JAERI-Review |l||||l|||!|||w!!ll(!l(l)l@l(ll)l(l)l[llﬂ”llﬂllllIIII s

99-026

Fy bEEBRE
HEX DEER & MR
(FRL10E )

19995115

Ay FilBE

BEXAEFHDWHREREF
Japan Atomic Energy Research Institute



AL A= ML, URETFAMHEFRSAERIZAA L T2 @E# T4,
ATOMELEE, BERET AT R HMEE (T319-1195 I
M) T, BRLEBLIZS Y, 28, Z0EPICHBIEAR LB E+
5 — (T319-1195 KRB MR EA AR T HERTN) CHBICL2ERELA* B
hoTBY T4,

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, 1999
WEMHET  HAE TR




JAERI-Review 99-026

Ty FRRE
Mask s & B R
(ERK 10 S E)

A &5 7 R R R e
v hilBRE

(1999 4 10 A 14 HZH)

$ﬁ%§m‘ﬁm10E§®$ybﬁ%i@ﬁﬁﬁcmf%ﬂﬁﬁm%ymwnmﬁﬁ
$vhﬁﬁw3m%wﬁﬁﬁﬁa%m%nwmﬂfﬁbtﬁm%%momfit@t%@
TH5,
%ﬂﬁ%%%fm\@E%ﬁ-%ﬁ%%ﬁB%mT3ﬁ4ﬁw%%éﬂtPWR%ﬂ%
%w®%%&ﬁ%%%%15ttBt\&%ﬂﬁﬁﬁ»%%%%@F&ﬁhjﬁfﬁ%é
NP EEERE RO P WRBKHES K (RIEREFH 3 SHEH) OMBHEREMICRDD
%%%ﬁ%%%mbtoit‘ﬁmﬂ%tmif,Mmkfmﬂwzﬁﬁiﬁtﬁﬁét
@@%%ﬁ%mﬁ%ﬂﬁmﬁRMI‘fﬁmi»b:vA%ﬂwﬁﬁﬁﬁﬁﬁﬁgmﬁﬁ
B DR BRI S IR F R E L 72,
W%QHVTM‘ﬁﬁf%ﬂ%%ﬁ%@%ﬁ%féﬁﬁﬁthf\9?Dv7ﬁk¢%
@%ﬁ%@kw%Ekn@?%ﬁ%&@ﬁ%ﬁ&ﬁw%ﬁéﬁ%K%?ém%éﬂﬁbf
ﬁvtoit‘ﬁﬁiyﬁi(ﬂw)%%ﬁﬂ@?é&ﬁ%ﬁﬁ@—ﬁ&bf,ﬁiﬁﬁ
ﬁ&tié?%U9&A®§k7%U>ﬁA%¥ﬁﬁéﬁm‘ﬁﬁ?ﬂ@fﬁwéﬁto
$v%5ﬁTM‘NﬂRNwX%%%ﬂ\%ﬁi?ﬁﬁﬂ%ﬁ%%ﬂ'ﬁﬂ\ﬁmﬁE
h%%mﬁ‘ﬁ%ﬁmﬂ'Hﬂ&ﬁ&m%ﬁﬁﬁﬂ%wﬁﬁﬁﬁ%%ﬁﬁaa%t‘&%
%Ethfa$ﬁ%ﬁ%%-%ﬁ%%ﬁl%@@%ﬂ%:ﬁu>7K%b5%éﬁm%ﬁ

>7,

FBIZEAT T 319-1195 KUK AR ER SR MEA 2 0 F AR 2-4



JAERI-Review 99-026

Annual Report on Operation, Utilization and Technical
Development of Hot Laboratories
(From April 1, 1998 to March 31, 1999)

Department of Hot Laboratories

Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura,Naka-gun,Ibaraki-ken

(Received October 14, 1999)

This report describes activities, in the fiscal year 1998, of the Reactor Fuel Examination
Facility (RFEF),the Research Hot Laboratory (RHL) and the Waste Safety Testing Facility
(WASTEF) which belong to the Department of Hot laboratories.

In the RFEF, Post Irradiation Examinations (PIEs) of a PWR fuel assembly irradiated in the
Takahama Unit 3 has mainly been performed. Also, PIEs of stractual materials irradiated in the
ATR (Fugen Reactor) and PWR (the Takahama Unit 3) have been carried out. To support R&D
works in JAERI, refabrication of segmented fuel rods have been done using irradiated LWR fuel
rods for pulse irradiation in the NSRR. And PIEs have been performed on high burnup fuel rods
from the Ohi Unit 1 and Rock-like Fuel (ROX) samples irradiated in the JRR-3M.

In the WASTEF for a safety examination on disposal of high level waste, development and
characterization tests of advanced waste forms (such as Synroc waste forms) have been carried
out, and many kind of leaching tests on the radioactive nuclides in the waste forms have been
performed. In addition, as one project in its technological pursuit for the transmutation of
transuraniums (TRU), the examination of converting TRU to its nitride using the Carbothermic
Reduction method has been curried out successfully.

For the RHL, PIEs have been performed on segment fuels irradiated in the NSRR, fuels and
materials for HTTR, standard fuels for JRR-3M and materials for nuclear fusion reactor. In
addition, the final estimation of the monitoring tests of fuel elements has been completed in
accordance with the surveillance program of the Magnox reactor of the Japan Atomic Power

Corporation.

Keywords: Hot Laboratory, Post Irradiation Examination, Hot Cell, Fuel Assembly,Waste Forms



JAERI-Review 99-026

H R

FAME -oommemmmmoomomeeeomeemeosessssssooonoossisssoosssssssooosionoosoostooooes 1
T S - A 2
11 Ry FRREBOBE --------o-m-moomsmmmoorosmmososmmosmm e 2
12 MR OEERE R --------r-m-oommomosommmsosmmosonomomomsmsmosooooonnene e 5
1.3 BiBASE --------oomomssosoommomomoosomomosossooooosoemonnnnnn e 6
2. BRI OEEE ----------oooommrommmmsms s 15
2.1 EER - FURRBL ------omemmommmmmm s mr oo m e 15
22 fRSF - BRI -------mememomomsmmmmmmommm oo 17
23 HBUGHRE RS -----------ommmmmmmmommmm s o 18
3. WASTEF OB ---------mosmommsmsmmmsmsomosomomomsoms oo oo 26
3.1 JEER - BUFREL ----ooomeommommmmomms s mms e 26
32 RS - BMIREL ------o-mooomommmmmomommmssmmm oo m e 27
33 BURBREBIREL ----------msmmmmmmmmmmmmmomsmsmmommo oo 29
F R N B oY - 35
41 EER  FIAHRE -------omemmmmmmmmmemsm oo m 35
42 fRSF - BHERPL  ----oom-oomoosommommomommommmsmmooosomsmmsommsnennn e 37
43 MRBMEBIRE ------rmmosmmmmmmmmmmmmemmosm oo st 38
5. MEBREMPARE -----------omsosmoooooommmmomoooomemsosooosomsmomooooommmonenToeo 48
51 Ny MBI ---------m-m-mmommmemmmmmmsoso s mo s 48
511 HEEENEEEOMRE - eeeesmnnereesoneseansoeoss e 48
512 by MARBAEEBORRE --------oooomrrrom e 53
513 GEOREEEEREFRBEOMRE oo 57
52 HEMRBERBRR -----------oomomomomsmooomsomommmmmn e 61
521 PIEF—#R—AEWI AT LORM -------m-mmmmmmmommommmmmmmmmoeees 61
522 TIZ—UYTEBOBFE --------mmmommomommmmmsmommmm s 65
53 WASTEF# --------romommmmmommmmssmoommmmooossmomommmm oo mmsmmmm oo 67
531 TRUZ{HABEEORRE -----------ommmmmmommmmmmmmmmmmsmmem s 67
532 RAFERBHOBM -----------ooroooooomoommmmmmmemm e 7
R R N A - i 75
5.4.1 ML N CEABARE ----------o-oommmmeme oo E

540 XS & B S TR N R OB oo 78



JAERI-Review 99-026

g 81
T B 1o L T, 82
R TS 85
FHER 3 BRZERR B --r---mmmmrooreeeemooooonooneie oo 88
FHRA AERFERE T --mmmmmmmmmmmmmmmmmmmmememmommomee oo 92
ST S I s )Y T 116



JAERI-Review 99-026

Contents
Preface =« + vt ettt et e e 1
L OULlife “ e e e e e e e 2
1.1 Outline of Department of Hot Laboratories =<« - srrrrrrrmrrrseereeesees 2
1.2 Operation and Management of Hot Cell Facilities -« - --=rrrrrrrmrrreer e 5
1.3 Research and Development on Post-irradiation Examination Techniques """ 6
2. Operation and Management of Reactor Fuel Examination Facility == -« 15
21 Operation and Utlllzatlon .............................................. 15
09 MAIMLEIANCE =+ * < "+ - " ett e e 17
2.3 Radiation Monltorlng ................................................ 18
3. Operation and Management of Waste Safety Testing Facility =« == -cccrrovereeee 26
3.1 Operation and Utilization =« =« <« = wcrsrrrrsssssrssssssnnnnee e 26
3.0 MAIMIENANCE *+ =+ * @+ ¢t re ottt 27
3.3 Radiation MODItOring =@ «wrrrrrrrrrr s L. 29
4. Operation and Management of Research Hot Laboratory =« ««--rr-rcrrrrrosses 35
4.1 Operation and Utilization -« <« =+t e rssrrrsmsrmessnssseneee e, 35
42 MAIMIENANCE *+ < * "+ ** e cerrrrstrmrn e 37
43 Radiation MODItOTIng =« rrrrrrrrrrrsrrsssssrm e 38
5. Research and Development on Post-irradiation Examination Techniques <=« ==« " 48
5.1 Hot Engineering DIViSion -« v e csssorerssrmseneesanssasaa e 48
5.1.1 Development of Micro Density Measuring apparatus (MDM) =« ==xcreseseee 48
5.1.2 Development of Pellet Thermal Capacity Measuring Apparatus (PTC) - - - 53

5.1.3 Development of Shield-type Field Emission
Scanning Electron Microscope (FE-SEM) == ccrrrrrreremrensrmrrereees 57
5.2 Fuel Examination DiViSiOH ........................................... 61
5.2.1 Application of PIE Data Base System * = rrcrrrrrrrrrrrrerrresrene s 61
522 Development of Anncaling Apparatus ** " "+ ** B T RERIRPTE 65
5.3 Waste Safety Testing Facility Division =« rccrrrorresrrrrerrrs s 67
5.3.1 Development of Apparatus for Synthesis of TRU Nitrides « =« r-crrrree e 67
5.3.2 Improvement of Differential Scanning Calorimeter «« == -* - --rxrrerres 71
5.4 Research Hot Laboratory Division <« «cweserrrrmmsrsesrareeseeeeesaass 75
5.4.1 Development of Remote System Technology of NC Milling Machine =+« -~ 75

5.4.2 Installation of Equipment for Residual Stress Measurment
on Irradiated Material by X-ray Diffraction Technique * - === -r-crveereee 78



Postscript *

Appendix 1
Appendix 2
Appendix 3
Appendix 4
Appendix 5

JAERI-Review 99-026

.................................................................. 81
List of LiCensing « v« rv rrrrrrer e et tierei i, 82
Safety and Education ............................................. 85
Published RCpO[tS ................................................. 88
Abstracts for Oral Presentation **cc -t = csssrerersrratittitianeons 92
Organization in Department of Hot Laboratories <= ccccc-rerveocvenne 116

Vi



JAERI-Review 99-026

¥ A N &

$ﬁ%§m\$ybﬁﬁ§ﬂﬁ%?%%%%ﬁ%w%(%ﬂﬁﬁmﬁ\$vb5ﬁ)&@%
%%féﬁ%%&(w&wm)3%%@$W10$£K£Héﬁﬁ%@tﬁm%%wﬁﬁéﬁw
FHDTH 5.

& OIS, AT, ARSI U 7o 4 R A I K OME R SR
SWTIERC KBS NI,

BB . BEERBREZICBWTIE ) RTHRESIRSBOZERB LT 1IF PWRAK 1
FH‘H%ﬂﬁ4GW%%$%(UMD\Eﬁﬁﬁ'&%ﬂ%%?%@)@%%%ﬁ&bflﬁ‘
(ST ARS v TRIVERE 1 #). ZOFAFIRICHRD 2 BRERREEMT 2 L bIT,
WﬂﬁtthﬂRNﬂZ%%%%‘mnRﬁ%%%x&?%ﬁﬂ%ﬂwﬁﬁ&ﬁ%%&ﬁ%%
Efiote. £, EREBREPIRMR. SET 7V 25 RO FPBIHHER (VEGA a3 ED
R4 5 R&D ICB L. BT 2 HMER K OEHOMRELHEEICH L.

WASTEF Tid. MRHEEYOREERBREL T, 8L IVEEMBELG ORPRTHR,
AT/NU 7O TRU MHEGREEAEICED 2 YR HRER, >0y 7 BRD o MERBRKEOE
RS Pu HBGARE ZEM L, X510, MR ORI FRIREE & U THEZAE TRLERE
SR AR S R RR) S ET HRRE 2R T D L30T, RAERBILIEICL ST A
Uy ANEEAER - BRTERBREEEEL 2.

Fv R SETIR. FIARIRE L TERTYRRMZ (HTTR) BREL - #B BOKEIRELE
O NSRR /%)L 2 BAHEER T ORREIEEL NSRR fF0REL BIZRAIREL - AL BEKAFRIE /A48
Sh . R AR AT S O S REREL - MR OB RREEEL £ TIOARA T, "B -
MBS SEET 5 SREAFERRA ORNBRBRET o/, . B 40 FRAD SBEEBL T
Wa AT NRE - BEEFOME - M (BAKVENEREM) 25U L JIHELT
. OER 10 RS (EEEG 1 SPRERA SRR O 2REL. 36 FHICD
B AABETHRE - HEBET 1 BFPRHEZ YU DT ICETAERLDET O,

Fh R BWTIE, AR, MR R OB AR B iRk TR EHERT - RUBRETEEES
scAWEYNTEMBL, o AR 3RS EE B DMRICEERI NI,

%%&ﬁ%&@%ﬁ%i%ﬁﬁ%m@?%&ﬁﬁ%fm.%ﬂﬁﬁﬁ%mﬁm1ﬁ%@§%i
%E,&Vv%ﬁ§EME§%.%ﬁ%%iﬁﬁ%?%ﬁﬁ&ﬁ?:%u>7ﬁﬁmﬁ%.mE
?*5N—X%E>X?A®§%E%%Tétt%tW%ﬂﬂ“ﬂ&fmU%k%%ﬂ§§®%
%&U@kwwgﬁlzwﬁwMi@tmw%ﬁﬁéﬁ%ﬁw%ﬁéﬁotoéem$vb5ﬁ
17 BT SRS N TR R R O X R EE I & 5 B M AR N REREOBRZED.
TNoOERE - BERTEEDRTEINZ.

X517, Ry FRBAEEEEEICOVTIR, TR 10 FERAMRREIMECIBNTHR=S
2 X AR ERBSSICRELRTY. BREY LOKRERT.

FROE DI, BT EETE, HEEL. WTHLER YY) O EEDESL .
%mﬁiﬁﬁ\&ﬂﬁ\%ﬁi#‘%ﬂﬁ-%%ﬂ\&%ﬂﬂ%?»@&@ﬁﬁ@R@)tEﬁ
T&E, UFIKNEEZFHFRT 2.

Ry MiRBgER BT fEX



JAERI-Review 99-026

1. % =

1. 1 &y FREOBE

By MRRER, ER3FEECREMABRVIT L > ¥ —0EARBRRE. WEETEL DR
v IS RERBERVREZEMALROWAS TEFEHED 3 DOBKNELRBRMERENFES L.
ENENORBORMEZENLEBNEAZRD, SBOBRBAREICHT LR —Z
WIRABRKFERLTHS 8 EEZZBL I,

TR 10EEIZBT SRy FREOMBEOE - ¥%5—~< 2 FRITRT.

Ry bBREOMBKR OHISE - EBT—~< CER 10 £5)

R g FERT — By MBREHR —— Ry MARBOEB RO LHE
— Ry hEBREIER ‘lj MNRHARBERUWAS TE FOEEER
* MNERABRKUOWAS TEFRRICET 3
BT bR 78
Ty bERE

— HAMELRRR RRBHABR iR o i 1

— WASTEF&# WASTEF O#éEH

— Ky FIHRB ——— Ty b I ROEEE R

*ART —<
MEER R, WASTEF RUHBR Y b 7RO 3 B0 T, FEYYOHEIZED
& AN OHABEOERI IS U TEMERB T~ 2R#EL T, LALEETIE, MR- —
ADRFECPCERAPED & EBIT, PR 2EEDETHREESDFEINTHEO. Th5ITHE

_2_



JAERI-Review 99-026

P BRHBIEICRIST 570, B, MROMBL - EF{LEEE L7 S RO - Bl
BRI OB R A DA Lo TA, dy FRRE TR, TR 7 FEN S KN ERR
YRR & 3 TR B T o TE Ry FBMEITEE (B) KOWTEREEDRY ~
BRI T KRy Y EES (BRE  BREBHETE) . TR FEMEFEME
Banhy MRREFIAHE T3l EmEE. EaR 1 0 FEIRARRETIC B TESHICK
HHRAME B ASITME 1T, BN EO/BHREER,

1.1.1 PR R R A%

PREBLERR R, EIWCBAFER EOEARBOBREHRRE LT, BERUMEOREEDH
WETS - L&A BT, BB 54 IRy MRBRZ B L TEURERBEER S 17 4K (PWR
.8 4K, BWR: 3 f&. ATR : 6 &) RUMREHE 32 AORKERBEE L TERTDH L LBHIT,
NS OB EEIRBRER T R O MRk E M O L Z2 X - TET.

PREL R HEEE D E 748 & EBRIEH % Tablel.1.1 12, 1 BWFEN % Fig.1.1.1 IKENTIURT .

AT, BAKE RO EEEIERAREORREERET S B v IV ETIV U ARRE O
BAEMTS oy 2 ELFRICEE L., BIVRTEICRER, tILVERMICEY 1V b—2ar
— Iy B—E AT 7 ROBREEFR 7 — V2B L T3, BROK ST, 2KK 4m,
T X# 700 ke DEFARBHE A KA BEDRETEIVICHRAL., MBRETD JENTE, BBES
KEERITOZ DM RBRENEMTEZSLILTDH D,

ARBRTIR. () BETHREHTBEOZAESELT 14 (PWR BB 1 1), BB
2OVEIRKEE (ONC). IREAK - BB R EXME) OZHEFELT1#H GUTARNFy
TENERE 1 ). SEOFARIHICEDBEREHREERT S DT, AIRNPIALLTNS
RR/UVABEER, JMTREHEZRICHTIERRBEOBMEABRERRERZTO L. &
o HERRRIPIEER, S ET 7V VT bR FOF PRHERSFICETZR&DIISML.
B 5 R AR R OEH O HEEITH I L .

112 WASTEF

REREM) T 4 it B HES% (Waste Safety Testing Facility : WA S TE F)i3, SEFAIEMREIOBAIEIZ
ToTRETDHEL N MREREDOFBRMLNCET 2R RREERT 52 2HK
& UTHER 57 0 SEERERIB L 7,

WASTEF QO Xrefth & MBRIEE % Table1.1.2 12, 1B EEK% Figl.1.2 KENENRT,

$%%ﬁ‘a7&0873>7u~btw‘aT%tw%UKﬁD—fﬁvﬁxt£D%Wé
NTHEO. B 7R RAERY (FP) 2EDRBIORRICEAEZN. a v I FP OEMNIZ
By o EURBORRICERNINS.

AR TIL, MNMRENORESHRBREL T, AL NVEEYE(LAO R HER. AT
XU 7 OT R USRI RD D EME KRR, > >0y ZELARD o ERBRKEOERE
WP ulhBEABRE 2 HML -, & 512, HEROFIMILREE & U TSI TRk
M e 0 F2ER R ER ) % ICBE T B EITRE A kT T B LT, REHBITTIKIIELT AU ¥
LB - BRLEAREZEML .

_ 3



JAERI-Review 99-026

1.1.3 By M IR

Ry b IR, B TRE LB B OB S FH - b FRBRPTE 217 5 B TR 36.
FIZTR L. FIHEGREZBBAL =,

By b IROE Ak ERBRIEE % Table1.1.3 12, 1 BERK % Figl.1.3 ICENEIRT.
ARERR S B v BUNEMBEBERERTH 0. BEFHRRRZERT 575 — TR BBV iz
MERERZET 25— T RO TERINTE D, BERFRE AR O~ 313, AR 100 o,
BRAREHK 1500 mT. HRFRCRBRIFCHRH L -ZEBLRLBHABOBRBRRIIHET
ZHNANEE TIRBRMETH S,

iRk T, SIETFERBRIFTE HTTR) FRE - #8H BKAFREIEE D NSRR /L 2 BEE
REDOBEIAEL NSRR fA0LREL WIFTIRIREL - MRl BKIERE D& SSMb, S E R e
HFOBHEMRE - MRHORRBABREEEL TW5, AARETIE, BTN - HIBREF S i
MR T OIE SR EEM L 7=, /. B 40 ERDOSMEEBL THEAEEFH
FE - RBFEEFROBRE - B (BMRWENBRMM) T=F ) 2 VEHEIER 9 FEEREBHE
1 SFEORILIEICHENET U, ER 10 EERZHRE RENE 1 SERERBEERRE
Gl ZRBEL. 3 6 FEMICHAE2AERETHREE - HREN 1 BEFRET=5 Y > Iz
THELDETOE.



JAERI-Review 99-026
1. 2 ik o E L T

?WlOEE@%@%@EE@\%ﬁﬂ%%&%ﬂ%ﬁﬁﬁw%%ﬁfﬁi(&T%fﬁi&
mﬁ)K%ﬁ%%%ﬂﬁﬁ\@ﬁ%@ﬁm\@ﬁ%@%i%ﬁ\®ﬁ%?6$%ﬂ%Emﬁﬁ&
U%\@W&ﬁﬁ@ﬂ%,@ﬁ%ﬁi@ﬁw?i%@\@IEE%@&U&%@EB%UK%E
%ﬁ&@@%®%%§ﬁ$ﬁtjmffE%ﬁ%%@%J&W&b‘%%wﬁﬁéiﬁbtoé
BE%%GEEK%LTM\C®Eﬁﬁﬁ%@%ﬁ%9fﬁ%%@bétb‘m%wﬁ?%@.
¢¥%®ﬁ§%ﬁ‘%ﬁ%®%@%%€®tﬁﬂﬁf@ﬁﬁm%%%@éjEﬁﬁb‘:htﬁ
oféﬁﬁwﬁﬁéiﬁbto:@%%‘%%%&%M%K@ﬁﬁﬁw6ﬂ\%@éﬂtﬁ%é
FEFEEBDHEBLZ.

$¢ﬁ%®ﬁ%%@fﬁ\m%@fﬁﬁﬁt#%%@ﬁ@ﬁﬁ%@ibfﬁ%@ﬁﬁ%@t%
wéttﬁt\ﬁfﬁit%ﬁ<ﬁft§gm7~7-tw‘Wﬁ%%\—ﬁﬁﬁgﬁ‘%ﬁ%
ﬁ%momrﬁ%%%&@f%%@w@ﬁﬁ%\ﬁﬁﬁﬁﬁﬁ\ﬁ%ﬁ%%@ﬁ%ﬁzﬁﬁéﬁ
otoit.ﬁﬁ%ﬁﬁﬁ\4>&—myﬁﬁﬁ\E%ﬁ%%ﬁ\ﬁm—jﬁvﬁx\7—F%
momfm\%ﬁﬂ%%m%ﬁﬁ%%%ﬁi(u?%%ﬁi&mﬁ)K%ﬁ%i%ﬁi&ﬁ&%
mﬁét&%t‘W%%%@ﬁﬁ%@%%%ﬁm%%&@i%@%ﬂ%@&Lto%iﬁ%%%
Tm\ﬁfﬁit%ﬁmti%ﬁiﬁé&bf%ﬁ%ﬁ‘ﬁ%%ﬁ%ﬁ‘ﬁ%%ﬁ%ﬁ‘%ﬁ&
%%ﬁ&@%%%ﬁtowfﬁﬁﬁﬁMﬁ‘WQE%\m%-mmMi,74»&~@ﬁ$%%
HE. BE - FORRARSEERL L,
&%H&Uﬁ%%%ﬁ@ﬁ&%ﬁ%ﬁ%%ﬂf%mém.%h%hﬁ%ﬁﬁi%¢®t%%&
%‘ﬁi%tﬁ“@ﬁbtgﬁ@TTﬁb6ﬂto%ﬂﬁ%%&&@$vb3ﬁk£ﬁé&%ﬂ
R OB S O HH A EAE % Table1.2.1 1R T,

m%ﬁ%@@%Tm\aﬂ@mml‘W%%%@%@&Uﬁﬁ¢¥\i%ﬁiﬁﬁ&@:na
@W%K%ﬁﬁf%%?é#—7°t»W%%%f%%%@M%ﬁﬁ%tﬁH%W%%@%%ﬁ
%%%&Uﬁﬁﬁ%%%m\mn@mﬁmﬁmf%ﬁiﬁimib6ﬂ1m6%ﬁﬁ%u?fé
S

WO SRR ED L. RO YT, PRESIERZ I X O EN, °° Kr ROV 27 Sb AP
Imwﬁfﬁéc:ﬂ%@@ﬁbfﬂiﬁﬁénfﬁb\%%ﬂk%ﬁiﬁiti@%hfn%
WS AR 2B A B 3o Tz, '

M%%@W&Uﬁ%%%%m‘M%%%EK;D&-*-EV&wKBﬁHéh\%%%ME
%Nm&éhm@éﬂéo%%EEK@WLEM%%@W%%%@‘%ﬂﬁ%%%&UWAST
'EFtBme%%%@E%&U%ﬁﬁ%%a%%%ﬁ?ét@@ﬁ%%@ﬁfﬁ%tﬁmkﬂ
%%%ﬁ%@i@%<%$btﬁ\NvﬁlyF&mﬁaﬁg%mbérw&btoM%%%%
OWTIRPIHE L FEETH 7. '



JAERI-Review 99-026

1. 3HNBEsE

MRBERER faay B O w b SR Tk, BTEEIC 5] 8 SRR B OB R % . WASTEF
T, HEMBEEY I T 2R 2M RO @B U = ST B 7 B OV Rk o B HL TR
RO IR D FR PR R Ot )V B0 & ke - ML 7=,

BB MERR 1T L Tld, BEHINT 0 & DR 225t [ ERBEERE R R AR W
W) LR 2EERZIMEEELLEL Oy FEHETED TN, FEakl 0FEIT. OFEE
EREEBERUOARL Y FARBREEEBD 2 r FErEORKFEE L L T, BEFREEE
OBBITBEAMHEREE L TEANWR Yy 7 ZEE28EL., AIEEICEEL EERKEE
PRETRY MEREICEHEL., BHERREBLL TERITE. OaoBiEEENE T
BEMMEE D 3 » EETEI O 2 M & U T EERMEFREBBEARE R CHIEER 235 - B4EL .
BT4E T B U 72 SO PR BB OIS T30 )L 3 — 0 BB X o i 88 & SRR AR KT A & O —
IWRERBETEMEE L TERSIE, ERBICREZEZT> 2. FINEAETI. FT4F
RETHEHRNVED TNWDHEFERENS OF PHHER (VEGA:Verification Experiments
of FP Gas/Aerosol release FE) 2L T, Fy FiBREBDO By 227U —FNost
NADEINBBEZTT L, £, TRINF— AT LHERICH AL T, 50RO
BEASRTRIC BT 29T — Y 2METEHED. RARA A—-UNMAARICLEZ T =—1U >
FERBORREETOR. 512, BEBRRT Y DOTF—IRX—L RV T — & BHEEE
OB ERZHDDOALEZED. SHRTEBICERE - RRIDZHOPIET—4
R—2EBEW AT LDOERET O,

WASTEF 2B L Tid, BURHEREYICET 2 Z MR O mELITRIS U 7z BB 5
ELT, BILEAZEBRI RN F—RAEDOEDOREEEREF ZEM L. £/-, RO
FIRAEEREEO R EL T, WEAFEHARICH L., RICBITEICLDZT AV T LE
{Eias - GRETENEREEETDHEEHIT. TRIVF—ATFLWEHRICH AL, B
MR TR L e EZRRRO D OB RAREEZ No.3. 4 BIVICRHEL .

By b IARTE. BRFFRZETERICH N LT, B FFENBRSF OMEM OREE(
R F MBI ISR AR 72 S E S D 5 B M BLR B AR 2R T 5 UL
MMIEBORRBICEL., FIFEEICHIEL ZEREE AWM THNERER CE DO
ExET-o7. £oo TRIVF—T AT LHEEICH LT, BEFFNEEM ORRISNE
FICBET 2MEEEMET 2720, XREPTHEIC L 2 BEMEFIS BRIE DT B X #[F]
mMEBOYEEIT> 2,



JAERI-Review 99-026

Tablel.1.1 PAFIERBRFEROE AR EHRIRE
T - IV | BRKEERE K B O®m B
(GBaq) '
7= 1.6 X 10° | BREHESE - MEUEOIRA, #kiH, Irk, SMRERS
No.l [3.0X10° | AERE., HHERE. r AFr 227, BilE
B
T No.2 |3.0X10° | X#EHE, BERKES. SEERREIRNE. FPHAMHE
-
> No.3 [3.0 X 10° | MREIEE O IRARER - FAHNL, MEHETINT - BReL - BRI
Z Fr SEIVEE - Na KNOAES
)
| Nod [33X10° | BISRRER. WERRKER. BWRAE. 77 bHASH
}\
+ No.5 |33%X10°% | VEGA (F PRHHER)
b
No.6 | 33X 10° | @AHBHES - L., <70 - HEENSEHLE, (ET
HZEHE. XL v hESRE
B Nol [37X10° | @R
-
i No2 |37X10° | &R BERE. v 70y h—ABWIRAE
+
WV No.3 [37%X10° |47y ATy =y, XREFHR, SHNESRIE
Cal| Nol |33X10° |#ERE, THAE, v AF¥vy =, FPHRHE
oy SALRRE., BERE
y)7
No.2 [ 33X 10°¢ | 9IMr. Bitkel. BEEA. SAHGEHER - AiLHE
# o No.l |3.7X10° | X#BUNDIHT
T
]2 No.2 |37X10° | &tHEAR
"oE =E F P4 254
R ow b E B OB | XBBUNDN. KESN. BILEERAIE




JAERI-Review 99-026

Table 1.1.2 WASTEFOXhatikEidBREE
B K B #& B
uP )2 R/ 4 i B g H
HLLW (Bq) Pu (g

Nolt&J)l (B7) 1.85X10'° 12 (BH) | HHEERE

No.2®)N (B 7) 1.85X10"% 12 () | NERE, THERE, ERAE

No3t&)V (B 7) 1.85Xx10'° 12 (FEH) | ARGEEHER, AR

SR g R AR

N4t (a7r) 3.70X10'* 12 BHRR., THERE
SREEERR

N5 (a7) 1.85x10'3 12 ooy 7HES, omEHER
TRUZ{YFABAR

Mt (a7r) 7.4 X10"! 1 MR, XgEH
BN RERIE

ya—T7HRy 7R 3.7 X108 0.1 L0, SR, BIRE
BB

HL LW : &L )V EBEEY Bk




JAERI-Review 99-026

Table 1.1.3 HEifHARo bSROELEKREHRTAR
=7 - 2 | BKBUEEGB) ® % 1B H
gY)—=vhr—7 3. TX10° JERRRER. ERHRA - B
F—F4r—7 3.7x10° U, AR
ANV—=Uh =T 3.7x10° SEHEA - RE
AAVFF VR —=T 3. TX10° BEHE. SEHA - i
BEAT—7 1.9x10° Rk, RERE
BEBTr—7 1.1x10° HZESRTIHERR
BECr—7 1.1x10° HNE. ~Hk, BER. Y4 7 IVERFTER
B&e&Dr—7 1.1x10° y A¥ ¥ T
{LEAr—7 3.7x10° F P4 Afl4E - o, B - BRH
{t3%Br—7 3Tx10° | K4 - LIS
AR SN 3. TX10° £HAR, EIHR. BEAE
8 ~1.9x10*
2 F— 1.9x10? vy IVE, BlER, B, BRI
Va2 TR 1.9x10* WEMRE T RBR. BRILEREHR
Ziky b 1.9%x10? X#EEHr. HEREHFHAER
y R¥ v v 1.9%x10° y AF v =T
SEtl 1.9x10* BFEMGEEE (N MEECTRS T
7B - R S A ERRMETEMSEEE (FE-TEM)




1.

JAERI-Review 99-026

Table 1.2.1 BREBHESFOME A
AR H # % A %k
HIO. 4. 9 | B{tBEMRL v RA NSRR
H10. 5. 8 |B{EBAEML v b#A NSRR
HIO. 7. 1 | ¥t B it NUCEF
H10. 7. 9 | »#r il £ i 9T 4 B
HIO0. 7.27 |fEABE B ER A (G23) i H BEYWEE®RL >SS —
HI10. 8. 6 | REHU0RL v FEA B %% 3 4
H10. 8.25 | NSRRI 4 FI MRkt (TK-5, 6) # i NSRR
H10. 9.25 |BEFEU  PuBE A ELH R B R KB
H10.10.23 | EEREHIRE R A BRE A&
H10.10.28 | NSRREG & A #R %} (TK-7) #& i NSRR
H10.11. 2 | ¥ F A TCA
H10. 11.26 | # B 5 R (DOD) # NUCEF
H10.12.10 | ¥ F R H TCA
H10.12.10 | K 5 & Bt A R b TR %
H10.12.15 | NSRREE 4 f #8 B (FK-4, 5 « UC/TK-1) i it NSRR
H10.12.22 | s34 s BHI HY 9% 4 B
Hil. 2,12 | ZBIERUDLT A AVEA NF I
HIl. 2.19 | ZELPU T LT 4 AW NF I
Hil. 2.26 |BRiE&mMRLy MiA NSRR
Hil. 3. 1| BE s (14, 5) A By b TR R




JAERI-Review 99-026

Table 1.2 1 MEEYEFOMEA
2. Ry bTHRER
RHAA B ® o8 % W A % 8 2
H10. 5.11 | BRM-45% % 7L JRR—3 | A |K¥EAFEE
HIO. 5.12 | RABAHAMMAR (k-3 | BAME | Bl |REEREFRE
HIO. 5.15 | 7wizphry7 waRE  (RM-45) | BRZR3E | MR | K¥BHFIRE
HIO. 6.29 | ARz 27V —F JRR—2 | B4 |BEHLEREHFRRE
HIO. 7. 8 | RGM-63% ¥ 7 &/ JRR—3 | @A |K¥REMEHRE
HIO. 7.10 | HE7/7 Ve (RGM-63) | RIBE | i |K¥MAHAE
HIO. 7.24 | MATHRE (93M-38]) | BFZ4M | #BH |REIEFE=E
HIO. 8.17 | £fEfk=>2 ) —F (C-59) | JRR—2 | i |REVLEZNARE
HO. 8.25 | NV NEBAEUE  GRF-13H) | MABH | @ |FRANREFES
HIO. 9. 2 | v JVEMERRHEE OIF-1AH) | B&%W | @ | TRUREHZEZ
HIO. 9. 7 | MSHFH7 tvatst (B40) | BRAM | @A WA sBFEE
HLO. 10. 2 | IAEARSE}V7')v)° 3R+ F—A R T SR | R SR
HIO.10. 13 | SR{LEMABEERSE  (K-5) | NSRR | #A |REERLHREE
H10.10. 15 | M&FRE (OTM-84) | K¥EHL | A |BBEEEFEE
H10.10.16 | ERUEMIEEMS  (1K-6) | NSRR | BA |[RSEZLWRE
H10.10. 22 | HB&FMIRBEH k-5 | NFD DA |0 M RBREONE, R0 b9 R
H10. 10. 26 | FBRRIEMZAET (88F-38) | /E&H®H | #H |TRURBHEE
HIO.1L.27 | SRACHMIEERS (K1) | NSRR | ®A |REERLHRE
HI0.12. 1 | =" 5V2RRABA+7 40 (C-1) | JRR—3 | #A |[JRR—-3ZER
HIO.12. O | EMBHWTAMBRIER (TK-5) | FR4E | #H [KEERLHER
HI1O. 12. 9 | REBLOVTAMEEK (TK-6) | BR4H iﬁm RISEREHAE
HIO.12. O | BRMUINRRA (K-5) |#AeIEEas | B Ry P I AR
H10.12.24 | ABERIEANZAERET (1800-40) | /E&MHF | #H | TRURKHEZ
HIO. 1224 | AAEMAEH  (1800-60) | HAMHF | Ml | T RURKHES
HIl. 1.27 | BRM-36H¥ % 7t/ JRR—3 | @A |BESFHFEZR
HI1. 1.29 | #REH&HEK (TK-7) | FERAR | B |[REERLHE=R
HIl 2. 1 | BATERE  (96M-19,96M-200) | KEEHL | #A [MBESREFRE
HIL 2. 1 | BAHEEACREA (0788 | KHL | R |SSEEEFEs
HIL 2. 2 | JPDRENZEBMIE WER4AM B |RREEEREE
HIL 2. 2 | SRCAMMEEME  (FK4) | NSRR | BA |REERLSHE=S
HIL 2. 5 | SiCHA, BSobtr  (ONF13A) | XEHL | ®A |[REBENFRE
HIl. 2.09 | EHEBHERE (93M-364) | BRZAME | B |MBREEMTRE
HI1. 2.23 | @@ (1800-100) | E&HH | ¥ |TRUREHFRZE
HUL 2.26 | SR{LEMBEMS  (FK-5) | NSRR | BA [RICERL2HES
HIL 3.01 | BsH#se (BRE-13H) |MAEIRBRIERR | M |HRRERETRES
HIl. 3.15 | 47 EMRERR (FK-4) | BFEAH | B REERFRE




JAERI-Review 99-026

D00 AR T AR M W

[°7°7°314

(v)

ERNCH (|Zeieds

=z 4} Yl
H G D H ] H 1 i 1 1 1 1 L _\: u\_m;\_ﬂ‘kn_ | 1
U LWL RO YA A L0000 w4 1 02) R
1 ] 4 - TN H € ON 1 v oy 11 G ON 9oy A
i 4 L
ﬁ - - i e Gl R
B -
T—MAE—Ar ) s =
@w - ¢ =
T _IIn A T s
i} T 3
X G-l LM.«
eyt il B il BN
g ¥ LATYA -4 MM_?.‘_&? ,Wr = m,
...... J ==
L] LN L]
b0 L0 Brmodse LDF_
1 X .
Y3 —4) Fi 7 | R MNWH E¥3
L0T T
Ly L-0




JAERI-Review 99-026

EEAHMTIAILSYM 217134

ELALGFHYT

N

]
LAd
WZ

o EMdRA

EAN-u42E'S'A B

NS

[N
[ ]
TR 1 W | ERY
e ...WJ
T 11 :_;\:__ [T I T T
AFGH | | 403 ¥ N ara g oy A3 TN A3 1oy N _
L\ T OO I - -
l Ll 14
I-l-go} T-UAESRG T—H Ei—A )L UM
— l\_\..wkn 4 1y % 4 ¥y
I-1-g9 i |
S v
NlmOIITW—mMU LOATYA -4 M Lx —
lonls
&~k N |
y—g9 :
% B G FN
B H0)




JAERI-Review 99-026

_mmm%mﬁﬁmﬁmwé,auw

g 11814

T—AXA— 6K

a—-lhransda

h‘bd?n%$h;£«mw

PR W . ¢

Q,

TLLT]

A —

4]
S U O S |

w Wiy o —o0—n—0—0———0—o—0—0—0—0—o0—0—0—0—FC
- X ¥
. SECR VL o s
o= <>
"t ZiHER Vo
LSRR E 4
L—LBE T fss4sr6eza

§ e -«%2
I 7%,
3 “\n a\“ W a (3o fie ||y L=t rL—4 R
% \s.\ n-\ﬂﬂ!ﬂm 14} .. .
c ¥ ]
G g 4! L—LGi=14YX

MAYLAZ AN LAY

T—MYA—-6LTBY

MRIA—£Y

MtJQﬂg

A




JAERI-Review 99-026

2 . REFEER ERE o0 E HRE

2. 1 iz - FIARE

$ﬁ10ﬁtkﬁéﬁﬂﬁﬁﬁﬂwﬁﬁ-ﬂﬁﬁmm\3#®§%¥ﬁﬁﬁmf\%ﬂ%%¢
O RE SRR ET o, FIRAIAIIZ2 5 OEBIITDWT, NSRR 7)) A G R IR R
O RINT R ORBHZEL Pu BSOS ERHEERET o1,

2. 1. 1 #AEHEEOEREHE

(1) HEeEEH L EE
ﬁﬁloﬁﬁtimbt%%%aﬁmﬁﬁﬁﬂﬂmfm‘@ﬂ%%bfué%%ﬁﬁ%%
ﬂ%ﬁﬁ%@—ﬁatix(%)E%h%%&%%%(ﬁ?ﬁ%%)#é@FWW%&WA
%ﬁ%ﬂm§®3ﬁ47w%%%ﬁﬁj&Uﬁ%%ﬂl%@#%@rmGWAim%ﬂm
ﬁ)%ﬂ%%%ﬁ@%%ﬂvij%%%%ﬁﬁLik‘ﬁﬁﬁﬁﬁ&%%ﬁﬁﬁtﬁb
5&%&#47»%%&%#6@&1&—ﬁuyﬁﬁ?@%%%ﬁﬁ(%@ﬂj&%M
L7z,
ﬁWW%%ﬁ%%TH;ﬁ%%%ﬂMI%K%LT\Mmkﬂwxﬁﬁ%%%&bfdmm
%ﬁﬁgﬁﬂ$4$&3BWR%H%ZK@@RMIEﬁh.%ﬁ&ﬁ.#EME\Xﬁﬁ
E&Urx#vy%wﬁmﬁﬁﬁ&%mb\Nﬂxmmm?%&tbt‘ﬁ%%t&btﬁ
ﬂﬁ%tvmf‘&mﬁ%%®V77v>zﬁ%é%Mbtoit‘mwx%%%%%tﬁ
Aﬂt.ﬁR%ﬂ(Am)@Wﬁﬁﬁ%ﬁﬁtk%m‘*%%fimpu%ﬂwﬁEME%
%%ﬁb.%%EEK%Eéﬂt%%%ﬁﬁé%?btonﬂamltﬁﬂ&dﬁmﬂmm
B3 2 RIS A, Fig2ll KAARRZENENRT.

(2) ERBRBRANA
(AR /A A I B 5 5 B i 3B
FE R B % R R B AR
wm%GWA%%%ﬂ@&@s%%a»%%%ﬁ%towfm‘%H&va@ﬁm%
%m%&&mﬁﬁwﬁﬁ%ﬁﬁé9ﬁﬂt9w1%mb,$$§K%@ént%%&ﬁ%m
ETH,RT L.
it\wmmGWA%%mﬂm§D%ﬂ%ﬁ¢ﬁﬁ%$ﬂvijﬁﬁﬁﬁﬁﬁtvm
fm\ﬁ%ﬁ&@ﬁmﬁim>>7w%ﬁﬂ®%ﬂﬁié%é&mtﬁ‘yyiw%www
mb\ﬁﬂ%ﬂéﬁm\%mﬁ%.%ﬁ%ﬁﬁﬁwmiﬂﬁé%mb\$¢Etﬁ@émt
mEgARIIE TR L.

@ Bl SR AR BORTRE B GVBR

ZR—H) LT ETORMERR (ZD2) IZDOWTH, AEERRA S NS F v T
BRIK L7, AR—H ) P/ FRTFIZDWTIL 5HRRE, EE e, ERARIIE



JAERI-Review 99-026

. 7 —=THBRACOWTE, ABRERVHEITESAE. HEEICOVWTIE, BLRE
SREROHAFRE 2T, GRS TOMBRERK T L

(FTNFIRICBE 9 2 FHEEEHR)
QR FAR & T B E

BRBEHEMTIZAEL TIE, NSRR 7V ABRRERA &L T, PWR BB 44, BWR #&
BiHE 2 A DG 6 REERL, BMFRRET —F KT D00, XREBAR, r AFv >~
=27, SHERIE. RERAERRS OIERIRARZEMR L /28, NSRR ~NRiH L7z, 7z,
BERRICO L ZHELBEBEICDOWT, 2HEREDOL 77 L o ARRELAEL 2. I 51T,
NSRR /%)L Z RS B 1% D ATR S RREHE D BARERIT OV T &MHHKR. SEM/XMA
R, BEAESOBRRBREERBLZ.

Z O, BMEEERE (G13) ORERBFHEARICOVWTIE, 72U X F7ED Y > F 55k
MR MU EHRR 2T o,

QL FNF— AT LB ERREE

52 IR ARBZIEMRE BIF3IZDNTIE, BEIRL Yy PRUHEEED
SEM/XMA B ZfT\, FHESNAZETORBREK T L, REHLEL Pu BEIOEHZ
HBRICOWTIE, M YRBRERUOIN I T RBEOEEERUVKILEREETD & &
HiZ, TV TRREEMT 5720, BERFOEMEZIT /2. BINHADEILHBEID
EREE R MR 8 CRE T ABR E LT, JRR-3 THBHELZ. U0 @ T4 A7 ORILBERAIE
EHEEL,

QME M IR

AP A BEREER L EHNERICET 55K E LT, PWR REIEZK Y BWR #E
REIORE v AF v > 22 7 %70, BWR BEEAEHI D WTIE, MBEE 2 AaE & $RE
LT, Aty —~fH L7z, /=, BWR IHBEBREEGA(DN223) Z2#AL T, &5
BIEZEML 7z, £ O, 5 BEIEBIRHE RS ORI AR ITHEAT 2 B THRELERE (G23)
ZYWHFIR L T, BEYWEEE Y ¥ — (REEE ST ~#iH L.

@MREIY 1 7 )V E T F B E
HUE o ARBRICHT BB E LT, BRAEN - BIEREHR 3 SHTHREN I N/8E
(D03) D —ERZFEE L T, NUCEF ~\#kH L 7=,

(3) ZOHh

BIRELOE TIE. BEHEWIT KT IAEA IC K DREE O ARSI BT
bihvien, BICENBEIZRN > /-, ZBESOBEICETIELBOE. ¥Rl 0FE4H
OH. 5SHASHKU¥K1 14 2H 2 6 HIZ NSRR £ 0 TEIMEMXL v b A S
N, FK104E12H1 0HIZEHY b IHRMEakE 0 THEMIG 5 SHARMEL(KS) 1 3k



JAERI-Review 99-026

ATz,

¥ PR 104E8A25H, 10828HKU12H15H INSRR /L A TRHFKEH
M RREL &5t 6 A% NSRR At L7z,
,éem.Rpﬁxmm¥%ﬁm@wﬁﬁnomf@‘%%%@@$vhtwm%§&%7
L. 1ARD2 AR ORBREEZZRL T, 343 0 A THIREGKEORMNZE
2T,

BB, DOMBHBREOEEEEICED 2 EEICDNTIE, MEEESHRBEMRNLICET S
BfieES20 OEEMIH L TED .

2. 2 R - BEIRH

2. 2. 1 FEKEHORT - Bl

AR QRS - B, Uk 1 0 FEERMSAGEICE > TRES L, 35 1R,
B 71227 1—k No.1~ No.2 )l OREK CEBRORTRE, H2IEME. 872>
51) — R No.5 ~No 6 £ )L ORGP UM O RT AR Z, 85 3EMIE ¢ v )V ORBKR OB
DRSSk & EE RS R O R EREEORTARE, RUHEAMEHILra> T —
K No. 3 ~ No.4 )l OB R O O RAT AR B EM L 7278 HICRE IR shiem -7z,
Table2.2.1 WEMIEE LR ETRT,

L AUV VBB BREORBILER A, BERDY XV NORRERML 2.

R SRR T L AR ERE,N o . BEETEH ABBEHERORTRE (H10.12.4)
2T EaERERIIRIC Mo .

2. 2. 2 HEMHORT - BlE

s HEER D IRSF - BT, HOATERMERRES 3 I L o TEIFRME. SURBERER M. MIKFERH
. TR R ORI DL TSR R CEBRBR A TON,. FRRIE TR TH
o . EHREBRUHERE Table2.2.2 ITRT .

2. 2. 3 MEHEREEREORT - Bl

A TR ORI, REEAERE 3B Lo TIThh, BRIZET TR)
THo T, RFERIERRURERE Table2.2.3 ITR T

AR NEOBEE LT, YAV UTA MEBRUKARE =S BHEREEOEN
EHBELUI.

2. 2. 4 W& -EHIES
1) YA/ >FALNER (1 1FE3H)
2) BURBRE -V EPEALE (1143 A)
3) Nol2 4 >t L —0EHTHEEF (1 1F3H)



JAERI-Review 99-026
2. 3 MEREHRE

2. 3.1 8k ~

FRk 1 OFEICEML - MHERIERL, BILOBRREEE, REBOMRKE, RBN
LR ORTAREER VRN BROBBAEETH D, Th50HER. WThyRER
WL PHFEERET L Ea<HABICIEITINE,

2. 3. 2 KBEYE
ELRR AR I B T DA BIEE IR > BB R U RE ORISR B LB Table2.3.1 1T
Y. ERIOERENRELREIL, 787 A -mSv ThHolk. £z, FROHEBBREYROHA
FEBELILEIZ M ATHD, ERMMCBT2MBREYUE (B8 OBRKMEIE 21.9mSy T
HoTz,
EMBUBRUEMBREYR L. EDIRTHEFCED 2R BB LUREZBA o=,

2. 3. 3 MHBEHEMESEREEY

Rk 1 0 BT S N MR SR REY OB E RO B % Table2.3.2 IR Y.
PP Kr, '?° Sb KU "Te [SMHEBEMELD FP H A R OUIMHERE THIEN=HDTH
2o

FREMBHERIZ, *"KrA%1.0 X 10" Bq. '**SbAY2.5 X 10'Bg. '**"Te #%9.3 X 10 * Bq
THU. REBEFICOLHEEEREEELBA 2 RERHETRD S hiano 7z,

2. 3. 4 BEHEBEEED

ELERBRER DN S RAET DT R TORREREREEN L. BENOEFIMICIrEL, A
N7t BORTE WA BEEYEMER I TR REDEHBIIRE I NS, TR 10 FEOWM
FH ORI REYE RN ZE LN ER By RUHAR (m ® )% Table2.3.3 1255
ER

2. 3. 5 HMEEEEREED
PR R TO M EERREENIIL. BRERBRE OV BLRRES DR ERIELIC
L5bD &, RBRFOMIESE TELINREREINIRREDEN DS, Th S OEKEER
M. AERROEEICHEN, FHIEZBELTRETIHDOTH S, TR 10 FEEU¥EBM K
R E R OBV B REEYERER TRIEINZREBE, L ~ILEIT Table2.3.4
I, R OFEEIRIE R % Table2.3.5 12T



JAERI-Review 99-026

Table. 2. 1.1  #R Bl 3% B I &% & K 5 Al A # X
HOBH | REENS OB UFEERAHA &t HERRT 2
FOE Frov | BTN | BEt | FROY | BTN | Bat | RS | BN | BaEE | BRSO | BRI | Bt

SRR 9 HFEE 1 8 9 4124128 5132{37 411822

SRR 104 B2 1112(13 2117 (19 312932 311922




JAERI-Review 99-026

Table 2.2.1 MBHBRMEBRAEHEH OMLT - BHERN

BOE E MR ® #&# ®\ H £ i F A ®woOR
@ ZeEBOABHAR H.10.12.
7 = @ HBEZ0BERR H.10.4.~H.10.7.
@ WHHMALAHEBOEAICED S | H.10.8.
RE
@ WEEERVCNIVIORRKEE | H.10.4.~H.10.7. B
O LLEEBOHERR H.10.6.~H.11.3. B
BraZU—FrEIKR|©@ BBREOHERR H.10.6.~H.11.3. B
OB r# I
® ARFEFoBmERR H.10.11. B
@ TLNEZZYOBERBRKOKE | H.10.5. ~HI1. 3. =4
O LRLEBOBERR H.10.10. ~HI11.1 =1
arar7U—FrEI, |@ HREOHIERR H.10.9. ~HI1.3 B
a TV KRERY 7 2
3 @ EBEHOBHERER H.10.11. B
@ ENVEZYOBERREOKE | H.11.1. B
® Y»jyﬁx&%%wﬁm H.11.2. B
® Yo—7, 7—YERUO¥E=—) | H.10.12. B
/\'"y TEOHEK
@ THNIDHAEREUEBEOS) | H.10.10. ~12. B
ERBREOAK
® orvRBEEERKOBIERER | H.11.1. B
E X AR
— K HE o EBE B oW R R H.10.6. H.10.12. B
B & # B OE R B H.10.4.~H.11.3. B
HBRESENERHE O TLEBOBERER H.10.4.~H.11.3. B
o #E. EEoBERR H.10.4.~H.11.3. B




JAERI-Review 99-026

Table 2.2.2 MRBIABRMBFFEMBR ORKT - BRER
e T g OE W H £ W F A R
O #MEEHAUTE H.10.10 B
g K & fE @ FHEAEROEHAR H.10.4.~H.11.3. B
® REMEEHAERR H. 10. 10 B
% R O BRB/EOHBEHNE H.10. 9. ~H.10.10. B
@ 7ANI—HBBOMEERE |H.10. 4 ~H.IL 3 B
® BE. BriE H.10.11.~H.10.12 B
@ BWBOHBmERR H.10. 4.~H.IL. 3 B
O BEREMOMEEKEITAE H.10. 6.~H.10.12 B
WOk OB O R E
@ HWEEOBHERR H.10. 6.~H.10.12 B
® HERCHFREOREA®R |H.10. 4~H.1L. 3 B
i XN Y @ B#ERR H.10. 4. ~H.11. 3 )
‘ % H % W @ B RBR H.10. 4. ~H.1L. 3. B
Table 2.2.3 MBI ABRERKHBREERMORT - BERER
BEEE R MK R E ® B £ i £ A R
AN, HAEZS HERBRETORE H.10. 4. H. 10. 10. B
rRTIUTEZS “HERREITOTRIE H.10. 4. H.10.10. B
NYRZ7y bEZS HERRREKUORIE H.10. 4. H. 10.10. B
WOR WK B M HhERBRRUKRIE H.10.11. B




JAERI-Review 99-026

Table.2.3.1 HMERBEZICBITI2HHAREBRHEEOEDRELE
AR
HH Sl PO | B 2 Ul | 85 3 U | 5 4 Pkl £ M
WEHREFHEEH
125 140 165 173 276
(N)
REZHRESE 7.8 14.2 4.9 51.8 18.17
(A * mSv)
EHEDRENLE
0.06 0.10 0.03 0.30 0.29
(mSv)
BRARHDRBHE 0.8 1.3 0.6 2.1 3.1
(mSv)




JAERI-Review 99-026

01 XE'6 01 XE'6 (bg) g H¥
QH-mN_

01 XL 6> \ 0. 01 XL 6> ud/bq) HE]ET &

0 0 0 0 0 (bg) HEHY
Ndees £

0T xZO !l 01 XETD L 01 X672> | i -01XTTE> | -0 X TUE> | ((WI/0F) FHFREF A
‘ -

, 01 X672 y 01 X672 (bg) HH¥Y
: B QmmN~ ﬁ.

-01X0°2> 601 X0°2> | (Wd/bq) FHFEr A&
M

0 0 0 0 0 (bg) BHMY
:meo_ %

o 0T X0 6D 0001 X6 L>| oi-01X88>| oc-0IX0'6>| o-01X5"LD> (sWI/bq) 3B ET &k

0 0 0 0 0 (bg) 'R

H~mﬂ

e 01 X671 601 X8 1> 601 X6 1> s 0T XTI e 01 XSG 1> | ((U/bY) HFEr &
0T X0 0 01 X001 0 s 01 XL°¥ (bg) BHY Y H
Ny I8
e 01 XE6> e 01 X876 e 01 X8 6> e 01 X866 e 01 X8 6> | (wd/bY) 3 R EF & “ M
TR Mf sk ¥ & Hf skl € & i e T A < Mfsknd T8 | [ Hf He | & H|H B

GRS T L U R QW

€791 qe]l



JAERI-Review 99-026

Table 2.3.3 BEHRBEDROBRFNEREREN O M NER BORUVEELEER (n?)

551 P 55 2 Y ¥ 5 3 5 4 19 ¥ 3] £ KR
B4 fE & (Bq) 5.11X 107 3.51% 10 3.41X107 2.27X 10" |4.59%x10* (Bq)
i fAER (m?) 18.8 12.2 18. 1 23.2 72.3 (m"
BMH R B | —— 1.26X 10" 2.72%X10° 4.16X10°% | 1.33X10" (Bq)
A #&EHR (m?) E— 13.9 2.6 2.6 19.1 (m?
Table 2.3. 4 RBUHBREROKAKEECREEVOL NIV EOREKE (mY)
LRV (B) |1yl 552 mh i 553 b 554 1 £ M ¥ B
A-1 (mY 16.38 20.38 26. 40 34. 80 97.96
A-2 (m?) 0.24 1.24 0.54 [.10 3.12
B-1 (m? 0.63 0.48 0.81 0.78 2.70
Table 2.3.5 MEARBREZORFEEAREVOBEELEE
FEHLXRL MBS BIMEEHY B2 | B3R | 40 & &t
OSsS-1HEH (1.00m?) — 2y — —_— 2 7
@HEAP7{ WY (s s 17 19 4 34 4
? OV T} 4 11 7 15 % 10 7 40 %
1 @V 70 (0.20m? — 26 & 4 8 & 38
®A" - MiE (0.03m? 20 ¥ 11 & 1 23 65 4
®h-bsE 9h3 (0.02m?) 720 565 % 1243 4 1478 4006 4
@FHB-P)yy (0.40m?) —_— — _— 17 W
OQfA®E-Yyy"  (0.40m?) — e —_— —_— —
A |OMEH-MyY (0.03m?) 8 & 8 & 18 4 30 & 64 &
;, @V 7uiE (0.20m?) i 5 4 — — 5
@ 74h9 Py féi (0.05m? L — — — Ly
OFfRA-+Yyy" (0.03m? 2l 7 16 4 21 7 26 7 90 4
? @vy yN (0.30m™) 1y —_ —_ — 1y
i @7V 18 (0.05m?) S — e — —




JAERI-Review 99-026

IRNF—
v AT LHFEE

BRE A 27V
e T

VBRI ERTSLE
2 (3)

(B) B RERAMTHHE

B4 7
BAFEE R

JE TR TS0

%
(FHBRFFRE )

R 2 TR
66 (18)

FIFILLE (SUERRSR)
() PR R

EF R L PWRASCH/tEMRRKL (BEL) 344 7 L IGAHRASR ‘
ECREAEL TH 14 48GWa/tEAME (BR) RBHEAHIEERN Y v 7 VB RS
FA VKR 1 A=Y VI RFOREERER (£02)

EETH 184 @ NSRR/ VR RH SRR TR U A #HER

Z D54 _
TAAFE— 2T LIRS 3 | RBHRE(LPURKORAEHER
Z0f 2 ‘
WEREFRS 20 PWRINREORE y 2%+ =V /%
Z o1

BRI A 2 VT L« EAFRE O FFR RN

Fig.2.1.1 BREISERMIZEOFIALKIT (LR 10 5




JAERI-Review 99-026

3. WASTEFOHEEKEH
3.1 i - FIARE

3.1.1 AXEHEHROBLER
FRIMEEDEREMETEICE SV TER L EBABTEUTIIRY .
(1) BEEMNCBT B3 ALY 7TOREHHAR
Btk oS LiclET 2RE & LT, [ 2 CmBmSETF & VBE+ S 3 v 7ELED
Efipeticlld 23R8 (ASHAME) | © ToERBRVIL I X1 2EETHEL b
2 Ty ooy 7O aERBRICKIET CmRMROFEICHT 558 (BREEERER)
A2EML. AGHFEEET Lic, Tk 8 EENS SHEHETHE L TRARE FICEY
28 L ~VREEYELEO EIZHEEICRET AR CUNAFREFR) | oW TASE
Bl TEEMROA — 3 — %y 7 BEAERMIE TOBEOREZEEHRR) LT Np
SEH 5 ABILEOERIR SRR EEMR L. AELEHFERT Lico FTNZRETE,
F£)L4 DN pIRE « HRBO S b, REARREKRT L. MEGEBRZRE L1 £
Ry b F4 FAN p IEERBROC s AW FHRRBRZRE LS
() BEEYNCBT 3KR Y TOREMRER
MG B B R OB IT R R OBITE T IVICET 2HRA TR, MEHEED
WER OBEE(EORIAD - DOREEREOTEAMEMEEST 5L LB, A707 7
CSRRICE T A REOBTEBHRIAD DO E MR OTRAT ERE L7, o, FR
9 fERERANE L7 B RS Ic B 5 (TERANP u i ER) 2Rz L 72,
(3) ZFoMoWFEXE
Bk - B O b AFEEHED TV S TRUZFAES - SRTEERBR T, K9
FEEHLUEEBICLD, RERETECLIBTRUTHIBLT AV vy L oBEE £
(L7 AY o WRBRERT 52 S HRTHO TR Ui, FARINAZAT A ) V7 LG
XA R CHERMEIE R OB FEREET - ER. BEREBOBDTHLRVLOD
PWARTEI L EAERTE L, EER. F2Y 7 L0ZWOFBFREFZIE LT
2, 1. RETEFREIED 3 BOAEGRFET i Z 2t EIERBCH 1 L TRR
BREBRER DM ETT - 1,
ZOHM. IJMTRTIF->TWBHHERRRICLBEBOCAF v+ 7RIHIKD a BHESHT
FxfT-710
Fig. 3. 1.1 i ERIVEEOR AR ZR T,

3.1.2 WEmROEGREHE

AAREZE DB PE S TURFERB . MAREERM, EXUEMRME. ZEBRM. FREAER
el BWRMSOEEERE, HIFTHERS 3R L - TR (Th s,



JAERI-Review 99-026

3.2 B&RSF - BHIR%

3.2.1 AERERORST - BlF

AAEHEER DOMRST « B3, TR OEEERIEATEICH > TERM L. TDI b, EMEER
BOERIKRATable 3.2.1 ITRT, 7. EREST - BERRELITIZEET,
(1) No.1ENOBHE

#5 2BEULERBRKR TIRBEO—BE LT, MiEEICT sz, FEAREER Sy ¥+ =V
FREBEDORIK « WFEETO. BEBOEILVRIIABREETV. 2TEKT LI,
@) No.2 &L DR

H5 ZELERBER TREO—EBL LT, 77 AEHAFREERVONBT 2RAEMRBET7—F
OHEITHEE L. BREBERVEERFICWIGT 5120, EEHEFORLMEFMEERT 5 L
iz, RRAHADEMEIT - 1
(3) No.3 BILODOES

B EABHNTERBR AV S (RERARREE) OREBELITV. EEOHEHmER KR
OB B D 72 ¥ DEERE B L 720 |
(4) No.4 EILOER

BEEARANSERRCAVS (R | RMHBRPATERRARESR) OREREBHZT
W, AEEARE Ui, BlEFx, BEOHATMARD D DERERE LT
5) No.5 &L DR

TRUZ(AER - BELERRBRO:D, BiEERE L (TRUZMMASABTF &
O THZAEE ) OMRERBEERK L. ZOoMONBREEBHEL. Dy ZHAV I TFHARE
o, AmNFEBEHRBRICH L7
(6) & - EHLEF

) EREFXRASUELE (TH)

%) HESmE (1 — 6 %90 FHRIRERH (TH)

3) BERIBTIA v FPRELE (8A)

1) a v BgRHESUE (1LA)

5) EERREEF (11H)

6) $At I VERBARE— 7 EH (3 A)

7) HIREFEOES (3 A)

8) WM EFEEDOEER (3A)

9) 7oy /ey A—73IEEH (3H)

3.2.2 HFERRORT - B

R DR - B, FBirPRRE Stk > TRk L 0V EEFRR2FERR T Va—)b
> TEBI NI, T0O b, BERM. SUERERMN. RIERERN. ERERRMRUE
W HONWT ., HHERBRROEHRBREER L. &4 ORRIRIFTRICEERIED > 7 &
HEEREOERMIKR ZTable 3.2.2 ITRT,



JAERI-Review 99-026

T Oft. ZHEREBHBLRER. ENEARR Y TEFRVOZEERHMERIALEEr — 7L
B LEET -7,

3.2.3 MEHREBBRMORT - B

BEHRRERSED B E A3, REVES SRS S BICL > TEMINI, £ F
HEIREIRBYESGEETARICE > TEBIN, ZOBRITRT TB] Tho1o EM
HERBEDOERIRI £ Table 3.2.3 IRT,



JAERI-Review 99-026

3.3 BuSREERRR

3.3.1 #% &
$&mﬁﬁu%mbtiﬁm%ﬁﬁ¥m\m1twm§§$®ﬂwﬁ£&6%¢ﬁ¥\M3t
w«@fﬁmﬁﬁ¥&0m3\4tw«®%ﬁa§%ﬁmﬁﬁﬁ¥%féb\mfnbiﬁmm
¢ RFERERET S I LML, ABICETENS

3.3.2 BEYE
ﬁﬂwﬁﬁﬂﬁﬁ5&%ﬁ¥§%$ﬁ®¥%ﬁﬁﬁﬁéhMe&&1E%Toﬁﬁ@%ﬂ%ﬁ
ﬁﬁﬁﬁﬁ\MAA'ﬁvfiatoUﬁ\ﬁiﬁﬁ%ﬁﬁb%%ﬂﬁﬁ%ﬁ%ﬁiéﬁ@(@
-1,

3.3.3 MEHESEKERY
ﬁ&wﬁﬁﬂﬁ&éhkﬁ%%ﬁ%%ﬁ%@$ﬁ%§&ﬁ&&ﬁ&hMe&&2K%Toﬁi
I E B B E AR 5 REREIIRD Sh i -7,

3.3.4 EHHRIEERY
$ﬁNEEKWASTEFiD&&énn&%ﬁﬁﬁ%i%0¥ﬁﬁﬁ&0&&%%hMe&
39 1o, i, REEMMEEAGIE LIoRaH AR Ry OBRR B R U RAHER £ Table 3.3.3

IZRY

3.3.5 MEHEEKREREY
$&1OEEK%?%ME%NM@Lt&%ﬁ@%&ﬁ%wﬁﬁﬁéhMe&&4K%To



JAERI-Review 99-026

Table 3.2.1 AKX EH B FREDERIRT
B4 1% % J=1 F& TH H E i £ A H
~N— 57 ViV )% (1 ZEEBEOFE)AE H10.12. 1 ~ H10.12.10
(No. 1 ~No. 3) RUBEALAR | (2)B825F O (EdhiAER H10.12. 8 ~ H10.12.18
H’?fﬁt k (3Bt OEE) Bk Hit. 1.11 ~ HIL 2. 5
(A senezy OIESHER K URRIE H10.12. 1 ~ HI10.12.10
FTILVT77 - o<l (I Z2ZEDOFH AR H10.12. 1 ~ H10.12.10
[Na4&UMﬁ%UKJ (B8 Z D /Edh B H10.12. 18
L (BT oEEhEAER HIL. L. 11 ~ HIl. 2. 5
A senezy oFEiEAB R URIE H10.12. 1 ~ HI0.12.10
ya—7Ry 7A0- 1, (DRI F O/EH)AER H10.11. 9 ~ HIO0.11.19
1-11, 2,3,4 RU'5) . )
AUTFUAKRY TR, Q)BT O/F#h G ER Hit. 1.11 ~ HIL. 2. 5
a7y T4I-vavh-h KU
Yo TV TRy TR (3Yr0-7 =M 1D kR B/AH 1H
AR BEBESR (1)8 TE%0E DI PUALE HIl. 3.24
BERHER, LA | QST OMER) AR ”
BRANVOTIVT 7 (IEE. NILTHEDRAZ VAR ”
B < BRI R
& Bk 1 g | ()Z2EEOIFE) R Z DERE
(2 ERHEZS FE D E B A BR ”
— X 8 & X B| Bk H10. 6 . H10.12
= #H B4 # | {E8xE /A 1M
Table 3.2.2 % TN ER B THREDERIRR
B {i 2z J=1 5 I H E & £ A H
BI% X & (DfERRTlE H10. 10.24 ~ H10.10. 25
B | ZAEzs - BAEE (2)3F% HERE O EE)HER H10. 10. 24
4 3!5'_’%"33'%‘?!? (INREMEZS OIEE) R H10.10.25 ~ HI10.11.13
i | (REMESS
AR BE R L (1) SR D HEAS LR E H10.10.24 ~ HIl. 2.19
[m Bt ) (2)7 1 )L 5 DIFEINFHE H10. 7. 3
T4 INVTEE (3))ml & K O fal [l E Hil. 2.16 ~ Hil. 2.19
(OB FO/EE) A5 H10. 4.17 ~ HIL. 1.19
AR BEEE AR
L ANJLEERA (1) SR 18 D AR E HIL. 1.22
KL ~NILERR H% 95 D/ER) A B HIL. 1.21 ~HI1l. 1.26
NURREL ~N)L BEE. NILTHFEDRA VAR Hil. 1.21 ~HIIL. 1.25
Bl R
2 TR
£ - ZeR (1) BRI TAIE H10. 4.22
(2 EBNEAES H10. 10. 24 ~ H10. 10. 25
= W & 1
F& &R i
SR - AR BEE {EBh R BH 1E
7 SUEHE




JAERI-Review 99-026

Table 3.2.3 HUNARRIEHZS O EHH EREDOEHEIRHR
B A A M IH B EiEEHH
) \ H10.8. 17 ~ HI10. 8. 31
¥y 2 b T = 4 HHRA B R UOKRIE
H11.2.1_5 ~ H1L.3. 5
| ) N H10.8.17 ~ H10.8. 31
HUBgILVT7E=Y MERB R UKIE
H1l.2.15 ~ HIL.3. 5
) , H10.8.17 ~ HI0.8. 31
NYER Ty bR REZY MREA B KR UK IE
H11.2.15 ~ HIL.3. 5

Table 3.3.1 WASTEFICH I AMSHEEBREEOEMRENE
(I
WOVUNHA | S orudHA | B I | FAWEH | FE M
IH H
MEREBRBER 87 80 99 152
(AN)
EHEVHEELE 27.5 5.0 4,2 40. 4
(A« mSv)
EHEHBELE 0.32 0.06 0.04 0. 27
(mSv)
BAEVNBRELE 1.7 0.8 0.7 2.9
(mSv)

) EMGEEMUBIITANLNy DDTF—FITL S,




JAERI-Review 99-026

(bg) EEW

0 0 0 — —_

S Uhn_ %W
e-01X¥ 72> e-01X72°2> e-01 XV 2> — E— (:W3/bq) HEEfA £
T
0 0 0 — E— (dd) B I
E<_vw uﬂk

y-01XG°2> y-01X € 2> v-01XG°2> — — (;WO/bg) T EHETA

0 0 0 0 0 (bg) EHEW
SO k7
vi-00X672> | 1 -00%X8°2> | 1 -01X672>| 1-0IX6°2> | ,-01x6°2>| (U/bg) ZBMETA =
E2
0 0 0 0 0 (*Pd) T I
uy,,, Mm

ri-00X97°C> | =00 XxG°2> ) 1 -01X97°2> | (-01Xx97°2>| (1-01%x9°2>| (;wo/bg) HZEfA
B 4 Hfkhd ¥ & Hf 7k hd € & Hfskhd 7 & Hf-khd T & [ [ H HEr B o3 [Ig 31

GHEENG - YERELYURKTEH O GII LS VM

¢t 2I9.]




Table 3.3.3

JAERI-Review 99-026

e ARG ~ R U o O R R BE )

IHH HARS | 55 L PO | S 2 puHl | BOVUKH | BAWEH | £ R
FExE (m®) 4.2 3.7 3.0 0 10.9
T T T e B e
Hathe® (Bg) | 1.68x10° |5.92x10° | L. 59x 108 0 9.19x10°¢
ErE M) 0 0 0 0 0
A .....................................................................................................................................
st EEE (Ba) 0 0 0 0 0
FElRE (0 0 0 0 0 0
B__ l ....................................................................................................................................
It hEE (Ba) 0 0 0 0 0
* FEEE (@) 0 0 0 0 0
e T e e F
gthEE (Ba) 0 0 0 0 0
% 3.7x10°Bq/cm® LA LBEWIE. HERNTREILYT 5,
Table 3.3.4  BEZEMUIRE Gk L 7ot E AR EY
IHA HARS | 55 L PR | B2 vl | B IrUEH | WAEE | £ M
A—1 9.29 19. 06 9.93 4. 34 42.62
B+ yREE | A2 0. 21 0.62 1.55 0.15 2.53
(m*)
B—1 0. 57 0.24 0. 60 0.03 1. 44
B—2 0 0 0 0 0
aREE A—1 0 0 0 0 0
(m*)
B—2 0. 40 0 1. 20 0 1. 60




JAERI-Review 99-026

BOC AHFW&%H“EIE%%JE{{@

?;g%gﬁgm afndERER VI~IX
7.1

3.8
- %

EL 7 ILHN pILEGE

FlOA X

Fig.3.1.1 WASTEFOFARR (EMRI0EE)




JAERI-Review 99-026

4. v b S HROEEREIE

4.1 Eiz FRRG

4. 1.1 &R OEGREH
(1) EEEE

R LOSERE 1. FrARFIA & LTid. NSRRN— U 7 v KL, SR TFHAERFE HTTR) Bk
. BKERREREEERE. KRS FEE . SKERMR R OHRFREM IR 5 BIRERA
BEE, FAREE LTk, BARTFHRERGRER | SFERe =5 ) v 7 OREFlF%E
EHTBEIEE L, Ty CNOOBRHERBREFEMISED 720D, kv b T RAKHER
LEERROEHEERE R CPEERBORTEMATE Lo, Bl EistEOERIZH I -
T3, BFEMA. IMIRBRUNSRRDEER I N F + 72V EDORETFTEZEIR L7
(2) HEERFERK

FEEORFRGARIL. 344 FrsoBRUFA M) T JHUCHIEED > ORBA5IHE
b s LEETesH: (FRMSALEROFA M) 1IK18 5, DS BETHIZ W TREHRRR % EfE
L. 40EDRERITHOWTRT L1z, Table 4. 1.1 ITEERF v b5 RFHZS SR THEOHEY
27, TN S ORARRERS &, BHERROSFFFIREK TR, NSRS T v T
K2 S OEKERRE - AOBEROMAEE, HITRARES - #PEHC BRI 2 EFFBARBRAN164, (RW
CREAEAMEBBZRO20EDIFICIE > TW5, r—7 « vILOFIRIKRE (S EFRIF BHRRZR)
Tid. NSRR/ S— U 7 v T A S BKFRERE - #ORB/RY 69%, HTTRAREHCBEY 5156
FRBAMGEAS 214 TS - TWB, oy 8K - MEBID A — 7 - wILFIRHREL TR, BEBARD 67k
EHPEBER%E LBl > TV 3,

FAAFIREE RIALD) Tl TEXBERE L TORATIEL 98%. P AN TH
Stoo Fig. 4.1 LCERRIE R v b 5 KR OF AR ZRT
(3) FAER
(A a7 A PR B 4 SRR )

@ONSRR/S— > 7 v THAEIBEfR D FRET R ER

ERTTEED S ERE L TV ARICEFHERERTEICE SV TER L TWARBEOEA
BN BNSRR L A BT EBR & LT, AFEE R, MASHERRER 35# PREERER
E&MRE} Sk (TK-5,6,7). HRBHEERENE 1-35# BWRERILABRE 20k (FK-4, 5) LAt
B O O REBREGEE RALRE SR oW CEHER = E i L 72,

FREE LTIk, BEEOAE, XE., TERAE. BEREERAR. v A7 MIVAGE.
y RF p = FEOIERIBERE & EHEARP A ZHE - S, ABOUEMI. RHMEAEEN
DOER!I GREIOEIE - B0 « KBS ERAE. TEAE. BEIRAR. BREBHNERE, BT
FAMSER B ZDOBREICOVWTEM L o



JAERI-Review 99-026

OHTTRARK D FR B 1% A BR

HTTROEASRHFIC A 5 & & 2 KT 2B MHRRARE UTAEE R, FIEEM S OfKR
BRIKL 5k (BABEE: TH) IKOVWTHEBREEM L7,

FRHARE LTI B U7 FORA . AERE, EBAIE. ~TERE, FP1 XU b
URIE, BE - BMEEFRREHEABERFORS . MIRE. FPOAVNAE. BEEMERR
. WTEESER, EFHEMERESEER L7
QBRI H 8 SR BEE L D IR BT 4 R
YRk TEEICF v TRIDEBA I W, LIS SERAREZ RS L TV 7 JRR-IMBEET SRR k) (BRF
-10H) ORERTII. AEEEMREL 7200, 71 R 7ABOBEBEREE - T, 2TORRERT
Lfze Fio. BIUEBEE BT S Y — XIRR-3MBEMg, Nb, TiZRMIMIA O B bimskkt (BRF-13
D OHER TR, BERLV Y by ¥+ v ERBAE. BEAE. EME - STFHEMERERY
BEERIED T D DIEIREEEER L7,

@R AR MR O a5

AR, FHITHA XN IRR-MBE F + 7L (BRM-36H) DFRARE D U 7 S e
-50Cr R UFe-50Cr-SWaEDXMHEEE . FIRRBREEMR L 12,

OBKIFHME O RE AR

BUKIFE 11525 (AB33BSH) DHRERTIE. AFEER 6F ¢+ TELICOVT, vy VE—FH
B, =R RIENH AR, FIRAR EARBROBEESY. WEERAE. MEHBRES*EH
Lico 72, Tid®. Y04, X7 0 L AFEOFRRBREFER L, Jofth. HEEHH
EFEERT 5 SHREMHBEGRORER TR, & - K. ABRE. 75 v NRE, EBAIE.
AEBHIEEEEEB L7,

OmFEFHBEMHOBRE

FFROBHEEH RO LEEM E LTOT I I =9 LELDOREBRTIZ. KBRS+ +
TV UEIIOWVWT, Yy IVE—-FRE. HABREZOWHRAE. MEHEAE, BB, Ak
- BETHEMBERESEERBL

(A& F BB g 1 2Bk )

HBFIA0EERE & 0 SR 8FE F CRIZBEE AT MIADBMEHI DLW TERL TR E= ¥
D TET LIcDicEn, AEEIR. CNFTEBLAZOODOERR E L TZHEHERY TR
BHRBRENAEBHEABRORETM Z2HE L. ChEFTOBHEARBEREEL LD T LD
WEHEZERT 5 & & HICBFRARORETFMEER LI, £/-. ChE TOEMICE 388
MHE=s) LV EAEL THARTFHRERBREHORSERICES L2 IHEIC L 0 FHO
EFIEGICBWTHETY (RERGREHOME - MEE=5Y) L /053 22K L1, 2O
i, KEFBINODOZIERERE LT, 2F + TEIITOWTOWA . k. AERE. e
HIEESEEER L7, o, BT TER, SOZHERARE LT, BKEREEEEO: v 7
VA K - R, SHOABRRE, TERE, EBAIE. 75 v FREZOHBRU—
MW BERBER OB FEEERE L 72,



JAERI-Review 99-026

4.2 RSF - BN

4.2.1 AERERORSE « BH

AR ORT - B3 TRIGEEERFERECE > TERLI, $TH, ¥—7 - 'l
OEMEERE R, FIEI0FEL DNSRR = > 7 v THREDA S RS SRR EEET 5720
L ZNLIEIOS REEcER L TERL TV S, AEEE. JRSEILBRMET HERREK
OPEERE DR - B2 SHE DAL —7 - VN TRERERT 5720, HEHREIE C
. FEORAEESANLHEORICERL TS, AFER. TAK. BEABCD ¥—7
&Uﬂ%y%+yx#~7%\SEK\7U—y#—7\xbv—97—7\91;7tw‘m
2 A —TRURF—LeE, 9B, L By — 7%, PRIE 2RI 5 /=T ) v 7
2N EFNEFNER L. O, BEy —TEEDET B — THRARBOER TERY
C R AT OERREEESAER L 2, AREROENHEITREOKMRIZ Table 4.2. i<
| NEREORFEBOEMmKRE Table 4.2. 200, BEHEBRIREIERFZRE Table 4.2.31
FhZFHRT,

b7 e LA DR OESE - Bl LT, B0 —F 1 VI RHY v v & —RUMIA
EADDVvv7~®E%I$\@&#—EXLUT%ﬁaxmmkbﬁax«@&@\%ﬁ%
. wmREEA OB KAWKIHEEEEREL .

4.2.2 FEERERORS - B

AR HTEERE | BIc kD ERI N TEERM. FFHABRRM. JAREERE. &
R, ECERRER SRR OV TONERR. FHARFIZAERRFTH-
1o EHEIREDOEMIRIATab] 4. 2. TR T

. EEEE LTBEASR S 7 b ERE THRH) B TH, ELB2- BBL SHEMZEMM
B BT TH, B - BEOESHEEON L2 BMICFHRSMRE LT, EREEHRK
YRS 1 RTS5RN) N7 VO SBRUEETFRY v 7Y vV AR TE, FEHERRED
5 — B VEBIR ORER. I, EMBSOSRER LEEER L

o bRy b3 REBERAEIC D EREBROEAL L cRkM, BEFITOVTEREN L
BTHb,

4.2.3 BEHREERFORST - BlE
HORSRIEED BE SR, RRYESHGHEEES k> TElsni, /o, EHH
TREEEYESERIAIEIC L - CTEfSN, ZOBRIEIRT (R Th-1o, EMEER
BHEOEMKRETable 4.2.5 ITRT

4.2.4  HWE - EHLEE

1) BEBABHERVCRHAMKIE

9) HBeY—ERLY THEORETS

) eV —ERLY THH T RABEOBAD H 5 A~OEHFILH



JAERI-Review 99-026

4) HBEu—F 7Ny I XAV Y —DEHTE
5) BEu—7 U/ Ny 7flEABEY v v —OEHTLE

4.3 BEEHRERRAR

4.3.1 HHR

SERCI0SEREICEM U7 EIIREHRIER . 7 — 7 - BV OREIEE, NEBBOEBE - 244,
RERABRAZEMO T —7~DRA - B ETH 5, T oDfEEIZ. WTFNHRBLHITL
PHEEERET B LN EITTE S

4.3.2 BRENE

AEEER Y b T RIBOSHGHEEE LcE RERUNRE) OEMRELESTable 4.
3.1 1o, FHOEMAESRELEII 1.3A -nSv Th -7, T/, IEEOHEBEELEOH
BB LIERIIATHY, EHBRICET 2BBEYBEORAMHEIR2. 6nSvTH - 7o, EfTiEEY
BRUHAGREYER S bICRATHESCED 3 EMEEMBEBA 2853 315h - 72,

4.3.3 HESHERUIEBEEY

AERITHH S NS REREY OB E R O E % Table 4.3.2 1IZRF, **Krk Ut
120mTe 3, REHRHOUMIPHBIELRICLORHEIN/CLDOTH B, IhoDERBKREE.
$5KrAY 9.8x10°Bq. '25"Teld 1.6X10'BqTH V. BREREZICED SLEEREEHELBZ

HRERHIZED SN -1,

434 HSHERBRED
ASE I BERYIALTRIS B [ L 7 O P A MO B B OB E B Table 4.3.3 1077
¥,
135 HEHLEARRY |
ASESE I BRSNS [ L 7 O LR A OB R £ Table 4.3.4 1R



JAERI-Review 99-026

Table 4.1.1 FERFRy FTRABASZSAH LK THEROHD
(B4« 1)
K 6 7 8 9 10
K 4| Bim | Brok | B | Bidh | BRSBTSk | BRI | BTSL | BRI | BTt
5 B S & i it &
BIEENLOD 68 2 48 2 48 2 44 2 54 0
B g O 70 50 50 46 54
UEZEEEOD 26 3 51 3 39 3 46 1 30 4
A © 29 54 42 47 34
oy &t 94 5 99 5 87 5 90 3 84 4
(D + @) 99 104 92 93 88
UBEED 46 3 51 3 43 3 36 3 36 4
® T B K 49 54 46 39 40
Table 4.2.1 AEHREHE FREOEMEIRGR
REEHER B 2 £ ® & IH B ® & A H
& % E|MVvy—oy EE | BERSHEOM 7~ (110, 7.14 ~ H 11. 3.19
O v 7 OEBhEER

B2 FE H|ATERRHEE F 8 R B H10. 7.14 ~H 11. 3.19
Mok B EIMEAAAE R E | EEERR, A AERERE | 100 7.31 ~ H 1L 2.17

2 § ¥ &|& WVToEER H10. 7.31 ~H 11. 2.17
BH ZXH I —FESPER o8 R R H 11 3.17

R—-T Vv IIER H 11, 3.17
% 0 RN BIEREBERR e 8 H B H10. 4 ~H 1L 3

B % # & H10. 4 ~H11. 3




JAERI-Review 99-026

Tabled422 RN EHE B ORTER
N KR4 REHAT 4% * 5F # # KR &
" - EHAR (105268, 108, 114818, 38)
BB R R B GeNE MR CIVBORE - BR. MUMERDe-TEDORH
s s EHRE - U207 )y My
REBRERE )| NV Ir7 BB (0298) - Lt BERERR) i F 5l
X B &g 8 £ & | V-7 |RB1| EHER (10F9A8) : N y7y7 AEMKZH
ERDBEEEE | N7 (BB EHER 10F9A8)  BERL
o K HIEEE . xR @ftwﬁ@mﬂrm
PREIN YRa-7" (LS-78Y) | 2=y 47" |&XB&1|(104E9 B) -ﬁ%wz 58RI RAS
Ehicy MK RN N
BORENMRRER | 2y v |RABR2| EHAR (0FE9A) ¥
e , - , EHAR 10 9A) : 8L
ERRFRSRARE | 20 W (RR2 | Farlew (114£34)  fatEH
EFHEME(EPMA) | SE &/ |REBR3| EH4% (11E38)  BEARL
ERBOER-F VESER | SE B4 |RBR3| EHAR (11438) : REAL
AN a7 | SE BN |RBR3| EHER 11EFE3A)  BE2L
ERBELSBHEHBE UMSHEL |RBR3| EHAR 114FE3A8)  BER2L
¥ OE ) B B (UMt |BER3| EHEAR (11E3A8)  B%2L
B B B (UMt B3| EHak (11E3A8) : BELL
MERBKLEBERE UMkt |RER3| EHER (11E3A)  BER2L
ELa U _XTERE [UMGtEN (RER3| EHAR (11E3A) B2 L
By — 2ABEH [UMGEL |[REB3| E5s8 (11£38)  BERL
Gl HIEE (i oty |/A&DI— |28 4 HEERE (104108) :%g%m:;&ﬁﬁ@ﬁ%
FPHAGWER {LFREXE |BR4| AR (11FE1A8) : BERLL
=¥ 73] Hterq moﬁ, AT D R B
b7 Wb - B |V T3 | G0R10R) m—nm’ % i
ﬁﬂﬁ)v—@ﬁ& nl&&)
B R X AR o , RIREE (10F7AH) @ - 7ivhity MR OBE
s s | o LT | B3  EARRERROEE
: BHRIE: -%?ﬁ%?“l% (112 A8)
XHFEHTHE RADICE) |2k MowMo.3 | 5575 3 -AlsEus, B (1534
I AROUE. B 11 3A
EEE
i %%’%%—» V2IV3 N W7° 0)5&
o R OB KB [ty Mwel |EiF3 y-hva SUS &, —g v 7=EZEH|
‘ EFDAH (10@ 08)
EZEFR- V2 RBROEREF OSSR (104£118)
DERAEE () ) |V e 3 | s U LE T R0k
r v oa= =
i VRO R - 1ok - &R




JAERI-Review 99-026

Table 4.2.3  BUAHEBREREERER
o : BB AK .. OUER
RiHR | RRED Gl PR | pyen) (BB EE| =" _GBEE
J W =
MoRTANE |ERArT | EMETRECHIRE 270 | 400 | 2§ 6 | i EHE
HIOETALISE |\ onv i p oo . ke 137 HREINEAR
—251m | PR EHE EREICAED BRI Cs| 400 | 6 :18 | 207 -,
HIETA218 B&CHT | ERBAERECMHIBRE |°'Cs 10 | 31 4 f”’f—f‘f;;;
womrAne |BeDr | EREERECHSRE |>Cs| 10|25 | e TF
HIETH22B |, . . - 50 MEX7—F
afap |EEBTT EMEEREICHED BRE Col 250 | 12315 | 3057,
HI04E8A3H . - B P : MERXZ7—F
T EH B EREICHED BRE Cs| 400 | 11§18 4000
HI0%E8A17E | 2=V 77| = -l E 137 : [ UMER
8A288 |Ab-y h-T" EHE EREICH D BRI Cs| 2000 | 40 : 60 | o255,
momsRaR [LEArT | EMEERECHSRE |Cs| 100 |26 | 557
HI04E8 A 24 A _ - N - e 50 i MEX7—F
—gaag | MY EH B EREICH D BRR Co 25 |16 124 | L B,
HI10429 A 8 H U s - 137 ; R IEAR
~9A9H e Br-7" | EHE ERECHE RR Cs| 400 | 6 12| 2007 =)
TR | o g i 1a7 : £EV R
HI04 128 18H e ERSERERICHED Rk Cs 40 | 2 85 | gy xy
HIOE12A28 | p gy P *°Co MERT —F
aRwag |EEATT REATEICHE D BRE srgs| 400 |4 65
HUEIA2SE [1B&Dr7 | BETEICHSKE  |''Cs| 400 | 4 16 ﬁﬂ?iij
HIELH268 [{LFAF-7" | BEATTEICHED BRE *TCs| 400 | 3 6 ?ﬂ%ffx: ¥
H11€2A3H _ ek - plz 5 60 E MEXZ7—F
oasa | TV REATHECH R Co| 400 | 9 {18 )40 ) 2y
HI1#2A 168 O e *7C's # R AMER
—2a17a |[EFBTT BT RS vosgy| 3200 | 8 1320 i )5y
HI114E2A 18H o e | ot sy pl 2 **7Cs E HRAMEAR
a0 |TEFBT7 PSR BRRICRE D BRYE |Loog | 3200 | 8 132 ] ol g5
hnmAnE |BEBIT | BEIECEIRE | Co| 400 |35 | 0t
miE2AnE UM | EMEZRELEIRE | e | 00 | 27 | 63 | TASMEMR
~ 3028 |AFHvarT | AR ERAAE X (T fE D IR T ' : =N 7))
anEain |t | EREERECHIRR | PCo| 15 |2 6 | po )
HIRSARE | #—ean—sommiek — | — |88
HI0%11819H oAbl £ 2 137 : ¥mv A7
~ 118308 REERA S 7 b OERER Cs 04 | 7 5 19 | gy 92y
HI1%2A2H — o | — E
2H 18 br—7 e VAR RIER 11 ¢ 55
& F (B HREB %:518MH) 194 439
(ERIEEERYK: 220 ) '




JAERI-Review 99-026

Table 4.2.4 HEMREHEHFIREOERIRT
®x W 2B B B & B & 1B H w %
2 FE & egErilie. shiERE H10.4 ~
B X E R B % ” H11.3
-] I M B R ENSEOFEHKSESRICLIEHAR
W |FEEHER | B # HHEEESICLESHRAR. NERE | H0.4 ~
BE B 8| egERaE Hil.3
BE B B | eRERAE. EHER. AHKE H10.4 ~
K BEERM BERAE. BEAE H11.3
T4 V7 EBR| 74 VIEBEMRAE., ABRE
7 4 V7 ETERIE
WA ELRME| R v 7| R IERAIE. 1EEIEER H10.4 ~
BE - N7 | RO - B, AEBRE Hil.3
L—_“\y }\ . 57 ‘_/7 ” ”
EREREE E M 8| FEEER H10.4 ~
= 2 F ” H11.3
e HBREM | {FEIEER H10.4 ~
¥ W X W KGBREERME ” H11.3
Wk BE 2R 7

2 UL R

14




JAERI-Review 99-026

Table 4.2.5 v b I RERBEHRRERBZORT - BRRS

BEERBRXE B & IH H £ E AR H =
H10. 6. 1~HIL 6.10
z £ = £ 2 OB E .
4 ) 5| BERRRUK H10. 10. 26~H11. 11. 18
v 2 = - 0. 6. I~HLL 6.10 |

BEEABRRUKIE

H10. 10. 26~H11. 11. 18

r8& Y)Y 7T E=S

BEEABRURLE

H10. 6. 1~HI1l. 6.10
H10. 10. 26~H11.11. 18

Ny Ry boOREZSY

HERRRURKRE

H10. 6. 1~Hll. 6.10
H10. 10. 26~H11.11. 18

Table 4.3.1 v FTEERICH Y BHGHREBRFEOXURESE

EHH HARS | &5 1 POEHA | 5 2 DA | 5 3 U | B4 Pl 51
BATRRHERER 98 129 121 148 220
)

REXHGEIR 0.2 0.6 0.2 0.3 1.3
(A - mSv) _
FRENRESR 0. 00 0.00 0.00 0.00 0.01

(mSv)
RARNGRIR 0.2 0.2 0.2 0.3 0.3
(mSv)




JAERI-Review 99-026

0 0 0 0 0 (bd) ¥ H ¥
SDue1 | LR4LLE
01-0TXB°'T > | o1 0IXL'T > | 1-01X26 > | 11-0Ix0'6 > | (c;00/08) 3 W B =
;0T X9°T yOIX9°1 ) H H ¥ ol
wgy 1
s-0IX3°T > (sw/bg) ¥H W B &
0 0 0 0 0 (@) H H ¥ & W
LE1 *
01-0TX0°C > | 01-0IXTC > | 0:1-0IX0C > | ¢:1-0IX6'T > (W/n) H W B & M
0 0 0 0 0 (@) H OH ¥ ~
Ndgsz y
11-0I1X8'G > | {1-0IX8'G > | 11-0IXG'9 > | 1-0Ix2'9 > | (W/bY) H ¥ Ef & X
e0T1 <86 e0TXG ¥ s0T X0 7 s0TXL'T 0T XT'T (bg) H H ¥ 1y
, g8
g-0IXL'9 > ¢-0TXL'9 > g-0TXL'9 > g-0TXL'9 > | (;m/bg) H W Br &
W ORIV | WOREICH | WoREICHE | BOREIS | g i yon | B

GEBESRHEY L URKPH O GRYE N A 27677 2148




JAERI-Review 99-026

Table 4.3.3 BEEYMAFEEA~EX U fo U R IERREY)

R
1 PUeR | S QPO | EIUOE | AW £ 0M
R 4
EixE () 6.8 9.9 9.7 7.2 33.6
A ............................................................................................................
fteeE (Bg) | 1.4X107 1.8X%107 9.9x10¢ 1.0x107 5.19%107
kg () 0 3.2 2.0 4.0 9.2
T O s H i
HEYaER (Bg) 0 6.6x10° | 2.5%x10° 3.1x10° 1.22x10'°
FRikE (0®) 0 0 0 0 0
B —_ 2 ............................................................................................................
THEERE (Bg) 0 0 0 0 0




JAERI-Review 99-026

Table 4.3.4 FEIEWMAIRE ~fk U 7= BB RBEEY

(FEEE L3R, MRICRATEREZ, HERTEE2RIL)

o BTN | Eo My | EIMEH | FAaTEH | £ M
X 4
A—1 | EEE (m®) | 1365 24.99 18.50 20.31 77.45
A—2 | BEER (m°) 0.33 0.06 0.12 0.06 0.57
B—1 | EEE (m°) 0.78 0.45 0.42 0.06 1.71




JAERI-Review 99-026

it 4
oM 2 ME 3 #E 1
Bokgp 1 ERE 1
DMl 5 !
L
H li’éwﬁ K
v 2\
S 20 8 8
HTTR
gk \ 14
3]
20 37
B 40
i " 8 4
4y B BIFI A5
A 1.8
T ™ME L8
BkiE 1.5 ZoM 0.3
0
BRam 2.3
<P\ h
B 7.5
ﬁmﬁﬁ 9% %7}@9—5 H_
m | 28 \meseg
LAN"HTTR
20. 6 Bd
66. 6 1%
o 98.2

3 EFBIH A B ]
Fig. 4.1.1 Mgk b7 RERFIARE CERI0ER)



JAERI-Review 99-026
5. FRBRINANBE R
5. 174y MERERENR

5. 1. 1 EEENTEE DM

(1) R

SEAE. WEKRUE FARIREL O BRBE R (LSRRI ITHE D 5N TV B 7%, FREERHIZ BT DR
Ly FORSSBEFMICEET 5 ZENRELINTN D, FiT, REEESORMMEEI,
RELOREWITKENFEERETHEERRTFEL T, TOBAPBHLINTVRS. TOLD
REBDOGHEIT, BERL Y hORATY 7 ROBARAER (FP) A ARIH 2B O E B &
L7, BEFRERL Yy M Sofnae (100ngl F) OEEERBER RIET 2 HEH R
FRBLEREHR L. BEEENEERBI. m-F2 L2 K VATV FOBRKE
ANT. BNRBIOXK T EREHPEROMG, SEEE RO DERERBERE (TIFAT
AH) KEDPETHHDTH S,

(2) RROBE

EEEEATEBEORMIL. MEHETEHITSBOTHD, FRIFEEITHEIFERREL LT,
S ARG D RE - BEROMREBERT o2, FRIVGEE CGEUAER) 3. BTG ZE
NS - DI HERMNSEBEE LT, BEAWRy 7 2A0%E - BE2ITL, AIFEICEELCR
BAKE &b ICREIRBR SRy FEREICEAMT. BRERREEE L TR
wEEERTEEIL. BEAK, FRE, AE - AERROCEANNRY 7 A THERE N, B
MBI A O 8D BEAKEEAWER Y 7 ZANIZ, FFREZENVR Y 7 ARKR EHIZ, KUHE
s EEIR A EANR Y 7 AN R ARBL. 2 TOUERENERTITA 2L Lz, BE
R B 2RO/ % Photo.5.1.1 IR T . SMOERMARIIRDOEBOTH S,

1) HBEAA

LEE AL, TR OB I TR S N D, IIEERIE. EBMMEICK S L TBENC
0. KEPRUHETOERBEMNAET, KEBEFAROBEREHFICE > TEIZ—EDME
EIE L. BELUEBIENITETH D, £, REHHEEHEIE. BAWRy 7 ANTO b > 7k
EZEEL., ETRRETHO 7y 7 ICRERERLZHAS THITRAZITIHDOTH S,
LEBAKDEANE v 7 ARADRBICEL T, FRRIEEBAKRALREZT 7 U IVE/A
SRR Eink D, By 7 ANOBRKICL AT ~OFELMNBIT 2 L L BIT, ERIRE
MEZEL., REROBOEEIELERZIM OISR EOMRERL .

2) R

FEEIIL. RREOMMOBEETRAEZHEAL. BEAWRy 7 ARB EARICHBIE~WEAE
HIMLTREL:., 8. BEETFRROMLKRIIOVLTIE. MFEEOHREEZSHINLN,

3) MIE - flEHER

HlE - ®EEE. =V FIN A2 —YIZA AR ENY T I ITIZEO AT A
MR ONT — S B EIT A5, WE - B EEANR Y 7 AN OREARKRIZENNEEIZEIT



JAERI-Review 99-026

axryIcE0gEREN., RTFARKEOYDELIIERITITA S,
4) EAWRY 7 A

ANy 7 20T, HEEOEOBUADEMELEOHII<HBLYBOEMZENEL. K
SHEWE IS RBEAKKEESHE S L. BEBERNEEE TR0 %S W OBKBHEE
2. 7. 4GBqTH D . ZhiL. BIAFREIARL y FAZmo X ImtiZHM TS, 2B, BEANBRY
»ZNITHEB 7 5 AkgSs KEEE 036) &L TaRatL7Z.

AWKy 7 2. REERATEEHOR— M EEAVRIZRT L, BREASHRD T
BN T vy Uit. FREELEN L TEAWR Y 7 ARICEMN D, 723, HEHSEER?S
OHHEREE VAT LD KAORNEER T 2720, BEBENVWERTAN-TEHRHL .

SELONY RY 2, AWKy 7 ARSI ER—V - vy b 2T L= 2R
THY., £ BEAanRy 7 ANOELEZAIC. BEAWRy 7 2 ERAFULEOEAWENZE
T BT T AMDIEANE (HZHBEEE 200 X 200mm. EE 205mm. EE 52 g/ cm’) %
A=) -y b 2T L—F ER-HEICRELTZ.

EANE Y 7 ZDPRIE. HHEMEORBERIET S0, T, HEPAD2ZER T 4 V5 &S
U TBERR PR 2 RMICHERE L 72
5) HeraeaER

HEANERL BB ERNTEBORSIELERRT 2720, REEAORIERIRNEKTER
Ve R BRI T AE RSB L BB ERE 2T o /2. v TWIVEEERB OMm—F 2 L > TORIE
$ERLPI A . Fig.5.1.1 KT\ Table5.1.1 IR T

GOAMRERBRIT. MHMREORE L, AEEMRLIOREBTREL 2. fINoOHR
FEREBEFTHO, TORANMELZEL TS I L EZERTSE .

(3) £&8

SERRIOAERE L, AWKy 7 R &G - BUEL . EEICRIE L /R EAR G 6 TR
R DRy FEREIEA ST EANOERL CEEEEREEE L L ToRaERERARET L,
BEEENTEBEICRDIBRER MV, KD, BUNIBOERRIEN ALY,
FRFREI ALy FOBAFICEBHMNEBIC BT 2FMAEESTEES I LAREED,
X517, ChETRLy MESHYOEERNET — 8 AV TIHE 21T > TS REEROMK
WO R LT D C EMATREE 2B, SkIE. RESEEZAWZEY 2T v TRBRETVEE
HERTT AL &I, HABREHIL2HEBRT —5 O&MREED, BRERRICERY 55t
ETH5,



JAERI-Review 99-026

(%) 89L1L 66 (%) 1011L 66 (%) SS1¥8 66 (%) L1L78 66 (%) 8798 66 al%
(W, 8)9.,6.8 '8 | (W, B)87%L8 8| (W, 8) 65888 | (W, 8)79%88 '8 | (W, B ) e988 '8 HOF )
(Bu) €L1 96 (8uw) gL1°8§ (8w) §L1°6G¢S (Bu) 9L1°6S (W) LL1°68 B B b B
(3w) 760 19 (3W) 76019 (3w) 680 19 (3w) 16019 (8W) 160 19 B OB 4 W
( s ]
X = = [ 5 = (87 F) 1 =1 TR U 2
X = ErgL gL EgL! 01:00:0 BB Y M
00:08:1 B e E AL 00:01:0 LI
AL H I Iy L] 071:00:0 B &0 & 2 2
( HE20 ]
B X AL AL A4 E—-W Z ¥ oy H
RrgLl T [ ] X A4 [, (1 El 1 — = &
et Bl At AL (W, 3) 068 (Al) & & ¥ d
L] T AL gt AL & Z W ¥
gL I [ AL I 4 1€ °¢ 6661 H H H 2 i
¢ IN v IN € IN ¢ IN I IN E 8 % -
HEHDMEIZOL AN X -WORHEREAN L AT 17176 9[qR]




JAERI-Review 99-026

N E B E B ¥ b ¥
GBI OL N ¥ —WORKEREA LA LI

AIQ,703S09 [8l4#

1 1 T 1 v i T 1

\_/

GEB'6LE
LEBGLE
6€8'6LE

1peere MR

Ll
£V8'6LE Tun

Hi,
e

AL
SY8'BLE |
o

tveece U,

3
6v8'6LE (R
1S8'6LE

€68'6L¢E

GG8'6LE



JAERI-Review  99-026

Photo 5.1.1




JAERI-Review 99-026
5. 1. 2. XLy FRAEBREEEOMFE

(DI TBIZ

B AKAR B R TR B O ERBEE (L AHERRIZ D 5N TV 20, ERBERICBIT MBI L v
FoEMET—8, EELTRRERI, EFRERUOEROZLENE2TO L TEREZRT
D—DOTH5D, BMLERIT, BREHER, BFERVEEOENSRDDILENTES. INKXT
AABIICMEEZAVWTEED, LVEBELRRGERDT Y 2EB50ICE, BREABOER
BRALEINTVD, LEN> T, BREBEIRL Yy MR ORBFREARKYREEERERE
(LLF. DSC : Differential Scanning Calorimetry) IZEDWTHIET 2Ly MNARRHEREZ
B - 8Lz,

Q)RFEOHME

BHERLY NEHDWERL Yy FEAENSERLUIEMKABHIDOWT, 150 0TCORRE
HERICB I 2RRBRTF—IMEEZEANEL T, SRR, ERBEEAROCRTHEOBEANSDS
CHIZINARBERAETEIRLy FAKBREEBEFRIOFEENS 2 HEGTETEMRL .
TR OEBIIEBAKOD S CAK, RIET—7 AT —a r RUHABAREOR - BEET
. FR10FEEIR. WEMAREZROED O KERMNHRBEEL T, B WKy 7 2%
DFE - BHEERIT W, BEEICRELZEBAKRKE & bICREERBR KRRy PHEREBICHEL.
BRSO L v FARBRRAIEEEEZTTR I B,

ARy 7 22 EDEEEEDOHNE % Photo.5.1.21T77 .

1) ZEXRK

KLy FARBRIEEEL. BHEERNEBROES LD, DSCE Y -2y FEEAVR
w7 ANIZ, DSCAR—RAZZ v hEEAWR Yy 7 Z XK LT, KORE - BT —0 A5 —
g REANRY Y ANMIELZRBLE, £, ETORMERENE~WR Y 7 A0 E 0=
MTIFADHMEE LR, XLy PARBAIEXE THAT 2RRMHAEE. 14.86BaTHD .,

iz, FHEREXL Yy RF2me X 2mtiZAHYET 5,

SRR (SS400) BLEA WA w 7 ZOWBIL, EAWKRY 7 ANKREII BT 2B BLYBNANFEREIL
BEALKBMOBRUERETHDInSV/EEZ FELESELE, £k, XLy FAFRAERIZK
HUMEOHUADBEESHE TS0, BAWRy 7 ZOHE[UE ZBERPKRICER L.
B, BHESNIZE I AN =Ry 2 ARTR=IUNIN T E2E T, S SICAEMFIRE, 7115
—DHEFVEEHE T H O EEFG EH T

2) EANRY T A
CEAWEY 7 2R, BEORMBEEREAVWTRy bl X oBEaNAZEANE
w7 ARIZBATEDOREHBEA D ZEAWR Y 7 AMAEIZHIT D EEBIT, XLy FARE
BIEEEOMEEHIZBL, DSCE -2y hEEANRY 7 AKX 05 EHL TRT AR
WERABIZITZAALDIZ, EAWRY 7 2Z0REHRA HIEEIEANWEE Za% T 7=,

53—



JAERI-Review 99-026

e, BAVWRY 7 ZANITHMA S NZBBOBRBENIE, AWKy 7 ARFHRICE D T 728
=NV Ty b RZTLV—FEANWTITOIZEELE, AT L —F 3 EHICEBIND
DT, HEIZXD M UNTREL, REXARZHBTIZIEOENLSIC, A2y —x1 b
BTN A& EBEBEELE. BAWRY 7 A ERASREANVENEZET IEANEEEA
Wikw 7 ARFIZERIT 7=,

TSI, DSCEEZZTVEANWR Y IV XA ERBITIRELREOMEL ILE (75 ZB) (k
FEE 036) LU, BHEREK. SEFERVCEER) MHERTRNFME 2T/, FO
R BRERCEBABETHD, BELBRNVWI LS, RELEZAT VL AMEERIL N (M 12)
6 A THEHEL =,

3) BEMEERR

BEAWRY 7 ZICHBLERL Y FMABREBAEEBEOREMEEEHET 27, DS CREHA
. DSCOT7S5 IV RBRUHBAETRBEEI T/, HlELT. DSCOTI L7 RERUKE
RAEABROMRZE Figs5.121 17, ZEMS51500CETRBLEEZODS ClIBO R Y
ThEZRELKE. DSCHBORY 7T 518130, 8 6 mWTIHHEIZHRWNT &40 >
Too Eiz, HBAZBCIBNWTIE, PtD1000CIKBISLEALRATLAER, BT 0. 1
51J/g K&z, HIEHE% (0. 160]J/g-K+x10%) NTHDHIEEHEL.
E5I. FARHTHRAOBRELZITV. AIEHRAN2HELE., TOER. BEHEZ 1. 3% &
20, PIEREME (£6%) NTHBHZEEHRALE,

(€)F Fais

REMRARICKLD, FIHNEEATIIL2RAL. XLy MNARBRHTEED 2 HliIcE
BiEZxT Lk, %13, BRERRICMIT, KR E2R%E LR E?ﬁﬂﬁi?ﬁ’&ﬁﬁ_ﬁ‘
BRODHHRREED DEETH 5,



Haat Flow (mW)

JAERI-Review  99-026

5
1400
‘ S
3 1200
2
1000
1 0. 86ai
800
° S
a4 b ¥ 600
21
400
_3 -
200
o}
-5 [+]
° 10 20 30 0 50 [ 7
Time (min)
DSC7 T v 7 MEESR
WERHN:. 772, WAKE:10.0ng, FBESAir, RRYE:20C/min, 4> 7Y ¥ FBEN 1. 0sec
10 1100
[Pt — A1203 — Blank — Temp|
5 s
A T 1050
0
3 B
E 5|
é 1000°C 4] { 1000
g-10} c
b
_15 L
{ 950
~20
P MR <CA) .
AR <(B-A)
25 N . . A ; 900
00 50 100 150 200 250 300
Time (min)
DSC Lt 2 3l 75 45 21

Fig.5.1.2

RMIH PRI RE 303, 16ug. BEMIUR AL, ERWUN &iK:32. 4dmg,
XUHAAr. LIRS 20C/min, ¥ /) v FBE 2. Ssec

Temperature (°C)

Temperature (°C)

DSCT 5 > VR BRULLHREAREBRDOFER



99-026

JAERI-Review

Ay ¢'1°G 01044




JAERI-Review 99-026
5. 1. SmOMEEENBETFRBEOMRE

(1) ZUBDIT

L DBAKFREI O @RBEELIZHE L, BBV FOU AKRE. #EE OBLBERUKEL
MOBERZITY, BMEOREEEZ X 0FMICEHATLI I ENERINTNS, 0D, EfE
RTOMBBEZZENICERMRMUEFHEEK L =87 BAEEEREFHEMSE (LUF. FE-SEM
:Field Emission type Scanning Electron Microscope &\2D) #8E4 5, 8. TR H
i MAEEHABRIEO I RN F -8B XERHE (BLF. EDS : Energy Dispersive
Spectorometer &\195) E{HML =,

(2) HROBME

FE-SEMOEfRIL, 3EFTETITI D TH D Tk 94 E IS B M ISEDS DR AT - BER
VB 2 EROBERG 21T o7z, FRIVEEZ, FE-SEMAKRKZ OGRS - 84EL BT,
AT BE U 7 SO PR R IREDS DAA B 21TV, HERBICIREEBE. THAERER 2T o 7=,

FE-SEMiZ, MM ZIMOED 72D, REAKHEHET 28 L. BEAEREEAWE
TEOBEETOALERD D, Z0D. BERKIHRDILTOREL. ¥ —BE#HeL7—
BEick D, EAWENANS OEBEIEICL > TITA B X D&%ET - B4EL /=, FE-SEM ONE %
Photo.5.1.3 IZ/R 9,

1) FE-SEM Z{&HS

FE-SEM AAKI3, E T8, BEA¥ER, ABAT -V RUVEZEFTIRETHERIN S,

BEFHE BRI BEFHROBMEERNICI VAT T RN EERKFRICIHEI NS, FE-SEM
Tid. BTRKETORHEE CLE) MEHTAE<, BTHEOBVETRENELN, 5
2, BRETFITHRT 2~ 33U LBEWEENE SN2 R EMER KN EZRA L, FORE.
AERAZEBRADERETOBRENREE 1D,

BRI, ARETREZEETIETFL VX, RABRSZOBETHFER. BRNSRETS
XFRPEFERET 2RHE R VERAIEL NI EBEGRBERE2THOBREEM»SEBREINSE, —K&
IZ. SEM D MREEEZRD DZERDO DI, MHXEZ2EETLIEFE-LOETHD., DR
2 ET5E0IZ3HEE LICTESEIT/NIRE—LRERZESRITNE b6z, FO0D., BF
HFRIE, BFHEMSKHEINE—REFE—L%Z, BEARNOEXL > X, dMWL X, #@&b
TIMNROE—F—BHTL DML > XAAEFHK D EDORAIEZ ZBRIEIC X 2R LIRS
THIEIZLD, 2nm ¢OE—LBREB TS, ZHIZLD. FE-SEM D fEAREIZ. —BDY >
AT >T74F A2 D 35nm (MEREE 30kV) 2L T, 1.5nm NEEE 15kV) EEDHE
BEEETWVWS, RIEEIZIE, TRETFRINSE. KEEFRIEBEVHEXBROKREZITS EDS
EEMLEZ, 2055, REBEFREFE. REEFICPEREFERAL TSR0 BRERIZES
HLEeEEBL T, FHROAERNICHEATLILI Za—T74 v I/RDY SV TIVKEE
Fieiigs & L/, FE-SEM THBIE T2 EHEHOERIL. “XREFHR. REEFHRGRUORHE
FMMRD 3 BB TDH S, Photo.5.1.4 L& DAREFR D RKEF%E. Photo.5.1.5 IZHifkLY (G
ROHM) ORFETFRERT, £, TEMTHIC, AIFEEICHE - 8L ZEDS #8551



JAERI-Review 99-026

WAB BT, ARHERIT, REETRICAHT ZRAROBEEBN DT LD, T
¥AF L BSMEANT Oy 7 &0 A—y ZRIHBIHRICERE Lz BuptEarbe R o U, 3
) X — & DY) 0 HE IR, EEIEKEICE > THIEERN S OERRENAIETH D,

BRI, MBI > TEGES E L TRIHS NABBES ZEGQQAE L, —RTHIRHE
ﬁﬁ&bfi%ﬁécEé@m‘%ﬁ%%hi%cmrfﬁﬁﬁéaaﬁt‘?V&»?—&&
Lfﬁﬁéhéc%ﬁéﬂtﬁﬁ?—ym\EE@%@%EK&%%?D%F%%&E?ﬁfU
VA —IZEoTHAEND,

KB ATF—Vica—t> MY y A A A=Y AT —VRFRA LIz, AT —TOBEIE. AT
CUE—YRESEBIILOX. Y. Z. ERRCEROM: E BRI TEEECHE NS,
B, REOBBIZ. REZAF—UEIIEHL, YT LY FILLDERRETITS.

E%mﬁ%m‘ﬁéﬁﬁ(m”hi—ﬁ)%%E&Té%?ﬁ%&@$%§t4ﬁyﬁ>7é
AL, REE (107 PaA—4) . WEERR>Y 7RO —RAFRITICEOEFRT 2. o
SIIM B O - DB R EFER AT OMENDH D, TOID, BEEZEZHERL RTNERS
mm%tyﬁyftjmfm‘ﬁ%ﬁf%ﬂ%ﬁ%éﬁ%f%éiﬁﬂy?U*Nv77v7%
ﬁ%ﬁ%éﬁtomv77v7¥ﬁm\ﬁt%%ﬁ%t@mm%%ﬁﬁw&%%mﬁﬁﬁ%ﬁ
THRMINIRETH B,

2) FE-SEMIf#ER

FE.SEM HIEIE. BIH¥ROFME, BEES ONIE - FH, EZEPREFE-SEMICR D2
f@ﬁ@&—ﬁbf:yez—ﬁﬁmfrio:m%wﬁwm\i&vwvaymzw‘#—ﬁ
—REZEXDIT D,

ﬁ&v~yayNXWTm‘@@%%®%ﬁ\7z—hx\:>riz%®%¥%ﬁﬁﬁwﬁ
Eﬁ%éam&btﬁﬁt‘%%ﬁ\ﬁ%vyf&Uﬂ%va#ﬁﬁmﬁﬁmmébﬁ%ﬁm
REEEFS, YUAEGDF—RA—-RTIR, BERTLOBEFBIIRRINTOEAZ 21—
MEETHEMECET 2 RECETAERORE. EHENE, RBORHJEFEIT I, T,
ﬁ@%tm%@wf%m%ﬁﬂaﬁiﬂfﬁo\Eﬁﬁ%i?é&%ﬁ@ﬁﬁ%ti@tﬁ%t
BITT . BEMBEOEDICREDNRSH O THBR LT DRI E2>TRD,

(3) £&®
WWWEEM‘W%WK%&U%@%@%%~§¢§ﬁw%%§tﬁﬁﬁb\%EEK%&L
- A PE B G REDS ZHLA 5. WEERERAZITo 7z, ARId. IV REBERWIEEY 7T
vf%é@é&t%ﬁ‘Wﬁnﬁﬁ%%f%é?—&@@%&@ﬁ%%ﬁtbT@ﬁ«mﬁvb
X@ﬂ%'ﬂﬁéﬁm‘M%W$¢t&BK%ﬂﬁ%%%ﬂ%@t»ﬁ%%t%iﬁﬁ\%é%
I RERE R ATV FICHLEREZTET T2 TH S, JHUTLD, B RBEEE AR O LB 22
ﬁ%%t%ﬁﬁ%ﬂNvawUAmﬁ‘ﬁ%%@@kﬁ&@*ik%@@%%ﬁﬁiiﬁmm
EIYOEBIIBITE T RRIET D N EES.



&

e

i
G

S

AR

JAERI-Review 99-026

FE—SEM®M4 £

Photo.5.1.3



JAERI-Review 99-026

R SORBNT
Photo.5.1.4 —XREF&

Mhig
At R (ETUA VL) IESBF: 25KV WD:8mm

Photo.5.1.5 REIEF{&



JAERI-Review 99-026

5. 2 FAMEIEERER
5. 2. 1 P1EF—¥R—AEHI AT LOE

(1) IEU®IT

$vFﬁ%ifﬁ%ﬁ@ﬂ%k&ﬂétmwoAk&@@fﬁD\ﬁﬁgift$ybﬁ$%
%vk7~ﬁ®%ﬁéﬁoto%%%ﬁﬁ?f§¢¥%iééﬁﬁﬁﬁﬁﬁﬁb‘%b@ﬁ*f
?—&N—Xé@%tﬁﬁ-ﬁ%?ét@@?IE?wyx—xﬁﬁyz%Awﬁﬁ%ﬁoto

(2) F—FR—AEHL AT LOBRE
PIE?—&N—X%@&X%A(LIFISA—Lt)mWWW75vﬁLTﬁ¢?6*y
bv~7ﬁm®i%%ﬁyx%Af%éo%%T&ﬁ&&migéﬁ—ﬁ—fﬁﬁb\7547
>F#55mtﬁﬁ-&$ﬂﬁfééo%%KK%&%&T%%%@%—NWT&D‘ﬁ&-ﬁ
% Eﬂﬁllf;&i‘@?;"é{’ﬁbi%l—~4f——o)/\°‘/:l‘/J:ﬁnaﬁi%»o BENOHEE TIRNTOREEZA
y&w*vbiﬁZiD—?@@ﬁ#Bﬁﬁ:&ﬁ?%éo

BERTEDXEEUTITRT .
-Word@Exce1EE?fU#“?E)TWﬁLk??%W%%%*?
-X#vfﬂ%ﬁﬁﬁhﬁﬁ@%ﬁ%gﬁmﬁ
'?V&»ﬁ%iﬁ&#émbﬁhﬁ4%~7774w
Y%@%ﬁ%t‘PDF?~&%@%WW?%:&K&D‘77U7—95>%@ﬁﬁft7
74»@Wﬁ%ﬁ%?éltﬂﬂ%tméqﬁﬁ‘PDF%*F@&%KM\AcrObat
Reader 2fA7 5%,

B a N XBEORRAEEUTICRT.
-X%%ﬁﬁbt7xwﬁﬁb@91wét%
ﬁ—N%WwﬁﬁX%@‘#VEXVF\71»?&0X%®%E%ﬁ&m91m50::
. LIFISA-LtO7x)V5 " YE-EE@IIBNT, wERABEINTVD T 4N
x5 L. BHOXEEZERT S.
CHA4 R bR TS EE
X%@&%F»%ﬁb#ofmét%m\LIFISA—Lt@%:n*;DF&%bwﬁ
%Jjvyﬁéﬁﬁb‘ﬁ%%ﬁ%xﬂbigéﬁﬁiéo&%%#fm\X%54bw#v
E*yF¢71wﬁ%%%ibfﬁ%Té:t%ﬂ%ﬁ%éo
-I%@$Y¢Tﬁbﬂfué%%ﬁb#ofmé&%
Y%®$Y$Tﬁbﬂ1mééﬁ(#*U*F)ﬁb@oTM6t§m.LIFISA—L
t@%:1~;0f%iﬁﬁj377F%§%L‘ﬁﬁﬁﬁﬁ$*7—F(@ﬁ@#—U*F
AS b AlEE) BANLNEERET L,
ﬁym&ni%ﬁﬁ®¥M%‘it‘ﬁy22KY%&%®$M%%?°



JAERI-Review 99-026

st BRERBRICBI 2Ty OEMEED D LI, Ty FRABREY - N—OREERE
DEREHMEIEZZEIMFPLTNS,



JAERI-Review  99-026

EESOEX 1069

£ TRYRBFOVSIEN
WO R2ANHA 240
HN PR~ LEREF]

CIniER

L PGATL

FIS £3E4R40d

EPEEIBEFLNLA0AR LAEATIENELO
WSIAMT  NEE T C— B LY LTRW P LIS S N

%

°6RIMOXLLCE
T L£) ©EWIHZIALO L OVIENFEE

LYY ZIAIB GOV LLAEA—L N LL L

CLBIVLYBRUNVETIBEOGET TWERL) 48X 9

(oL 24 el L BB S LL—T K 'S

*SRRD IR TG LMTBAEAL B[ VGTE I AT DL LY
lawgar Lo lllgT~E4LR Uy LL1—T¢
° 6 RPMERA P LN BERERIE ¥

CERNHEZILOENEE €

EXgtsd
BLIERXN
CC@TIEX
i Q@Lﬂﬁg o
R o Bpeon ] ORI
e L g
SR ;
. g e
FE22T oyt ok

S I,R_welb.ng-?mﬁﬂ.
E Ay sy v
ugxwﬂ.

I EMERY OB I — %

MEzlawibLelBEEXIA ) LL]-T=X "2

AressL vl 83558 weEE
/e 2 ExE exqarx: E
wﬁﬁ eﬁ@&mﬁ\u m

=4}

YRR EVLL B

LGP RLNBEDLILILS
REAYCHDININPIOM

TLLEN-VSEN

CERNMER LM LBE L

CEEB2WIRITY

m%w.w@ﬁw\m\ ~LhLEOARY] TIRIRUNEE
DRI ZAAdITIMG LT R
CERIONURCCLEEINBFEN Fe—LO
REUBIIENBXOL—OCHYLATAN R VSIEN

CCYRHINGEILR
BXIBLEACAGGHY

(BROEX)EHEE




JAERI-Review 99-026

BIEEBOEX 777631

i 22\ ST BB

T4 ABET Y HH BT

EEIXBORXEEO ¥R AUSYHZHES M\SPO,QQ,QG@Q,QCJJMQ

EREE

- XY FE S :
e Y086 ME ‘v g —
Sid VSMIT WE e L— 7 |: 5358
b5 B e
—Ch BRE L PRy
o’ =

/
£ R NHB— L2 H MEEX

(b OB WOZRAS LR MR g1l
FEWHUOONEX DL~ ULDTIEXOHES WMEN Ak

R R B & m H Fa o PR, Ty T sy TR et Ty T Bt R
¥l Al = o &m.qu I e ¢l Ciss il A el B
i..,ﬁﬁ.&. R Honet” e B 4 U S e S B B il R oo o] Qs e R R S L




JAERI-Review 99-026

5. 2. 27— TREOHE

(1) JFUBIT

Fo—) L Z%EE T, AEBEND.) . HIEREHAREIE TRAER O 2 BEOE G
BBl (ROX—SZREUPROX—-ThO.) OFFEHRBRICEATLIOOTH S, BEIERIR
B BeEE, BEZL. SEMICXSHMBIREETI JLICXD. BEREEOENI
kB EATREI YT — 4 ZIE L. BERFHIKREZEL I ENTES,

ALEBE L, BREBCBOYTHRERERBREERLZEIC, arI>Z7U—h Nol BIVIHE
THFETHD.

(2) HEOME

AIEBIT, FRIMEA A—DmBWE, BEIY bo—5, ERFREBREAVKBRZEICX
DR EN %, Photo.5.2.1 ICAKBOINEFTEZ, £/2. Photo.5.2.2 IINEF DFEH L FREEER
RS, AWBIL, EXmEick 0RO FRKRRZ2ERE (BRMS 18 0 0 CXTOERH
: 2 08) TIHFABHRIMGA A—UMASRERE L. AEBITLIVNTERATSI EM6HE
BTOVY RS L., SEBRIC IRV 2B, WIVNTES BB TEZOMELL .
Fim. BHBAOBLESG . KROHARER A v 7 %0 71k DERTOR B TRE MG
Ll a5z, BBOYy T4 2T IED BV RRHRET T —F THORA BHRIC
BREMAT,

Erft R ELITFITRT,

Ik Il AR T T DIAN - 50 Iy BN

REHHE: ZR~18007C

mE)— N 0 8 mm X 1 0 mmL

FHG  AEEA AP, HAT7O—H, HgEd

BB BRY

BEREL 'Y TTF 0

BRESMAN  MEMAN— TSI ARENMKICES 70— - a2 ba—)LJia

TS5 AHT  ERNEL IR E /72
99RT YT /I NRF—>
INZ— 89 9

el B HUKERIUE, AEMWR, BFREREICLD BEEIL



JAERI-Review

;,}?“, 2::1‘.:.“ Ty M

Photo.5.2.2 EH#tILF

— 66 —



JAERI-Review 99-026
5. 3 WASTEF#

5. 3. 1 TRUZ/YABKEBEDOHRE

I\ =

EHTIZ. B I2n%k (TRU) OMBABERRFO—BELT, TRUZZEMILT
EFETHRIE. $5WIIIHERICTHERSIEOMEZEDTVS, ER 1 0FEE, MK - R
TOYARERICHH L TRERBITEICEOBIET AV ST LNSEE, 2T AV TULE
ARTDIEICRI L. RERETER. BV ERZOREGYZEHRPTMAL., RRITX
NPT OBEEBITTDEEDIBLEEEHET. UIPRUTINV DT LOENY DH
BTHMRAEER>TVWD, TNET. BT AV UL SBREERS I EBRELINT
2R, FTRAYSTAORIEMBRELEETH S I ERERAL., RFBEZCOYUEIVBERITMZ
LT, BEBREROVEVWRIELT AU ST LADARICKILEZBOTHSD, JHIZXD., &
LAV BT O T R UZ I RICHBAE T 2 BRI R EHIEL L.

(2) R DR

TR OFEEALBOEBRTH B HREBKFELNVAK, HANEBE LI INCHE L,
BRIFOMRLK TR E LML .

R OEEICENRRMEERL, REEERIE, D ESFOREKE, 2) YATOY
A BTHRR. 3) EYOXMES (XRD) HORIEET, HEEMELIHE,
BT AU LT AORRBRRET 7. Fig.5 3 ICARBORKRERT. UTICTOBMKE
Y. |

1) BESSFORERIE ‘

AESFIXC/CaAsRTzy FERBKL L, REMZIHFBESICEOTONSD, BH
ROBEREC L DBEFOHRELMBFORBEOREE L OEZRET DLENDHD. €
DB, MoBDFI=EOERERKE LT, Zy sV (@A1455C) « 2NV b ([F1494C)
RO (F1535C) # AN, BEHBEFHERMEI410CTMAL ., MAKRSRELSERL 725
BEHAEERTHIEICE0. £0CUNTEREFHERE S EBORBHRE & 2BRM L. Z0
ExDRBHREILI5I5CEHE I N,

2) D270y ATLD TR

BT AU S AORABRBRETINNIC, RREEOBIERUHERR, —EOHBIMEOE
BMDEDIT. TAUYTLECFHUEROMET > /A RO—RTHBIATO2 UL (Dy)
FHVWTZYALRRBR ZE5ET . RBRAEIL. BROBET AV U LAORBBRITEKL
B, ARG, XRDIZLOBEIATOITAOERERBTHEEDIT, BTERERD
Feo o, —HORBBHIDOWTIEHE4ARICEBH L., €%, BERVREOIZTo 2. SH
DRBEEE Table 5.3 WCE &k, —HOFHABRN S, KOLIBHMARVKRAER,
(a) BILMERFEMRKOEANARTNTH 3 L2YHOERGFHRRRENE L2,

— 67 —



JAERI-Review 99-026

(b) EIVATRMEZEBESEFENSBMOUTREOERIZLD., REOREADRBERM % G
THIEMTE,

(c) XRDOFNI LRARET + VLAOMEERIZED., 70774 NVDONy 275K
EEBATEIENTER,

(d) RRBREBICLKODPATOLVLADBYERSTIC. BMEANTEE L 5HRT
HEEBID, BT AU U LDHMUMAETHEEORBL EH,

3) MO XREHFEOMEL

B’ATHIATALTLRRT AV T ADORENIT, EXIPITHE L ZHE. ZLXF 0K
ERISLUTBRILENTLES DT, XBREFTORIEG S HREBCILENH S, FIT.
Fig. 5.3 2i8RT LI, FEDFRINTORRERIICT 4 VL Z2IG0 . B ENKERERBO S
JaroREeWERELTIOSH P TEILLE. TOH., EEEAXR—Y—THD, AR ED
HMEN STEDICIRF OREBSHTEH Lz, RIVFOMEZ. YORUIZFL 22NN,
XRDONw I 75 REBBEITHEDITINIZTLABMIKR L, £, 74V ALOH
HiZDOWTIE, PR U ATV Q5unE) ZHWEDR, N s 7590 ROEKRILE., 7 AU
PULNDMBHBREEZEBRL T, RUAIR G0un®, @HENT M) KWEELE,

4) BT AU AARRR
FHEARTOHNREZDHEIC. BT AV LAORMARZ AT, RBO—EOHNEF
ig.5.3.3IKmY. ZBALT AUSTLLEBMKREMS DIEPTLSERAL. EXIPICERE,
BEAZARVER - KEREHAH, 1300CTHRL =, BAEKICOETIZOOH ATy —ick
DHMT L7z, EANSTO0—TRy 7 ZANOR{YOERP OBILEZL DIz, NEICERE
A4 b (KREH) Z2RELEZATF L AMOEHEHRARZHVWE. Ethoro—TRy o
ZPTORNIE, ZBEHATERLZ7O-T Ny FHTITok, FO—T Ry 7 ZAfEEHR DT
AV LDy RICLBHITKEZERBL T, Ry JARAIZT F—LAA—YE2HBEL, 510
RRBICFV Ny FEFHIE2REOHII<EREFo/~. IHHORB TIZ. BEELEBE
ERSHIZASDIC, REZBRICMAZ., 2EHORRTIE, MBI ERL. Eths
BALMOEEREEZRHRD DI, REERLOYBRIODBVWEEL -, BRREE%E Table 5.
3.2I0RY, IEIHORRTIE, BIEMERSITIZEBLLT AU DO ANESNZDIZH L. 2EE®
MBRTIE., BE7 AU TLOMIZANOs (NAR) NHEINTE,

5) GHRDESR

V1 0FEEDHREZD LIZ, 9%, FHYORRLREZEZERTH9MEBEZEAL, &
DARMMBEDENBILT AV U LORBEFHEOREICLERD, £/, TRUTT AU IA
CRWTHERZF AUV LORUAKARICMOMDFETH S,



JAERI-Review 99-026

Table 5.3.1 ZE{IRAFul v A0RBEE
C/Dy HhEAmREE  SFBSR  N/wih  O/wi¥ C/wtk viil DYNOAEFEEL/m

2.21  1674°C  N—NyiH, - - - - BOHIABAR
2.29  1617C  NyoN,iH, - - - DyN #1 0.48940
2.25 1549°C  N—N;H, 7.08 1.16 1.21  DyN+Dy,0, 0.48945
1.80 1543°C  N,~NjH, 5,74 2.9% 0.07  DyN+Dy,0, 0.48951 %2
2.09  1500°C  N,oNqiH, - 13 - DN 0.48953 #4

*] EEMICEFBENFH . BLYOFEOH B AT,

*2 BT ERIIBRESERRUT THD Z L2RTH, BEORKECEELE, ik, RE
BARY —ThHholehdlEZIObND, PERAMT—+RYTZAFALT A VAER. 17 BIESRER
fRicivie, *3 BFERLBRBEORHZI S, 0. 8wtk

¥4 AlRNE —+ A7 b7 4 VAR,

No.5 ¥l (a-7)

ONyg HX @Nptd%Hp HA @ <A7u—a>bpo—3 @ASBREHSA
OBRRBRENSL @ BEFEE O RNEEF @C/CarRYy Pe—FEU
Moft32iE @ 747 ®COE=YF (FMENR) OUF—/Sy>2
QTAZARI POA—F Q@EHERCT @F—REVF2LTI-RIT
®o—FJ—RrT7 GCOREEEHX ONyHX

Fig.531 TRUZ{LYBHRREERNE



JAERI-Review 99-026

Table 6.3.2 BT AV VU AOFHARES

Mo C/Am _ MEEE  BEE # __AnNDIEFER
1 485 1300C  NoWpHH,  AmN_ 1 04998
2 . 159 . 1300C N, - AmN+Am,0; 0.5003nm

QRUAI BTN A
(50 1 )
QELH+SIEERE
@7 NI FIS Ffk
@Z Y
‘ O RFT#ifE
Fig.s32 XREHTAFRINSIME
IO—TRy YR (ERBES) No.5 &)l (ZXFHER)
(AmO, - BRBKAE - BE ——\——> BEMBE
- Na. Np+a%H,
1300
mBEEEESR - B
XRDFAE S S8 \ - XRD
ya-FRysNBER) S ~H. BFEA
" J gt @asER)

Fig.s33  B{L7 A Y L AQERRBORA



JAERI-Review 99-026
5.3.2 TREEEBEIORHE

(D Lo

WASTEFTi3. TRU BUNMREEMBEULMEICE L THEABILED—TH 2 Y vy 7B LED
WREEDTE, COY oy 7ELEOHE TEILEN®D a filic & 218E:8EORIEAE T
272BDIT, My vay 7, CRMRO 724 MRUOCEMI IV ) 54 M EDS KO
M5y 7HDIRNF-EHEORWEHOMNIT 2201, REEESMEST (OIF M
B ) DEFELEEDTVS, $h. JOEBRZOMaEEHWEHEICEWT HRIHETEET
HbHo AFEEIZ. AEBICEELREE L. EERHEHV - EBOBERBRRVEY /T v
AERETV. RIEBITOMLEN -7, ol SR TRy MEFERENZ 0~ 7K v 7 ZNo. 3
NOREREIHRD ZeME+DEE L BASEZORF 21T 7. UTIRZFOBEL RN,

(2) HEOHE

ARE 3. WHENETZSCH #8IDSC-404 BITH b, MEAAk, BEEHSR. 72 HE%. BE
HERROT — 7 MEBERTHRIN S, SHOERARBIROBED Th 5, EBAEKONE %
Photo.5.3.2 iZ. HEOHEEE %, Fig.5.3.4 IT/RT, B AEE X, DTA (Differential Ther-
mal Analysys) OBEBEEBTEZSZLHICREIELLDTHY. s hi-70rS LEES
HTICBWT, RO 7 VE—-BILICHE S BB E L EE, TRMICHIET 260TH 3,
1) edpAk ;

ORI, . B&o Uy LnEda QRIEBEHF : ~1500°C (DSC) . ~1400°C(Cp)
OFNFHES : REMEA 2 (N,)

2) EZEHR% ;

OHK : 51V 75 LAMEEGREZER Y QR KEE : 20L/nin

@FEEZEE . ~10 *nbar

3) A AHIER ;

OHHBZERAS, : REHEA X (N,)  OFIEEF : 20~200nL/nin

4) BERER ;

OfEAH : PID HIHAER QBESH : £0.3% QLU F I E—5% : +0.5%
@REEHIEER : ~15000C OFEEE : 0.1 ~50°C/nin

©FfE. AR, RERMEN : A& -0 YT L13% BEL

5 T—/ B ;

OF — 7 MEBLEE : 16/32bit F/21316bitPC XHG, CRT . YO v ¥ —FRE

(3) HEBOHB
REARE /I O—=TKy 7 ARIKANTERT 3 1DLUTOXRBE AT -1,
O REANR—ZADHREITD 12D, MEVEAEKDH ZAD OBFH#EFOLESE LFIE
BT,
@ NOEEFICE T BIPAEOBER D2, Photo. 5. 3. 2 ISR & 5 MR A N — 2 4EAGK



JAERI-Review 99-026

& o#915cn#E L THRO S 5 & &ic & b _HERREEELCH 550°CLLT & #30°COERE
BRI Lo

@ 7u—T7Ry VZABEDO IR OHBECREROT — 7V A8ET 2 2 LA TR
1o, Fa—TR— bNOKEHNN=%IX T F{FED DI LT,

Q) ®vr7v7RE

ry MEROERICEEL T, 50 UHEEBEOHELHR L TH L SBND B, 205Kk
BT, In. Sn. Pby InKRUMRDIEEHEREE BV TERMORMER YL Y 7 )L E— %13 [
bﬂbﬂﬁb\%@%ﬂﬂ@ﬂﬁ@@ﬁﬂ&%@iﬁﬁt%ﬁ&?é:&u;b\Mﬁﬁwﬁﬁ
HEHER Lo AREEHWCRSO®RE LAIEIC X 5 EEHEEEETable 5.3.3 12795 @
DEREERRN 5 0. INANTH > 72, F/o. XRAEE DEEDOEZEIX+0, ¥INTH D +4531
HREEHT 5 LAbino7o, i, TV E—FBHEMEETable 5. 3.4 1TR35 HoEAESRE
MO0 IANTH o7 Efo, XBEE DT &IV E—DEET 4, PINTH D . +5315h
HEEET A ENHRTE .,

(5) ZBERST

AERE. By MRREITI DTk y MEEERZEAN S/ O— 78 v 7 ZNo. IcRET 3 6D
THHH. FEAF (280Wx280DX 385Hmn ) k. BER/ O0— 7R — rEOH ($270m ) 25|
RUTHAT B I ENTEROVD, P BBBHEIC SV TRI AT 720 BEICEL T3
7a—=T7Ky 7 ANTEMBEER L. MAMOEHET 3LELRS 5, COFH. Fo—TF
v 7 ANKEHREZBULBEANN Yy 7 R— FE2ER 70— 78— bAEO HF ShTn3/h
Z (400Wx 450Hmm ) { L INEEBOAS Z & THABOOHEETE 3 5EEEE L1,
REHEOBEEEFi8.5.3.5 ITRT e TOFEIIOWTIE. I—)L KTHEIEL/- /00— 748w &
RAZHWTE=Z =Ny 7RIS L 0 2 DEMM AR LT,

6) £&8

FRRIOEEEE (. WASTEFRIE Z I RERE L. RN 2 A V- BBOREERVE Y 7 7 v 73t
BETV. AESIEHL Lic, Bihky MEEEREN S O— T v 7 2No. INDOALBLE
DREHE E=— Sy FBIERIC K DTV, BOEARR I Nz, S%i3. SERS L REE
RICEDEBZO— TRy 7 ZANo. JITHE L. BANLTHERDET. EEOBHAST X
YEHETH B, £ioy Gk, 77 F = FHEREENED TS [HRESETEIC L 32+
2 UV LORAR]  WNKFELOEERETH S (77 F= NERSEEMOERICEY 3
RBHH STEBOERERTDTH D, X517~y ORERTVEN S, MERHOR
EER>TW bDOTH B,



JAERI-Review 99-026

Photo.5.3.2 L EFTARBIE

IngsA

ey VT —

GREERE
HABAE
W —IV R

BEHT 5

Ry

Fig.53.4 /RZEA TG



JAERI-Review 99-026

ra—7 Ja—7 R A5
R T AP Z
f
-/ s
/ A
7 s
% __
400
EE A&

Fig.53.5 SREFIEDOHE

Table 5.3.3 RAFEAIEUEG B O @ S BIEFER

— PIE#EH (C) SEEfE | B | SCERME | SCERE & R
F1E | H2 55 3 [ (C) (%) | (C) () (%)
In 156.30 | 156.10 | 156.10 | 156.17 | 0.002 | 156.60 | -0.43 | -0.28
Sn 231.90 | 231.70 | 231.70 | 231.77 | -0.1 232.00 | -0.23 | -0.10
Pb 327.00 | 32730 | 327.80 | 327.37 | -0.001 | 327.50 | -0.13 | -0.04
Zn 418.80 | 418.70 | 418.80 | 418.77 | -0.001 | 419.60 | -0.83 | -0.20
Ag 960.10 | 960.20 | 960.30 | 960.20 0 961.90 | -1.70 | -0.18

Table 5.3.4 {RERASEBEAEBO T 7))L E—RIEREE

= HIE AR (mW/mg) FE | & XERE | CEkfiE & ofiE

o BH S1m | 20E | B3E | (mWmg) (%) | (mW/mg) | (mW/mg) (%)
In -29.89 | -29.91 -29.60 -29.80 0 -28.59 -1.21 +4.20
Sn -60.26 | -60.17 -60.14 -60.19 -0.077 -60.62 -0.43 -0.71
Pb -22.62 | -22.73 -22.66 -22.67 0.001 -23.22 +0.55 +2.37
Zn -113.20 |-112.70 -112.80 | -112.90 0.001 -111.40 -1.50 -1.35
Ag -99.24 | -99.52 -99.33 -99.36 0.003 -102.80 +3.44 +3.35
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Current Status of VEGA Program
A. Hidakal), T. Nakamural), Y. Nishino2),
H. Kanazawa2), K. Hashimotol), Y. Haradal),
T. Kudol), H. Uetsukal) and J. Sugimotol)

1) Dept. of Reactor Safety Research
2) Dept. of Hot Laboratories
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken 319-1195, Japan

An experimental program, VEGA (Verification Experiments of FP Gas/Aerosol release)
has been performed at Japan Atomic Energy Research Institute (JAERI) to investigate
the release of FP (Fission Products) from irradiated fuel at ~3000 C under high pressure
condition up to 1.0 MPa. One of special features of this program is to investigate the
effect of ambient pressure on the FP release from fuel which has never been examined
in previous studies. The experimental facility mainly consists of carrier gas supply
system, high-frequency induction furnace, thermal gradient tubes (TGT), charcoal
filters, cascade impactor and on-line gamma measurement system. In the experiment,
the FP release from Japanese PWR/BWR irradiated fuels and TMI-2 debris sample will
be investigated. As the furnace structures such as crucible, the material of zirconia,
tungsten or ThO2 will be used depending on the experimental conditions and purpose.
The release of non- volatile radionuclides such as La, Ba, Mo and that of short-life
radionuclides such as I-131 will also be investigated. The re-irradiation of the test fuel
will be conducted using the Nuclear Safety Research Reactor (NSRR) to generate short
life FPs just before the test. The transport and deposition behaviors of released FP will
be studied by using TGT under well characterized flows of steam/hydrogen/helium/air
atmosphere monitored by on-line oxygen/hydrogen sensors. In the post-test

measurements, off-line gamma spectrometry, metallography and the elemental
analyses with SEM/EPMA, SIMA and ICP-MS are scheduled.

The construction of experimental facilities was mostly completed and their fundamental
capabilities have been confirmed. The facility is being installed into the beta/gamma
concrete No.5 cell at the Reactor Fuel Examination Facility (RFEF) and the installation
will be finished in December, 1998. One preliminary experiment during FY1998 and

four experiments in a year after FY1999 are scheduled. The pre- and post-test analyses
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will be conducted with VICTORIA code to prepare the operational conditions and to
evaluate the experimental results. Preliminary fabrication of ThO2 crucible and tube
which has stability under oxidized and high temperature conditions was mostly
successful by using the centrifugal slip casting and rubber pressing techniques. The
fabrication test will be continuously performed for the use in VEGA experiments after
FY1999. The FP release experiment from mixed-oxide fuel (MOX) of Advanced Thermal
Reactor (ATR) Fugen will also be planed in future.
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ZrC-COATED PARTICLE FUEL
FOR HIGH-TEMPERATURE GAS-COOLED REACTORS

Kazuo Minato, Toru Ogawa, Kazuhiro Sawa, Hajime Sekino, Toshio Koya,
Isamu Kitagawa, Akiyoshi Ishikawa, Takeshi Tomita, and Etsuro Oeda
Japan Atomic Energy Research Institute
Tokai-mura, Ibaraki-ken 319-1195, Japan
+81-29-282-5402

ABSTRACT

The ZrC-coated particle fuel is a candidate for an advanced fuel for the high-
temperature gas-cooled reactors, which is expected to increase the power density and
efficiency of the reactors. To study the irradiation performance and fission product
retention of the ZrC Triso-coated fuel particles, the irradiation and post-irradiation
heating experiments were performed. The experiments revealed better irradiation
performance, higher resistance to the chemical attack by fission product palladium, and
higher capabilities of fission gas and cesium retention of the ZrC Triso-coated fuel
particles than those of the normal Triso-coated fuel particles.
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DEVELOPMENT OF REMOTO SYSTEM TECHNOLOGY ON FATIGUE TEST
FOR IRRADIATED MATERIALS
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Re~irradiation Test of Gadolinia Added Fuel
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STUDY ON DENSITY, POROSITY AND GRAIN SIZE OF ROX FUELS (I)
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Re-irradiation Tests of Spent Fuel at JMTR by Means of

Re-instrumentation Technique

Jinichi Nakamura, Michio Shimizu, Yasuichi Endo, Hideaki Nabeya,
Kenichi Ichise, Junichi Saito, Kunio Oshima and Hiroshi Uetsuka

Japan Atomic Energy Research Institute

(ABSTRACT)

JAERI has developed re-irradiation test procedures of spent fuel irradiated at
commercial reactor by means of re-instrumentation technique. Full length rods
irradiated at commercial LWRs were refablicated to short length rods, and rod
inner pressure gauges and fuel center thermocouples were re-instrumented to the
rods. Re-irradiation tests to study the fuel behavior during power change were
carried out by means of BOCA/OSF-1 facility at JMTR.

In the tests to study the fission gas release during power change, the rod inner
pressure increase was observed during power change, especially during power
reduction. The fission gas release during power reduction is estimated to be the
release from FP gas bubbles on the grain boundary caused by the thermal stress in
the pellet during power reduction.

Re-irradiation tes“tl of gadolinia fuel was performed by means of dual re-
instrumentation technique (fuel center thermocouples' and rod inner pressure
gauge). A step-wise fission gas release during power change, and the following
fuel center temperature change due to gap conductance change(thermal feed back

effects) were observed.
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R&D status and requirements for PIE in the field of the HTGR fuel and the innovative basic

research on high-temperature engineering

Kazuhiro SAWA, Masahiro ISHIHARA, Tsutomu TOBITA, Junya SUMITA, Kimio HAYASHI,
Hajime SEKINO, Etsurou OOEDA

Japan Atomic Energy Research Institute

The High Temperature Engineering Test Reactor (HTTR), which is the first high
temperature gas-cooled reactor (HTGR) in Japan, is now on the point of attaining its first criticality
at the Oarai Research Establishment of Japan Atomic Energy Research Institute (JAERI).

In the field of HTGR fuel, JAERI will proceed R&D works by the folloWing steps: (STEP-
1) confirmation of irradiation performance of the first-loading fuel of the HTTR, (STEP-2) study on
irradiation performance of high burnup SiC-coated fuel particle and (STEP-3) development of ZrC-
coated fuel particle. The requirements for post-irradiétion examination (PIE) are different for each
R&D step. In STEP-1, at first, hot cells will be prepared in the HTTR reactor building to handle
spent fuels. In parallel, general apparatuses such as deconsolidation equipment of the fuel compact
and coated fuel particles handling equipment will be installed in the Hot Laboratory of the JMTR.
In STEP-2, precise PIE technique, for example, Raman spectroscopy technique for measurement of
stress on irradiated SiC layer; will be investigated. In STEP-3, new PIE technique should be
developed to investigate irradiation behavior of ZrC-coated particle.

In the field of the innovative basic research on high-temperature engineering, some
preliminary tests have been made on the research areas of 1) new materials development, 2) fusion
technology, 3) radiation chemistry, and 4) high-temperature radiation dosimetry. Requirements for
PIE are under investigation, in particular on the new materials development. Besides more general
apparatuses including transmission electron microscopy (TEM), some special apparafuses such as
ESR (electron spin resonance) spectrometer, a specific resistance/Hall coefficient measuring system
and a differential scanning calorimeter (DSC) are planned to install in the Hot Laboratory of the
JMTR.

Acquisition of advanced knowledge on the irradiation behavior is expected in these two
HTTR-related fields through close cooperation with the PIE staffs at JAERI Oarai.
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Development and Application of PIE Apparatuses
for High-burnup LWR Fuels

Katsuya HARADA, Naoaki MITA, Yasuharu NISHINO and Hidetoshi AMANO

Hot Engineering Division
Department of Hot Laboratories

ABSTRACT

The Reactor Fuel Examination Facility (RFEF) is developing the following post
irradiation examination apparatuses:

*Ion Microprobe mass analyzer (IMA)

sPellet Thermal Capacity measuring apparatus (PTC)

*Micro Density Measuring apparatus (MDM)

*Shield-type Field Emission Scanning Electron Microscope (FE-SEM)

The present paper mainly describes several technical topics of these apparatuses.

1. INTRODUCTION

Extended fuel burnup of LWR fuel is in progress, and the post irradiation examinations
(PIEs) of reactor fuels have become very important to clarify the irradiation behavior of high-
burnup fuel pellets and cladding tubes.

In these contexts, the Reactor Fuel Examination Facility (RFEF) was developing
several new apparatuses to obtain the PIE data for confirming the integrity and safety of the
high-burnup fuels. ‘

Jon Microprobe mass Analyzer (IMA) is used for analysis three-dimensional and
isotopes analysis on fuel pellet or micro surface of claddmg tube based on the secondary ton
mass analysis. f ; S

Pellet Thermal Capacity measuring apparatus (PTC) is used to measure the thermal
capacity of minute fuel pellet specimen based on the thermal flux type Differential Scanning
Calorimetry (DSC). :

Micro Density Measuring apparatus (MDM) is used to measure the micro fuel pellet
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Present Status of PIEs in the Department

of Hot Laboratories

Tsuneo KODAIRA, Tomohide SUKEGAWA, Hidetoshi AMANO,
Fumio KANAIZUKA and Kiyomi SONOBE

Department of Hot Laboratories, Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken, 319-1195, Japan

ABSTRACT

The Department of Hot Laboratories (DHL) operates three hot cell facilities
including the Research Hot Laboratory (RHL), the Reactor Fuel Examination Facility
(RFEF) and the Waste Safety Testing Facility (WASTEF). The RHL is performing post
irradiation examinations (PIEs) for fuels and materials irradiated in research and test
reactors. The RFEF is principally examining the reliability of operating power reactor fuel
assemblies for PWR, BWR and ATR. In the WASTEF, development and characterization
tests of advanced waste forms have been carried out for a safety examination on disposal
of high level waste.

The present paper mainly describes current status of PIEs in these facilities and
several technical topics concerning measurements of physical and mechanical properties
for light water reactor (LWR) fuels and materials.

1. INTRODUCTION

DHL is operating three hot cell facilities, i.e. the RHL , the RFEF and the WASTEF.
The RHL was established in 1961 and expanded in 1965 in which there are 10 B 7
concrete and 38 S 7 lead cells. The RFEF was established in 1979 and it is equipped
with 6 B 7 concrete cells and 2 a 7 ones with 2 lead cells. The WASTEF was
established in 1981 and it is equipped with 3 3 7 concrete cells,2 @ 7 ones with 1 lead
cell and 6 glove boxes.

In this report, current activities of these facilities are described and several R & D
works are also presented as technical topics.

- 110 —



JAERI-Review 99-026

Development of PIE techniques for Irradiated
'LWR Pressure Vessel Steels

Masahiro NISHI, Minoru KIZAKI and Tomohide SUKEGAWA

Research Hot Laboratory Division
Department of Hot Laboratories
Tokai Research Establishment, JAERI
Tokai-mura, Naka-gun, Ibaraki-ken, Japan

Abstract

For the evaluation of safety and integrity of light water reactors (LWRs),
various post irradiation examinations (PIEs) of reactor pressure vessel (RPV)
steels and fuel claddings have been carried out in the Research Hot Laboratory. In
recent years, the instrumented Charpy impact testing apparatus was remodeled
aiming at the improvement in accuracy and reliability. By this remodeling,
absorbed energy and other useful information on impact properties can be
delivered from the force-displacement curve for the evaluation of neutron
irradiation embrittlement behavior of LWR-RPV steels at one-time striking. In
addition the two advanced PIE technologies are now under development. One is
the remote machining of mechanical test pieces from actual irradiated pressure
vessel steels. The other is development of low-cycle and high-cycle fatigue test
technology in order to clarify the post-irradiation fatigue characteristics of
structural and fuel cladding materials.
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Effect of Power Change on Fission Gas Release

(Re-irradiation Tests of Spent Fuel at JMTR)

Jinichi Nakamura, Michio Shimizu, Tadahiko Ishii, Yasuichi Endo
Isao Ohwada, Hideaki Nabeya and Hiroshi Uetsuka

Japan Atomic Energy Research Institute

(ABSTRACT)

A full length rod irradiated at Tsuruga unit 1 was refablicated to short length
rods, and rod inner pressure gauges were re-instrumented to the rods. Re-
irradiation tests to study the fission gas release during power change were
carried out by means of BOCA/OSF-1 facility at JMTR. In the tests, steady state
operation at 40kW/m and power cycling operations between 20 and 40kW/m were
conducted for the same high power holding time, and the rod inner pressure
change during the tests was measured. The rod inner pressure increase was
observed during power change, especially during power reduction.

The rod inner pressure increase during a power cycling depended on the length of
the high power operation just before the power cycling. The fission gas release
during power reduct{dh is estimated to be the release from FP gas bubbles on the
grain boundary caused by the thermal stress in the pellet during power reduction.
When steady state operation and power cycling were repeated at the power levels
of 30, 35 and 40kW/m, the power cycling accelerated the fission gas release
compared with the steady state operation.
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[The 6th Asian Symposium on Research Reactors(ASRR-VI]

paper title:
Development and Application of PIE Apparatuses in Tokai Hot Cell
Facilities

Hidetoshi Amano , Tsuneo Kodaira ,Tomohide Sukegawa

Department of Hot Laboratories

Tokai Research Establishment

Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken, 319-11, Japan

Abstract

The Department of Hot Laboratories (DHL) operates three hot cell facilities
including the Reactor Fuel Examination Facility (RFEF), the Research Hot Laboratory
(RHL) and the Waste Safety Testing Facility (WASTEF). The RFEF is especially
examining the reliability of actual power reactor fuel assemblies for PWR and BWR.
The RHL is established to perform post irradiation examinations (PIEs) for fuels and
materials irradiated in research and test reactors. In the WASTEF, Synroc and new
ceramic waste forms are prepared and investigated for the safety disposal of high
level radioactive waste.

The present paper mainly describes development and application of PIE

apparatuses with several technical topics in these hot laboratories.
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