JAERI-Review |||I||I|I||||HI!!!|1I)|!I@H(\)I!EI!!|!IlIII||\|||I\ —
2002-030

RFHAREMN

.2002$ii§f“ﬁ”

(W) ZEHEMRERERZAS

BHERFHODHARP
Japan Atomic Energy Research Institute




ARLR—ME, BREFHHEFRIAEWICAT L T ARREETT,
ATFOMEDEE, BARRT ORI EERBMEERE (T319-1195 FKuRARE
MHEEH) T, BRELELIAEIV, &8, ZoE»MEAEARTILERER Y
& — (T319-1195 FREIBFTEA AT H KT FHEN) THEICI2ERFAM B
ThoTBN T,

This report is issued irregularly.
Inquiries about availability of the reports should be addressed to Research Information

Division, Department of Intellectual Resources, Japan Atomic Energy Research Institute,

Tokai-mura, Naka-gun, Ibaraki-ken, 319-1195, Japan.

© Japan Atomic Energy Research Institute, 2002
M E AT H A5 i 7Emr




JAERI-Review 2002-030

FEFhZREHMROTR (Ek1 44)

B &R T SIS SRR e
R BEHHRRRREEZR "

(200249 A 17 B%H)

HEREFAHZER (FH) 3. BOEDLRFAIRINF—RRE - MHICET S RMGHEYR
SWMRERFEICR> T, TEUEEABRPE LS ¥ — 2P 0ICBEERM & OFFEZHEED S & T,
RFHEEMEEEBL TS, HENROSEL. HFFERECREY 1 7))V RO T
RZEHPE. B REY R WA, Rettm LR UGHEICRT 2 CEERNOMEFETH 5.
T, HRALEORTHESBEICHTIEROAEERNS LK. FHOMELHTETSEN
TEBBHZERL TV, 3512, BFABROERFICRL. EOHA HRENT O REE
P REEERSOELEZERE TXEB T3 LR EHICRD SN 2EERRFO—DTH S,

FREBIX.FERI1I2EAANSER 4 FE4BETO 2 EBICEBHIBNWTERENERE TS
REMEMEOBERUHEICHAVWSNABRICDOVWTERL TS, FRI13E 11 AICRELE
REREFHREN | SROETHNEHICOVT, BEFHEL - BRLRICK2EHFABICH AL
TEBEL ZEETRETTREOREDIRL -,

HUBRAAAN : T319-1195 RBIRIBIF KB L BR2 — 4

X Bt RetEBHREIS-K MTTY

REZE  ZRERR (FAR). LE R RE #. OERED. TEFSE. BEEE v8 &,
EREN. HPERE, REEE. HEEH. E@#Et. LDdE



JAERI-Review 2002-030

Progress of Nuclear Safety Research — 2002
(Eds.) Editorial Committee on Nuclear Safety Research Results™®

Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken
(Received September 17, 2002)

JAERI is conducting nuclear safety research primarily at the Nuclear Safety Research
Center in close cooperation with the related departments in accordance with the Long Term
Plan for Development and Utilization of Nuclear Energy and Annual Plan for Safety
Research issued by the Japanese government. The fields of conducting safety research at
JAERI are the engineering safety of nuclear power plants and nuclear fuel cycle facilities,
and radioactive waste management as well as advanced technology for safety improvement
or assessment. Also, JAERI has conducted international collaboration to share the
information on common global issues of nuclear safety and to supplement own research.
Moreover, when accidents occurred at nuclear facilities, JAERI has taken a responsible role
by providing technical experts and investigation for assistance to the government or local
public body.

This report summarizes the nuclear safety research activities of JAERI from April
2000 through April 2002 and utilized facilities. This report also summarizes the examination
of the ruptured pipe performed for assistance to the Nuclear and Industrial Safety Agency
(NISA) for investigation of the accident at the Hamaoka Nuclear Power Station Unit-1 on
November, 2001.
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EEEGHERUCREBERICII. REFREOREENMRAENDTENBETH S, REHIR
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BB OXBOMALBMEL. FEHO NSRR (Nuclear Safety Research Reactor) Tid RIA
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ET5, CORMEEOLTEITHES KHROER - BRIZEK > TRISBENELT 5 & S IRE#K
BWRALRENRIBZEIZED, BETHEOHAEHNEL S5, OB, A7 T ALICKRBLLE
BiTid. KO BEOERBICEREAO 10 EREOHNREBNET S AIREESS DO, ERRH
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BIC/hEW, ZhiZ. HRUZT7HEMBEOBE. HRYZ7OHFEMIK D UO: # & DR TAE
INTNBEDHIZ, BHICES FP FETFOREES. BEXRBOEEODRBHEMAT/NE /RS
e E#EEIND,
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WTOERBBNRBRNERINTNS, FIZIE. REEBRICESRERL Y bOBRER(E
FTEFHET S0, FNEHEZ AW T U0 BREHS MOX AREHO#REL LR BERITE % BR BEEE R
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2.4 PETTOITY ORRTELEN

BOETEBTORFHERT. TMI BHOF o)V ) T VEREBIEL. ZEHEOEZ
KESWERLEEENMBEINTVWSZY, A-BHMNEAEL TS, TNPLOERZRBIC
BEEOBIVETTIIFY MCRETAHRIZRDTHAIWN, JE7T727I T2 ME, WD
H OB DOWEDEEIRE LD I X, BYMNELS> THDTEHERIINDZDBOTH DM, ¥
7723570 NOBREED., RUBTESAOHIRROBERNTFRIEZERL. BHST
E77 0357 MCHART B E2BETHRER. A= ET7T7IITF U MREELTHED
FELZENTAIHEEZHETEHIET. URIEVWLEINELTBHIELENTES,

SETT T MRICRAT B ABEEOE BHKITOV T, TMI BHRER. BOUELT
THLLHRARETHENNICHENTDN. E<OHENRESNTETWVWS, FHFTIE. I
TOREREEZSEZDEEHIC. ERNOMBENERET IMAT - E2HRL T, EXREL
UTUTOMEZEREL /=,

(1) AEZERZSUEREL/ GAMHEEER (FCD

(2 BEFEREDS OB EME ORI ZEEICET 2K (VEGA 5

3 ETERHAREEOEEEICETIMA

12 FEE~I3EEICILFCIEE L THEMI Y a0 2RV KESBREREZTD L LBIT,
BRFLDKPIZE T L BEO-ESICEYT 285 €5 )V & FCI##H 21— K JASMINE 2 W
BT O 2T =, VEGA EETIY. RREMBLE 11 FEURICERBLZERS
HOEBREREEZEIC, BEHITH. BREEEZOEENRTA—YORZEBEHAS MLz, XERBE
BORERHELL L TERLAEEEESICETAMAETIE. SR aNERG T TRESL
LEREOKEBRLAZ FHT MG FMTEEZEETILLELIC. BEENTOIY OV IVEHT
BT 2HREEELEDE, I5IZ. INSOFMREIETT VT2 ha— RICEAL THITE
T, PWR DI ET T 75> MICERENRICHBT 2 rllENE VIR ZFRE L 7.

2.4.1 BERIFL/ BAMHEEER
RRUEC /B HMEEER (FCD BEFFOIET T 7372 MRITEE - Rl L 72 F 0K
MMM E BT EICXDRETIHMNMEEATHD . RECI> TROIRIIIF
DOBMLUNWARTBRET, ReARKHEERET S, BRELOBKHBREL T, ISITHAAES
~NOERAFELLS LBZHR LU TEEREKRZ DD, KRZBRIFX S —FT A L, F
BEBRPVINZZIFABATRETIAEENE DN, o T— REFEINZFRNOT — T,
BT = VEONSOERBEEOBKNFECFNEENIC L DBBH TR F—HRZEEL .
Z<DEMRICEO>TYRY LEETRWEHE IR TR0, LML, FADT—ATIRAE
DEHNVNEBRIELS. —BOIKRZBROBZVDGVWRHELRS. Fio, ARIBRITIFRS
—r A EREHRERICRABBBERE DS THRESED 205, BAMRORRERBO
BAHEYD, DRNOEBEHMMTLBCCHERRETH 2.,

FEHTIE. KBRZIERICET SEMHMELTO 20, BEROTETIVERUETII— FZBR
LT3, 8241 B, FAKRRBRCEETZHROBSEFEPTHAEL TW 5 EAHMR
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Fa— REREOMBEEFRT, ZORMEAETIR. SETT72IF MRFI— RBEICXS TR
D 5NBFABAOBRFLEVERE. RTFEF v ET < NOKM. Kill, BREENERED
752 MREZ IS & U, ENRRNERIE DEEMN O — K CAMP IC&k > THEARE T
Ay RAOBARA IS ERD, BRELOFARBEEEZTFHTS. chickJx, kRSB
FIZBIL T JASMINE-pre 1 — K THIESBEGARF LK THEN D> D EHR, BET
%i8#)%. JASMINE-pro 31— R THEEBBE (RUERBEEIC & 2ERIE DML L BT X))
F—R4) ERITL. BMEBAOARETHT 2, TOKREBNTREEREICET /N
M5, BRAERBO TR 2T S,

L 12~13 FEIZIE. OS5 5HEAMITI— K JASMINE-pre iZ2DWT, FARHIZER
THEDICHERI— ROKBETDEEbIC, HRABR2GHETFIOT, GBAES
JASMINE-pro J— RIS 2 TERBMAMEEKL . MHHERESETTIML. Atz
BT 2BRELY Ly NOAREIICHT 2 HER S EREREEOMEREZANT, RS
BHOKPICEET DR LONBE S RUVELEIS 2FHET2b0THY. Zhickd. HE
BRBICBI AHEMFLBRERKX 10t BEEFRILE. ZORENS. JASMINEpro I— RiZ
L AEBBERTONNEN (B 242 B 2REL. BEBEMNTZT> TTRNF—LRE
KEKBRICL > TEUZEBRH T X)X — L ERMEOTYRT X ¥ — D) 2RO,
ROSNELINE—LREOMIT. B24-3RRTLIIHNR 1%RBELRD. ThETIRE
BTESNTVAHEOEHIFF-KTBRELA, T NTA—FOEEICELTIL. M
RAFERT OBRE MERESHIINT 5 & TR F—TRENBIML, B REIARINT 2L
TXNF—ERENRDT 2EEANR SN,

EROHEL LT, BILREEES AREBRICHET2ERE T k. BAEOELERYIC
BARSEEICHRTEIN AT ARSENSA, VNI IARTIVI Y ARIKESER
DRICHILRISICE D RBEEL, KRGBROBEZMAIED I ENALNTNS, A
BIELSWHEZDD ) I ORMEEKPICE T IR 2ERE. Lk A—H— L ORFEHE
ICEDERLE, 2EDERTEDICHL VERMARIBRIBHINE,

2.4.2 MREHERED S OBSEHBEBIHICBEY 553

VETT VT NEOREBEFMT 501, BETICHREEIN Nt EOBEER

(V—RAF—L) ZHER FPHITIHEND S, TOEDITIT. BEDS OBEEWERE.
R HRHHRARCBABENTOBITZ, BE - ENFOERREROERESDTELHE
BTDBERDD, ZDIL, V—2F—LHAEDOE B L2 2RED S OBSNEMERHIC
DT, INXTHAZETREZMATHIERVBTODNTEN, REOBMMNEL 55iR
FEPCFHIENDOEEFIIDNVWTIE, BEAERRONT IR, 20D, &R - BE
TIZBTHREN S OBREMERTICHET ST -5 2EHT 5L EHIT. TORTME%ARH
LTY =AY —LDOTFHKEEEZR LIVZZLE2BME L T, E5K 11 55 VEGA (Verification
Experiments of Radionuclides Gas/Aerosol Release) &t B@%4f7-> T35, ERTII, HFLTO
YETT T ARG ERERRT S0, LT RAEREE, BEES 1.0MPa £T
MELEAEEARERBKRLFTHIP TRAEIRE 3,250 KETRIRT S L &I, %D
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BN S ZNETIEEAET— Y OEVE ELBMSECEERERE. 77 F = ROKL¥ES
HIENDAHETH D, EREFIT. Fv U7 HAER. RBRREE RIBT 5 & RKFE S MIE,
REEmE S BET 2REARE. T7O0VNTANI— HAT—RA NI 5 —, HAXH
ERERR NSy 7. T RREBEENASHREINZ0, KRZBEITRRETIHS. HA
2 MBE O EEMEHCIISREME TH S MU T L0 (K)T : ThO2) 2#RAT 5.

Yk 13 EEETIC 5 HOERETo ., ZNOOEREGOBREZE 2.4-4 BITRT . ERIZ
. BREEEE 47 GWA/AtU @ PWR BRE< L v k 28, ) 10g 2, 5 1 EEOD VEGA-1 8O
i1, BEEE 2,773 K. [E/ 0.1 MPa. REE#HH X (He) FHR T > 7. 2 BB LRED VEGA-2.
VEGA-3. VEGA-4 ZRII/NN T A—YRBEL T, &4 . FEKE 1% 1.0 MPa, B&iEEZ 3,123
K. BESAKRSICEEL TRREFV.ENONTA—F O R EEHE L /=.5 EIHD VEGA-5
EEBTIZ. RBRARLEEPO NSRR THRES T2 Z & ThAMMPICRON B BliREE £
L. 1.0 MPa ® He BE& FT 2,800 K £ TRIE L TEXBMUIEEOKHER 2R/,

TS DEBEREDLEN S, BEFHEKD VEGA-2 ERTIIAKED VEGA-1 ERITHENT
Cs DHHEIEHH 0% MWD T2 MO, HED VEGA-3 R TIIRE ORI & FkIZ Tt
S h (Cs) LB INAN, BEEMEOI—OEY LA (Bu) EEMEDIIEAEKEEIN
BNCEO, KERSEEKD VEGA-4 ERTIZMENMILL T Cs ORHEENMMT 5L L
17, KEZITETIRERABICEET LT A Ru) BEBEINSZET. TOREMEE
XN NN, . BREREZAVEZEED VEGA-5 ERTRADT. N
%L (Ba-140) BOELBMBEORHT — ¥ 2METHE L bIZ. BEFHEKT Cs B
HAXNZYEFERAELE, IS0 T—FE2RIT. Cs HEREXZET D UO: kRN ANDILH
ERERNER ZF2ORBRICOVWTTLoUAR (8B 246 RETHR KESILEEET
HBZENHASMIRD T,

44, VEGA EBIITR 17 EEE TE 2 EOHEETEML. FEHO JRR-3 £ AW/CHENT
amk (D) -131 ZOE LB EL ER SRR ZANED, FRKEHZEIPKEE
SDBEKICEZD 2 EICLD, BREEE UO: LU MOX BREN S DS EME O RILIEEZ
KREICHANLHETH D, 51T, EABREOXEZERLZREETINVERREL TRERPIO>
E7 7727 MRS — K THALES-2 IC#BAH, U R Y FETOAREMEERICHRT 2.

2.4.3 FEFEHARKEEOFEEICBET A
SETTYIFY MBI, FOhSEBROBARICH AN, RERE L THRIRERY
(FP) =70V & EBIEFHEAHRRENICHENET. 20L&, BERRLIPILELL FP
T7O)ic k- TREIRFEERE I 630K) LDR3MIEHBRICM#AI N THRESET
L. NEABWBSIZIIBERT et Nid 5, EELEZT 70/ Vid, FP OHTHAERIZES
REORE LRICIVERRTZIENELOND, Z0OLSIC FP OLECEHRRR. EED
EBCAZRPEEE5X. MESOENBEREEMICIIY 25— LOBANSERERDHE
nH5,
EUS (S8 EIAR WIND (Wide-Range Piping Integrity Demonstration) #E T, ZE
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TTY T MRFCBKIFRAREENZ T 2RRVENARFICN T 2EEDOMEEZH S M
L, BKFRAREEOEBEEEHETEZIILEENE LT, VR5ENDS 12FITNTTEBL
oo 12 FER. EEANLY OVIEHRBRIOEESHRAFNKREEBTSELHIC. PWR %
MBELEEBIETT I T MR EITO =,

EENTY OV EERRIIL. EEICHTI2REFEELRVES FP 70V IILO¥EH2TETS
ZEEHMELTBY,. YET 77T 2 MRIZREIN S EFRRARICRE I N SR ENZ FP
EEBLEEMEITOVIILELTHY, Tho0ORENEELHRUVERAREHSEANRD
HDTHH00.00, 12 FERX, 37t T4 (CsD) RU/KEE{EtE D A (CsOH) ZER 10cm.
RS 2m OEEICEATLZI7OVIBAREREZERL. KEBEMOREYE DLENIHE
BEERICED . RBRENEICIE L CSOHOBARMHHINDBENH D&, —REHIK
KEENIFRUVEBMSEENBIIRFTZRE. FUBBRERIEMT DI/ W, EELECSIO
DRV EEIND T EEZHSMIL 02,

EESRARRERII. JET77V7 7 FRETEBIETFRGHREEORELZEET S
CEEHMELTHED, EREAROERTRIELZEEARGZANVT. BEBRVUEETIRS
I AHIEEHERARDIBOTH D, 12FEER. BEFHA316 A7 LV ARBO/NOREE (ER
¥ 10cm) RO 2 ARV BORKRERGCRE LAV CEEHEEEREZEB L2, TS5 OHR
Nne, BELE. BERMICKITELsOEERE. NERUEBROEEBEILEL 0, X7k,
INETICEMEL ZEETHERRRUVEESRATRITOERICEDNWT, EEWIEMNEZ TR
THRGHMFEEHEEL /20000, EEFRERRLICETIERMELGEVEFEOLRES
2.4-6 BIZRT,

I5IIT.VETT VT MEARET O — K MELCOR 2 WT, PWR O&EEI—4 > A &Ex
RELEEBIETTIITO MR EERLE, TOB. RICRREBIFEFEEANT 1
REEEOHBEMBZFMEL . RAFES 2 KUOBERESBHEINZVEOMESRT— 5
A OREYICHIET 5720 (8247 RBHR). BARBENANFP BREIND LS TEMHERN
ANAEFERITRIREBCREHROREEENZDO TENI LZHSMI L,

BE XM

(1) US-NRC, "A reassessment of the potential for an alpha-mode containment failure and a
review of the current understanding of broader fuel-coolant interaction issues, second
steam explosion review group workshop", NUREG-1524 (1996).

(2 K. Moriyama et al, “A simple evaluation method of the molten fuel amount in a
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Technology, vol. 39, no. 1, pp. 53 (2002).
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W, B eye, 46[3], pp. 79 (2000).
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2.5 MIANHR

BFHBROLLUZHML . R2H2ISICMEIED LT . E0OLDOFETFELZMFAEL .
EROMBRICEA L TR TH2RIAWARRIEETH S, COXIREHNOHFER. B 251K
WRTEIBRTF—ICHTTERL TNV, 2B, ETHRERICETIMITHNREZEC. [
BOFEELEREL THREBERICEAZRAATVETF—IHHD. ZIDVTR. BENED
BUENS, ZETROIBDET S,

F—< (1) O HRRNELLHEE OWRIZ. BEFAERCBI2EROREHELTOR
BAOREBEERNICHETSZLICLD., REMEOZDOMBEPHRELZFEL. LERHP
HEEEBICRITAILEENET S,

F—< (2) O ea—<r772%) OWRER. BEFHERICBIBZR I VATLD
A E OB A2 HMET S FEOMRBEL. FOLDIILERARMBEDOREZIT, REHP
REBHITH/I TR LEBANET S,

F—< (3) O ERRUHEONT) 3. SEORTFHREERFTOBREER OB - $FRHE
Bl&EMH - FEL. 22585 NESIRAREZBEL T, KEERRCRERABFITRILD
AR ITHZEEZBANET S,

F—< (4) © RFHBEK OWER. BETFHARENTA —OFHNRELLBAITHKA S
o, BESONBHRICIIDRROEDREBROD 0 HE2RHNT D720 OB REE
LY AT LEERTEEEDBIZ. FEANOEDRERCEOD D HERFL. BRETEORITIZ
BUTHIEEZENET B,

F—=< (5) O THBERORAGEE OWFE. HEBIHI L SHBHEHIT 2RV, #
BOBBRUREMNBSOBEERRD. Hi kU EERRE O IR TOMBEIERZHE -
EETS HMBHEERAGEIAT L] 2L, KHEROR T EERER OB EFMH IR
TA5ZELZEZBMET S,

2035 (1), (3). (4) BWThHEFHORETREESEDHIHRATH . RRD
FIRICH T 2ERVBRHY RIS OfEBRERBOND S, £/, (2) BER 1I3EELVH
LERHED—BELTEBT DI L &R, (5) OF—<Rd. RFIERICBITHHE) X
Y OHRTEDLONEERZ LD —BROBEECHRITHIEANTRINAZBOTHD. Tk 12
EEICS AT LETRLE,

BB, BERANRSHEICEELEMEELT, YET 7772 MROEEAKROEDRER
Ik - BEBENICETAHENTOATED. TOERKIL. 2.3, 24 fiicEBIN TS, k.
RELZLER AV TWARERNEEMEICRBL T, BEFFOFNEK I EECREY
ORSMOFMBEFEDOEEN LEZBNEL THEI-ROKE - BEZMEL THD, TOEM
R, 2.2, 23 MICEEMEIN TN S,

2.5.1 MERNTLMNME
RERBNLLHME (PSA : Probabilistic Safety Assessment) (3. MRERTHREL D 5FHH
DI FUFEZREL. FOREBELENRNOEELHME I Z2ERNBFETDHS. BHLOEK
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HENGOND, RO T UARD, ZOHE. FBFICHATIHREEAELLTY A 7ERE
A, GEETIE. KEZPOI, RERAHCRETRIIBIIBEREEZ -BAENICITY =
BIZ, YAVHEBREBRITEDLT S, VAV HERZESE LT 5K (RIRRisk Informed
Regulation)] D& X HEBATIENENEATNS,
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(3) K. Motooka and K. Kiuchi., ” Corrosion fatigue behavior of refractory materials in boiling
nitric acid” Mater. Trans. 43(5),1220-1224 (2002)
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EL, B363FMIRTTF—¥ %28, pH5~8IZBVTIX, 7Oy FOBEENS HSe BELE
GRTHHEHEL, pH10~13 TRERBHFEIL Se THD I LENHETHRLL. T
T, RO&SBRBERIEFEEREL, T4 vT4 T EX>THEREREREL .,

* A, BRSPS ORI LT TERB LYK 12 FERN TR R 2 EERR M
LAV B E (LA BB AR BEED p.93~p210 IRINLEMROENTH 5.
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Se(cr) + 2¢ + H* = HSe’ (5<pH<8) log Ki° = -6.5+0.5

4Se(cr) + 2e = Seq? (10<pH<13) log K20 = -16.840.5
ThoDF—FE2ANTHEINAEH TRETOEL COBERER, #ROTFT—FE2HVEE
arXnbRicE-oTR2ZHBERSHEEINS.

(2 BEZ M) v I ARADOTROHLH 02

AR ch DRSNS N FKICK > THBITT 2 & &, BRELAEGRNOBUNEBRAAND
RN S BPEFAOEFICL > TEOBITMBEIND I EMH/FEND. TOR
S5 RO BEEMHELSY > A7 AOREFMROANS DI, BEBEGY NI AN
BT MACOBBOLLKAEHSMITEHELEDIT, FOUHBREERGET 2HEND D,
77T, RAEREDIZBITS HTO, 1251-, 13¢Cs, 133Baz S DA Sk BUER K Z Bk TR,
% 364 [ICHESN-EHLBIREE XRE & & ISR U, ERANICBT 2B RLBIRK
BABTTRT LI, APHEBUREICH U TIEQHBEND 57, INIAANEBOLSHEL
CHIFLHENE S L TWA I EERTHDOTH S, —F, Baz® S DN TR OMENS T
BENBE0 bHSMIAZTVEDLBRENE SN, ZhS OEMEBBRKICIE, ERE
OISR T 2 EQEREESBYD S NEZEND, ThEDOTLERDIERENILRITITE
Gl lE - RETOMET 2h b REIEATE L TWH ZEMNHSHIT R, RETHE
i, BENICEGREEDN S TR INB A A L AMEAR 2 I 2 BRICA DL BRI AL
B LIC< <723 (BLBIREAVNE </23) BRIIOVWTOREFNH DA, FHETHE
L= 18 OADBUR IR ZoMRB R s hisho k.

(3) BHITERETOIHEW D Np OBRFD

ST T F AP COBRBRREE T TR EMEIDMT BN THRITRIE BB TEDN,
BT HEET D FeD22A T 583, TRU tRERLETRECBBERTREETLLT,
FORMEITHEE I TN ZETE I ENRMENTER. AT, FeDZIDIT X
54 hAD NpVOREEREZEKL, AKEMERIIIBITD Np(VOBTHEEITDOWTRAL
Foo TR bAD NpWMOBREERIL, ERMABHESTRUASHBTT, YI/%51 3¢
& 1.3X 105 M IZ3% L 7= 237Np @ 0.1 M NaNOs ¥3# 150 cm? (pH5.7) & &, HEI T -
P P TSR Mo LT 237Np I3RSE R O TTA/Xylene THiHL, Np(V)7S Np(IV)
~ABLIhEHEERD,

IHRH A NEAERY DO 2'Np DREROBMZELZE 3.65 BIIRY. ARMKRTT
11 237Np O E R KEEETRfL, TORERIL1 X107 mol + g1 Tholz. —F, BEREFTH
STFTIREENENTSETIC 24 BHU ELETHD, TORERIL 8X107mol - g1 E RS
KR8 & ol KRB F TD23'Np DRHFIX, X/ %51 b EBEHRHFTO Np(V) ¢
bHH NpOr DBRELHIZ X > TRERVRESI NS, LAL, (KEEREEMT TO 23"Np OERE
i3 NpO DL IIRIZHERERD, NpOgz+ D3 FELUSN O KOG DB EARB I NI,
ERRBES T TR X ¥/ 27Np % TTA/xylene THiith U TR 7= Np(IV) DHEHEHSEHE3.65
@KAfﬁﬁomﬂWGﬁEﬂéW%ﬁ%mm,ﬁ&ﬁ%%%?fﬁﬁbt%mpwuﬁwﬁﬁ
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BleE—HLk, ZORKRZ, 7251 FRACEN T Np(VNETLENT NpIV EL TH
BELTWBIEZRTHDTH S,

. BE K

(1) BES A I NRETER, RI-HENERENOUNBULSHTE -BREY A1 VI EETHFRICH
T BT DBIK-“, JAERI-Review 2001-019.

(2) BIEBGE, fit, “BRA T OB LEZD pH KkEHE”, BEETFHFER 12002 £HEDOER]
M45, R, (2002).

(3) Nakayama, S., et al., “Leaching Tests of Simulated COGMA Bituminized Waste Form”,
Proc. of Int’l Conf., ATALANTE2000 - Scientific Research on the Back-End of the Fuel
Cycle for the 21st Century, October 24-26, 2000, Avignon, France, Paper No. P5-01
(published on internet: http://www.cea.fr/html/atalante2000.html), (2000).

(4) Tida, Y., et al., “Effects of Insoluble Barium Sulfate (BaSO4) on Swelling and Leachability
of Bituminized Waste Form”, presented at Eighth Int’l Conf. Low-level Measurements of
Actinides in Biological and Environmental Samples, October 16-20, 2000, Oarai, Ibaraki,
Japan, (2000).

(5) BARF IR, “ER 12 FERRMEREEM RS EIERR KL VB EREYECE
BB RERES, (2000).

(6) HEFHA, fl, “EEREHETICBITZEEEL > OBMRAE", JAERI-Conf 2000-012 (34 H
NUCEF t 2 F—###H %) , 10-11 (2000).

(7 Y. Iida et al., “The solubility of metallic selenium under anoxic conditions”, Scientific Basis
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(2001).

(8) PILE—, fll, "NUCEF 2B 5REVUDELEEMFEDORR L 5ROREN”, JAERI-Conf
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(9) (hOfeA, fh, "AREEEICH T 5ZEHRITER”, JAERI-Research 2002-052 (g IZH17
ZHMTROBITHELBRAEKEOBRTEH — NIV EFIRHLEOBIMEDORR-) |
11-50 (2001).

(10) HIUE—, fl, "RBNY 7B 5 HNEKEOBTICEY 557, JAERI-Conf 2001-015
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(1) LOfs, “BEERNICBT 3 BUREZE O, JAERI-Review 2001-019 (RI-HHZEiT S HEE
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log[Se(-II)]+2pe
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#3630 SRt >COBRME (LHEKE408)
A REEFAINS ORE, VBN S OfE. BERRIIXD2DOEER IS

Tiehahsd MR Nn3,
Se(cr) + 2e' + H* = HSe (5<pH<8) log Ki°=-6.5+0.5
4Se(cr) + 2e" = Seq? (10<pH<13) log K2°=-16.8+ 0.5
-10

= 10

)]

E

Q Sr2+

& 10 (L)

B

=

R ol Ba HTO

£ 10 €.31 8. 9™ f

2 /’2 I-, (;s*

0 7oOF=FRRRB F Sr2+ +

i };mmyamu 4'822* . Go

3 -13 + i _

M 10 |mamm— U02(CO3)3*

E 'f uranine

ﬁ Uo,%*

B

10 -10 -9 -8
10 10 10

IIVOBABIZEITSIEREYR D, (m?s™)
83.6-4 FHHIEMAENIZBITBHTO, I, Cs*, Sr2+, Co2*, Ba2t, U02(CO3)st, 77 = CREID 1
f, Ca20H1005Na2) ZTUO2+DA ZhiL # iR

R TR & D AR ILBAK EDEOHBISMALILE %KY . Bazr®Sr2HZ DWW TIZ Z DOFHRE
NoFRINDEDBHASMIIKEZVNE DL BRENESNZ2BENHD, ZHXFRLET
HEREINIRETOEENFLSTE-DTH S,
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3.7 BEEBREYERPLSORSETINER

Bt BEEY ORI DA ICETE2RUBEO A TIE, BB 1 VBRI ETREET S
BEESUREYOD bEBBENRENDDIZDONTS, BFHARENMTREL ZEL VB
MRy SR TR T mBEX TORNMBICHERL, —EHREEITIARICKOLAST
B ETRENED SNTNS, BFASOREHET, UHHER, S REHEEENRET S
LERELEERANOHIISBRZ - THHET 225, o BRIIHIIERANOHENFENK
EFNZHEMND ST, RRBEICBIT2EBROKEBITOT—INHRNIILALELS, T
FOmENRSBF IN TV,

BT, PR 62 EEN SR 3 F£EE T o P EEFNB#IFZEE (China Institute for
Radiation Protection, CIRP) & D /15#7E Phase- IOIZHi %X, o ESMEL ~IVEGH R
EYORMPUNICETIHEOKEBITETINERILT S L & HIT, BEYRBITHM/NS A —
YIEOMGFEEZRIL, BMPUMCRIREVEFEOGEMEN LE2K5) ZE2EMNEL
7=, 715475 Phase Il ZER 7 8 BSOS 13F 7T AETOD 6 FRIERL 729,

HBTIX, FEEANOD CIRP OBARRE (B3.7-1K) iCBNT, R T 50 cm DESKE
TEPRUMEE T 30 m ICBRFL M TRBRBERNOMTKEY VA Y MR, BETEK
fE(%0Sr, 25"Np, 28Pu)Z#{ AL, BRBRUHKBENETNOHRBRICBIT S BNEEEDE)
ZEK SEICEVBHLE, ¥ITLT, ESRINYFRUAITLAZRICL DB HIBAD AR
BRNHBEROHE, BAREREICXDHTAMCERKREDOT— YRR Z2TY, BTFHMIC
HERNTA—FEOBEURRETFEICDODVWTRILZO,

3EMICEAEKBRBROERENS, 238Pu [JHTFRKOHED 1/5,000, 23"Np i 1/500 LAF D
Wo< NELEEETH ZE2HREL, RRAOHBOFORKEZRBITHILEHNREZMATHOT
EEBMIRLE, 3517, EHFCHRL L&PASRLFMEI— K GSA-GCL (8 3.72H) I
BENERENOSBELENTA—YEZBHATHI&LICLD, FFEI—ROXEBEKLTH S
KRN 7 EFNORAFHEEZTHORER, SHEICLZ FARKRIBAEROKRE L BRFIT -
THIEEBRBLE B373K),. Jhid, SNERPHARERAENSNELLT—INERE
YRS A—FENRENETH O, HDOBYREEBRETHNIIEROMTREICBTIEED
BIEOSHETES I ERRALZBOTHD, FFMEI— ROBEROARS THEFEORY
HPHERTERLIEERTHDTH S,

B2E X
(1) LSS, f, "R ETABTER -H i IH%E-", JAERI-Research 94-009, (1994).
(2) M. Mukai et al., "Plan and progress of a cooperative research program on field migration
test between JAERI and CIRP (Phase-2)”, Journal of Nuclear Fuel Cycle and
Environment, 7, 31, (2001).
(3 T. Tanaka et al.,, "Study on the distribution coefficient for evaluation of neptunium

migration in loess media”, Proceedings of the International Symposium NUCEF 2001,
627-634, JAERI-Conf 2002-004, (2002).
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4. REUMRDI-HDERMER

BB TR KABORBRBRZMAL THEL OREMEMREERL THD, Z I TIRERRHEH -
EBIIOVWTEFOEEELT,

BEHEL NV OBVWHEEZE S ZEOTEA8ERRAESR Ky MNRARER) T B - #
BORNERBROEEMOUE - L ORBEZENTONTNVS,

BEY 1 7 IV RET¥WAME (NUCEF) Tid. BREY 1 ZIVEROBRE 2. BUE
7Ot A%2 Kk TRU BEHOUE - UHFEICHET2EBRMTDITNS

MEHERBRE (JMTR) 13. 37 50 MW O > ZERIBEKEFETH D, BKFEMEL - RELOBIRE.
MRIOER - BRMESEZENE LEBFRRICAAINTVS,

IO, EFFEELHRESE (NSRR) 3. BREMICEWHNIERET DI ENTEL/UVARF
THU, BEFFORGESH RO IR OREIEEOME (2.1.2 HIZR) THWSN TNV S,
REJEE R ARER (LSTF) 3. 8KFE O B HK I B BT HHARRKOEREETHD.
KREBAFOSENRESRICETIHE (231, 232Hi8H) CALWLhTWS, XL,
BERESRBRER (THYNC) 1. EXmMBaRBBFELOBKNBREBTHOAENS. FHHEHE
REOBA REBET 4 — RNy BB TELHRICHPBVWEBETHS (233 B2, &
5iC. HMETEWMEKIEER (VEGA) E£EBERUKEEEMEEIAR (WIND) BT ThE
NBKFEOLET TV T2 MMBIT5BEFREN S ORFEMERL (24.2 HBH) KUK
FEAHNRRKEOEELEICET MR (243 HiBR) HNTbhiTWwa,

TR, —RAAIERE SR TVA Ry FRBRER. RV VL2 TFHRRR
(NUCEF)., RUMEBIREBE (JMTR) IZDOWTI SIZEHAICHNT 5.

4.1 Ky FEABRHER

EREEMHEERVES ZEOTES Ry FMRRERE L T, REBERER. Ty I RKY
BEEYZERRERWASTEP O 3 BBRERNH D, THh5 OERTIIRE - EFOREMER
U IC BT 2 BAEERENTON TN S,

FE 18 4EEIE. SHENEBE LT, HOE#HICKD. FREN ) EMERTHREN | 5H
ABREREETRS OREANREENOOREERITENSTOHL Y > TNITONT. K
v FRARED 3R THBREEKL . KRAZEITHALL.

4.1.1 MEEBR R

REIRBAERIT. BARFEICEDIEHAREOREHHBRUVREEPFRICHE R RFRAR
REMELUTERBIN, B 54 E£ICEEZRB L, YKERT. REEES-)V. Brazsl)
— e REB TN IERRera )b 2L e rEIV 2 ETHREN. #
., Y—EZATV 7., Fvy FERZEENRREEINTNS,

Byars)— ML T, MEMESHK (EMEEE~55GWd/t : Pu BILE 5% Kik) RUR
EHEEEERAL. BDES ZENTE, ABERE. TERE. rAFv 227 XBRESF
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DIEWIBRR. REHES KR ORE - BRM RUREBOUMEORBERARET > TS, 51T,
REHEZ DU EOREZAWT. 5IERAR. N—X MERZOMEIER. MR, RO/
RUE, BaRERMBEEHORESFTET>TNS,

araArZ)—heVTE. TV LAELE 5% LORBEZHD T ENTE, MK
BRBEUBBRRET > TS,

BrBRUar#EIVTIE, Y#EME. EEMETHEME. X |1 707 F 51 FENBH
INTVW5B,

Yk 12 RO 13 FEICI. ZEARBORSHHERE L T, IREESEEEMEEERR BWRI
X 9B BIMEIE S ARRREBHAR SEETFRE TEWRNSORFHERBE L TEBLZ. S 5IT, &
BE A 7 )N 5D TATR BB R Z7RBESEORNERR], —a—2U7 - F
ROy TAY MRNS O THREFERE U02 XLy hORKHERAR]. RILKENSD [TIF)
A RAKFEHRL y FORKNERAER] 2ZHEHELTERBLE. FIRFIAEL TIE. ZHRE
OBEBHBERE U TNSRR IV ABFAERREORE, L 77 L 2 ARBRU/UVA BRI
BREFZEBL., REOLSUMRICER L2, TOM. BERY I RERVERBRATS > -
TV NZDLRBEK - BIEHREHIEL TORREAREEZKEL . FRHBERNOBERT—%
ERELUE, Fh OOERBRBESH M EE2ZA. BREEARKUCERAEEZBBL .

RARRBROBMARTIX. /NEE & 10mg) OFEEZRERTET S0 0M/NLE
FEANECEBOHMRBORVFEFIOFT T T+ ERWERFERE - MR OIEBBERBREOR
Heozfrof,

BNERIEEREERE (8 4.1-1 K28) 3. BREREXRL Y NOEBARMOALY > J45
e, XLy MOBNZBEBICBISFEMELZHET S5-DICHEL . HEFE. Bk
DEEJEEBEELARICTNFATAOREZAWCERT THRRTIHEERAL TS, &
REEEOBWVWDL. BN ZEZRETSDICEBERERDORIANAT v b ERPREROY
Y MN\ZRT7y bONZAT Y bafEb, TS 2ERK 1 ROBRER LICHD FITFEBEICE- T
W3, 2Ly, BEFICENZATy FOEEEZFOHELIIWERETHAET S LiTkD,
BIEREDNZA Ty FOER, BHORBEHIRTZIENTE, HABER - BRZHOSZHE
THIENTES, I5IT, WNRBORE L BRREEERLT 2720, BBHRAN SHIE
KRTETLEBTHRIETEZRBEL .

PEFSOFT T T 4 ERWCRFERE - B OFEBIEABIEORFTIX. JRR-3 OFHTF
STOATITABREEBEFERALTAA— 77— MPEICL2HEEEOKRBESMF
fiRRENI S Ea—% - FEVT T4 (CDEIZLZERBHAL v NORNRERRARETL. #
BEMEIOKFRBES HEEHRURERL Y O 3 X5t CT BEREHREZHEILL. BHEER
BAEHT-00OREBRT—Y2MEL .

412 FyrSR

Ry b IR, BB ORAEABRRER & LT, B350 36 £ 5 EE 2 L. BKERE -
e @R TR (HTTR) R% - MEIFORRICROIERZFDEL T, BKREFEH
el BARRETHFEE B (RE) - RBRETORE - WHMEZSF ) O /EZ ORNEERZE
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ERL TE, YHRIT. 10 BB a7 U—brEIE 38 EDB r VRO #REE L
THHRAZBENEBRIN TN S,

REBRORFEARIT. Ky FEARZEOSEFEICEDIZFROFAIIONTIE, ik 12
FENSREBBRERTERT S EE LD, FIEEETIIRAIN, BREMELTVS
NSRR /0L A REGHRE R U HTTR AIREIOBEMERE, ETHEMSERES2EBL 2. FR 12
FEEENS IIMBBEROBHEABRN R OEBZLTED., ERERELT. BAKFERAMEHCELT
3. FRFETRFELZENBEHRROSIRAR. o v ) E—HRAR. wEAtAREUHES
gq, EABEY v FHOSIRABRRUEEER. FRBEY (FRN 257 R#) O XKREH
BICEDEEMBERNAESEZEMEL 2. BRSFEAMENZEL TIE. ITER YA VIZ%5
ORNL - HFIR THRHLZAF YV ARKVEBRHOY I 7 0bO0 TRELA7 251 MROD
/MY SSRT B, HEERGIRARER. HARKKUEMSEERE, MAFTBRE LR ZOL
751 MRAOEBERERV EPMA, F2EML =, TOM. FE - KEREFNTRHLLE
SAMBLDRE 14 DBERUAMMEIEETH2D01 A—2 77— (IP) 8. BLARE %
EHL 7,

HRABREM DAL LT, /N SSRT HBREE R UNABER FINER Y —5 v M EBMBHY
INGIREBREE DR - BiE21To .

/N SSRT iIABREE (54.1-2 K2H) 3. BHBERNEBRIINTASCO 28, KRAFERM
BZBWTHEERBEL L TETSNTEY. FAMEO IASCC BZHE2FMIT2FBEELT
BiELEDBOTHD, FEEIZ. 227V r—THRIERBAKEIBTHRI- Y b, BES
CHIEE. BREE. 2=y M- SENERBRIN. REERICEIABEEKRTL. E5IZ13
FELUNS BRFEARICER L.

REEBRTMEESY —5 v MEBMBRUNIRARER L. ARERFIMEBHEICBT 5%
EMTFEBRREROBRRICHEREBERS —F Y MEBEMOFRFMEOT—F EWMET 5720,
BMEIVICBELZEZDOTH S, 2EER. CIRICEEMEETS 2 —)V. 1 A—I4F,. CCD h A
FILEDEHIEEE. BERICOD FO-SHEZEEL T3, ¥R 13 FERITEZIVNEH
ERTIE, RKBFREBZ2AVWEEY I Ty 7LD ERBREE RO E2HALE. A1 X
? PSI/SINQ B FInEaE TRF L 1=y —5'y NEBRBRHEM O5IREBRICEF L,

413 BERWELHMRER (WASTEF)

REVNZEEBRERIT. ERABRSRESEOBFLEICH S TEAT I E L NIVBHERE) OLE
W iR s REMHBREERET 5 BN TRRE N, B 57 F£ITH 5 ABLAICBET 2R E T
DIEGZRB LAY, VR 8 FEXTICHMNE LEHERRNG sz, 5 A EHL#kIC
BRI 5ERIEIKT L., Fpk 8~12 FEITHITTH I ABULHR THERUH 22— XITHRT
B1cHDENNEREZREL =, B, RI - FRRSREWLMHEDSBREEDONY 7
BERFMICBE T 2B, XA F—T U F /) 1 ROKEBRENICET 5 M6 T 272 ZEH A,
BEETIV ST LRE - BKFREES 2T LAOMRRTE. FLERKESMEHIET 2 LM
BB, BTAT5 2 MAMEOEERY - ReMMRTEEEL T3,

WHERIL. Bra U—btIV3E, a7 V- 2HE, AV 1IE, EKEH
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[EVAREESHK Ar) JO0-TRy I A6&. ATFFIARy IR, {L¥7— RETHRK
I, F#HREEL T, BEE, Y—EXT V7., LEIBEVEBINTNS,

BrarrU—bhIZiZ, EXELEBERMEHIET2RENHERRICETFHATI > b
AMEIOZEHICET 5HBROD. ERTPERHARIESE. KBS HETIR (SSRT) HREESMN
BESNOTNWS,

a3 U—hrEIICIE, IM1F—T I F /1 ROBKEBREMIZBET 2R, BRE/LED
IND 7 YERERRMIZBE T 2B R U BB R MBI T 2R 2 F AR DO/, TRU /9
FHEAMARBESE. NEERREIAERER. RIFNEETRRARAKREESFNEHS
htnwa,

arBEINVERETO—T Ry 7 Ai2id, XREHFTHRRERE, KLEEBE,. ICP EAS A ITE
B, MUNEES. TRU SEILHERERE. TRU 2R OREHBRAER - ERRUVKED
PEEXREINTVS, Ry MEREICR. BHEREERE. XB<1/707F 51 9FENE
fEEh T3,

FHREBRBBORFEL TIE, ETA77 2 NAMBOREEMED-D,. BEFFNESRE
FiZHB1T% IASCC XERTFRUREBBOMA L HIEL - SSRT HREE (B 4.1-3X2H) %
B rNo.2 BIVIZRREL . MRV ERBR KR VERBIEH OB LT . Xk, BRBELEDNY
7 HREEA R D=0, MR A/NIREMECARRHEREE (5 4.1-4 XBH) £ a rNo.b
LIVICREL . BEREEYMEAWETY 77y TERICK D ERREERERLT S E & bIT,
B ERS M 2HEL 2,

BE R
(D Fy FEABRE, “HEROEREEMER (FK 12 45K)” , JAERI-Tech,2001-044
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i 4 BN 7 b Bg | 7 . ) _zg O TMED A mmHg% E2 DN FTY
% I @ P, L e Gy Ykg rad=1cGy=10""Gy —ANTWE,
o8B %= Bli-~xnt Sv kg 1rem=1cSv=10"2Sv
# - ®
= yn g = { MPa(=10bar) kgf/cm atm mmHg(Torr 1bf/in*(psi
71| N(=10%dyn) kgf 1bf IE ( gf/cm? g(Torr) Apsi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062% 10° 145.038
9.80665 1 2.20462 7 0.0980665 1 0.967841 735.559 14.2233
4.44822 0453592 1 0.101325 1.03323 1 760 14.6959
¥i B 1Pa's(N's/m*)=10P (F 7 X)(g/(cm*s)) 133322X10™ | 1.35951X107* | 131579%107° 1 1.93368X 10~
BRI 1mYs=10'St(R b — 2 Z)(cm¥/s) 6.89476 X107 | 7.03070X1072 | 6.80460X 107 51.7149 1
4; 1(=107 erg) kgf-m kW-h cal(FH& %) Btu ft-1bf eV 1 cal= 4.18605J (Ft &)
N 1 0.101972 277778 X107 0.238889 9.47813X10™ 0.737562 6.24150X 10" = 4.184) (#Ab2)
¥
| 9.80665 1 2.72407X10 ¢ 234270 9.29487% 107 7.23301 6.12082X 10" = 4.1855] (15C)
% 3.6X10° 3.67098 X 10° 1 8.59999 X 10° 341213 2.65522 X 10° 2.24694 X 10% = 4.1868] (EERESRE)
. 418605 0.426858 1.16279X 10™° 1 3.96759X 107 3.08747 2,61272X 10" fEA | PSULET)
" [
= 1055.06 107.586 2.93072X 10™* 252.042 1 778.172 6.58515X 10* =75 kgfom/s
1.35582 0.138255 3.76616 X107 0.323890 1.28506 X 10 * 1 8.46233X 10" - 735.499W
160218 X107 | 1.63377X10°™ | 4.45050X107% | 3.82743X10°® | 151857X107 | 1.18171X107" 1
sz Bq Ci I3 Gy rad ,BG C}'kg R ﬁ Sv rem
4 Y i i
b 1 2.70270X 10 § 1 100 R 1 3876 % 1 100
=
3.7X10" 1 0.01 1 2.58X107¢ 1 0.01 1
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