEDS EBITDOWTIIFER 13 4E 2 A%EIC, B2 TRABWHERATES
REIZRDOT, BODEBOIMTEED TN D, '

[BFFERR]
Rkl 344 A i'(‘@ﬁﬁnﬁ!t%@#ﬁ%%&i EBHB,

(DRA RRZEHEHROL&M:

REPETFRENBOETINESO—BICEE R FEASNERI M., HREFMEICIZHLSMIC
B EREELROWEE. Wb 2R RRZEHMNEE SN/, Table 1 KRINBLSIZ, A K
ﬁﬁ@%?»%ﬁ@¢?%Few&ﬂMﬁziﬁﬁmﬁmmmﬁméﬁtﬁmfwﬁ%§<%ﬁb&n

» TI-CHEME 2 476 CIFAMIZBNTELDRA RAEHZLENEN, FORBRBMDOESITHATS
tb\{tﬁﬁ?a“:q-bt_o Lipl., B RRZEZHASHICHERTS2DICE. HEREOBETERS R
FHELTWARTNER AN, F2T, BoNAHHRGERICE 3RS RREZEOHBOTE LS
ETHEOLNTVSRA REETF-F LD, RA RREEIRETEDLEEFAEL .

B RICETAEHREL TR, KEL S THRA REBR,. R~ REEBE. XTU>Fzadshn|
B, BHMICEZD &R REEENSTNE, 571 PREZFNFETEZLLHEATHENTELD
A, R FREELRT RRZEFOBEBETIEFig. 1@ (1) OHKICRT RRZEVNFTHBTHBA
HIADNWTWBICb b 5T, R RREZHFNRED NS (2) ORT FEBEEL D BHSMITR
1 ROBBEICEEL THWSDT, BT FREELTTRAA RREZFOFEEBATL CLIZHL
Ve LRRLATU Y (Fig. 2) THERTIERA RRZEFOFEEOHEBNMRVEBETE, AL
U 7E 3. A%BENRA RREZGFVJETESZLEVEIZZ- TR EEXILNS,

QA1 RRZHEBHEE .
OTIMBL7ZX S ICRT RRZ#FIZETORTBWTASNEZDIT TR L. Fe-15Cr-20Ni =T
SR Mo BIMESITBNTHEME<FEEL, P, Si. Ti-C BEME&2IX 476 CRREMICBNWTS
DDA REHBENEN, TOBRBMOGSITHETHIENWEMERL, 572°C, 621 CEBHAMIZHN
TIIIRERRA RIRFZAD SNAN o2, ESITHA FEREFI OV TRETOREE TRAZ N/ DI
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Figure 1. Experiment setup in the laboratory.
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Figure 2. Temporal variations of Aln(p,) in an Y-section of 40 cm x 40 cm x 38 cm tuffaceous
rock block (X=0,22-0.23 m).
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Figure 4. A comparison between resistivity models (left) and the simulated
apparent resistivity distributions (right).
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Figure 6. Temporal variations of Aln(p,) in the 40 cm x 40 c¢cm x 20 c¢m tuffaceous D-
block. The conductivity of the water is 317-333 us/cm (Wenner array, 0.0-0.08m depth).
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X 20 cm G-block. The conductivity of the water is 317-333 us/cm (Wenner array, 0.0-
0.08m depth). '



Table 1. Summary of the estimated longitudinal coefficient of hydrodynamic dispersion

D, dispersivity o, and water velocity v for the rock block.

-6 -10 -5 -10
X. Y |[vxI0 0L(cm)l')xlf) A B X Y |vx10 0t(cm)DxIO y B
(cm) | (cm) | (cnvs) (m?/s) (cm) | (em) | (cm/s) (m%fs)
0 | 25 049 | 031 | 015 | 009 | 045 100 | 25| 307 | 209 642 | 0.05 | 0.50
15 | 25 054 | 0.15 0.08 | 0.09 | 0.43 15 | 225 | 289 | 203 | 587 | 007 040
0 | 25 | 049 | 018 | 009 | 027 035 20 | 225 | 28 233 661 | 0.6 050
25 | 25 054 | o021 011 | 015 041 25 | 25| 279 192 | 536 | 008|049 |
30 | 25 655 | 022 | 012 | 0o | 045 30 | 225 | 284 | 230 655 | 007 | 050
175 | 25 045 | 014 | 006 | 011 042 175 [ 225 | 300 | 258 | 774 | 005 | 040
25 | 25 042 | 015 | 006 | 014 | 039 257225 | 28 | 27 | 7277 | 007 | 030
w0 | 75 159 | 0.1 097 | 024 | 037 10 | 275 | 300 | 290 868 | 0.06 | 0.55
15 | 75 149 | 044 | 065 | 019 | 039 15 | 275 296 [ 274 | 800 | 007|054
20 1 75 | . 151 os1 i 077 | 016 0.1 20 | 2751 288 261 750 | 0.08 | 0.54
25 | 75 148 | 056 !} 083 |011] 043 25 | 2751 292 | 258 | 752 | 008 053
30 | 75 155 | 056 | 087 |ood4! 47 30 | 275 ] 281 269 | 7.85 | 0.08 | 053
175 | 75 126 | 054 | 068 | 008! 045 175 | 275 | 325%| 268 872 | 0.08 | 0.50
25| 15 128 | 069 | 08¢ | 008 045 225 | 275 | 304 | 294 894 | 008 | 0.53
10| 125 | 228 | 085 1.93 | 0.03 | 047 10 | 325 | 279 398 | 111l | 006 | 0.69
1s | 125 227 | 083 1.0 | 0.07 | 0.46 15 [ 325 | 309 | 208 | 920 | 008|058
20 {125 | 222 | oog 218 | 0.06 | 0.46 20 | 325 312 | 260 | 839 | 008 056
25 | 125 | 219 106 | 233 | 006 | 047 25 | 325 | 312 | 274 | 855 | 008 055
30 | 125 | 223 111 247 | 003 | 047 30 | 325 315 | 293 | 923 | 008 | 056
175 | 125 | 208 1.20 250 | 0.06 | 0.47 175 | 325 | 341 270 | 920 | ow0e| o052
225 | 125 | 152 | 159 305 | 0.051 0.48 225 | 325 | 313 | 352 | 1100 | o008/ 058
0 | 175 204 | 108 316 | 0.06 | 0.47 10 | 375 349 | 325 | 1132 | 008 | 059
15 | 175 | 263 173 | 453 | 0.05 | 049 15 | 375 | 332 | 356 | 1.8 | 007|062
20 | 175 | 269 130 | 350 | 008|046 20 | 375 | 372 | 23¢ | 872 | 008 | 051
25 | 175 | 230 165 | 427 | o008 | 047 25 | 375 | 393 182 | 716 | 009 | 047
30 [ 1725 | 267.| 179 | 479 | 0.04 | 049 30 | 375 | 382 | 291 | 1114 | 0.08 | 051
175 | 175 251 244 | 613 | 004 051 175 | 375 | 376 | 294 | 1103 | 009 | 0.53
225 | 1751 244 | 236 ! 576 | 005 | 051 225 | 3751 353 [ 334 | nso | o009 | 057
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Figure 11. Variations of the estimated real flow velocity with the
transport distance.
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The FCIs, which may occur in the sequence of severe accidents in LMFBRs or in LWRs, have been
one of the major issues in reactor safety analysis. A multi-phase multi-component numerical simulation
tool, such as SIMMERC-III, is an effective mean to study the interaction of high temperature molten
materials with coolant. But, to some extent, the current models are not enough to analyze the phenomena.
Due to the complexity of the physical phenomena in the process, detailed models of them, especially the
jet breakup, fragmentation and propagation, are required to analyze the FCI processes and the
consequences. The objective of this study is to develop and validate these models and introduce them into
SIMMER-III code. This study will improve the capability of SIMMER-III model to analyze FCI process
and provides the better understanding of the mechanism of mechanical energy generation in FCI process.

[(FRAE 2]

The physical phenomena of premixing, fragmentation escalation, propagation and jet breakup in
FCIs will be modeled, included and validated in the SIMMER-III code through the simulation of
experiments performed for the FCI's processes as stated in the following.

(1) The models related to the premixing process will be developed and validated through the
simulation of experiments, selected from PREMIX, the out-of-pile experiment series. The small drop of
molten material surrounded by a vapor film in quasi-steady state is mainly featured in this process.

(2) The models related to the fragmentation, and propagation process will be validated/developed
through the simulation of experiments selected from KROTOS experiment series. This process features
the rapid fragmentation of small molten material drops. The models will be developed, included in the
code and validated. ‘

(3) The jet breakup model will be developed and validated through the simulation of the experiments
selected from a series of JET and FARO experiments. During the reactor severe accidents, the molten
material may flow into coolant as a jet and it is broken up into small droplets in-vessel or ex-vessel. Based
on the observation and analysis of experiments, the model to describe the jet breakup process will be |
developed and included in the code. Then it will be validated through the simulation of the selected
experiments.

{fE A EE %]
KEI#tEFy— (KREIFEHE. Workstation,
SIMMER-III code %)
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The drag coefficient correlations of hot particles in multi-particle system under laminar and turbulent
flow conditions have been developed. The thermal fragmentation models due to boiling effect, external
pressure pulse or the solidification of a melt droplet surface have been developed based on the instability
analysis. The models are implemented into SIMMER-II and applied to simulate QUEOS, MIXA0Q6 and
KROTOS 28 experiments. In order to estimate the pressure exerted on the surface of the melt droplet, a
vapor film collapse model and a heat conduction model are constructed and coded to study the pressure
generation in the vapor film during the vapor film collapse and in the solid shell during the solidification,
respectively. They are summarized in the following.

(BRI (HEFE) ]

(1) Development of drag correlations of a hot particle with vapor film in multi-particle system

In the fuel coolant interaction (FCI) phenomena, a configuration that a hot particle/droplet
surrounded with vapor film moves in coolant liquid is featured, for which the drag correlation has not
been developed. The drag correlation between a single hot particle with a vapor film and its
surrounding coolant liquid was ‘developed [7], based on the configuration observed from Nelson’s
experiment. Before the proposed drag correlations are implemented into the multi-phase,
multi-component, fluid dynamics computer code, such as SIMMER-III to study FCI, the effect of the
other particles on original particle’s drag force should be considered in the proposed correlations. In
this study, the drag coefficient correlations between a hot particle/droplet and the surrounding coolant
liquid in multi-particle/droplet mixture system under laminar and turbulent flow conditions are
developed based on the single hot particle model and basic conservative equations, in which the effect
of the other particles on the original particle is considered by employing the mixture viscosity concept,
developed by Ishii. The drag coefficient correlations are arranged into the formula expressed in

dimensionless number as the following: for laminar case
1

Evit,” ¥/ v
CD-jb—-ao(]. a)Z+Re‘L;‘;(— p)r a + g‘;‘;‘; (l—ozp)2 a2+—§ge%— a,

where a,=1.894, a,=-0.0001936, a,=-0.05501 and @,=0.4013 in the range of Reynolds number

and Ev number from 100 and 60 to 2000 and 600, respectively. The n is ~1.75 for particle, proposed by
Ishii. For turbulent case

1
Evu Evul P 0. g
Co-p=wl—-a J"+ O wil-a | + e lwll—-a F"+=22w
0( p)z PORE l( p) Lo 2( p)z Rez 3
where w,is the constant, which is determined by employing Nelson and QUEOS experiments,

W, =0.006495, W,=0.06883, W,=0.01146 and W;=5.103 and n=-1.75 in the range of Reynolds

number and Ev number from 3000 and 60 to 120000 and 400, respectively.
The proposed correlations are implemented into SIMMER-III and improved the agreement with
QUEOS experiment, as shown in Fig. 1.

(2) Development of thermal fragmentation models

The fragmentation model of the melt droplets is essential to numerically study the FCI process.
In the current multi-phase multi-component mathematical model, SIMMER-III, only a hydrodynamic
fragmentation model has been employed. The calculated results of MIXA06 by SIMMER-III show that
the thermal fragmentation (breakup) rate model is required for simulation tools [6]. In the past the
thermal fragmentation mechanisms have been studied widely, but for self-triggering fragmentation
cases, including boiling effect and solidification effect, no fragmentation rate models have been




proposed for simulation tools. In this study thermal fragmentation mechanisms are mapped out in Fig.
2, based on the thermal condition of the melt droplet and coolant. A Taylor instability mechanism is
proposed to be the mechanisms for all three regions. The fastest growth mode of the instability is
assumed to be the fragmentation rate. Based on the thermal condition of each region, simplified
fragmentation rate expressions are proposed. The unified normalized thermal fragmentation rate is
1 dm Ca(t~t1e)
— = =C,C H(t~t,, )
g .
m, dt

where C, is constant of 0.01 and C, is the parameter related to the acceleration exerted on the

droplet surface, which is shown in the following table for different triggering events. The Heaviside

function H(t~1,,) is designed to consider the time delay of the fragmentation after the triggering

events occur in the system.

riggering . External Pressure Boiling Effect Surface
Event Pulse _ Solidification
CB CPP (P —F, o ) CBEAqNB_MFB C (]:np ];)

For the case that the fragmentation is induced by external pressure pulse, since the acceleration
on the droplet surface is proportional to the external pressure pulse strength, C, can be written as a

function of pressure pulse. Because the pressure in the vapor film during the film collapse is also
related to the droplet temperature, ambient pressure, coolant temperature and properties of the
materials, a vapor film collapse model is constructed to solve the pressure generation in the vapor film.
In this model, the dynamic film boiling process is modeled by writing a momentum equation for film
dynamics, an energy equation for each region of the melt droplet, coolant vapor and liquid and linking
each region by the appropriate boundary conditions. The integral approach is used in each region for
the energy equations where the differential equation is integrated over the region and a temperature
profile was assumed. The Runge-Kutta-Gill method is employed to solve the nonlinear differential
equations. This model is used to solve the parameter C,, according to the physical configuration of

the system. An example is calculated in which the initial conditions are based on the conditions of
Nelson’s experiments. The pressure in the vapor film during the film collapse is plotted in Fig. 3,
which shows that the generated pressure in the vapor film during the film collapse is several times as
the triggering pressure pulse.

For the case that the fragmentanon is induced by the boiling effect, since the pressure pulse in
the vapor film is proportional to the evaporation rate difference between the stable vapor film boiling
(MFBT) and nucleate boiling, which is related to the difference of the heat transfer to the interface of
the vapor/coolant liquid, C, can be written as a function of heat flux change. TheC,, is calculated

by the vapor film collapse model described above according to the physical configuration of the
system, in which the triggering event is modeled by the change of the heat flux to the coolant, instead
of the external pressure pulse.

When a molten droplet is exposed to a coolant liquid, its surface solidifies. The deformation
induced in the solid shell tends to compress the inner liquid region. This condition is aggravated by the
extremely low compressibility of the droplet liquid. The pressurization on the interface between the
solid shell and the inner molten liquid may be induced during the solidification process on the surface
of the droplet, which induce the instability of the droplet surface. For the case that the fragmentation is
induced by the solidification of the droplet surface, since the solidification of the droplet surface is
dominated by the heat-transfer from the droplet to the coolant at the solidification point, C, can be

written as a function of the temperature difference between the droplet surface and coolant liquid.




Because the pressure generation is related to the temperature distribution in the droplet, coolant
temperature and properties of the materials, a heat conduction model is constructed to solve the
pressurization in the solid shell, which is based on the assumption that the solidified shell acts in an
elastic manner, like a membrane with elasticity on the droplet surface. In this medel, considering the
solid shell with elasticity, the total surface tension can be written as

D
O,=0 +—3
2R

where @, is the surface tension of the melt droplet including the term of shell stiffness, ¢ is the

surface tension of the melt droplet without the solid shell, D, is the shell stiffness and R the radius of

the droplet. The C, is calculated by this model according to the physical configuration of the

system. An example is calculated in which the initial conditions are based on the conditions of
MIXAO06’s experiment. The variation of the thickness of the solid shell with time is ploited in Fig. 4.
The variation of the total surface tension and pressurization with the thickness of the solid shell is
- plotted in Fig. 5. These two figures show that the instability is possible during the solidification on the
droplet surface. In the range of the time scale of the fragmentation (several milliseconds), the total
surface tension is not increased very large, the same order as that without the solid shell. During this
period, the pressure increases to hundreds bars. That means the instability can be induced by the
solidification on the droplet surface.

The diameter of the cross section of the spikes on the surface due to the instability is considered
as the size of the fragments, which can be written as '

L . d
frag 0.25
APd
20,
where d,,, is the fragment size, d is the diameter of the original droplet and AP is pressure

exerted on the droplet surface. The prediction of the fragment size given by this model is compared
with several experimental data, as shown in Fig. 6, which show the ability of this model.

The proposed model is implemented into SIMMER-III and applied to simulate the MIXA06
experiment. The front advancement of the stream of the melt droplets in water is plotted in Fig. 7,
which shows that in the low Weber number case the proposed thermal fragmentation model much
improves the prediction of the front advancement of the stream of the melt droplets in water comparing
with hydrodynamic fragmentation model.

[4%0FE EFEELROEE ]
In the next year, the research works, which are planed to do, include that the thermal

fragmentation model of the melt droplets influencing on premixing region of FCI will be studied
and verified through the PREMIX experiments; the fragmentation model of melt droplets on
propagation process of FCI will be validated or developed through the simulation of KROTOS
experiments; the jet breakup model for simulating the jet injection into coolant, will be developed;
then the jet breakup model will be implemented into SIMMER-III and verified through the
simulation of the JET and FARO experiments,
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LR TOEEERD. EET5H5BELETORRETZHFHANS,

(6 = Ehmast

AR EERT -0 ERTIEBLETONE
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hd, 72— )V (FBRESR) OMBL LT, BREEAERRICHEATELZZLEHESPIZ L,
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54 Z U EHEBESEIMLUIZ LD, 20eV TIRIFHENT 22 LRI COERP S, BFF
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Electron emission current:. 0.28mA
Impact electron energy: 20eV
Ion energy: b.6eV
Extract voltages: 110V

Geometrical position of the K-cell:
Vertical position of the K-cell; Omm

Left (X-axis); 5.07mm
Right (X-axis); 5.83mm
Back (Y-axis); 5.08mm
Front (Y-axis); 5.21mm
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The complexity history of the Tsukiyoshi fault has been recorded in the Toki Granite at Tono Mine.
Adjacent to the Tsukiyoshi fault damaged zone, the faunlt may have also affected the properties of the host
rock by development of micro cracks. Such structure can be analyzed in detail under Laser Scanning
Microscope (LSM). '

LSM is a useful tool for visualizing structures in a 3D image with a resolution of 200 nanometers. Using
this method it is possible to acquire detailed image of the pore geometry that will be useful to understand
the connectivity of pore structure and to address the influence of micro cracks on the permeability.

In addition, with LSM it is possible to exclude fractures related to drilling, thus obtalnmg a more accurate
data about pore structure of the crystalline rock.

(BroEmz (e
Samples from Toki granitic rock will be selected from available boreholes that cut the Tsukiyoshi fault. In
this case, it will be possible to select samples outside of the macro-scale damage zone to study the
influence of the fault at the micro-scale in the granitic rock.
For this study, samples will be selected for petrographic, Electron Micro Probe Anaiysis (EPMA) and
Laser Scanning Microscope (LSM) analysis.
Detail petrological analyses will be carried out in order to identify differences in mineralogy, texture and
fracture patterns of granitic rock.
As crystalline rock often has low porosity, a 3D reconstruction of high resolution of Tono granitic rock
may reveal interconnected porosity or a preferred orientation of micro cracks, and on small scale, the effect
on permeability could be assessed. Furthermore, with this technique is possible to exclude fractures
originated from drilling and other from no natural processes.
For the pore structure analysis under Laser Scanning Microscope, the research will be conducted at
University of Tokyo.
LSM is a relatively new technology and new applications in material science are being developed. The
variable composition, mineralogy and texture of geological samples may affect the results of data
acquisition. For example, in the case of granitic rock, minerals with natural fluorescence such as uranium
and some minerals with ferrous iron, manganese oxide may affect the pore structure analysis. Those effects
need to be identified and quantified. This is possible using Electron Probe Micro Analysis (EPMA).
Therefore, some initial petrography and EPMA works need to be performed prior to the LSM research to
achieve more accurate results. Due to restrict samples of boreholes, preliminary research will be
conducted during the first year in order to develop and optimize the method.
The use of LSM will improve our understanding about physical properties of the rock mass (e.g. porosity,
connectivity, and permeability) in a micro-scale and their effect in geological environment.
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Tono Geoscience Center (sampling, sampling preparation petrography, SEM, EPMA)
University of Tokyo (LSM) .

GEHINE (UBRFEEETONE)]

During fiscal year 2000 my research at JNC was carried out to investigate pore structures and
their relationship with structures and deformation in the Toki granite. Impregnation of granite with resin
was done to visualize and develop understanding of pore structure in 3D. .

Faults and fractures characterize the deformation in granitic rocks. They are the main factor for
increasing flow paths and controlling the migration of contaminant materials. In fault zones where brittle
deformation dominates, connectivity of micro-cracks is one of the most important factors that control
porosity and permeability. Contaminants such as radionuclides may diffuse into pore structures
increasing mass transport- travel time and the retardation potential of a geological system. Knowledge of
pore structures and effective porosity of granite from intact to highly fractured fault rock is important for
input to models of groundwater systems, mass transport and performance assessment.

Following this idea, samples were selected to allow investigation of a range in deformation style
from undeformed to highly deformed granite from the core of the Tsukiyoshi fault. A technique using the
Laser Scanning Microscope — LSM (Fredrich et.al, 1995) to observe resin impregnation into samples was
applied to constrain the pore siructure of Toki granite. Samples of granite are from two boreholes DH-6
and MIU-3. The impregnation was performed at TGC and analyzed using LSM at Tokyo University.
Bulk porosity measurements by helium pycnometer on these samples were performed at Japan National Oil
Corporation (JNOC) in Chiba Prefecture. Trial permeability measurements were performed at Kyoto
University using a pressure oscillation method. (Fisher and Paterson, 1992).

(R (HEEFE)]

Purpose: :

1. To determine the porosity and 3D geometry of pore structure of resin impregnated core samples of Toki
Granite using Laser Scanning Microscope (LSM);

2. To test different kinds of resin to assess both the efficiency of resin infiltration and their respective
potential to enhance the visibility of micro-cracks and pores in the granite

3. To optimize the method of LSM for granite

4. Start permeability measurement in order to understand the relationship with pore structure and fluid
pathway.

Sampling: Preliminary work was with samples from the DH-6 borehole. In total, ten samples
were selected from different depths and with different textures (described in my 2™ report of activities).
Concurrently, sampling in the hanging wall of the Tsukiyoshi Fault Zone (TFZ) was performed in the
MIU-3 borehole. In core from this borehole it is possible to observe three main strands of the Tsukiyoshi
fault. Twelve samples were selected: ones concentrated in the granite enclosed within the shear zones;
samples from the undeformed moderetely fractured structural domain and samples from the core of the
fault. The later two were taken to represent the potential end members in terms of deformation and porosity
of the Toki granite.

Methods: Macroscopic and petrographic description of the selected samples of DH-6 borehole
were performed prior to resin impregnation in order to determine the mineralogy, textures and |
microstructures. Scanning electron microscope (SEM) analysis was carried out to characterize the
morphology and distribution of micro-cracks. Posterior LSM analysis and bulk porosity were measured.

Three different resins (Spurr, Methyl Metacrylate and Super Glo) where tested in samples of DH-
6 to assess which were most effective for acquiring better results and enhance the pore in granite.

In the samples from MIU-3 macroscopic and petrographic description, bulk porosity
measurement, pore structure analyses and trial permeability measurement were carried out.

Results:

Borehole Dh-6- Petrographic analysis indicates the Toki Granite intersected by DH-6 is a typical
biotite-granite. Dikes of quartz phorphyry and diabase were also intersected. In general, although the
granite samples appear unaltered in hand-specimen, under the microscope most of them show evidence of
alteration and micro-cracks (Fig 1a and b), intragranular and intergranular cracks could be identified using
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SEM (Fig 1c and d).

Resin impregnation using Spurr (60mPas) and Methyl Metacrylate (<1.5mPas) was successful in
filling micro-cracks, voids along grain boundaries, vein boundaries and biotite cleavage. Thus both types
are effective regardless of differents in composition and viscosity. However, observation of pore structure
acquired from 3D-image analysis, indicates that the low viscosity resin, Methyl Methacrylate, is better for
enhancing the pore structure due to somewhat more effective impregnation of micro-cracks, easy
manipulation and low cost. The third resin, Super Glo, was also tested but it was not successful because
this resin {(a mixture of resin and yellow dye) did not harden after impregnation and could not be used for
the image analysis.

To build confidence of the LSM data and to help to understand the relationship with depth and
main structures, bulk porosities of the same Dh-6 samples were also measured by He pycnometer The
| average bulk porosity of the Toki granite range from 0.62-3.25%.

Borehole MIU-3- The relationship between deformation and pore structures was investigated
using drill core samples from the MIU-3 borehole, which penetrates the Tsukiyoshi fault at a depth of
700m. Samples are from depth of 350, 352, 501, 570, 604, 629, 660, 685, 698, 705.44, 705.7, and 707 m.
Since it is on going work, in this report three representative samples from the hanging wall are described.
The samples were selected on the basis of degree of deformation indicated by the fracture frequency
(fracture/m) from drill core logging. The selected samples are:

1. Moderately fractured domain at depth of 350m represented by undeformed biotite granite.

2. Highly fractured domain, at depth of 540m, which corresponds a zone of cataclastic seams,
possible related to deformation by the Tsukiyoshi fault.

3. The core of the TFZ, represented by foliated cataclasite from a depth of 707m

Macroscopic features:

1. Undeformed biotite granite is from the moderately fractured structural domain. The fracture
density of selected samples is < 5 fracture/m in core. It is medium grained biotite granite with low mineral
alteration. ‘This zone is located around 200m above of the fault without any macroscopic structural
influence of the TFZ (Fig. 2a).

2. The highly fractured zone of cataclastic seams occurs adjacent to the Tsukiyoshi fault. It has a
sub-vertical dip and width ranging from 0.5 — 2cm. The seams is characterized by fragments of mineral
grains dispersed in a matrix of chlorite. Small Riedel shear occurs in the matrix. Most of plagioclase and
K-feldspar of the granite enclosing cataclastic seams are altered. No slickensides were observed along the
shear planes. Fracture density is > 5fractures/m. (Fig. 2b).

3. The central part of the Tsukiyoshi fault is characterized by foliated cataclasite. The shear zones
are characterized by overall fragmentation and. mineral reduction. These shear zones are composed mainly
by clay minerals (rich in chlorite). Fragments of brecciated granite and fragmented minerals are observed
between the shears. Shear bands and drag faults give indication of movement. (Fig.2c). High angle
fractures (dip 70-75°) with no evidence of reverse movement were observed in the core. These are possibly
related to another structure intersecting the MIU site; possibly a high angle structure oriented NW or
NNW. This orientation is very prominent in plots of structural data from other boreholes at the site.

Microscopic observation and effective porosity.

1. Undeformed biotite granite is composed mainly of quartz, plagioclase, K-feldspar and biotite.
The structure observed under optical microscope is relaied to intragranular micro-cracks in quartz and
feldspars. Alteration occur along micro-cracks. Incipient alteration is observed in the K-feldspar and
serecite filling micro-cracks network is observed in the core of plagioclase (Fig. 3a). Effective porosity
from He Pycnometer range from 0.5-1.5%. :

2. In the highly fractured zone of cataclastic seams, fragments of minerals with no fabric are
observed in a matrix of fine chlorite and fine grained minerals (Fig. 3b). The seams are arranged parallel to
éach other. Microstructures consist of intragranular cracks observed in quartz and feldspars adjacent to
the cataclastic seams. Plagioclase is strongly altered in the core to serecite and biotite to chlorite.
Effective porosity from He Pycnometer is 2.4%.

3. The foliated cataclasite from the core of the fault is characterized by fragmentation and grain
size reduction. A foliation developed in the fragmenis is defined primarily by elongate d biotite,
brecciated quartz and feldspars. Clay minerals (serecite) and fine calcite occurs in the matrix. Amorphous
calcite is concentrated adjacent to the shear zone. The shear zone is defined by a zone of very fine, dark
materials (difficult to distinguish under optical microscope) surrounding small grams of quartz and
feldspars (Fig.3c). Effectlve porosity from He Pycnometer range from 3.5-4.5%.
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Resin Impregnation:

1. In the undeformed biotite granite, resin fills grain boundaries, intragranular, intergranular
micro-cracks and cleavages (Fig. 4a). The shape and geometry of pore structure is attained by a 3D
reconstruction using LSM. Sectioining of 1pum sectioned slices is done for the sample describe above.

2. In sample from highly fractured zone with cataclastic seams, the image shows the resin
concentrated along the wall of cataclastic seams and along micro-cracks normal and parallel to the seams.
The sectioning and 3D reconstruction shows the relationship between 3-D structure and resin distribution
(Fig. 4b).

3. In the core of the fault, it is noticed that the resin fills the matrix thoroughly, being
concentrated along the foliation and surrounding oriented but broken minerals. It is observed surrounding
fragmented grains. The sectioning and 3D reconstruction shows a wide diffuse image (Fig. 4c).

Quantification of porosity from image analysis is possible and on-going work.

Permeability measurement:

Trial permeability measurement was carried out on samples from undeformed granite and highly
fractured zone of cataclastic seams. They were measured at the Kyoto University by pressure oscillation
method where pore pressure is kept constant at 20MPa while the confining pressure is increased (up to
200MPa). The data, presently in chart form is stil{ being analyzed and assessed.

Summary:

1. Testing of different resins were carried out on the DH-6 samples. Methyl Methacrylate was
selected because of better enhancement of pore structure in granite along grain boundary, intragranular and
intergranular micro-cracks and mineral cleavages.

2. Effective porosity measured by helium pycnometer indicates a range of porosity for granite.
The lowest porosity of 0.5% is from the undeformed granite whereas 5.4% is the higher and correspond the
porosity of the core of the Tsukiyoshi fault.

3. Samples from MIU-3 borehole were used to better understand the influence of fault and related
fractures in the granite. Qualitative information of the pore structure was acquired for undeformed granite,
cataclastic seams and the core of the fault zone.

4. Result of resin impregnation was successful in filling cleavages, intragranular and intergranular
fractures and grain boundaries. Study of micro pore structures show a visible and describable change in
pore structure as approaching to the fault. This change can be related to deformation of the TFZ and
hence to increased porosity.

5. LSM is an additional method to measure porosity. It allows to visualize the distribution and
geometry/shape of pores in 2 and 3D, discerning matrix porosity from fracture porosity

References
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-Borehole MIU-3 and possibly MIU-2 needs to be investigated to constrain the structural analysis of
faults and fractures related or not to the Tsukiyoshi fault and probably other structures at the MIU site.
Additional sampling may be necessary.

-Continue pore structure analysis and its quantification

-Continue permeability study and measurement.

(LB— b, 2426 - EBRESEOREH TS
1. June/2000- Attend an international Conferences -Western Pacific Meeting —WPGM in Tokyo
2. Nov/2000 - Participation on a three weeks field trip to Brazil with the Super Plume Project geology
group of the Tokyo Institute of Technology (TITech)
3.April/2001- Attend an International Conference - Deformation Mechanism, Rheology and Tectonics
Conference —DRT2001, entitle: Charactetrization of pore structure of crystalline rock affected by a reverse

fault under Laser Scanning Microscope, Tono area, Japan.

— 105 —




Optical Microscope

Fig. 1A
Toki Granite of DH6 borehole.

Most of quartz and
plagioclase are fractured.

View under polarized light.

Fig. 1B

Network fracture observed
in plagioclase. Clay minerals
are developed in the fracture. €
Cross cutting calcite veinis s
shown.

View under polarized light.

Scanning Electron Microscope (SEM)

Fig. 1C
intragranular fracture in Plagioclase intergranular fracture along grain boundary
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MIU3 - Macroscopic Features

Undeformed Biotite Granite
Sample from relatively unfractured rock volume at about 350m depth.

Fig. 2a

Cataclastic Seams

Sample from about 600m depth in highly fractured coarse grained
biotite granite. Note the subvertical seams of dark green color.

Fig. 2b

Foliated Cataclasite

Sample from the core of the TFZ. It shows shear zones characterized by
overall fragmentation and mineral reduction localized between the shears.
Shear bands and drag faults give indication of movement.

Fig. 2¢
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MIU3 - Microscopic Features

Undeformed Biotite Granite
(Slightly altered)

Medium biotite granite.
Alteration in the core of
plagioclase is a comimon
feature of the Toki Granite.

Fig. 3a

Cataclastic Seams

The seams is observed in the
coarse grained granite.

They are filled by fragmented
granitic composition minerals in
a matrix of chlorite.

Fig. 3b

50 mm

Foliated Cataclasite

Characfterized by mineral size
reduction and a well developed
foliation defined by aligment of
brecciated minerals.

Concentration of amorphous calcite
oceurs adjacent to the shear zone.

Fig. 3c




MIU3 - Resin Imbregnation

fluorescence image

Undeformed Biotite Granite

Left view: Fluorescence image showing the
good resin filling of grain boundaries and in-
tragranular fractures and cleavages.

Right view: Plane light view of granite.
3D image reconstruction of 1um optical

sliced sections, showing a 3D shape of
pore structure.

fluorescence image

Cataclastic Seams

Left view: In coarse grained biotite granite,
the resin impregnation is concentred along
the wall of cataclastic seams and micro-
cracks

Right view: Cataclastic seams cutting
a quartz mineral (plane view)

3D image reconstruction of 1um optical |
sliced sections, showing the distribution of resin. Fig. 4b
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MIU3 - Resin Impregnation

fluorescence image transmitted image
Foliated Cataclasite

Left view: A section of the core of the TFZ
shows the resin impregnation around fr‘agmen—' '
ted grains of the cataclastic matrix.

Right view: broken grains floating in the 'Fme
dark cataclastic matrix (plane view)

Sectioning and 3D image reconstruction 190

of 1um optical sliced sections, showing
the matrix porosity of the fault zone.

Fig. 4c
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