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Post irradiation examinations of uranium-plutonium mixed carbide fuels

irradiated at low linear power rate

* +
Atsushi MAEDA , Tatsuo SASAYAMA, Takashi IWAI, Sakuei AIZAWA
+
Isao OHWADA , Masao AIZAWA++, Toshihiko OHMICHI and Muneo HANDA

Department of Fuels and Materials Research
Tokal Research Establishment
Japan Atomic Energy Reserach Institute

Tokai-mura, Naka-gun, Ibaraki-ken
{(Received October 3, 1988)

Two pins containing uranium-plutonium carbide fuels which are
different in stoichiometry, i.e. (U,Pu)Cl_D and (U,Pu)Cy |, were con-
structed into a capsule, ICF~37H, and were irradiated in JRR-2 up to
1.0 at % burnup at the linear heat rate of 420 W/em. After being cooled
for about one year, the irradiated capsule was transferred to the Reactor
Fuel Examination Facility where the non-destructive examinations of the
fuel pins in the B- ycells and the destructive ones in two a - y inert
gas atmosphere cells were carried out.

Dimensional changes of the fuel pins were not observed because of
the irradiation at the low linear power rate and to the low burnup. The
release rates of fission gas were low enough, 0.44 % from (U,Pu)C; g
fuel pin and 0.09 % from (U,Pu}C;, ; fuel pin, which is reasonable because
of the low central temperature of fuel pellets, about 1000 °C and is
estimated that the release is mainly govermed by recoil and knock-cut
mechanisms. Volume swelling of the fuels was observed to be in the
range of 1.3v1.6 % which agreed with values of free swelling reported
for carbide fuels below 1000 °C. Respective open porosities of (U,Pu)
Cy,g and (U,Pu)Cy,; fuel were 1.3 7 and 0.45 %, being in accordance with

the release behavior of fission gas. Metallographic observation of the

+  Department of Reactor Fuel Examination
++ Department of Reserach Reactor Operation

* Nuclear Material Regulation Division
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radial sectioms of pellets showed the increase of pore size and crystal
grain size in the center and middle region of (U,Pu)Cl_g pellets. This
was explained from the basic property of carbide fuels that U, Pu and C
diffuse faster in the (U,Pu)Cl_O fuel than in the (U,Pu)Cl.l fuel during
irradiation. The chemical interaction between fuel pellets and claddings
in the carbide fuels is the penetration of carbon in the fuels to stain-
less steel tubes. The depth of corrosion layer in inner sides of cladding
tubes ranged 10~15 um in the (U,Pu)C; ¢ fuel and 15%25 um in the (U,Pu)
Cy,1 fuel, which is correlative with the carbon potential of fuels pos-
sibly affecting the amount of carbon penetration.

As described above, the first irradiation experiment of uranium-
plutonium mixed carbide fuel in Japan has been completed in success and
the irradiation behaviors of the carbide fuel pins up to a burnup of 1.0

at.% was certified.

Keywords: Uranium-Plutonium Mixed Carbide, Post-irradiation Examination,

Alpha-gamma Inert Gas Atmosphere Cell
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3. HEHBEEYRUF ¥ 72 LORGEICHE

31 ReRkmEEL”

R L7 2ARDRERERAMAR Y OIRBE—THY . £OTH% Fig 3 1 IWRY. A&
Hid 650 mm T, 2RI 185 mm TH B, 2ADMEE iE, FTFRERSEIIKECERE+
7o, 1CF—37 Hi#ldA iz, (WFEERMNKER BV ERAHRDR SRR~ v
v PERE LB E 2 ZNENICF 37T — | ROICF — 37 — 2 DB 53, 2 K0
ey otis Lo T Table 3 1ITRT, BEAL . D C/U~Pukhid LOO KT 109 Th
0, Pu/U+Pu thidiiZ 336 — T 0205 R 0204 ThH b, Sl MEEE, ZHFH 0K
93%T.D. ThHs. BE~L v +@ (U,Pu) CRAF w7 BHITEE SIC 958 mmT LT 1 @7
DSOWEM Y 7 RS o P AR E ATV S, WEEHEE, 20 BABINT LA 31525
YU A TEDESE) 046 ~ 047 mmTH S HER L b EHBEE S OB L JEIE
BLENTYLHZATSHD, TOMBREEETOIIE LT 01TmmTH 5,

BAATEE L LT, S O XBEBRE STV, L TRROBESECREMI &
MERE L 7co XAER & K URE & R & Photo. 3. 1IT/R T,

32 F¥FEI, ICF—-3ITH

F o T VORI R UEER, TRAEES IR R R B LRI L 05T hN s,
JRR=24 Y2 T7TH®DF + 7T vOARZ A mm EEDLNTED, 7 b =7 LRME OIS
BABRUABED 2ERENES LUREL SN TV S, 35T, HBHEER, 7Y L 280
70 - 7EE (RAFERE, 650C) RUEABEOWBEMERE (650 ~400°C) EhoH A
T 500 CRIBICREF ¢ 5 LENDH L5, —F4, BALYRE O E o d hdiodicid, HED
FoEBEEN @AWW em) TRELAEVEOSESENE -/, TNLABEI LD,
BEC U EF - T VEOSERICEIAEE R ICEN/ I NaK&eA2ERT A2 L, NERERE
DEPLRAT VL ZAPERH LD, AFER27 v Lv2E0 SBEEOR VT LI =9 L2
HTE, NEEABBOBEGETSEZ 7=y 2 dABEET 2k 0RBMITET5C &K
U'Z DRMER S A ORI R R ICEAESERESHEAMTH 2ER TOImmE R4 5 T &iC
L7

PLEIGRNIEH TR Lo+ +» T2 Vv OMMEO~T % Fig 3. 2 10" g, IRICEIRICR L 7ckE
ETHEC Y DRENE T A -2 LT H v T v BHOOEEC O THE L EREFig
3310 RS, BONAHEEL LWHBERES 50 CUTICRZT 5 -HEST 5 LB H I
550 W/ em Ta D, KFEOBEE v ZRALIVHEOEBERE LK R - TIRETEHRH AT
BT EdedTh L0 E¥IE L 72, SEIOBEEEARETOD CORESHE/#EORE
WTHBECEEERLT, E— 7 BH71550 Woom, SIS 420 W em THREAT A LICL
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foo MOEHRDREE D 1000 CTHAE AL OEE Y 450 CTH .
ICF—3TH+ + 7 vOH%E Fig 3474, AR 10mmO27 Y L2 AKBEO 7 o
AN TN AVBER T ADZESATED, ZORNIAR NKRERTITBASNTED, &
OO ARBANABOERD 7L 3 =2 LRSI ERBE ST 5, NaKduci g 72 2 RO BES
BEACIEE 2 5 5 7 OSJEEIC, B0 1 A2 NaKFEE v~ L0l FICRiT 54T ) Nakaiet
EDOENBHETHL, T/, hEFHE =5 5B 2 5 o 7 OHRE 2 FFHcRE S h T 5,
ICF-3TH* + 72 v OBRTNERER LIcF v+ 72 LOERKT % Photo. 3. 2 IR,

Table 3.1

Fuel design characteristics
{ICF-37H capsule fuels)

Fuel pin ICF-37-1 ICF-37-2
Pin length {mm) i84.9 184.9
Mixed carbide fuel length (mm) 95.8 95.8
Outer diameter {mm} 6.49 6.49
Weight (g) 47.42 48,43

Fuel pellet
Material {U,Pu)C (U,Pu)C
C/(U+Pu) ratio 1.00 1.09
Pu/(U+Pu) ratio 0.205 0.204
Pellet diameter {(mm) 5.397 8.2
Pellet density (ZT.D.) 90 93

Cladding
Clad material 20ZCW SUS316 | 20%CW SUS316
Clad thickness (mm) 0.47 0.46

Pellet-clad diametral gap {mm) 0.16 0.17

Pellet-clad bending material Helium Helium
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Thermal medivm (NoK)

Inner capsule (SUS.316)

Cladding tube
Thermal medium [ A1050 )

Hellum qap

Outer copsule { A1050)
Fuel pellet

m

?6.5
$9
gl
536
$40

Fig.3.2 Cross section of ICF-37H capsule

1 | 1 1 i 1
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Fig.3.2 Relation between radial temperature distribution and linear heat

rate of fuel pin
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Fuel capsule

e e T

w3

FEMRPET
ICH 3 7H

Component parts

Photo, 3.2 [External view of I[CF-37H capsule
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4. JRR-21z X % a5t

ICF37TH++ 7203, WHSSEILATALOEMFET A2THET, JRR-24 v 3
7O DERIICBVWT 64 7 (64275 H) B s/c, BINERE%E Table 4.110Rd, £
FRETBE (L 15426 BERIT & 5.

fRigthicEs i 3 TROBRENOREEROILEY Fig. 4 1ITnd ., #EWL O NaK F iR E
L7-8E, T/C2RUIDEEIRS00~340C, T3 =UosAhT2F v L 2fiNHA
CICH@E LB, T/CARU 6 13 200 ~ 230°C, EIHREOEENR, T.C5 K& 7% 180 ~
190°CTHO, Figd 3RUABTEER S IZE—H L, NaKOBETF = » 7 BOEEN,
T/C 1 OEEZ 120 ~130°CE N TOREWUIEHNS P IET IS L, o, —EN
FEER, T C 1 ORERR/SBMLETEZH, 1882849 T 57— LREMED 50 CRY
FEHP 2 7 5 £33 600 CAEBA FRER R LIRTHEH A2 7 4 Lic, FRICDVWTHEEL
FRERARENORMEH A UBGIENE L GIEETHD, LHEGTOBIN/ 1 XL L6D L
S, R ERERIERRLCBETRFOEZSER I N,

Table 4.1 Irradiation history of ICF~37H capsule in JRR-2Z

Irradiation cycle Irradiation time(hr)
58-08 cycle | 1983,11, 7 15:00 1983.11.18 16:30 265.5
58-09 cycle 11.28 15:00 12, 9 16:30 265.5
59-01 cycle 1984. 5.14 15:00 1984, 5.19 8:59 114.0
5.19 10:30 5.25 13:00 146.5
59-02 cycle 6. 4 15:00 6,15 16:30 265.5
59-03 cycle 6.25 15:00 7. 2 18:38 i71.6
7. 4 16:01 7. 6 16:30 48.5
59-04 cycle 7.16 15:30 7.27 16:30 265.5

Total irradiation time 1542.6 hrs
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5. Mg+ 1% & B

‘&L‘H

WS R BR L, AR OB SERM B Ik L TR EE RIT -0, RERIER
FIAQEIC@EZICET L, MF 12 AKRTELILAbDT, BEF BEKFRFATRE) BowmE
FEE I AREZZOETERALTERAT D CENTE B3HAER O AHBHBRBHERTH B,
REHC T v b=y LRBREOBERABRLIT S LD NEET 2 (T T ) BRSO >Da -
ra v - bV RUSHAR e VERFRSNATVL S, KETE, FUDICBRBEKERO
WMECONTHEL, K0T, BORSBE OB BABRIEERUEEBRRF -4 iTob
TR~ 5,

s 10,11)

5.1 MFEBERMER

BEZBHEEOI v ) - b, B VEOEE% Fig 5.1 1CRT, &€ 1r0FBHERIEH
BRDEBOTH S,
1 pgerzovziy—r, Nl
BHE, BRBEOARBREE (IERE, FEIE, RERERE, rxFe=v 0
@ feravyy)—+, N2t
BEE, *+ 72 LOXERESE (XE, V-77 2+, BEREE, AN AOWHES
)
B8 Fr=zvii—>r, N3t
oA, Mgk, BEAH#, NaKal, SCCHEH
4 Aerowrs)—1r, Nod -t
AEIORIES (ERAE, SEHE, sRAR, -2 3R
By Feraryy—1+, MdEL
BEFEOVMEREER (w4 709070 v, BIEEAITAAL, B A 208
6 perzvii—1t, N6t
RO, HEs (U, B, V7 ) AREN, v 7 o8, A—-rF7 947774
-)
(M 8« rédte (No1~Nod)
TAMIEEIERS (EREME. <1 /or2+e=v 7, EF4175H, #OBEFAE)
8 aC-yaTrZN—"F, NltEi
A, EBAE, TERE, r2t+es=r 7, BATAEESRE, ~1 707244
=v 7, BEAE
9 acravzy—>+r, N2zl
SEMES, Na, NaKMIEE, 2 -3 Y4777 40—, L7 AEER, &HiaE, &
RO M A

— 144_
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5. B & #% & B

A el B, ST O R SR SR IT KB L TR 61 SEREITTT 572 o [B) W ER 13
F49 FICEHEFICET L, MFEIZAKTELLAHOT, #EL AR ATRIE) HOBE
FER I AREZZOFTERALTEBEIT S L& B TERRPER—OATBEBRBERTS 5,
RIRFIC 70 b =0 8 RMEIOBEERRZTH DI RFE TR (FLrT ) FRKO - 20a-
ravs e b VRUSHAR 2 VERMRIN TV S, AETHE, B UDTREHRERD
HEICOTHR L, 0T, BEREHBE OB SABRTESRUCBERERR T — 7 ko0
TR~ 5,

010, 11)

5. 1 %ﬂﬁﬁmnl

MR DO s v 7 U b, B VEORER Fig. 5. 1 CRd, &erotB2EBREH
HBRDEBODTH S,
D BerarysU—rt, Nltw
EEE, BEBEONERAST (FREE, S8, BEERANE, r AF+=v7)
@ Beyavsiy—1F, 2L
BEVE, &+ 7 v OXEBRES (X, V772 ~, BEREE. ZA520H%ES
¥
8 Feravz)—~Fr, No3tw
REHREER, weEslE, £0KEMY, NakKyE, SCCHER
@ Brars -1, Nodtin
AEDOMES (E8AE, BERE, SRR, ~v— 2 bEER)
B ferrz=zvs—1F, NbE
BoEbEO VM FEEER (w4 7204w 70 v, BHEREABLASL, EEA X5
& Berzvsiy—1+t, N6t
RO, SEE P, Bih, L7 AERIE, /o8B, £ -7 03777 4
-}
M B e-rienr Nol~Nod)
YEMSEEES (SBEME, < A 7or Xy 2vd, ¥4 05H, SOEERNT)
8 geyarzzy)y—1»t, Nolxw
AEgE, ERAE, THEAE, 7rx*+=v, FAAABERR 127072+«
v, BEAE
@ ayzvZy—=+, N2t
HEMESR, Na, NaKWIE, -3 94577 ¢ —, L7700 ABREL, SART0E, &
RO A
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0 o« 7+ Nol~No2)

PR, 1/ BERE
BRI E O FEEREIL, 7Nl 6ETEa » N0l BAEHNTIT
W, BERER G c e N L RU 2IEBVTIT » e
wic, o « 7 2VEHBOREDFAMMTMEN 2N Z N Fig 5.2 XU Figb 3 iCmd, o+
T3V — b EDBEDEISERERNTIREI Y/ ) - 1.0m T, Al K4E5RTFE L
No 2 6 ADREM = =T L — g R ENTV 3, RACEELHNOHRBEEDOEBEREE AT
FeDICA A Ty AR Yy 7 ADS, FHMBICE T VT ARFREREEFREIN TS,
IDd > 7 ELIIMATELIBEEC Y ORAESR O cmTHEL, — DDA 7377 —FE
AR RBIT AENBEREEOE B Fig. 5.4 U Fig. 5.5 iC/Rd,

5 2 MHEHEARTEE

FESR RIS, B & L TR SRR S %ﬁmbtwlﬁ%W§m,$+
TEADELNDMAD OWEEESNEREE TS DEAIOEBRINTHE
W%@%%.%ﬂEVQEW%&UMﬂ%%K$Dﬂﬂ®ﬁﬁﬁﬁbn%ﬁ,ﬁﬁ?%btﬁ
FHEF 1R/ S 2R T B OEETORILZ I L, HERAED 70 - 2658 TH
BHESEL2Fig 5 61KAd, £72, bt~ ZBOTHN B L vOFHZ A Figb 7iC
TFe ®ATREAKE LTRSS 15 O~TikaE I THESKEERAT, FEES 16 @K«
ANV DT 2 b8k OAFEES 230 <L PRATILBNTITERELLER T LT
HAFER (B 20 ~60ppm, K530 ~80ppm ) B TIT-7, TNLUBBITATH 2D
FEsiAdn LTRR Y VT v REHS (8% 300 ~ 600 ppm . /K43 200 ~ 800 ppm ) FPTHE
LN,

5.3 BHEEROAER BREUEBR

EHEABOBZFLEFERC DWTEFRHERFEONIERIIDVTIHR~NS,

5.3.1 F + 7RILVOMA

JRR —2ALHEHEF (4376 DERFL) TREHOET LA ICF-3TH %+ 7 tiid,
LR, BMRAHIE Y NITRER, BEEBERICRAL 7o B+ 7w, @ksEds 15
7% (JRR-2A4 a7+ +27) IKHEBHL, HENCREE L, BREZELIT >, BEEHRTH
BBt o — 574 YT ) TARAE, 7L —YRTHEDAL, +— 2T T4h2E0, A7
7= rNod EVDORIFr A - MTEE L, BEAF 72y Ve T v SiCk
0, Ber~gEA L, EANDWAEKEAE Photo, 5 1ILRT.

0.3.2  F PR OAHRE
HMALIICF-3TH *+ 7 DOFRADEL, EEFLCO>VWTHRBREST - LB, ++7
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EAKIENIES 0 L L, 90 Z &I AMED S FERE AT » foo F v 7 DA Photo.
5. 21T s

Foa P EUERCE, EH O HRC 75 R, F£ 40 8 180° AENC EA T OENED S
NPT R I o1z TRODEIE, JRR— 2 HILANIBHTL I &0 548088 & O
FOELLLEOTHO, BE, FLABEES » 7 VERRICL(RONE5DTH S,

5.3.3  *+ T D XEEBERE

XEBREEE, B+ r2v s ) —beNo 2 ATIT>7. XEEVESOBRE Fig. 5.8
Fde ¥+ T EANDBEET 4 VLD EESEE L TE0, XERFRIE VAR, 700
LREEF BT SR TV A, XEREOAF R+ ¢+ Ve v EBSHEEIE FGT 7z 07k
LT, 0°MTN°D2HPICDOTHIRE L fo MEFHIRITRT LEDTH L,

X EBE 380KV
X $rEHEA 4mA
T o b~ F v P VBRI 6.3mm, min
X RE S~ G AP 1300 mm
HEE K~ 7 ¢ b 2[R A 300 mm
REER

A7) 123

&0 /1] 1.0

F o+ T X EBBE % Photo. 5.3 1CRT. BEIORLAMEE v 2810+ +» 7= VAE
HBEMPEeTH S CEBER TN,

5.3.4  #F v 7w L ORSHEAE

T LD r BEBEOMEIL. Ay 3y ) —reNZIEBNT, 08 F Vo YiEE
HAEANTE+ T hoOEHL G « 7w VOB OSTHRIC DO TIT-» e BIETE T H#
FE7o-7A5E e 7TRAOTREE (F+ 7V FHLD 2 cmDEE) CHEE L+ +» 7
AP e S v, BEDAETHF v 7 s 7o~ TOERL 20 cmiCBEL, #+7€
MPRETEA F O & LTE» 7Rl A FFEBE S/, MEKROIA A ) RUBESERE
Table 5.1 K FETe HE, F o7 2 bAICRA LEWVRETO2LAD/Sy 7757V F
F38mR"hr Th -7,

5.3.5 AERERGIETEE -5 OEIK

ARYEER, Feravy ) —beaN3EOTIT % FEOFIHRIRICRT EBEOTH S,

(Fig.3.4 ICF—3TH# + 7/ ESBRO T &)

1D AETEEEROE ORI OBERE S vy FUIRETUE L, Al Fwmiks
DAL 7

2) ARG LEEeifos iR Ui | DEFRETIE L 7.

3) A—#@RU@AERE L7,
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4) R7N) T @FEWMH L7, BLIORKETA~N-+ 14 REHT T EEMELEh -7 X,
BB D ) — FRIEUIM L - i,
5) NRIBMEZZABI OB OB TFRIETS ~7248, AEBEAES T~ 100 mm BEFHiA A,
FNLL R LW LS LS AWEETH » 7o
6) AREFHMR LD 75 mm DB THE LY 0 %57 - 72,
T ELTOET - R, ARREREAES TR T ERTE,
8) WEREAEZAR» LR E NG o TEE=4 2 @A EW L .
9) ARBMEEREALG L ORSICFIHOABETZ -4+ RE B, @EIH L.
10) RBWAELO) - FEE2TML /7.
AREARBIRER LI T VI = v L8 TH 2 EICmEOMBAIERIC/NE A - f2 7o b ICfE
XESOFTEBNTHI LR EOABERAETSE T ENTE 7, HEOBIKKN % Photo.5. 4 Ola}
e

5.3.6 HEFHE-7 OB LUTETEEE

[CF=3TH+ + 72 OB THEEELRD S 720, AEAREBOBE 2 4 v & OphgeaT
BICHAA TR L Flie=y 24 A BMRIRRICEIL U fc, BEHLICIRGEATT - o i/ NE
VIFLYROBTVICHRBRL, #3375 KR L, eSO rREHE, BrYyRET
15 ~20mR “hr, 30 cmBN /B TH 03mR,hr, 60 cm TH 007 mR/hr TH -7z, [0
Wliz=53, BEMTHEFFIHBOERZIGED, BRI62HE 1 HE THELALE, REEED
AEETOF » 7 LOPETEHESZEH L7,

FHLIcPpETRe =2 OME L, BPETFRECEERDETERC, $hFnAl—Coddk
DAL-NIiHGEZERV. A8k EUER LAcEES Table 5. 2(alic, MIEEERVEHR L
MESHTEMES Tableb. 2(blIC/RT,

5.3.7 AFENEERE

AR EOME LAAABORMAE 7 v — 0 TAHE L0, T HE =5 BAEHE 0° EEBHT,
F90° CEICAHIImIC DO THREBEST » oo AROAEA Photo.s 5IT/Rd, BH LIEEE
KHEHRERRAICETOBLE CnEdhd, 20, ERSOEELNRERIEAD SO, AR
B TH -,

5.3.8 WRBEERKRUNaKLE
BRI, fer 3w 70— N3 TNaKF » 72 ABIEEER 4 H L TROFIETH
-1
1) 834K, ICF-37TH + » V2V TRONE EHEROE BiR Lic | D%y o &
VTN L of,
2) PIEEL R O DL O I - f2 0, FEERE & 2 < —+ @ ORI L 7,
UL E (4 L Hm el & 048 38 mmEEN I B T & 4,
3) BHEY 2 ARG NaK Ao v i Lo, AIE (AR ICRHE L/,
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4) NaKidn— 7%/ — w15 6 T LRI S S THEE L 72,

PR U NaK IR0 SHEIRIE Photo. 5, 4 0lb) RUlc) ICR 4. 1 BIIHH2 5 20 oI R
FTRIVCAREZRS IRETr o TN Th v s HHOTiT- 70 HOHLIBEE YD
B BREIEIC B o — 210 £ O 1T - Tohs, ZOMBBER TR -7, B bl
BHRE, (U, PwCi,<L vk KB L7 b0 4 ICF-37-1, B{EERM, (U, Pu)C,, 4
FELIEDHICF-37-2 SR Lo (Fig. 5.6 BBO I &) PIETH+» 7 ORMEIFEL K
TU, 88074+ 7 HEUE LA H0E 2 v DI 5 SEERIT 5 L T~ B

5.3.9 BB OARRMA

BREE Y 2AONREER, f-rav /) —rEeANbICBOTEREIC YA~ 7 oBEEE
DAT— Yy b L, 2T - VEBHIET, BEHC VORI DOTIT -1, =7 ol
EOHEELI IR,

BiEfEE ; X 2.5

R . x5, x10

HE®RE , T0mmAAT, 47 X5 HAF

BB 200 W S EAKERAT

AFRIC-D0Tid, LROBIEEEICLD, 47 X5 = b7 s ait LB EEZE S MEES
Tote MEMPREMSEL, BELCYE90° TEL4FALIO Ey2EHIROERZ .y M F
BERLHEIICHE LI, #H Y YICF—37—1 RUICF—37 -2 @A B4 1 ZH Photo. 5.6
K UFPhoto. 5 TITRT,
BECYDREOMBEBEERREF LT A, £/, [CF—37 -2 € vicid#Eiaecy 3 h
HEashi, rrdd, REKRC WA LELNIMEROBEENSERUBHERB K
Ny SOVt BONAABOBSLFRICEES N, £, BRECYOERE, HEE
&t DEHEAGT I EIC K 2 b OMBE S hfc, £ & LTI © v i3idsbER O
R -TODB T ED -,

5.3.10 ## £ v O REERE

Wl E v ORSHERIE L, 5.3 4HHDOF + 7 A ORSERE & FIFRBEFIECH - 72, #
R OhRAE I HERIER 7 s~ 7E2RE LT, B y2BE IS CrEEEHEL
foo JONTHERZE Table 5 3 1CRT . R 5405 L DI 2 ROHME & ORUHRER R 12EE
—TH T

5.3.11 #E DX BERRY
R E Y OXRBEBBER, 53 3 TR d v 7 e VO X REBERE & ERTFETHT -
1o sl d, XERBREETDELE STOKV E LLARE—-TH S, WmEEd, BE Y b0
BHEHEN TV SHEZ 0 °E LTO KU D2 HRIZDVWTIT o7/, 2KDCHEEE v O XHE
BRZPhoto. 5.8 IR T, 2 5N XBBRRD SROIMR 2 THETig. 5.9 AT e
B, 0°RUWN°THEELBRAFA—TH >7, MBI E ey P —HEES v » 7
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BELAERD oML -7, 7, Ny FEAKEBRAED WRTHELZ EAFEHE LI, 2L
w FORARICOWTE, ICF—37T — 1 @ L#Hp 5 5 BEBHD L o MTRITHED ST,
EEEP,S I3EE, $HOBUCKE <L » MO (U, Pu) CLy MiZEINAEED SN, F
vy 7Ly PRBSR OGN, —F, ICF-37 2 THE, RS 1IIEHD <Ly M iT
HinDEElH oi, 742, EREO N ERE 2FEHOSL . PECH IS mm DB KW F
v o TR T,

5.3.12 B YU OBA
Beravz - rerN6DFERIKRTONTOBNFTS v 7F 2 2R75FNT, ¢« 172
Y= P AN 2 NXEBRBERREOK T LI v 2R ERA L 1.

5.3.13 #¥ v DOERERE

BEE v RAAMNESICTFAOTLT —nic kSR, EF Lot FMETRE (£

ra—&i,meoﬂ)K&@MmttoME%EHiQMgﬁﬁéoﬂﬁﬁgﬁxumwaﬂ
RO (U, Pu) Cuy BB viICoW0 T, ZAFN, 4750 g RUF4852g TH »To, BEHIO L~

BERIC BT, B VEENTN, 4742 g RU4BA3g TH -1, Mk &6, 80 1g

DEREENAA 6N, COERSE LT, #E ey RA~ONEBEMRFROOBRILEHLEL S

na,

5314 BBEYDrfRAFr=v7

BELS D AFHIC DV T r BAF = v 7 E2TH2EE81E, W(OBDEALBVTr##
AT PR AT 570 THAY v+ = FREALEZEBEORES Fig 5.10 KRt & = 1
2v 7Y —brEANE DL NOBHTE G LEETLNIT 2 0 A — s ROEER NG ERE L,
BoN/EEAEF v /NI ROERMTEE (Co—60 (D 133 MeV D r #RITHT DHNELE 244
%, SiReE (FWIM) 203 KeV) KB A LTI ZIT - 72, @7 BICNA T, RENE TP LE
T&H5 Rh (622keV) , 137Cs (662 keV), "4 Pr (695 keV ), **Nb (765 keV ) U 1% Cs
(795 keV) L2V THT#HAF » 2V FET o1, THRART P S EITHIESE UTRA
FBRRRO EBOTH B,

N < S AloE #H & EFA#E (mm)
a. (U, Pu) C~2L oy bEpdided 69. 00
ICF—37—1 |b. (U, Pu)C~Ly i BB 120. 34
c. | LEUCH#-~<L 5 MIT 124.00
(U,Pu)Co  {d.  ZLo 4 142. 00
fatiiife oy | 155. 00
P37 g | & ULPu)cfeuyr%Wf%ﬁs 69. 00
b. (U,Pu )CL v bR IR 117.86
(U,Pu) Cia C. FHUCH # <L M 121. 00
d. T L) | 140,00

—— 19 J—
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DI, COEERDrEART PSRV TEHAYT S, (U,Pu)Crdi T (U, Pu Cia
Rl 2 57w 7 ROPRE (FEHERERDP S 69 mm) @ r A< bk Fig b 11 BT Fig, 5.
120CRd, MEOHFEEERCFETAHBICREIEALERINEL, RENGFPLET
#%5Cs, Pr, Zr, Nb, Rh, St EDEFL - 7R oNh 3,

WA FIRUC Ly b (Frd 2D 8O 7 A ~<7 v Fig 5 130 (U, Pw Cro #
Fe ) RUFig 5.14{ (U, Pu) Coafl & v } IORY, A7 PVERERGSY v &b
BIER—THEM, RETF OUCKLy b THA v Fig 511 RU Fig. 512D (U, Pu) C
Ly PRI AT RIG I B EEBE IR S - T d, UCLy FTRIZE PP UDEHE
WEEEED TS, WEHDOKRIEREROMEE T EEEH 100 ~ 110 O A R4 R O A RS
PG B U ENTH L ~2REVTETHESL, FlAIE, BRHE 106 OEE, B°Pu
DWEB 4% THLOIT LT, P UTEH0ASTED, CHIH LT, EEEH 130 ~ 140 Ol
FWEZREZE L, COAIKED LT, Fig. 511 ~Fig. 5. l4 Drig@h o v M (=25
) PO 1Rh I Cs b AERT E &, (U, Pu) CoRU (U, Pu) Cry D27 b ATIE
M & HIC 13 THLORILT, UC by FEETEU, Pu) Cuo B8 £ v T3 026, U, Pw G
PR E Y TR 053 THO, HEMI PuDKABO AN IS RIDINENKENT EERLTY
B

FLF LA DONTE LR r AR bibid, 2ADEVITDOTIELASHESR NG
WOT, fERELT (U, Pu) Ca B EYyDF -7 % Fig. 5.1510RY, FEE—7E%Mn,
WCoT, DEPRFPLETHL PREF P Cs D -7 A LN5, ZOFRIEL, BN
R DRI RO REE A5 1000 CEEW T & OB SOF PO KRG ANEL, #-TS
LI L~OBEHIZEAE L 2 bD RTINS,

FEOT, BMECYOAHND rigA+ry =y D0THRNE, Vo riBEEL 2 ARKOBE
EVIEDWT Fig 5,16 KRY, WMECrOREHRSERIZIENET, v 280 r BHRE
REED T BARY PVHIEE ~HUTERICE N, - FBREIC2~30E -2 BELNE
B, Thid ks FISRHMOMIE L2507, FOERBOMERLIVELEDTHS, 2K
OEBEIE v D7 o X r BOWHEOSH THEL TV AT & (U, P CroE Er o TR
MTUCHE~Ly P&E(UPL CRLy b DEBRIE Ty VHRICLB -0 B0 ETH S,
CDEEAE, Photo, b 8GR Ll e O XBBREN S 590, Al oNFE2TH T
BOBMYEETIOHSO (U,Pu) CRLy FOSEMNEE L, O8I MES BEEM O
Ko iy YR EONShcb D LB S,

(U, Pu) Clu#BE ey TiEso (U, Pu) CNLb oy P IRBETHLY, HEHDO Vv MICH
NBE LT EIfED r DR L IABRONS,

2RDERELE  DEIARIOD 37 Cs D4F % Fig, 517 WA 3, ML 70 2 r R0 &3
F—T&H %, M Rh, ™Pr, ®NbRU '* Cs OEAHDNA% Fig 518 KU Fig. 519 {5
T, MEHREE OFR IS B DMERIIE - e RRE N GORICER 6 hiEn,

b.3.15 #AFL & ¥ DT & T O HIZE
MEC U AEEOHAEORESRE L, /FXERCTIT- BEE0lmmTH 5, #H
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F oy DERLUHD IEEEOERIC DN T T o7 v 4 LA P YILEDIT- e HIEERIE, &
BT+ 0005mm, H0 T+ 006 mm TH 5. EEAER 0.5mmERTT - /7

2 KDHRELE ¥ D8I DE S ICoWTHE LR % Table 5.4 1R BERTICEY A
BEEY Y D2EI 1849 mmTH D, BHEOREME 1850 mm IHIEEENT—H LTV 5,

(U, Pu) Cro BT (U, Pu) CrafEl e vizouT, 0°, 45°, 80° R IF 135 DA 20
THIELEZERUHO OF—4 % Fig. 5.20 1 5 Fig. 527 £ TR d. oK@ (/s
BHCHE LB R RGO iS5 0T ORERER LS TiRd,

EEIZ20TH, BERIERO 7 — 5 K20 T—8AHEREO = 005 mm %0 Ll A 7221k b
HoNBH, Hms LT, 10at. #BBETH, 257 L 2@EEHMOBHRHILLISZ ) v 7,
L MCER L F P AR EAR U S REM ORI E R K X ARBED 7 ) - 7R
BB EALE - TONOERR T 5L EBTE B,

(U, Pu) Cro¥bbl €2 DM 0 1%, MIEEEFEMATH 7205, (U, Pu) Cralhfi £ T,
R 90 O TE135° T —0.15 mm BESEE S i, 2XOEE C L OERE 0 Ol HAE
R U 10 0E 2 RO IERERITR T, HAUHOBELEICDOTIE Table b 4 IKZ# L7,

(U. Pu) CroB 'y | (U, Pu) Cra ¥ 27
RO O ALE 62 mm 68 mm
wm AN D D E 0.009 mm 0.163 mm
ERtho Ol UEH 159 ° 341°

ML £ & BICBA 0 OMAEAIE L, EREALEES S 62 XU 68 mm & 1T E 5T
TRELTVE, COMBERT L+ a5 (U, Pu) CNby b TRESENIEHST UPWC
259 7 ED3IND1BEOBRRTHLAN (Fig. 5.21%8BOC L), ZhiREEe 280
P& BB T EDHRD. CHURF ¢ T2 AR TIRE © P BBBAISNIC & 5 & D LH#EE
Eh5,

5.3.16 S/ F vk
IR TRERE &Y OIEMBRETH - 7285, NV 7 F + REBRTIE, B & v Iics il L TEE
EYRAOFPAHAAHELTETORBEARET S, FPARHESHIC 2O TIHIRIE TN,
L vy F e RBEE

HEEFEO N ARERE 4 Fig 528 {LRT. @« r 3 vy ) — N1 NICEFEFLERL.
FORESR, EAF Py ARESNTED, 2 VM H RARBROPRRIED 50T 5,
@ FEZRD) - 7%

WL v AR CES L, AIEROEERE AT, EAM 13102 Pa DT
125 L ERHRT Bo $T, U -/ EEE LTMERIC He #1244 28X 10° Pa £ TH
WL, BB EDAMEL, WERO U — 74 1.4X107! Pa »cm?®sec LI FicFEEd
%o
(8) FILATHEERNE

R L AR TR IO L g, MR OB DRI 21T - fre SILATOZRARE
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B TEmITH - 7o,
@) ZEfLatEm

FAHER, BET- S LAFATRTSHE. TAMBIE, 7L+ 28T, Fims LM
£ O 46 mm OfrE & Ll ZFILATE, HIEREREZHEG L%, Fig 52805007 1 o
N7 3N, N2 HEOIRETEI L, ShEEBICEREBE LAENE P Ik 2
BT HERT Ui, BITHEERE 1X102Pa Th- 12,

(B6) M 2T
1) (U,Pu) Ciro#E 2 0Es

Fig. 528 I B 5507 3% & L, FILBROT 2% A AMERTTICES, BEESE
(150 cm?® ) % Ui

BEES AT AE/E, &VETZETGBED sIcHBIETE -7,

2) (U, Pu) CuaE v 0Es

FBE DN T, 2AROHEEFR2, 3T AERMEL 1.

WA 2 (160cm®) 20Tk, (U, Pu) Co BE DB & ERIED HHETIT- 2,
WEAFS (0em?) K20 Tk, TABERERIC T 77 Ry 748 U AEAT
-1
(6) MR¥] o NE R AR OAlE

HAMELRE 7%, QOFARFEBERATE & BT FIETHRE & v AHZEREROHIE
T, MEFEOENSHETRD 2, ERABRSEACEEBRE C VILIZ0E LN BE Y »
NERERERORIERER, +0lem?® TH -7, |

2RDBEE I oVTEONIN Y I F v R T - 4 2 F LT Table 5.5 IR, [
KR LA L BE YOS A 281, (U, PwCloBB £ 7083 cm®, (U,Pu) Cis

BEY T 0MBem?TH -» 7.

5.3.17 F P A 2 DR B P

W7 FrABTHE LA X CEREFRR GCMS —2001 BloH 2 7 o= VEE ST
&0 F DM AT - 700 BONIEEEA Table 5.6 ICRT, BEMUVERIT, FAHERD
bNICEBHOTH BN, 7T rHRHE (U Pu) CroEE T 093vol %, (U, Pu) Cia
B T22vol. BEEHTVWE, TO7LrITyHAdBEr Yy ARESEA TGO, BhE
EoBHWERIIC B T A o — TR 0 7 20~ 7 ABASOFERARCEEL TS EBDR
SHo Thhhrt, ~ 9 AEEAOERE, RUDEKTAT VAR EERB7T vAZL—-SHET
LR EDFOKS, BERVEZBESROSEIOE, ~0 9 ARYHERAS L LITLOF -7
BEECNOT7T T ARG, ErREEERS T THEK LR, Fo- TRy 7 REMRD~
D7 LA ZRAEFRE LA, TOEELBOTALIT Y HRPBEEC VY RICEE L D EEDLN S,
Xe /Kr i (U, Puw) Croe #E YT 148, (U, Pu) Cia #82 T 20.47TH D ORIGEN
I FIREOHELLERBOLE 63ICAVETHE 1 7 17 v RU A+ v OREITIEH
i, mEE Y IBIER—TH - 7.

CDOHZHMIC Table 5. 5 IWRLIHEFZABZRELHIEICLD, #BECyhO s 17 by
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A s YOEBEEARE L, (U, Pu) CuoE T 0046 cm?® (STP) RO (U, Pu) Cra
Beryz00l0cm? TH-7o ORIGEN 2 —~ FTHE LABE Y vt Eh7c FP /&
TRLTESNLFPAZMBRAFET M4 %, BETIBEIEE NS METH -7, T
ik, BREORLEESF 1000 CEBO T EASHIBTL T, FP AR KREAHEE LT, LHEO
HERF/PEL, KBMERUF /v 7 79 b - THRENTHEEHES NS,

5.3.18 Rk O U

SHFERICH T HB AT A 20, BRULATAT Y AZEBBESEe sy )
— hEN0 2 TR E v AENRIC K OO AT > o, ERLULABARES Vhd - T,
EE 125 mm, ESE04mmTHO, UM EDOEER+ 05mmTH 4, 2A0HEE O
MY AIE A Fig, 5.20 R U Fig 530 KR4, § 10 HOUMAE 2 EEsRElo U Ck s~
y b & (U, PL)CRLy FOERATHE, H20BOUKR (U, PuCxLy FD FERED 4
H<¢OOWOREITH LT 5, MENERE, SBEEEMNTICHER T 558 % 371 A{ (U, Pu) Cu.ofi
e RUSTAU. Pu) G BB E v | BIBEAZT - TMARBRICHE T 2 THRRH O
F4 3B KU 3T2B B Ui, (Fig b 6 BHBD I &) £/, FHRRED S 16 mm OfEIICH
e EARO N ZZREHAR ) v F&2YHAATL

5.3.19 BB O~ D IREA
SHE M BREUIMBICR Y 2 27 ABIs % BT Tkg /cm?®, MEFE 1~593 O&H THE
ALt &£ ZZRFABIECEE D, FF 1005 L THLEA 06 & L7,

5.3.20 #KEHE » DM TING

BIEETEA AT » 7280 © o FEmERe (371B RUST2B) £o0T, LAEBRE0:D
i A CRERTRED ROBSE REEEED O EBRKIC £ 05T - o MEIEAE
BRUE e 8BS % Fig 5.29 R Fig 530 Rd. &aflic 20 TE+ 585 EH
iZFig 5.6 ICF LCRRINT 5,

5.3.21 BEEYROORE T —

Bi:— b, WEEEAVET YISUREEL, I-MHEBLHTAZ 29 HATIT-70,
Be s — MRRIBEAFER, Ra—XKiTbivic, IhE, BRESE DB <L » b
EWBEHEOBICEFTEBAE-TVATEARLTEO, ZOFER, .3 HOMEE YO
TEAFECECTEE L EBEORMMYABEER (FCML) BERIENEh -/ E&E—H LT
W,

FEEHE I, B - b Loy bOR, RO 2EEZERL 2o 8 LH S U708 L
FOERIE, BOETH 720, m—F v L VERESRICXDROBICE » T Bl — FDEMK
MEBRUEENFICE Lictry OBER (3TIA TI13M, 372A T8 % Photo. b.9iCRT,
FEERIE R SEHC 3T1AP RO 3T2AP, AT OEERNEAENC 3TIACKRU 312A COFEERS
e Ny I
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5.3.22 BRI~ L+ OBBHIE

FERED, m—F YL YERERECAVAEREC LT -7, SRERIERE 200002
g, BEAGEHER+ 001 g cm’ TH b, BoniiEES Table 5. 7TICRT . BEICHE S K
Ny N OHBEEORADE, (U, Pu) Cuofl=L v T13%, (U, Pu) G BE = v i3
LRSS TI6HTH T (COEPSEBENL (AV/V) 23HES DL, 2hEniEF 1.3
BEIV1LE6HBEED) 53 1HEDOSEEMTHS AL I THEBE v & 8T L at. BEEEE
THRHENBE LEBREORBENEZ > TVWAZ &L, CZOEERDE, (U, Pu)C BE <L v
FOEHAT) Y (free swelling, BMEHBEBETC L oBRBMNKESNETWREFTD
Ax )7 CE-TEEENAEDTHE, (URP) CHE~NLy b DHHEBER T Y v 7
CAV V) i, BERLERE, Ny POBERICLOREZCEGSNED, KFK @ W.
Dienst '™ 12z K 1000 CUTF QBB AT U v 713, lat. % MBS0, 12~17 %,
1050 ~ 1400°CT 25 %, 1400 ~1600°CT 35 B LT INTEHE O, SRIE SN -5 &—F

LT3,

5.3.23 BE <L v b OBRKFLEAE

AT R IC & D BEARIE LR < Ly 2 EZEERA 4 BT - 728, KB 7 2
— i L OHESTLEOEIE ZIT - 7o AERMAETTE 133X 10° Pa T, MBERERY, m—+
YU VETHIEE NS COBERT B C LI OBISILRETE L, R L3RBEE D
RIERE S, £001g/em® THY, HMTILFORNTRER, BREOBREETE0.1%TH 5,
B oNfFsR%E Table 5.7 R T, -

73y 7 OBERILERL, —BHEEESBBT.DIGETHEEEAFRLLBEEDATH
5'%) @i 887%T. DO U, Pu) CroMEICHISALE 1319, 91.4%T. D.0 (U, Pu) Crdtbi<
Ly FTO0BHTH B, CHODMFRAD FPA R BHECEENCHES 5 TH S, C
OS5 Table 5. 6 KR LA 2 ADBMEIE VLD F PHRAMERABWTA S EHEGILED
A& (U,Pu) Croo B (U PO CLi B L0 b 4R GRS HAENE SN TH 0 il OBE
BRE LTV A,

5.3.24 EE L o MBS
AU L R L e, @HEE, <12 o r BN ZOEEARICH T A 20T, Kl
PEAA, SRV L v F v 7 EE(T -1,

B2 Ly P AEAARE (7o) s O3, BT 2 FABETEE L. WL
B, MFEBICEMKHEBRAER L, G EFHBTETR, ~7RUFFI1 ¥ FR—2
HEAHEH L, A BT LA 20T, BEERICLALF o F v AT o7, EH
LlrxwF i, T s TH D,

BREL~ L bR

HNOs : H:0 : CHaCOOH=25: 1: 1 DRE&
HrEL A~ Loy b bk}

HNOs : H:Q : CHsCOOH= 1: 1: 1DREHE
WEERE

HNOs: : HCl: H:O0=1: 1: 1DESHE
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HHE L7k~ Loy b OB, @REBSFICHER LAAEBEEE LMD T Table 5.8 IR T,
HE 2 L FEENAE OBRIC VW TR Tig 528 U Fig 5303 L RR L 1,

5.3.25 RN Lo bOw 2 0 EERE

BELE L OB OB AR OB EEEFRN S EOPRR) x2-7TERVTHETS &b
2, FA4NVLDRESAASAVFOAA ST/ 0FERREELT, 77 v 7 DREERHN, B
Bl b EHBEEORBMOERERE D=y oL EIC > THE~NA, (U, Pu) Clok
(U, Pu) Cor L& v O#REL =2 & 27 dideif il Be UVRES 31 OB D % Photo. 5.10KkUPhoto.
51LICT T MEE BICHE <L v Mg 10 HOB R ICEINTE 0, #i R EE TREREL T
BARD 7 7y 7 FE U TO S, BEHLEEDH) 1000 °CEEVT S oBEhLE BT
BEERIREALR - TRy, #EfEicki 22 5 » 7 OFfER (U, P Cre BB~ 1y ~ IR
EELOAKEIDOTFRIGEOEROBTH 30t LT, (U, Pu) Cra BE <L o P THEET
MICKENT 50 7 B0, 2D 7 9 2R -THKEFRTERD 7 7 9 7 IPEL TV 5,
PE-T, BWAEEMAROFIBR DO LS SR A L T b EHES NS,

5.3.26 BAfl<L oy DRSS TAE .
FIETHRN 7 o BEERBICE VT, v v b OUEBE == EREEL 7 fRiamesEs A0
T, BE~L oy P, FEREUARFICOCTERAWET I 2 0 BEEREZT -7
(U, Pu) Cro U (U, Pu) Crafil2r v + OFBMOEEER%E Photo. 511 KKRT, BoH1
frEBEICHWT, Photo. 5.12 iR LA RRIC SO TEEBIT 1T, [ILOKE S RUHE K
Wice MR LR EGIREITEE OBRAMEEE 01l mmTH D 2 0BER 4% Th b, K, HER
FREREHOTIT - i, FERORZNR B THEOSRBZTETEIN T,
BH R % Table 5.9 { (U, Pu) Cro 888 ) Bf Table 510 (U, Pu) Cr.1 #¥} | iTRd
CHSDORICHBHEIFIOBE <Ly MCOOCERERRBEET - HEELE€ TR LT,
Table 5.9 & ¥ Table 5.10 iR L1255 R A7 7 7 THRF LT Fig 531 KU Fig 532K FRT,
FRIRET R B 28mDONFHiE, 0~09 um?O/NEREEOCEERICKENELALNS,
(U, Pu) Cr.iEHC >0 TR EIGlR~ o7 — 7 OFEE» S L T, BHEF®RICS L TRED
MCKEREFHIRL TRV EEZ SRE, —F, (U, Pu) CGokhic 20T, Mohkhic
AR R RIS B 0T 0~ 3.9 um? ORVEMAKIBICHER L TV A AR LTHED, BETN
KETASHEOBFHEIMEORICAKSHHEENR LN S, :
—rcgimoiE (Densification ) 3, SN HEEEOE I rRICEERE I 1
B BALMIBREh TR E OISR 1S UR D Py KE~NTHIF bR E VDT ), SEOBiRiR
URUPuDEfc AL SRS, C/U+PL R Pu OEFICER LTA 5 E (U, Pu) Cuo id
(U, Pu) Cia 0 & 5~ 10 B A X S IREAMES 1T 2 ) DL EBBLEICET 57 —
S THLHMB, BRHIFTCEOTRS ) 2 OILEBE T BHRICER S, REKKELRZL
WMAERE L DINEE om0, SEEASNLERY, BULTC XL b &0k, BEFERTEIC
LALDMAYET A EREETH S, TIBEBERLES, (U, Pu)CioT (U, Pu) Cia
LOoREDEDIFERLE L, LipL, MEOIRAESINT, SHORMFEREEZEAH LI
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TEBMBOLVWEER O, SHOBTHEE LTEENERE LD, il ~ik &9
(U, Pu) Cio & (U, Pu) Cra8E < 1w Mokt 25A0%EIOMEEIR, ENOEAF 57T
IR L kLS,

5.3.27 #E~L vy rOSHEHEEY

(U, Pu) Cro BT (U, Pu) CraBE <L v FOBBEHICDWT T v F » 7 &{TH, i,
RS B O E S O MR T B B R 5 100 5 THT » 7o BB H OMIREA Photo. 5.13 K&
¥ Photo.5.14 ICiRd, £/, BHEFIOE A2 OBEOMEEE Photo, 5.15 K& TR, BAHT
O (U, Pu) CLoB OB TE CRA 200 (U, Pu): CHITHEERRIN 20 % TH S, BHL
ToREHEAR S A B B R PRI A RS AL IR s g, L L, (U, Pu) Cio BB DR
I OPDICHRBESRELL IR 2 T0H T &40 5, ZHiCH LT (U, Pu) Coifl oo
ROLZFNE L, BERENOREICSVT bHHFICHBEESHESS LN D,

5.3.28 ME~Ly F OREBREAE

Photo. 5.13 & U Photo. 5.14 D EH T %17 O SELE ORIE %217 - 724584 Table 51 1R
T ARPSHSE LI (U, PulCrof <L v OB ERNOBEEE, ABREFICET
FBBERERIMAEF LTV S, CORRNOEDOHESFETHE~/RETO URTPud
LROCHE T 2E@E T — 9 TLOEBEMIRT 2 T &5TE 5,

5.3.29 #klRL o FOEHFA VBEERY

R Ly MEOSAMIAABE L, NORREEE L (S KD IKRITNIEEER110
WL OIS NAEE 1000 ¥4 7 EEE/ER L/ (Photo 516 XU Photo.5.17), 5.3.
BIED 77 o EHEIEE L T2FB%E 1 7 oWIKHES L &5 TE 5, HREDO3 Y5 R b
WRFRTNCAE U TOSD, ARy F Y/ ORVICELZLOTHREMEBOEMLERLTVS S
DTEIE N,

RS Ly C OIS i, BRTPCASLRNNIEELCTED, COENICH L TE
A 2BEOENIEFEE LTS, COBNORBIBHYICE T 2RABNEHEETSHO,
o, BIEEII LIz LT Ly v B 0T B RMHEET A RBERE SRS, B
DREEAS 1000°C &N & EARBEL T Bo (U, Pu) Crolbl O RECETLOME, £ 5k
DREFD 3 7 o EHBELEBIE » T aD, ENOlE, [EOREMUBTTHFD< 7 oy
S LR E N TR, BE 2Ly M EEREEOMICEEARE KBRS /% -TEO,
5.3 I3HOBE &Y OAZRTEENMDELN L EEFE LT S,

5.3.30 BAElRL o rDA— T VAT T I

A -+ 7475 7IRKODAK#HECN—8 BAEIO = bu ko ~ X7 s bk =y il
(BEX75um) RU=45 (A4 pm) BETCIEKES, BV MY L kgDWEED
HUHEAEE S TIT o B 74— F 5 U475 7iCia KODAK # 8 HR P RSEH % FRb
T, Toizonl (EX1bum) RUASHEE (B4 pm) KEATELSI . BON
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iR A Photo. 5.18 1T R,

ad—5 4T3 7R, HEry B0 TRU (FimPu) OSFKREEDL LTOEHE
BEhoadE91, (U, Pu) CrolkF (U, Pu) Cra B & S ict—i 08 L TH O RS b1
B, fer 39475 7), FRFPRRSAARLTOLE, (U, Pu) CrolT (U,Pu) Cia
B~ Ly b E BT, B S RAGRIEDBERE I - T 5, THRRETENL A7
oA T EREEOEBNAERE B L TS0, SEhLEESH 1000 CHBENCEhoEL
TFP uENEEE TARTICHEITLAOTREL, BAPHTRINTSH S o ichREm ThE T
FOHELTVWS CLENERTH 5,

5.3.31 ¥y bR SO rERAF =T

BEL Ly bOBHEOBEEOVTESD r iz <7 rathizirs & & bIT, 0.5mm Ey
FERED A /R r @R *F e = VT EToT, BALEEERSS WEDBEE XD r A+
p 2V FIEHCAESDER—T, MEBER I mm Thb, 2EAF» =707 — 7 LB
ALy POTLAEFESICGEVX Y TERRT 5.

(U, Pu) Cro BT (U, Pu) Cos MBI DBEHERIEORLED v # 2 ~7 bz Fig 533 RO
Fig. 534 TiRd, Mr#A <4 ri3BE—HLTEOEELERZRVAEAY, Fig 511 K&
U Fig. 512w L7 (U, Pu) Cro BT (U,Pu) Cur BE iz 20T (U,Pu) CEER 5 »
JHRRMTHE LIr AR PV EME LT HBEETCAT Y L AEEENP OD " Co b d
TENEINTOLLNAT r BBAY FADERH LT A,

SHE=A70 T HERAF » =V IARNLFPTHS YRh(622keV ), ¥ Cs (662 keV),
HWPr (F95keV) ., “*Nb (765 keV) e F 3¢ Cs (795 keV ) iL2WWTiT -7, (U, Pu)Cuo
B (U, PuCui BB <L MCBAT B8R % Fig. 535 XU Fig. 536 iILR"9, (U, Pu)Cuo
BtF (U, Pu) G < v bOMAIC2OTHE LT NTOFP nHEO2mE s <r .y
PRI B T AT BA5H G5B, X EDOFP DOAH T 4Pr, “No HiCHEM LY — 758
BOoM TSP TAUAREREEE MO LI 2T EB TH L Ebi s, A0~
FDRT yADENIIPRhDOGFR T LB DLEL, £OF FAPTHROBEDEIGERL
TVdEEZ NS, (U, Pu) Cro RO (U, Pu) Cra BERL v P TEDOEEEEZNER 057
BUF052 THO, RLEHOBPHETEIARTHICHE~NTRNETLTO S L0 A S, Bl
HE = — F THERMOS [ LA E TR C OlRZ 035 LHEESNTEY, fiFOMBEEE <A
J0RE e 2V SIS ZERAIENENE, SHESEMNb o TREICL LD LEETNS,

5332 HEEOESMEARE

W& 2T L ASEM OLEVFEAMER A5 foHiT 5.3 24 TRIT b~ @ R RET AL
BAT- BT (3TACKU 3T2AC) RUMEIESRHR (371B2RU3I2B 2) (Zhs5D
HEED L HEEZOMBEGIC VT, Fig 528 RUFig 530 2B0DT &) K20 T 150
frnws nBEERU A0 GO~ 4 2 o BEEEET 7 HONTBREBER—TH »72DT
REFE LT CTIREED TIB2{ (U, Pu) Cuo il } R 372B2{ (U, Pu) CLi il } @
£#8% Photo. 5.19 %20 Photo. 520iC, F/cEOHICmRE LiARBE OB EoeM %
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Photo, 521 iCEFNEITRT,

5.3.33 HEEOEAES

SEMER L2 7 v v 28R E L, B EOSEREE T6A Le ) AKMESNIZLOT,
20 BRIMT L7316 A 7 ¥ LAEITH L.Photob.2l 505 30, HRMOKESEEHHE
AR PERE S ICFOMBIZRIERE—TH 5,

—7, BH U EE OWEEE, (U, Pu) Cuo R T 10 ~ 15 2m, (U, Pud Cu K TH
15~25 pm O TSR AIEE ITNS U -T0 S, gL S B OIS MR EER(FCCD
i, CHE TICTONIFAMBAERSE» LR, S 27 v L 2BHEE~ORROHIT (riK
%) THECEPG -T2 ) CORIKELEY 2RAZER, WERTRT v L ABOR
EEF VY e VTHEEM, ChET (U, Pu) C 14x BEIC W TR S OREL I (400~6507C)
THREAT v v e AAER L EREEEENTOEL, Lnl, (U,Pu)C x MR OER
e - EEHCTHELAERICES S, S00KIZBITEHMED (U, Pu) CatFAL
(U,Pu)CEU(U, Pu): Cs OREFRT v ¥+ vid, §iFET~5~—15kcal/g—atom C,
BET+2~—3keal/g—atom CEEESINT VD, T/, 27 /AT TROLEMDKL
BT Cras Co DEEMT v o o it — 13~—18 keal /g —atom C &% T 270 %),
B -C, (U,PudCro KT (U, Pu)Cou R & SIZEIFINCIER 7 ¥ L B ~DRROBIT
HELO, i (U,Pu) Cro &0 & (U, Puls Cs % 20 BE AR (U, Pu) Cur BRELD T R A
FUL e WIEODE LOESE TS L AR NS,

Photo. 5.19 %7 Photo. 520 W THBE NS T L 7R OmE I, bRl 72iF
RO - i EELBDENTH A9, (U, Pu) Croktr (U, Pu) Cla B ©E R DAV
i, MEORZEERF VY Yy VP OFRISHIERLEBLTHS, Lipl, MBS &HEED
e B BESsR2s emP TRESHTED, COEREORARRBYE Y v OREEOFHE
FHBEBEESSRTV,, SEOERIZBEER 1 at. 2L ENEZ00D0TH) SESBERICS
FAFCCLIC S TFM LAsd g Sinms, (U, Pu) CHEEYIZEVLT, BRAEABIF
FUC BT T ARIRTH A7, FOEEMEOIERNINTED, 301 (U, Pu)0: #fo &
B S BE ORI LAZFTP (Cs, Te, 1) HFRLO{FAHEERSMES NS
HEz, U, Pu)CHBEOBER 7 v Y+ WD EV T EPSHMLTESTLEINTVLE B
FHTfE 980 C/M (2 ZTMIE, U+Pu ic DA CTHEHRMHICERE LI FPRFEEZED) @
Eird, BIHOO MEFEALTFCCI ZMET 2DEH LT, Wbd 50 EBBTIEHR
T S N TH 0 oM LE (U, Pu) CHEIOF CCL X, BtL 0 SsEaD
HWWTHAHIEZELONTY B,

5.3.34 #HBEEOMASKEEIE

HERREE, 27 v LRGI0sEES, MY, BUEOBRRNMEREICREIERES250T
FBENHHEO—D>TH B, 5.3.32HETHEL 170 EEABFRER L THBRORS Z 20T
Lo RBHOREHCOOTSRBEGEERT - /oo BRNOBEIERERZ Table, 512 KR,
RS AR DERRIE 12 s mitlbxT, (U,Pu) Cio XU (U, Pu) CLiEHEEE (371AC
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Fr312AC) 10 ~11 am & UNEOFEIRKENG 6N TH 5, WREOHSENEIL,
ASTMHBRBES NG X0 MM ESNTHY, WREEENY (20 2m) BE LT a5
TbA U s ) FAMEEOHBERNAED 10 #m (ASTM N0 11) L3 0/hEBEDAEROTHES
TEiTH B, LROBBMERICED A TROEL - 1~ 2 4mBARLELAETLO &,
SEEME, ABORE-HECRRL TV BEELTINTSHEL S,

5.3.35 BT OWEHIE

FRIBOTHBEOMELXZZEEEOHMBR., REEFENF0LTHLUNMCEONTEE T
Fld B, -7, HEBEEZSOEEAGIC VT, 2OFEDARELEET LT EICLOHES
~DRERRIC OV THENICHEAES ¢ Lhlgshs ™,

BEREL, ~A 70y A2ZEEFRNLT, 3amtbFoz7 o2 @ail®d (371AC
RTF372AC) 20T, HAEBMEA0g . WMERESEE 15D ORYTIT » /. SHEBEICOL
T, 1o OEERTERARIOS FAfi >V TAEL, £/, MALTHBOMBEZ90° 5L T
4 i, &Et 20 SOBE AP, (REWUIE CAIEEE Photo, 522 IRT . LEAMOESRE
DIE IS A S 4 I DO T L TR 7oy A R EEA Table 5.131T, % 72, Photo. 522
R LI EFS ZHMICE - TRUR L 7ER A Fig 53T LR T, BEIC L - THEEDE Y 4
AEEIF 15 ~20BEEARL TS, COERITRZSHEAEA T 555, Table 513K RL
kI BEEOROABOAER L itkid 3 (U, Pu) Cre &I (U,Pu) CrafEsiZigE —
BTHDELLHR LTHRED SOWEBE ~OREVNREATEE O S a3, OB
LAWBEOWERKE, P TRHIICL ZREREICES bOT, WEEEED 450 ~ 500 °C
THALEDPLRRBE 7 =—vEh, RECREERDR A ¥, BEREEBICEL 2801 —
TORRIE LB bDEEHN LD,
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(a)

Distance (cm) Dose Rate
X Y z {R/hr)
20 60 ¢ 139.7
30 " " 79.9
50 " " 41.0
75 " " 16.9

100 " " 11.8
125 " " 7.6
150 " " 5.3
200 " " 3.2
250 " " 2,0
(b)

Distance (cm) Dose Rate
X Y Z (R/hr)
20 60 +50 80.6

" " +40 i05.1

" " +30 118.4

" " +20 128.9

" " +10 138.2

" " 0 139.7

" " -10 119.5

" " ~20 87.1

" " -30 54.7

" " -40 34.2

Plan of Cell

Method and results of the radiation rate
measurement for ICH-37H capsule

Ay

Capsu

|-

le X

TTY

i

Sectional Plan of Cell

/

7

7

/

Capsule
+Z
/////Probe .
~Z

N\
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Table 5.3 Method and results of the radiation rate
measurement for fuel pins

ICF-37-1 [(U,Pu)C, 4 fuel pin]

Distance {cm) Dose Rate
X Y Z (R/hr)
25 60 12 } 29.7
50 " " 7.96
75 X " 3.68
100 " " 2,13
150 " " 1.02
ICF-37-2 [(U,Pu)Cy ; fuel pin]
Distance (cm) Dose Rate
X Y Z (R/hr)
25 60 12 30.6
50 " " 8.04
75 " " 3.65
100 " " 2.10
150 " " 1.02

Plan of Cell

a4

Fuel Pin X Probe

Va4

Sectional Plan of Cell

7 7

Fuel Pin “‘“——F

=1
/ /
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Table 5.4 Axial length of (U,Pu)Cl_g and

(U,PU)CI .1 fuel pins

Fuel pin Ly (mm) | Lo (mm} | Ly {(mm)
(U,Pu)Cy g | 151.0 160.0 185.0
(U,Pu)Cy 1 151.0 159.9 185.0

(U,Pu)Cy ¢ fuel pin

[l L3 ]
L2 :
L1 _J
== : : E=
|
Top i sphere of profilometry l48&.5mm Bottom
m
Direction angle (looking from the upper plug side)
90°
180° 0°
270° . L
marking position
(U,Pu)Cy,; fuel pin
L3
L2
L1
— 1 _ . _ —
|
Top sphere of profilometry 14%mm Bottom

Direction angle (looking from the upper plug side)

90°
180° Kﬁfﬁﬁﬁ\ 0°

270°

marking position
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Table 5.5 Results of puncture tests

Fuel pin No. (U,Pu)Cy ¢ pin | (U,Pu)Cy ; pin

(ICF-37-1) (ICF-37-2)
Void volume before puncturing 74.64 cm® 74,77 cm?
Void volume after puncturing 75.37 cm?® 75.56 cm?
Void volume in fuel pin 0.73 cm? 0.79 cm?

Pressure indication before 6.4 x10-3 Pa 6.7 x10-3 Ppa

puncturing
Equilibrated gas pressure 8.3 x10% Pa |7.2 x10% Pa
Pressure in fuel pin 1.377x10°% Pa 1.101x10° Pa
Temperature at puncturing 31.0 °c 28.0 °C
Total gas volume 0.89 cm? 0.78 cm®

1) Leak rate of measuring system : 1.4x10~! Pa.cm®/sec

2) Vold volume data are shown the average of six times measurements.
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Table 5.6 Determination of the composition and
volume of FP gas

Fuel pin (Uiigiféifl?in (Uziﬁifﬁ%izﬁin

He Base ; Base

N, 2.1 E 0.51

Gas composition Co 0.40 0.10
(vol. %) Ar 0.93 2.2

Kr 0.33 0.054
Xe 4.9 1.1
Xe/Kr ratio 14.8 20.4
I 83-Kr 17.7 17.4
84-Kr 27.9 28.8

FP gas Kr

85-Kr 6.6 6.6
isotope ratio 86-Kr 4£7.9 47.2
(%) ; 131-Xe 12.9 | 13.2
e 132-Xe 18.5 18.6
I 134-Xe 26.2 25.6
136-Xe 42,3 42,6

Collécted volume (Kr+Xe) (STP.cm?) 0.046 0.010
Produced volume#*(Kr+Xe) (STP.cm?) 10.4% 10.82
FP gas release rate (&3] 0,44 0.09

* Calculated using ORIGEN code
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Table 5.7 Density and porosity of fuel pellets

Sample 371AP 372AP
L(U,Pu)Cy gl [(U,Pu)Cy ]
Number of pellet fragments 13 S
Weight of sample 4.7306 g 4,5457 g
Period of dipping 10 min 10 min
Temp. of the liquid 24.0 °C 24.0 °C
Archimedes' | Density of the liquid 0.859 g/ém3 0.859 g/cm?
method Weight of sample 4.3951 ¢ 4.2307 g
(m-xylene) Volume of sample 0.3977 cm? 0.3707 cm?
Density fo sample 12,07  g/em® | 12.34 g/cm®
88.7 ZT.D, 91.4 ZT.D.
Picometer Density of sample 11.89 g/cmd 12,28 g/em?
method | 87.43  ZI.D. | 90.96  %I.D.
(mercury)
Open porosity 1.31 % 0.45 4
Closed porosity 11,26 % 8.59 A
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Table 5.8 List of sample names for measurements

Test Sample name

37181, 371B2, 371B3
Pretreatment for 371B5, 371AC, 371B4
metallography 372B1, 372B2, 372B3
372B5, 372AC, 37ZB4

Macro photography 371B1, 371B2, 371R4
(as polished) 372B1, 372B2, 372B4

371B1, 371B2, 371B5
Microscopic phetography 372B1, 372B2, 372B3
371AC, 372AC, 372B4

Mosaic microscoplc | 37132’ 372B2

photography
Porosity measurement 37182, 372B2
Grain size measurement J 371B2, 372B2
Micro y-scanning 371B3, 372B3
o Auto radiography 371iB3, 372B3
B.Y Auto radiography 371B3, 372B3
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for (U,Pu)Cl_g fuel pellet

Results of analysis of pore distribution

371B2, (U,Pu)C) ¢ fuel pellet (After irradiatiom)

Pore area (um?)
{(Measured area

Number of pores

0.0125 mm?) Out Intermediate Center
0.0 ~ 9.9 412 215 144
106.0 ~ 19.9 5 23 19
20.0 ~ 29.9 4 3 11
30.0 ~ 39.9 1 2 "5
40.0 ~ 49,9 0 1 1
50.0 ~ 59,9 0 t] 4
60.0 v 69.9 1 0 1
70.0 ~ 79.9 1 1 0
80.0 ~ 89,9 1 0
90.0 ~ 99,9 1 0
100.0 ~ 109.9 0 0
110.0 ~ 119.9 0 0
120,0 ~ 129.9 0 0
130.0 ~ 139.9 0 0
140.0 ~ 149.9 0 0
150,0 ~ 159.9 0 0]
160.0 ~ 169.9 0 0
170.0 ~ 179.9 0 0
180.0 ~ 189.9 0 0
190.0 ~ 199.9 0 0
200,0 ~ 209.9 0 1
210.0 ~ 219.9 0
220,0 ~ 229.9 1
Total pore number 427 245 186
(U,Pu)Cy, g fuel pellet (As fabricated)
Pore area {(um?) Number of pores
(Measured area
0.0125 mm2) Qut Intermediate Center
0.0 ~ 9.9 406 364 376
10.0 ~ 19.9 16 23 23
20,0 ~ 29.9 6 8 8
30.0 ~ 39.9 2 2 3
40.0 ~ 49,9 0 4 4
50.0 ~  59.9 1 2 pA
60.0 ~ 69.9 8] 0
70.0 ~ 79,9 1 0
80.0 ~ 89.9 2 0
90.0 ~ 99.9 0 1
100.0 ~ 109.9 1 0
110.0 ~ 119.9 1
Total pore number 431 407 418
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Table 5.10 Results of analysis of pore distribution
for (U,Pu)C; ; fuel pellet

372B2, (U,Pu)Cy, ; fuel pellet (After irradiationm)

Pore area (um?) Number of pores
(Measured area
0.0125 mm?) Out Intermediate Center
0.0 ~ 9.9 334 299 357
10.0 ~ 19,9 7 24 26
20.0 ~ 29.9 1 4 11
30.0 ~ 39.9 1 3 I
40,0 ~ 49,9 1 1
Total pore number 343 331 396
(U,Pu)C;_; fuel pellet (As fabricated)
Pore area (um?) Number of pores
(Measured area
0.0125 mm?) Out Intermediate Center
0.0 ~ 9.9 241 293 318
10.0 ~ 19.9 16 19 26
20,0 ~ 29.9 4 9 5
30.0 ~ 39.9 3 5 5
40.0 ~ 49.9 3 3 4
50,0 ~ 59,9 3 0 0
60.0 ~ 69.9 2 0 0
70.0 ~ 79,9 1 0 1
B0.0 ~ 89.9 0 0
90.0 ~ 99,9 3 0
100.0 ~ 109.9 1 0
110.3 ~ 119.9 0
120.0 ~ 129.9 0
130.0 ~ 139.9 0
140.0 ~ 149.9 1
Total pore number 277 330 359
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Table 5,11 Results of grain size measurement for fuel pellets
Sample Position Average grain diameter (um)

371R2 Qut 10.62

(U,Pu)Cy g Intermediate 10.53

Fuel pellet Center 14.29
37282 Out 7.88

(U,Pu)Cy Intermediate 7,47

Center 7.30

Table 5.12 Results of grain size measurement for pin claddings
Sample Position Average grain diameter (um)

371AC Quter 10.58

Inner 9.97

372AC Quter 11.03

Pin cladding Inner 10.65

Quter 12.83

Unirradiated| Intermediate 12.83

Inner 12.44




JAERI - M 88— 219

Table 5.13 Results of micro vickers hardness of pin claddings

Sample Position Micro vickers hardness (Hv)
0° | 90° | 180°| 270° | Average value

1 286 | 258 | 258 | 258 265112

2 280 | 255 259 | 265 265%10

Unirradiated 3 264 | 256 | 260 | 253 258+ 4
4 254 | 263 | 261 261 260+ 3

5 276 252 | 255 | 268 26310

1 283 275 | 280 | 280 280+ 3

371AC 2 277 271 277 282 277 4
(U,Pu)Cy ¢ 3 278 | 276 | 280 | 269 276% 4
fuel pin 4 275 280 | 282 | 289 282 5
5 294 287 ! 280 | 291 288% 5

L 297 279 | 271 275 281=+10

372AC 2 278 | 264 | 276 | 293 278+10
(U,Pu)Cy 3 283 280 | 272 1 274 277 4
fuel pin 4 285 275 267 297 281+11
5 286 | 267 297 | 287 | 28411
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Fig.5.29 Sectioning for (U,Pu)Ci.o pin
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Photo.5.4 Disassembly of ICF-37H capsule
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Appearance of the inner tube of the ICF-37H capsule
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Removal of fuel and the fuel pellet fragments

Photo.5.9
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Photo.5. 10 Sectional photograph of (U,Pu)Ci.o fuel pin
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Photo.5,11 Sectional photograph of (U,Pu)Ci,: fuel pin
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Photo.5.14 Microstructure of (U,Pu)Ci. 1 fuel pellet
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Photo, 5,15 Microstructure of unirradiated fuel pellets
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Photo.5.18 Mosaic photograph of (U,Pu)C..¢ fuel pin
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372B2

Photo.5. 17 Mosaic photograph of (U,Pu)C... fuel pin
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Photo.5.18 Alpha and beta-gamma radiograph of fuel pellets
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UNIRRADIATED CLADDING —

Photo.5.21 Macro- and microstructures of unirradiated cladding
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Photo.5.22 Traces of vickers hardness measurement for cladding
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6. % & 2

1) EeR{mme cy T (Fig 3188

LHERMBZCBCERRARDY 7 ¥« 70 b = LREHR < 1o H{(Uss, Paoz) G
U (Uns, Puoz)Cra | 2316 X7 > L AMHEE (A% 650 mm, EX 047 mm) 1T -
BELCERBEE Y BE25 v 7E 108 mm, Y45 185 mm) 2 A4 6744 i K ik
A B S TR L 7o,

2) W&+ v 7 (Fig 3480

FERCBE e R AR, TETHEICRA L, 2A0REE Y& FFicER/ORET,
WEIRUAAB T EEHE LB+ + 7w, ICF-3THICHAAK, BEC v &+ v 20
AFHOEEAICIZINaK &2+ v 12,

(8) BB 4 (Tabled. 1, Table 5.2)

ICF=3TH#+ 7% JRR—2 4 v 2 7ERILICHEA LT, B8 E 11 A5 50 &
TRETO6 44 70 (EBRHERE, 1542 B0, BOMTREE S X 102 nvt @ T1E
BEH 1~ 1.7X10%nve) , #HET20W cm T, 10at. BREEEF THE L, BHEEFOM
FLLCRLEE (357 1000 °C, #EEIRRE 3 450 ~ 500 CTH » #,

4) melEBREE (Fig 5. 1 &)

SRR S AT AR B R T B TR SR E A BERI 60, 61 FEITIT -7, EREBEFRRBRRIE
DN 1 ~No 6 £TDF » 7y 2T, WEHARKEZ, NIRFN2OIsDda sy, 7TV
HABER 2V TIT =7,

B) W% ER (Fig. 5.6, Fig b 7&K

i Lo F «» 72 b OB R~ OMA L SHBEEOBERE £ ¢ 35 MEILOVTER
L7
6) BERIFEBRER

FEOEFERABRERILTOLB0TH 5,

a) B oEERE{L (Fig 520 ~Fig 5271 21)

Lat.%EMBENEROIOIC, 2AOEE BB LWET OB A EFH
(FCM1) RU 7V F L DFP AAEZKLIAWEED 7 ) - 7ER QBRSNS -7,
b) FPHABMERVZOME (Table 5 6 BR)

FP A2ibiEid (U, Pu) Croffl © 044 %, (U, Pu) Cra BT 009% T - F2, Wk
HULREA 1000 CTH S Z &ipn, FPAZRMMIE, 7 v 7 72 P RURBEBBICER SN
TWBEEZLNE, Xe/Kr MidgiBT 15, BET2 THVORIGEND — Fit k55
Bl & R E—B L f,

c) B L s FOBREE (Table 5.7 28)

BEHCLE S BB <Ly hOBEZ(E, (U,Pu) Croftklt—13%., (U, Pu) Cia HE
T 16% ThH-1. TORWPEIL, 1.0at. BMEFCE T AEKER T Y V7R (4VV)
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TR LTHED, TNEFTXRRICHSE XN/ 1000 °CR FTHBE ALy MAEEREICHE SR
MOAMAT) Y rRI2~17% " B LTS,

d) B~ o b DBEKILE (Table 5.7 £8)

BRERUKRE 7 7 2 -5 B LBBEHMEDED LBE <Ly P OBTILEE L L0
7oR5R, (U Pu) CoBBT13%., (U.Pu) CulBlTo4 B TH -1, CZOBIGKTLIE,
Sy 7T N RURBFICL SR (1000°CLL ) 8105 FP A ANHRE BN
Wa b, D) THAEIIIC (U Pul)Can#E L0 A4ERE{FRIESDOERTH 5,
e) BE LY FPORILRUCESENECS7(Table 5.9, Fig. 530, Fig. 5.31 , Photo.

5.12 B

BEATRICE VTR ALy - O, PSR N ERO 71 7 o BEBE LT, B
LT HEREZRHEFENT L CRFLOR S I RPDMOMEEIT - 12, TOFER, U.Pu)Cie
BE~LY .y b OPREEFPHEFRICE N TO~9.8 um? OBM/NGILORIESHERERTAS
RN DO EDBA SN, COHR GMBTOIRT OB K P ERRAREGREEZE T
BLETTRITHAT A ENTE B, W< L Y POBREEOREIL2VLTLEASH
EEHREEEME SR,

[) #E~vy rOE¥4175H (Photo. 316, Photo. 3.17 25)

BEASL oy P EBRERERTMICKENRINS 1AL L TED, 20T LTEEARN
KHARDBENAE LT, BHIOBICET 230 ORENLCEEERL TV S, #EHL
EEA 1000 CEEN T EpShi TOENDBA, FA FOREZRE - TR, BE
EHBE DRSS TICER-TEO, al THRACEE CVvOABREMDBIE T EERELT
Wi,

g) HERL .y rOF -5 Y4577 (Photo. 3.18 B18)

af =t 704777 TEPu, U, TRUELH-ICHTLTVWAI ED RSN, 8 -
TA= NI T IO Ly PRI ET A FP BESAERTICHSTENT &
DD ot, TOERE, SPhHFERTHEOTHRRBICE T A THOBREAREL T
WA EDOEHERIL fo,

h) el Ry bD=f 7072+ r =5 (Fig 535, Fig 536 &)

f$FEHMLFP & LT Rh, 137Cs , ' Pr, ¥Nb R '3 Cs OERHEDH4EHIE L
Too HREL & hotliod r #5EE (1°Rh) @Ot (U, Pu)Cro T057, (U,Pu) Cin T
052 T#H Y, g) THRREDETHOBREZMEE L7, Uk, FHE2 - FiItkaiEE R
035 TH ~ 7o
i) #WHEBEEREOEE (Photo. 319, Photo. 320, Photo. 3.21 B)

WEENEIC, (U,Pu)Cuo kU (U, Pu) Cui Bl Tid % iC & 23088 0 15 82 R OB
{LREEED, = NEFN 10~ 15 am&UF 15 ~20 emfiflSNice BERSE, RERF v v
+ DN (U, Pu) Ca B8O 8 RE VAL, MBS HENB N b 5 KELET
4, BEE ORI LIZFEIIEE S0 T &Y 5T,

i) HEEOEE (Fig. 237 &)

HEENOBRICETIMAEEL NI, w470y AREAHVCTIHEEOESD
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RGP OWEARE Lice BEITE > TE w7 REEL 15 ~ 20 BESEMICEALTH
fohs, (U, Pu) Cue & (U, Pu) Cra BEIC SO THBERAOREESRIZE—RTH -
&G, TOWEMREBRRIKISE SO TR CHETFOREBECLIDE 76D
ThHbEHEE L7,
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7. 0H L &

GED T 5 v Tt =7 RERAYRE v 2 XD B R UR BB, WPEE LT
FIREOCLOTREDAT ¥ VARMBEEENAF TEL b oo, GFF [8ALw | @
REE(LRE ICERE S N A8 650 mm CHIED 316 27 v L 2 MEEBEEFEA LI, D
fodh, AR 420 W om &ZIEB bR AT, BT LEE R 1000°C, MEEES L0
at. BICMA S i, UL, BRSSO RE QARSI 2B, #BE~<vy b
D, FPARKE, 2x0 vy, [HLOM, ERNEOEL, B SEEBEM O FARE
FERETNTIEBOTERATA O ENTEL, a7, ANEEFAZFHS =L 50 BEREA
b4 TNEICER LERS TN TOESMPEFCH S SBRAEIN T S L0 SRR
OHRBAERETE S HEME SN, BT~ oL HIcE 1 DE QRSB ORE R O
B S L BRI AT 00 I A3 100 %Rk d A T T E 1,

Bboi, ARBORITICE L THBEEROHBE % 00 BRI BER R - 4
FHLEH R, EETERE, AEMCRERRHEREZE, KEFRFRARSEEERREICE S
Bt LEd, £/, BERARE Y Y OSHE TRARIRFBEIAMOBERIC, ++7 w0
SUE IR R MR LR, BH TRIFRFEHTMAERN MR, BERIABRTRIE
AREI R I, (THEREOREREE TRHEEDERHS G RAES 2 OB RITEHEZEV
fofiindo, C T oBRE L EFE 9,
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