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Summary Report on the Activities Performed in the Reactor Technology Settion, Experimental Reactor
Division during April 1996 through March 1997

YOSHIDA Akihiro*, AOYAMA Takafumi*, NEMOTO Masaaki*,
MAEDA Yukimoto*, SUZUKI Soju*

ABSTRACT

This report summarized the results on following experiments, analyses and evaluations performed in the
Reactor Technology Section, Experimental Reactor Division during April 1996 through March 1997.

» The evaluations of the nuclear characteristics

The refueling plan of the 30th duty cycle of Joyo MK-II core was decided and its nuclear characteristics
were calculated and measured, Additionally, preparation and evaluation works for the measurement of neutron
release rate and decay heat of spent fuels were carried out.
» The evaluations of the plant characteristics

The measurements on the plant characteristics of the 30th duty cycle and the temperature distribution of
the surface of the primary sodium piping were carried out. By using the Joyo plant dynamic characteristics
analysis code: "MIMIR-N2", the analysis of the plant characteristics tests such as natural draft test were
performed.
» The evaluation study of the structural integrity of Joyo plant

The structural analysis of the thermocouple well equipped at the piping of the secondary cooling system,
the structural integrity of the liner were carried out. The relation between the generation of the molten salt type
corrosion and the amount of the surplus water in the air in case of a sodium leakage was evaluated.
» The measurement and analysis of the neutron fluence

The neutron fluence of the irradiated material irradiation rigs, the measurement accuracy of the Helium
accumulation fluence monitor and the activation of the melted Nb dosimeter were measured and analyzed.
« The study of the in-core anomaly detection system

The correlation between the fluctuation of the neutron monitor and the position of the control rods or the
fluctuation of the coolant temperature at the inlet of the Reactor vessel were evaluated based on the results of the
reactor noise characteristics measurement. The simulation model for the response of the neutron monitor under
the condition of the generation of the sodium void.
« The study of the failed fuel detection system

The performance tests and the modification of the analyzing program for the on-line gamma radiation
monitor (OLGM) have been carried out. The activation of the tag gas irradiated in the Reactor "YAYOI" and the
response of the OLGM when test pieces charged in MARICO were raptured were analysed and evaluated.
» The analysis on the radiation source behavior

Based on the results of the performance tests of the cover gas clean-up system(CGCS), modification
program of the system was decided.
» The analysis of the coolant and the cover gas

The hydrolysis method for the sodium analysis has developed. The coolant and the cover gas sampled
from the Joyo cooling system after the a long term reactor shut down were analyzed.
» The evaluations of the Joyo MK-III core and plant

As a design study, the nuclear characteristics of the core of which fuel has dirty Pu vector or lower 235U
enrichment compared with the current MK-III core fuel was evaluated.

* Reactor Technology Section, Experimental Reactor Division, O-arai Engineering Center, PNC
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3.5 MK-IIF05E 30 U1 Z )V OfIEEME. X ho— g, FHMEREE
3.5.1 #f =
MEK-IUELE30Y 1 7))V O #liH#ETotal Worth, A b O— 7 B L TS EIES
a*éﬁ(’a‘:%fr% L7z,

3.5.2 StEE&H
|7 T
FESHtEy b JFS-3-J2 (70 #)
HEI— R "EXPANDA-GSII". "MICLIB-2"
ETELG&M s 1 RITTERBLUOHEHEER, IEHETE, THRIEN
HET—4  "MAGH" FERR (205 ORSHEOERT 7 1IN SER
SHE—A "EXPANDA-GSII"DOEHFmEHE 2 FIEESIHK, BAD2T5—X
- EFBIEROE
HEI—FK :"CITATION"
SHEEMHE : Hex-Z, T7EHREL
HEET—4% : "MAGI'&FERER (F05) DRGHEOHEMRT 71 NhSER

3.5.3 #i{E#Total Worth, A hO— 7 iR DOEtE
3.5 B HIHE/NY — > DEIEZR ETotal Worth 27579, 1B, HEY—X
WERIEECS0mm (£5110) . 2F#EOmm (FA) . &H#EEOmm, 400mm
D14 r—XA
EKIBIESHHEENY — D OEEFZREZRT., &b, fFEIS— AT 2HEE
650mm. FH/{EZEOmm. 100mm. 200mm, 450mm. 500mm. 550mm.
600mmd 43— X '

3.5.4 il EREMSMERKOFE
[%ME T, &9 7NVEBRIIA)F REICE D HHERERRZEREL T

W3, N F REERRCE, FOZERET B0, GIEESIHRNNY—NBEES
NB., —FH. TEE) 13, 6liE6 AEE5IHRETEREINI 2D, SFERRER
BiEROFEIC AV S HEERESRRIE, HEFHRETHESNZDOTHE L
MEELW, £ZT, FEICED., GHSRERBRORIEE/NNS — B} 2 5
ERE S BHESHRREOHEBMEEZRD. TOlERHERKETBIEICED, &
FHBORMIEZTo TS,
ZHEBOTHYEGBERIZ. UToEBNTHS., 2T, XidhEHES HE (O
~650mmTdH B,

HIfEIEE 1 ;. 6.5757X107X+0.70607

HlfEEE 2 . 6.2089X 107 X+0.72246

HEEI3 2 7.0705X107 X+0.68395

HIEEE 4 ¢ 1.6997X 107 X+0.92402

HIEHE S : 4.4543X10™ X+0.80089

i 6 ;. 4.5424X107 X+0.79695
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7235 ZEFNEEMEZE & Total Worth

[=]

. s % . . .
simEl ¥ | wmee | ames™ | seme | wess | wese
Full out Kelf 1. 030469
Full IN Keff 0. 929376
EsEE
1. 010944 1. 012545 1. 013226 1. 011758 | 1.023436 1. 008811
Full IN Keff
Total Worth
1. 874{1. 71811. 661 |1. 79510. 667 |2. 083
%Ak k k'
2EE JFS-—-2
30Cv 1..892 1. 73111, 665|1. 80910. 663};2. 104
Total Worth
%Ak/kk’
% : Rk L —EED AB B, BEBSER,
F#3.6 EFhEg=R
sEE | BEE2 | BEEs | SEEe | HEEs | 5EEe
Full QUT Kel{ 1. 030469
600 mn Kell 1. 029749 | 1. 02_‘9803 1. 029812 1 1. 029762 | 1. 030159 | 1, 029669
550 mm Kef{ 1.028733 | 1.028871 | 1. 028895 | 1. 028785 | 1. 029759 | 1. 028544
500 mm Kef{ 1.027335 | 1.027594 | 1, 027656 | 1. 027450 | 1. 029247 | 1. 026990
450 mm Kelf 1, 025519 | 1. 025936 | 1. 0260451 1. 025713 | 1. 028584 | 1. 024961
200 mm Kell 1. 014555 | 1. 015973 | 1. 016443 | 1. 015324 | 1. 024748 | 1. 012735
100 mm Keff 1011844 | 1.013460 | 1. 014051 { 1. 012710 | 1. 023782 | 1. 008753
0 mn Keff 1.010944 [ 1. 012545 | 1.013226 | 1. 011758 | 1.023436 | 1. 0088!1
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3.6 HIEES I ERORSRGEIERE
361 E
SERROE2RA 27 HIC, MK-NIE30Y 1 Z IVELOREFIFEEILRE® S HHEE 8k
&, TOBORBERESE (ch.l, ch2) OHEZEEREL =,

3.6.2 F i#E

SHERRAIRIL, FREFEOEERTFE (CB-4) »50ESF (ch.l,ch.2) A
HéEL, HBORERERNECATFLZANWTT /=,

A & =0 I NNA ISAT— R THIEECG 21 AKEN, S Hl#E#EL 2, 3, 4, 58K
D6 ZEIZLET D3IS0mmI B E TEHIEE, AT v TIBWTEHEEER:300sD Al
FEERIETo . B, R LVa—FEHAnTchl, ch20{E8%2E_4—1L,
HERIC ) AXPRELEGRETOTF—F2EHNTH &ICkD, BIEREEKE2
Ko7,

3.6.3 & 2

BIEHEEEI.TIIRT. 1B, B30V ZNVFELOBEIRIGE. HEBMESE
WEEICEDEHERFAMEZHMETRYT. & D, ch.213f#H#E]1 &2%350mmE
TR WA T3cpsZB A, ch.lidflf#E1~3%350mm X T5l4 /2’ 5 T3ceps
EBZI,

277U, SEORETIE. HIEHEL1~4%2350mmAiLBICEKR < £ T Mhi:FRE)
D7 F—LhEFTRITUTY NTBZENTERMoT, TNIE. FHEROEHEMN
3cpsEBEZ-IREETY, HEROLEFICLVBRENIC3cpsZ TR Z ENH B0
EEZ NS,

7, BIEHESERICEED BRI, BEIRISE. flIEEMEICED < FRIER
EFE—FH L.
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3.7 HIEELkEEET D ch.1, ch2 EHEEOZ{b
23 gt
HEE3IERIE 2t® (cps) keff | SARGE | SHEB (cps)
ch.l ch.2 (% Ak/kKD ch.l ch.2
62 A 2.2 2.6 0.9220 — 2.2 2.5
CR1 : 350mmfir & 2.5 2.8 0.9326 1.06 2.5 2.9
CR1, 2 : 350mm{fir & 2.9 3.1 0.8421 0.95 3.0 3.4
CR1, 2, 3 : 350mmf{ir g 3.3 3.4 0.9508 0.87 3.5 4.0
CR1, 2, 3, 4 ; 350mmfir@ 3.6 4.3 0.9605 0.97 4.3 4.9
CR1, 2,3, 4,5 350mmfrig 4.1 4.5 0.9639 0.34 4.7 54
CR1, 2, 3, 4, 5, 6 : 350mm{ir & 6.3 6.5 0.9751 1.12 6.9 7.8
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3.7 MK-II FOLEE30H 1 7 )VEERFO LS EEE
3.7.1 #ME
MEK-TI 5 30 B 2 VIELORERICER L ZERFERRO D B, BPLERE
BY 2R (BREALERRAER. fiHsREFRRD LIUCRBEREEIERR) @fﬁ%%
HET D,

3.7.2 #ER
1) ERF=FEEREER
EI0Y 1 ZIIVEEFEER (FRRIFE3A3H) @%Ufﬁﬁ#%{r“é*ot DiEERDE Z]IE
Lz, BlEEEDOT S MREZDITICRT.

BEFFEHT W GEEREsHECh. 1O EZESX 10" cps)
REFIRE #250°C—&E

—RBWHAMRE | $9100% flow

HERBESEIBICRT, Ei, HE27~3004 7 IVFELOBE RKISEEAME &
"MAGI'SHEB O EEIIBLUVNI.2IRT. kb, JFS-2&JFS-3-J2iC
L BEEEOET, 2791 ZIVLPE0.06~0.07% AK/Kk'" T—E L T/, %
3094 ZIVTH0.11%Ak/kk'ERKEL x0T, TORREL T, 3091 7L
FETOEFFEIEAEIIHN67T0H B, MEOHETRER Yy FEFICHES R
BFr— 2 OEEICED, Np, AmMEOTEEFEZIEL L0, “PufiBiick s
RIGCERTRBICENHB I ENELSNS, TIT, BRICERLZEHEFIFEE
R OBEREEANERROBINET> . HREERI.3IZRT. kD, JFS-
3-J21z XA PUBRERI RITFS-2 L Lh# U CEAMEIGEWE &85 Z EERTE
7o

2) S mE
FlEBEERNEII4ERARERE, RUF FERUFETFEEEEZRAVWTER
Lic. BBROT S > MREBZLTICRY,

FETFIFEHT - #15 ~ 85 kW (4 RERFELIE, RUF FiR)
B|EW BT (P EFREFGE
RAIREE : #1250 C —%&

—RFZGHMHRE : % 100 % flow
ARFREREERY A RE (BRIFE3IA6H~TH) T X B HIBRIEMREE
3.10, 2B MEER3.INIRT, £, REFE (FROFEIAL0H) KLD
LfEEMEEERS.12ITRT,

3) HRfREK
HHRER (FRIE3ALTH) FiEOBRRGE (ch.1#5X10cpsiRig) #HIE
L. TOBENSFRERERE L, BIEROT S 2 MREBZUTIIRT.

TR HkW (REIREETEch. 105K #5 X 10%ps)
FRERE #12650C —EBLUI7T0C—E

—RBEBHMFER : $9100% flow
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BIE#HERZ L TITRY,

RIRILE249.7C. BRIRIGE2.581% Ak/kk'

R IR E360.5C, BRIRIGE2.166% Ak/KK'

E30H 1 7 JVELERMBE : -3.75X107°% Ak/kk'/ T
ER, HBAILINETOYA 7 IVOFRBHAEFRERT. INLD, HE30Y
A 7 NDBIEEZBED Y Z IV OEREIL D KI%HMEWERTH o, HE30H
A 7 NVEEE (FRIFEIAIH~17H) K 13EOERSHERHAR GRRIEEN
250C, ch.1#35X10%ps) Z{TofER. BEIRGER(2.581£0.003)% Ak/Kk'
THol, TITREFLIoTHD, TNIAEHOHERZE:LCEZERLTDH
LRBEOMERETN3% THD., 6BDEZFHPT LI LIETERN, BHE, &
REROBREEROBRI & LT, F—FARITAWHEBREMRONERES
ZRAEPTH D,

4) HHEREK
3001 7V liA EREE (ERRIE3A1TH~21H) KEMWED H A RE &30~
100MWRIEEHE G K 2 AIE Uiz, BIER0TS Y MREELTIZRT.

RFIFEL T ; %1 ~100MW
FaEEALEHMIRE :  $370C —&E
—RRGHMHRE #7100% flow

SMWHEDH W REEREERZR3.5IRT. kD, 83081 7 )IBOCOH A
BEL, FOTEEREENEWETH - 82501 V)V EZIERBOE HEELE %
kL. iz, SMWEOH TR ZHERMEZEARE LT, 30~100MWH T
L7 tERZLLTITRT,

30-100 MW FIEEH H Rk -3.76 X107 % Ak/Kk' /MW
E15Y -7 77 )V EARED 30~-100MW R E B 1 R E & IR DR BEE OB R 2 K3.61C
R, LD, B3OSV IVOBAGRRIIINETOTA VN TRONTZREE
KEMERLTWS Z E2ER L.
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#£38 %£30%4 2 )VBOCEBEIRICENEZE
#7E 8 1997/3/3 R % 13:24
/R FlERLiE JR B B i il Z v FRAIE R B i
=5 (rnm) (BAK/RRY {E{r & {mm) (% Ak/KK)
CR1 447.3 0.510 447.2 0.510
CR 2 447.3 0.449 447.3 0.449
CR3 447.3 0.427 447.3 0.427
CR 4 447.3 0.478 447.4 0.477
CR5 447.3 0.172 447.2 0.172
CR 6 447.3 0.541 4473 0.541
total - 2.577 - 2.577
T wFAHERBRRGECAK/KK) 2.577
Z v FERIAKR 197.00 (m)
CRDANBII L2 RIGEREE® AK/KK) 0.000
S wFE, CROBIGBHEFRBRRIGE®AK/KK) 2.577
EFFHREHMW) -0.72
BEFFEEREHMWC) 0
AN—T 1285.0
—REHHH FEE(m/h) Bib—"7 1290.3
S 1287.7
A—7 249.8
A Bl—" 250.5
i 250.2]-
—RFHAHIRECC) AN—T 249.4
hia BI—7 249.0
i 249.2
A, Bll—7HA O 249.7
250 C ADBADBEMERRG Ak/KK) -0.001
(HEEFER -3.75E-03 (% Ak/kk'/T))
"SwF s, CRDBNGRCHEADEEREZBHRGEGC AK/KK) 2.576
#3.9 MK-IJEBEEICE
BRI G Ak/KKD E~-CiE FE*)
StEE EH
- JFS-2 | JFS-3-J2 JFS-2 | JFS-3-12
27 2.18 2.12 2.00 -0.18 -0.12 0.06
28 3.69 3.62 3.61 -0.07 -0.01 0.06
29 2.40 2.32 2.16 -0.24 -0.16 0.07
&R 2.87 2.79 2.69 -0.17 -0.10 0.07
30 2.69 2.59 2.58 -0.11 0.00 0.11

%) JFS-2&JFS-3-J2IL LBt EEDE
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#£3.10 HEER b O— 7 ihEEL

H
REE = -2 CRCOEF (i.R) X X' R EzZE:E
(3 A K/%) X = $I 8 BEE Gan)
CRCOEF (i, 1)=-1. 64863E+00, -6. 10101E-03, 4. 13430E-035,
-6.29702E-08., 3. 13198E-11,-1.32081E-15.
CRCOEF (i. 2)=-3.50657E4+00 1. 64848E~02, ~5. 30545E-05,
1. 21834E-07, -1, 43215E-10, 6.30285E~14.
CRCOEF (i, 3)=-6.94827E-01, -1. 19378E-02, 6. 23479E-05,
-1. 12913E~07, 9.07129E-11, -2. 86569E-14,
CRCOEF (i, 4)=-3. TOT36E+00. 1I.58864E-02, -4. 83390E-05,
. 17062E-07, -1, 48232E-10, 6. 93541E-14,
CRCOEF (i, 5}= 9. 67773E~-01, -1. 81076E~02, 8. 12594E-05§,
-1.61592E-07, 1.55871E-10.-6.01294E-14,
CRCOEF (i, 6)=-2. 24219E400, ~1. 36029E-03. 2. 09604E-05S.
-1.39927E-08, -2. 7T2573E-11. 2.56742E-14.
#£3.11 FIH4E Total Worth (% A k/k)
& 8 #E No. 1 2 3 4 5 6
= x3 *3
S EE 1. 87 1. 72 1. 65 . 80 0.67 2.08
= #E 2.00 1. 175 1. 65 I. 89 . 72" 2.13
C/E 0. %4 0.98 1. 00 0. 95 0.92 0.98%
* 2 NRUF VEAMELSE (0 ~650mm)
* 3
%£3.12 FEEEEIC X 5 HIfHE Total Worth
(%A k/k)
# 18 & No. 1 2 3 4 5 6
®EZE Ch.l 2.106 | 1.845 [ 1,708 | 1.894 | 0.751 | 2.244
REFZ Ch.2 1.978 1 t.828 | 1.762 | 1.953 | 0.755{ 2.136
EOH 2.012 | 1.836 | 1.707} 1.923 | 0.753 | 2.190
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WTIBOGIE (% Al kKD

2.64

4.00

3.50 |

3.00

2.50

g
2.00 e

1.50 L

-~ o--JFS-2
LA ~-e--JFS-3-J2
i 7
L . P ‘ E ::
i i P .
27 28 29 29 30

Ao

K32 #27~30%4 7 VPLBREIRTGE

262‘?

2.60 |

2.56 |

2.58 L

i

9.54 |

PNC TN9410 98-052

i L L] ] 1 i ] 1 1 ] i 1 i 1 1 | i I L |

WG (6 AKk/ kKD

25 75 100 125
B fEi(d)

3.3 *py gAiEIC X A BH ICEZEL

—60—
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“3.50 107 e e
%-3.75 10° [ 6 1
< A S oo ___i___. @i ]
<1-4.00 10° s ° )
co b o o o .
= A TR AT it S 7]
8425 10° [ : - :

& - T3 : [4.00£0.100X10 (%5 AK/Kk'/T)

450100 0 0y I SN SN

10 15 20 25 30 35

A1 7
34 MK-IFELFRBEEESE

-8107 | - -
o —— 30cyBOC
~7107 | X : —s— 226yBOC |
E [ \ G- 25CyBOC
Z 51070 i =-4--29cvBOC | |
P : :
S N
- -3 4
-5 10 7
5 o : :
& -4 10 : Ry
= A ) h
= -3 ! o ,' . E a
3107 | e g R b\y‘
; a,_A.ts 520 ':o-@' a
DR e , e e
0 20 40 60 80 100

RFFEHAMW)

3.5 MK-I 17l 5 MW S 5%

HAMEE(X10® $AK/KK /4

4,0 _‘bo ............... o BOC J
[ e e 30cyBOC | 1

45 b R a EOC 1
; x  aHRH|
" o : . : H

| S B B i

20000 25000 30000 35000 40000 45000
IFDTESEHREERE (MWd/ 1)

3.6 ME-II %7.0:30 — LOOMWRST 249 H 7 4 5%
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3.8 "MAGI" I & 28T LRI SRETH]

3.8.1 HWE
MEK-TIREITHEL (832~35 34 Z7JV) Bt Li2"MAGI"Z W TBITHOD
PR, BREGTREEZTTo .

3.8.2 IAELMERL. B
BEERIIETEAT HMEESHESERIREOER] (-8-134) T, BH
REAHENTECAEE (ESE1ILALSH) KE T bD &L,
&Y 7 NV OMK-TIREHETT NS — > LRE D) 7 ORBIELFRTEERFNEREF
C&li. FOED, &1 7 IVELMEREBBTFRFLORIBER SEBSOHNLD
DEIH>TVWD, ERTEERNMOEE L-RIE, MK-IIBB ORZE|NE — D
TH3,

3.8.3 &R

MEK-II B E31~359 1 7 VD E#RE#%£3.13 KRY. BITELETA VD
EE LT R THIEELEL T Th o7z,
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#£3.13 BITFLEREESERR

Fid MK-1 BEEL =
g4 20 31 32 33 34 35 (HIRE)
BEAZ (d) 70 60 50 55 80
67 69 71 75 76
MK-1 12 G} 5 5 B
FRESTEEX
MK-II 0 o] 5 & ]
100CEFRIRGE" (RAK/KK') 2. 90 3. 25 332 4. 04 5. 22 5.50
BXRBEEN (W a) 385 361 336 334 324 400
mEERRE (T) 2625 2502 2385 2370 2324 2650
BZREEHRE (T) 653 646 634 641 640 650
ERBABEE MWd ) 69, 500 §9, 700 68, 300 170, 800 66, 500 75, 000

) B2 991 VN TORBLBINOEEZHIE
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3.9 MK-IFLO r @R TREER L

3.9.1 ¥s
MK-IIE DO BHRER T, BHPORBHFOBENEEZNIA-FTHD, T
NET M¥E) T, CORMREERD v RREBELUTORETIHMEL TEX,

1) BEEHEREISESEEREI— RIAFACLVEELUEPETRIC y #RER
HEEZRU Ty BRERERD, TRy BRANHEMEZRIZIETr #E
MBERDDIHE (rENRELEEBFRTIRINE-2E5X5ETI)

9) BAEEEILBPET - by U S YREIRED riRERD, Thity
e nTEIE AR T v BREREE RO L HE (rBOBEEZZERELLETIV)
LAL. ETHAVWTWAEED r BERT—F 7477 U "New-POPOP4"T

13, SERESBE yBEREREINTWEN D, FLEO v BREAEEHFEEZAIRE
EEB/NEG LT ZDED, "New-POPOPA"IZICHA & U FE U 7z EEMEEX
£& (235(J, 238(J, 239Py, 240Pu, 241Py, 242Pu) DEFE 7 SERT—FEEBML., Fx
Ry BERT—FS14TIVRERLE. COHEI1 TSV EANW: TR RIEA
BELOHSET - v BRBESEEREIO AT ASO r BREREEZ KD, AEEE
DB L VST ERIEL .

392 ® i
HEDEE3F DMARICOR=22cm) B & NESFIDINTA-S(R=37cm) THEIE L 7z v ##FE
%E%ﬁﬁﬁ&%ﬁbto R A LITICRT .
1) FEE3%Y
. MARICOI &% vy BRAFEOREE LHEEERI.TICRT. BRrREZR
L7EWNES., WIFNOBEMBICBWTD, HABIRAIEEZE/NEEL TS0,
CEEEEOROE X TR, BIEEISW/cmicxt L TEHEEIZ28W/cm8TH >,
TIT. BRrEAERTSHIET, POESOFEMEIE 40W/ cmBiTiz D #
SEEITRETS Wi, e, MOREMBETHHEESEIEEDE (C/EE . N
FTD 0.72~0.857 51.03~1.21 Io72 0, FHEMETAEEISEWEER ST
2) IFLEESF _
INTA-SIZ &% v BRAFEORIEHE L SHEJ#K3.8ITRT . WAMPLFLE
X TIRIEE 26W/cm3 i LT, BRry#2ZRB ULFEEX 19W/cmd TH-
7. BRrEBEEZETAIET. HAFARMIEROEEHTOC/EER., INETO
0.64~0.74 1 50.72~0.83 12720, SHEMIFHEEIGEOW:. FLLEHEXDRK
Ocm EHORIEME T, BRrHEEZELTH r BRAEEE EAEENE
3. C/EEIXHN0STED SR o7,

393 # &
BRYBEEETHIET, FRDAT VAR r REREEOHEREZM L
TR ENTER, UL, FLER (855) OC/EMEIZ0.5~0.8THD, KA,
B EHECENB SN, CORRELTE, SFEEFVBRBROBFRE TS
BIBTETWARNI EELZEAONE D, 9%, BHTETNVERVEHEZTY,
TIRRHROFERETHITMT 20EVH D,



PNC TN9410 98-052

50

B \W/om?3

v FREEE

40

30

20

[ I ] I 1
P HuiE (BRyR40L)
- 55351 s (ERv85)
. MARICO S

T

-----

i —

50

40

30

BE W/ em?d

v $RFES

-60 -40 -20 0 20 40 60
A EIE cm
3.7 %3710 7 MIMEE OMIER & RS
| | | | j
| T R (ERaGn L)
555 T G (BRa B
L INTA O FEis i
i 0 ]
s g 0
B o _
~— R FEI———
! | | } ]
-60 -40 -20 0 20 40 60
BHARILE cm
3.8 55510 7 SRMEILEONIE G E I



PNC TN9410 98-052

3.10 WERES1 77V —OEFIZEDS "MAGI" B AW S HfHERRORE
3.101 B #®
"MAGI'DWEE S 75U —2IFS-20 BIFS-3-I2AF#H L. "MAGI"THERL T
WL AHEREOERICOWTRN L,

3.10.2 FEEARE
| "MAGI"TH., HASFHHEFICH LT, MK-IHEEERRBITICE D <BEET-
TW5, BIEFREKIZ, 0~4F0235U, 238UKU2PUDEH BT IEN 5RO -HEE
HBHEADOC/EETH D, [000] 2 1.0 L THABEENTWS,

FIT, bobMERBDORENELS (FHIEFRER0.979) L[000] DESEH D
H#IFS-2 &JFS-3-I2THET %, £E5EHAE,. RESOEEDIRWMK-IIENY
A4 27 WVIFELBBOCO"MAGHEHBERR E Uz, B4 O MAEER. HAOSGEE%:
f7-7=M4D1] &L=, :

3.103 # B

EEHEH N #E3I4ITRT,

[000] % 1.0& L THEBIELUEROM4D1] OofedEH ki, JES-2 £JFS-3-12T
—¥7 5,

Kiz, JFS-2EJFS-3-120"MAGI'Ei MM oMz FLFLOEEZ 1.0E U TH
Bk Uiz, EEEIC, MOV TH000] 2 1.0& UTHEBMLLE,

3. 91C B A S OS2, H3.10IcEFRBHOEMSfHEZ2RT. Hhs
HRRIEMEE S 75U —FBHaiR TR, 8 FmediciEE—RLTn5, -

JFS-2 &JFS-3-J121c kL aAnZER. BAMTRA 0.6%. BARMTRA0.4%T
H5,

3,104 # &
"MAGI"HE AN EGRELEONERRWI 2R L,

3#£3.14 "MAGIIc L B&ESEEH
fr & JFS-2 JFS-3-J2

[000] 2.056MW 1.060 2.036MW 1.000

[4D1] 1.266MW 0.616 1.254MW 0.616




PNC TN9410 98-052

()

HH

(1823 @)

teep )

[.1

0.9 |

0.8

0.7

0.6

0.5

1.1

0.9

0.8

0.7

0.6

i
N / -------- —o— (000} JFS-2 S —
- s - -+ - -[000] JFS-3-J2
4 s 6 7 8 9% 10 11 12 13 -4 15 16
J—F
B39  MAGIZS 0 A & AAlAT RIS 5390
L \
[ ]
.| —e—JFS2 \
AR JFS-3-J2
. [l rJ i___t
[000) [1D1] (2D1] (3D1] [4D1]
ZEPRRSHK
K3.10 NAGLH: 0 Y4 7 ARENEIL SN



PNC TN9410 98-052

3.1] Z2EHRBRODORGERKORS DEESTE
3.11.1 HE
(ER] 2AALAEEFOLEEBERBROTFERFT LU T, BEROKIGE Y
4 — BNy 7RBEICETAEBRET—FERETS L2 NI, MK-IIFLBXID
MK-II O OB ERE EH I GRERORS DB EZTO 2.

3.11.2 EEFE

FEE TR, BERE. HHRK0ZEERZHEICT3 DI, Fy 7%
B2.O8E (v b)) R, BENM BEEE. TuNE) R, RAMEE. PLOX
FH AR, SR FLOORNEMIC LD KINEDRS 7 EEZIT o 7,

3.11.3 EtEH#HR
RSB EIZ LD, UMTORRER. -

1) MK-IHEL EMK-IILED & TR, B, B, FOBREOEWICLISED
Zi3H 50, BEREBLIUENFRERZEERURSEIEZRLZ170—-250C
DB EREORIGERSOSHAZEI11, EBRE IO IREOKIGERE
DD FERII2ITRT,

2) ZEAETORBEREOEIERSIFELIFREESHAMIBETHD, O
2SN TEBEGRROTEI L& 5D, £z, HHBREOZERSIIRBIFEES
Ry FS—%hBTHD, ZO2RDTEEAREDOT~8E 25D,

3) PEROREEICEL-S TEUIFELEHHBEOHMNEMIC KD KBER. o
RISERSEEENKELTED., €RIEE GENE) 21~38HERT 2F 50
HoTlre

4) FRBEEEHUEFELTE. YO ERROHNEICN T 5 REEIER
ORIGERS DEGL. FREORRECOEEZ ST, HRANRRD. MK
EwoTH A 7 NVELNCBIF A ERS13ITRYT . JOERE. MK-IIFRLXK D H
43 L Lis MK EOOERKRELSENS,

PhizkD., BeBUARCRIGCERERBOMELT T2 VNIREFITOLD
D, BEMORIGESEICETIERT—Y 2E-.



PNC TN9410 98-052

b, SR A 7 IVRLTHD. )

X 3.11 170—250°COBEEM 6545

FOcy, 2Tcy) EENENMK —IE 0¥ A7)
NK-3) 1EMK — IEHERRLTH B0

(

M\W_ ﬁ ......... ....u
R 5
S a
R L S S 2 p=
w20 \ \\%\\w\% \M\\\&,\@ 5
Ry =
| L) p K y o
i NEOAR AR R T
™ i e g
SEEY S
Lo e L ST S N IO
ITER o \§\]i\wﬂ\wwlu\§ P
mEzE-E ey o
)
o ~
2 S
wSEES 2 5
ne & v = ©
ﬁﬁmﬁﬁ R
T A0 Sy o3 BS
E | N S e T I Y I S it s e hssosns o
8
o=
R
[a ]
BHRER]
~N
]
[ )
=
)
&
Rttt MR B H B IR BN )
~~
[ ]
Ve e g .u_ SRS i m
\. ) .. 0 VL \.\.«\W\\m\n\wﬂ.\,\v\\,\v\wﬂﬁ\\ rﬂm
1 n ] hoid
£ L 5
>~ S =
g X X
=~ — —
_ I
<
“J



PNC TN9410 98-052

[Ak/kk /AW]

& SEXZEL
BT =TT
& BIEMZE

HER
B - S
S

iEZ=0

saen EEEN LI

. SRR

Ml - #EitiEng

N BEIE5E
Fo75—318R

O:

=
b8
e
33
B =
o

i

Lo ]
3=
S|E

— r
S
Bl o 48
S 5
Sl g @

'S
Bl = 8
e e
._U.ﬂ.,ﬂ\ﬂq
A P L
”m.ﬂ.._ﬂ..
IRV LR

==
i~ ] |
SHE=1=
5|£ 53

o W |

= 5P

&S5

— L L.



PNC TN9410 98-052

O:%05 EE L]l
i E 17 47
(X107° Ak/KK /MY) . 8 A a 527 A EERET
BOC o f i 1 oq
t
71
-0.1
%
=4

0
(X107% Ak/KK /M)

)]

0 I- 3 : =P i B I—‘“_I—-‘ g 3 1 i g I_ #

40 50 60 70 80
K + ¥ ® 5

[(3.13 ALEFID IR DIREIRDRSY
(MK~ T2 7)UAL, B OREITIHE 1 &7 D)

<HEESHEBORR>

* EIF~F5FTIE, BOCLEOCKERRONT,
—HRIGZEILTSH B, BB | e
Fhucxdl, E07~F 270 B O ClHsREELE

o

RLTW3E, ZOFICiIEROED FHEERLTE E0% 1 1
h., HALRSORERIBRE Lic kY 2o &k S HideE w15 5 2
RLI-LDTH B, Bm2F | 12 i
gE3W| 10 0
4P| 24 0
55| 12 0




PNC TN9410 98-052

3.12 MREEERIER P TRES ORIERER
3.12.1 # #E
ERFEREORETFRERERICAWAB- 10T EFRESFBORERR ZITo 2.

3.12.2 HBRAZE
TR SEOLRE., FRLATETREAVCEREEZLUTICRT.
1) "HEFREBZEOTEK
{EEE A : Reuter-Stokesf&! B-105+#%E (Model No.P7-0805-131)
(FEEE0.78cps/nv ¢ A—H—HIE{HE)
EEER : Reuter-Stokesftf! B-103H%E (Model No.P7-1605-101)
(B%EE5.83¢cps/nv ; A—H—HIFEE)
2) WiETFERE
241Am-Be (3.7GBqg) 2{&
3) ‘iﬁ%ﬁﬁ =]
AP S =T it e
77—
T4 A0 VR
SIEER(A 0T 5 7k, 28R
R ER & E Rk ER O RE

3.12.3 HBRHER

1) B2 OBRHBBINWAART MNVEFRDIELEHER L. RREA, SREAD
ISIWAZRYT MvEFhER, K3.14, 3.151Z7R 7,

2) 75 h—i3ERRE R T580~800V, EEERT550~800V, 7 Sh—=xu0—7
WEFENFNLL9%. 7100V, 1.19%/100VTH-oT=. FRBEBRELD. EIMEBREZ
{ERKEHGSOV, BEREMG3OVICERELL.

3) MAHEED., vHBOMEER, #TELPHTFESZENTES LD
7=

4) 2RiEHEIC L ASEEEE, EBRET7.5x1.1usec, ERAE T6.2+0.9 usecT
Holr., FOF T 7ETEEINFERHEIZS usecBETH D, EHRENF
SNEEZSND,

5) {EREEERICK T A EREROHEMNEEIRT.6£04T,. A—R—BIEHE7.5)LRE
OEHENT—HR L7z, 28, AMNRENE TRRR SHRESFEOEEICK D AIEESR
TILT 2D, BESRBBOREBORMENFEBIIOVTHEREL., TOZEMN
B TED LS BAERERESE EBROBESHIMIIEBNWTEEZITo /.

Bz Ehs, B-1oRHEBNMERBEREBIOPEFHHBUEICH NS ZOITH
BREREE A TSI LEMRTEL,

3.12.4 SHEOEHE
S OMREERERRHEZ£3.1510, HRBHOREEERI.LOITRT. #E



PNC TN9410 98-052

W AFEDEBO D EIMFIIDNTITI FETH 5.



PNC TN9410 98-052

1000 = T | ¥ T . T T t ]

C . i a7 ; ]

L 2 O 84M6V[ Ll) ] 46M3V( o Iay) J

i .

= 100 i :

= - - 3

o L N

= - ]

ﬂ - .

1 ] 1 L 1 1 1 .I H - ] A 1 1 1 1 1 I 1 1 L A . 1 oL L
0 500 1000 1500 2000 2500 3000
Fx VAR
K 3.14 {CELEMB- 105 EE IV A AN bIL

1000 1 —r— T

: :

I ray) 1

g 100 E ]

@) C .

=, C ]

o ;

]l ]
._E_.
|[{}a8

10 E ]

1 1 1 L 1 1 L 1 1 1 1 1 [ '} 1 ol ol e N SR . 1 L L ] 1
0 500 1000 1500 2000 2500 3000

F ¥ VR
B 3.15 EEEMB-1051E#E NV AEA~NT7 il



PNC TN9410 98-052

#3.16 REENERRETE

11 12 H9.1 2 3

FABEICE B B O TR 23R
th TS S HDE~N VRO ERK
AEEE O S A TR
(y #3B L Pp TR RO RS
T fie AT
(ORIGEN, MCNP)

WA WE. ik

LIl

fEtr
#3.16 HEBEHESH

Y :‘\ G F 3:

L *ﬁf‘gﬁ‘ 7 PFD227 PFD236 PFD237 PED327
FEBEI 1) 1986.7.4~1988.6.24 1986.9.13~1989.7.19| 1986.9.13 ~1989.7.19] 1989.4.30~1992.7.17
HAoN 11~15™ 12~18 12~19 18~20"21~24'

TFAERE (3C2) (3B2) (4A1) (2C1)  (4A3)

EFPD (H) 271.9 395.7 464.4 420.3
FEAE () 3081 2692 2591 1628
B (MW 41800 58700 50900 63200
W44 5+ (nfem?) 736X 1042 1.07X10%3 9.08 X 1022 1.07% 1023
P R

(n;zc) " 1.92 109 2.61% 105 2.28% 109 2.35% 109

*EERTYOaPETRME ~HER1KS LD OPHTRER (ORIGENZEFEE)
HE.12. 180



PNC TN9410 98-052

3.13 Calculation of Neutron Release Rate from JOYO Spent Fuel Subassembly
3.13.1 Introduction
The neutron release rate including spontaneous fission and (@, n)
reactions of spent fuel subassembly were calculated by ORIGEN-2 code which
used neutron flux by the "MAGI" code system. ' '

3.13.2 Fuel Subassembly Irradiation Condition
Fuel Subassembly Irradiation Condition are shown in Table 3.17 .

3.13.3 Calculation Condition
Calculation code : "ORIGEN-2"
Neutron flux : Calculated by "MAGI"
Fuel column was divided info 11 nodes.

3.13.4 Calculated Results

The results are summarized in Table 3.18 . It was found that there was
a peak of neutron release rate at the middle node of each spent fuel of
PFD227, PFD236, PFD237 and PFD327, and these were 2.03X10% n/s, 2.96X
105n/s, 2.46 X105 n/s, 2.56 X105 n/s, respectively. The neutron release rate
distribution is not symmetry, because the controlrod stayed at the top of fuel
column.

Among PFD227, PFD236 and PFD237, the neutron release rate
increases with their burn—up. On the other hand, PFD327 which has a highest
burn-up gives a lower neutron release ratethan PFD236 because of difference
of initial (before irradiation) amount of actinides.
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Table 3.17 Fuel Subassembly Irradiation Condition

Ttem Fuel Subassembly 1D
PFD227 P'rFD236 PFD237 PrFD327
Jiradiation Period [986.7.4 1986.9.13 1986.9.13 1989.4.30
' ~—1988.6.24 ~1989.7.19 ~1989.7.19 ~19%92.7.17
COperation Cycle 1E~—15" 12~18 12~19 18~2021~24
Address {3C2] [3B2] [4AL) [2C1} [4A3]
EIFPD. 2719 395.7 464.4 420.3
Cooling Time({days) 3081 2692 2591 1628
Subassembly
Avcraged Bum-up 418X 104 587X 101 509 X108 632101
{MwWdn)
Subassembly
Avetaged Tolal 736X 1022 1.07X 10% 9.08 % 1022 1.07% 109
Neuuron Fluence
(nfem?}

Table 3.18 Caléulalcd Neulron Release Rate (unit: n/s/Subassembly)

PFD227 PFD236 PFD237 PFD327
e R B L O e sy I S S o i (R Y PO iy
I |eayxte® egrxio® | 1asx10® U leasxie® Lazxie’ | 1ex10 U teasx o] 1aoxio8 | 1.65x10° hexin!| tsxae® | 1sexiod
Y [earxao!| Liexao® | 159x10° 1 eaxie!| oxd | 1orx0d 1 bgxiof] Laxiot| 1sx it ? resxio!| nasxio®| Lezx g’
¥ fearxno'fraoxiet| 1rsxied 3 jeayxie!| 1osxnnt | va0xi0? 3 osoxio®] neaxio® | 2omxic® 3 Basxio! Lasxio’f dovxn’
©heax ) naxid | wex? ¢ lstxro? zoaxio® | nexiod € lasixao e’ | 2arxi0 # hasxao| tsexio®| 2a3% 10
5 learn®] isaxot | g iod 5 {asaxied] 2aaxne’ | 287%008 {3 s’ Losxaed | 2410 5 x| nuxiof | zagxied
§ feoxie! Lsexao’ | 203x10 6 husaxie’| 1six i’ | 296108 6 [esaxie*] 200%10°f 2.46x10° § [vroxi| 219xie* | 2sex10°
T jraxn®| Lsxie’ | 102x10® T jsaxin®) 2a9x 00t | sexiod 1 [saxio!} 199xi0d | 245108 T axaet 2%} 2sexiof
bleax! sixed | 1gexiot Flesixio| sx it | 2arx10° 8 jusixio| wonxao® | 236xrd b hsexie| n0sxet | 242108
9 learxno® aoxiot | Lasxio! v lesoxie® Lt} 1sexn’ 9 lsixao® rasxao® | 2.20%108 9 herxae!] Lo’ | 2200
10 feaxio| ragxiod | Lnxie! 10 dcagxae®] 1oxand | 27xnd t0 laagxo®f 15sx10% | 2.01% 108 10 [3.66%10°| 1.63% 1% [ 200%10}
Wicaxie!| Lirxo’ | 1sexi0? 1 jearxae?| Lsaxaod | 1orx i 0[] 3o | oaexae? 1 [vsaxte®| Lanxie | Loxi?
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3.15 {EHFERE (PFD236) OHEFIHRAIE
3.15.1 H|}E
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DEZRTEHEZNTWARED, P—F 7/ E#KI31.13&25 B.6cmREREMNS
BB = TOIERE /55 cm (RERD D E) =0.156) .

L7=ho T, "MCNP'Ic kB FHFEEBOC—F VT REERFEOE—F 2 F
¥ rnkakEnd, FROEHICED, FEORBRWERTHHEEZEZIAENS., G,
BT Z THIEZITW, TORERRTAEIELET S,

Y =




PNC TN9410 98-052

£320 ¥—FvrEHYg

SF{E ¥— 2748 NE—F v rE
o HEE 13.9(cps 16.9(cps 1.21
TR pe) (cps)
MCNP 15.3(cps) 18.7(cps) 1.23
o ORIGEN?| 2.48 X105(n/sec 2.97 X 10°(n/sec 1.20
SRR (nsec) (n/sec)

, MAGI [3.13 X 1015 (nfem?/sec) 3.77 X 1015(nfem?/sec) 1.21
1.20 _ 1] 1 i [ ] ¥ [| 1] 1 1] [ 1 1 1] [ ] T ] [] 1 1 1] ] T 1 T H T i
115 |

2 i/ﬁ\\ :

Py R .

o0 X

™ i i

N i

,5.‘.’- a
1.05 AN

— [ — ] ]

s 1.00 | :
0.95 ] H 1 L L 1 1 ] i | S | 1 1 i L i 1 L 1 1L 1.1 11 1 1 L 1

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
X (PHEE)
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3.17 {FRERBORERTAGE MK ~-TFLEI0Y 1 7 IVKTHE)
3.17.1 =
MK —IIFLEI0Y T 7)1 (EH60H) RTRIFEL TWAAERAIERROE
EESHREFICETA2H. MK— 11bu»u%304jfr0)%?1&5*“%?%@@%%&
EOBERZEE L,

3.17.2 HiE - !
- 5tE 11— F : "ORIGEN-2"
- BHERERER . BB (B55cm &)
- BHEBERE : K3.213H
- P "MAGISHEME (#3.21)
» FHLAR  BRBEE T Y ICE D "MAGISHER R
- RHIFR 30U R THENMNS30AM

3.17.3 #%
MK —IFLE30Y 1 7 Vi TR OB T EEAERE (1260 ORERFERR

EFR3.22I7T. BRED. BIOVA VIR TRORATHTRERBZITO &Ik
& 0. IkWR LORERZE T HHEABREOAEZHEEETELRBEL TH 3.,



#3.2]1 WHERE B LUPETH (CMAGI" T B M)

~27 cycle 28 cycle 29 cycle 29" cycle*? 30 cycle
PFD240 2. 516E+15 2. 326E+15 2. 294E+15 2. 2948+15 2. 39915
PFD245 2. 2700415 1. 8900+15 1. 970415 1. 970E+15 1. 863C+15
PFD410 3. 2106415 2. 4706115 2. 990E+415 2. 590L+15 1. 508E+15
PFD532 3. 010E+15 2. DT0E+15 2. 680C+15 2. 68015 2. D30B115
PFD539 3. 000E+15 2. 090E+15 2. 190E+15 2, 8908415 2. T57E+15
PFD542 3. 190E+15 2. 380E415 2. 3T0E+15 2. 3706415 2. 4T5E+15
PFD544 3. 080E+15 2. 370E+15 2. 4700415 2. 470615 1. 870E+15
PFD545 3. 040E+15 2. 480C415 2. 580E+15 2, 580C+15 2. 4808415
PFD546 2. 830Et15 2. 4400415 2. 5100415 2.510B415 2. 4178415
PED547 2. T62E+15 2, 5266415 2.518L+15 2. 518E+15 2. 478415
PFD548 3. 130Et15 1. 940E+15 2. 1106415 2. 1106415 1, 886E+15
PFD550 3. 020B+15 2. 210E+15 2. 2806415 2. 280C+15 2. 316E+15

t1: RGN SETY A 2L E T, YA 7 WEB—DE UTHIMR{L L. Fio. H28~20"4 4

SINFEFTOMGEARBLOE LB EKLDIRT L. (B3 5811)
12 . BEABICH T S HINERER
#3.22 MK -—I4ECE30Y 4 7 VT RO
LR RBEIE J\8 14 i I BT {5 - 1% D RasgE 2 (1D
No. | #£E&KE
(MWd., /1) (47 1) 108 2000 308 %
1 PID245 62, 310 20~30 1. 283 0. 839 0. 653
2 PIrD544 62. 679 22~30 1. 381 0. 907 0. 688
3 PI'D548 62, 919 22~30 1. 383 0, 508 0. 689
4 PFD410 64, b12 22~30 1, 401 0,921 0. 698
5 PFD240 61, 346 20" ~30 1, 621 1. 055 0. 786
5 PFD550 62, 972 22~30 1. 691 1. 106 0. 826
T PFD546 61, 7G8 22~30 1. 766 1. 153 0. 870
8 PFDS42 65, 273 22~30 1. 785 1. 166 0. 881
g PFD945 52, 867 22~30 1. 792 1. 170 0. 883
10 PFDS4T 61, 233 22~30 1, 810 1. 181 0,891
11 PFD932 63, 330 22~30 1, 828 1. 183 0. 900
12 PFD539 63, 044 22~30 1. 990 1. 297 0. 977




PNC TN9410 98-052

PFb240
379 6 25 1 60
— 360 M 154 M 232 M 585 ]
~2Tcycle 28cycle  29cycle 29" cycle 30cycle
PFD245
424 6 25 1 60
‘—‘—‘—1 360 '—[ 154 I_I 232 [—i 585 l_]
~2Tcycle 28cycle 29cycle 29 cycle 30cycle
il
310 6 25 1 650
- 585
—l 360 [-] 154 ,—] 232 I—l 8 l—————]
~2Tcycle 28eycle  29cycle 29 cycle 30cycle

3.21 JRASHEED®
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3.18.1 = .
MEK-IT RS 30 B Z I TRICEBEIL TWD [Eh) FEBROREREE
RERICETY D, ERAHEEEORERRZIT >/,

3.18.2 EEBEHIERLUHEEGE w

FRERAEEEE, MR _EEREORERBICHERERBESENHEA NG
EETERL, FERNKBHKZEEMEZTE, EADBREZ EKEN S LRTHE
BHENICIDERAE (HER) 2ROI2EETH S,

RIERRIT. FRABRBESFEORDDIC, EROBRBESERZERL R4
(BRE—FZHNRLULEGHES ZHEEHICENL T, RRTH. 835
BEEZAOMLR, "EAMBREZALOMZR, HOM2KTAIEL =, REBIEBER. &
MRESTEEIGELCREBTSHRROY > 7Y L7 %2 20ET W, ZOFEEERA
L7z,

3.18.3 #XE
1) FREBREBOHAIEER Qm) B, RERERKERTT, t—FRH#E (Qh) TN
LEHREZRLTNS (K3.2228) . AIEEENSBSNEEELRZUT
IR,
Qm = 0.5894 4+ 0.9290 Qh
2) REBE-—FRAEO (Qm/Qh) Id. H{EFREICEEEET, HADQE
EEIZHMLTERE—F (#0.93) Thoix.
3) WMEER, E—FRHBABIIHLUTEREZRLTWS (H3.238M8) , 88BF
RETORHE (@ Lt—FHEHE (Qh) OEKZETRITRT,
#E 0.5 /min: a=-0.9744 + 0.03191 Qh
WmE 0.7 /min : q=-0.4903 4+ 0.02180 Qh
mE 1.0 /min: a=-1.7670 + 0.01636 Qh
4) BBRE BREEBIWNTAIREBEOER) BREFRRICH LU TCEEENS D,
ME0.5/minT3.3 %, HiE0.7/minT2.3%, MEL.0/mInTl.6%Th-ir, &
BHERBEESHK (PFD236) OfHEFREBHIE TE S 3R, "MCNP"IZ
SHBEEZHWTHAELUSEZE, "ORIGEN2"IC L 29 EFREBERB L
"MAGI"DHHEFROFNENIHT IMAR Y —F > S REe e L, fitF
HEROHAEEBIVCHEEOZYEIIDNWTERL.
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3.19 BEEYUFAKFRREBESGORS

3.19.1 #BE
BE. HWETHE,. FRREEEREO-BE U TBTEEYOFE/KBER
BELTWD, KPR TH., FROBHMBEOL E2BRT 2 0ENH 520,
MK —IIFELTRAREEBREBERF L T 2CRDFHE (85351 (3B3LI3E3]H
K OEESF [5D2)) L ORAEOESGHFICIDNT. RERHDOBEZRI L,

3.19.2 H&AHOREFE
(3B3). [BE3]BLUZOAEEEAEITIT. FOMEERZRE ) ViEmah
%, F/x. [6D2)&FOABEGESEITI. FOREL BEU AR S
HRahd,
D FLRERLTABEET 55
HTF v 2 RV 21— R™MIX-MarkII"ic & A MK-TIHEEEEHFELO R FIF Y
MESEHOOBHAMBELD., £6FHOEREZIL. RATITC EaFHOR
BEVEEE 3 ZURMAIRELAI553C, 85 4 SRR 570°C) TH D, INITEHMRBEERE
EHBBYBETSESEEEL. R THWERERMEMREK (1.08~1.09) ItE
DEXI0BDBEEET D &, ESFHOBEZIIRKTE.3CETFHISNS,
2) FOREEREY FREET 255
G—=INANSAETHIEOBENS ., EREEFOEHOBEZESNLI00CTLTIIZ
1B X OME) FERELTVD, LD >T, HREARHDBEEITIZALI00TZ
RhidLwn,
3) BBk ENEIKFEENEET S5
ME-TIIFLESF B T N —#8 EOFIN IR SHE O IREGFEAMK — 1RO &
REEERRZL. MK-IFLOESEHEEEAEN SHE L ER, 34.2C
BELNE.
ESEHMBEEZOEEREETRICE LD TR,
By — > EEEHORESE
RSAN=/"RIA4N— |~60C
RS AN~ TBEY T <100C

RIAN—/ARIREHE | ~40C

3.19.3 #&

PEED, ME-TIELTOESABNEEZDORKXKEZI00CEEETS. &
%, TOBEEIZEONWTEBI R YIFENKFERBRTOKE, BEZBETL. KFR
BRIEEQHREETOIEET B,
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(B3BDOEZEER)

BER S 175U OEHITHED "MAGI" A 2 IE R Q&R
REEAEATETRESORIERRER (T 1)

5830, 31U I IVFLEROBR (€0 1)

31T 7 IWVIZBT BCMIR-SRFREICE T 2 REEKE

WG AP ETREBORERRRER (0 2)

BE30Y A 7 IVFLRASSETE

SRR 8 FEHABBREMERER AR

BEtEERREE O

EREREORERTHRE MR-IHFLE30Y1 2 )l/’f’&T{%:)
JOYDASHEIHRE/N T A—F O FHEE ( THEB] MK-IIE30Y 1 JJVIE

i)

BEET Y FEAKPRBREBEESGORR
MEK-TIFEOEEI0Y - 2 )V OEESEH DR ET#
Calculation of Neutron Release Rate from JOYO Spent Fuel

Subassembly

[#15] BEAFELO rBREATHRBEIIDWT
REEAERATETREEZEED ) 1 AHER
"MAGI"IZ & BB RO EFTN
[0S IcRT3EEEERBOTFHREE REERKRORS SN
BRESBTEERORERRER
PR MK-IIFELEIOY 1 7))L ohl#EER ho— 7 o E
&) MK-IHELEI0Y 1 7 Vo fli#E#ETotal Worth OFFE
MR- LE30Y A 27 )V ERE G T3
#30H 1 7 NWAIEETHEDRBERKOEH
{ERFEMRE (PFD236) O HTFIRERBIERE (EHR)
MK-TI%30H 4 7 VBOCE R kiR
MEK-1IZ304 1 7 )VBOCH R EEIEHE
MK-II%308 1 7 VBOCERBREBEHRE
ERERE (PFD236) OHREFFHEROE—F 2/ EEICDONT
MK-IIELEI0Y 1 7 VDR TFROTNOFEER
MEK-II$E.E8300 1 &7 )V Gl iR i R
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4, TS5 hEMOBIE SR - S34E

FETH., MK-IFLEIOY A 7 IVICERBLZEGEHERROS S, 772 Mt oB)
FIETHHBROBER. ATV 7 NEHWEEEFRY S > NOBESGRIEEDIRICICHE
T ERRBLOCERHRO BAERCREERREESEICEDL B 77> b afet
R O — EMIMIR-N2"OE ELZ E & i,

4.1 MK-IIEDLE 30 1 7 ) oRERNEERBGHFERR
4.1.1 HE
BERNBERES ORBEZLET 50, MK-IELE30T A 7 ) ins s EER
BRAWROFE2H 21 AICEM L. AR TIE, LREERKREZR20%M 540, 60, 75,
90, 100% LM, FREIEORERBE TFARERE I AT ALICEL > TR
WEAELR, £/, REHOLRIAMNEDBEL TVREERICE > THRETHEBE
HHOETHEELE.
41.2 HEBEER
417, IREBEEFE S FEES @1, #2, #3) OFLEHBREERE S REERSR
EEERT, £/, BL2KBREEERT, #2, #3 1200 T, REEHEEEE.
HESREBLUVPHEEOWIT NG, FEEHTRERELITZN,
Ll, #LICDOWTHEALICTRT IO RALTEREEENKREL ko7, Th
W EEOREEL, HAVIEHIESR (T2 OoEoRDIVIcksb D&
EEND, MK FOE0Y 1 VNV ETORERRNERERESORBIETREER
WWEATOEBDTHD., HALY) MERRNKESORHEE 3 FORRPHETHE
SEEEICITEL TV,
BB EFREE  1.54X10° n/cm’® (E=0.1 MeV)
&% [bALlw] &K
REBETFREE : 6.81X10° n/cm® (E=0.1MeV)
(THALCw]) BEZR 72 %, 3EBTOEE)
4.1.3 ¥ &
EFRERICKD, LREFEBAEBICHT2REFHNOERENRFTHS L L2
BTERE., 12770, #1OXREEHBE BRI A 7 IV ERRTEELRR SNk
B, SEREBHZERIT TN EETS,
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F4.1 WEIT1vT 4 TG
Ef=A+Bx%F
Ef ; @uREHEEESESH (V) F AN a g (d/hr)
A G AREHEBREE (V) B ; BE{ESEE (V./d/hr)
47 BE30%47) ZERE (FD5) (H 7. 4.20)
ek AEEERER | MEEESRE | AVEHEYSHE | HEESRE
A B A B
et E
2 1 9.84 X10°! 2.05 X10-* 6.63 x107? 1,91 x10-°
2 9.19 X10"! 3.91 X10°° 2.26 x10°! 4,05 x10"*
¥ 3 2.15 X10! 1.08 xX10™* 2.29 X10" 9.61 X10°%
Uy EAE
Fy VRILVEE 9. 010 8. 818
(ke sec)
%1 2 1A, 22, 3AELO2E
%2 MAGIlickaitEfE
#F4.2 [hEERE
(V)
B EE
1 #2 %3
3044 2. 97 2. 99 2. 99
& FEFRER (£05) 2. 99 3. 00 3. 00




HARE (V)

0.3

0.2

0.1

0.0

y = 7.0085e-2 - 2.9353e-7x + 2.0640e-11x2 R”*2 = 0.043
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4.2 ME-IFLEIOT A ZNVDEEBHEN— « 5/ BES R
4.2.1 HE

MK-TSFRLEES0Y 1 Z BT B EREEONR— 2V ERBIU2KEH/RER 7 -
Uy TEEOR—VBEELTREERD D=9, ﬁ@&ﬁm_ EREAEN— - 55
ERERBREEBL CERIFE2A20H) . £/~ RFEELFE. FER—2 -4
CNHERERRBIUVERBEERGEICLAR—  FUNBERTERREERL
(ERROF2H24H) . BEEEARIIBIEIXR-VHEEOLTREZEDEA—
& o NBEERE R L .

4.2.2 EREHEN— - FUNRERERR

1) R—ERREE
R EEZ R OREBRRER (ER6FE8ALIH) LU TRY., £z, K4.2
N -V IBRREEOBEERT,

#3094 7 N oA 7
1A 1.040 1.083
2A 1.035 1.065
1B 1.036 1.060
2B 1.088 1.070

2) 2RERFRAT MY v TEOR—HELTRE
N—REOLTRIEZRET SO ORASFREEZATIORY . £,
4.3,4 41T L TRIEDOBEERT .

ERE TFHRE
BI0FA 2 | BT A ) 301 2V | 2951 2
1A 91.95 91.95 1A 86.17 85.25
24 92.39 02.39 2A 85.20 85.20
1B 91.44 01.44 1B 83.50 83.50
2B 91.17 91.17 2B 86.15 86.15

4.2.3 ERERESICIIR-CRAEMEER
LROBBEREAWTREREEEZLRE LR, ERERESZEML. wHM
BE IE) RETOX-VHRERSLE1%. BIOHRAHRE [E) RETOR-
FAEIZ0E1.5% &2 L2 MR L. 28, ?1-‘ REMER, MK-ILFGE30Y 1 7)1

EIEPHERT 2,
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4.3 MK-IUFELEES0H 1 7 VO RBEREIE
4.3.1 HE
MEK-TIFLESOY A 7 VRFOERICE T 2 —RER/RR > T OBEN, EETE
EZ EE->TN2D I LZ2ERT2HIT, RRERUEEER L.

4.3.2 BIEH
FEKOfE2A218  14:00~18: 00

4,3.3 FELER
BERE (05 MOOERRLUTOEBOTH S,

7 FELA FHEHER (£ 05) 530 A 7
[3B2] y OBy BIIFERAEAK
[3C2] O S CRIFFZR R
[3D2) KRR CEIREBRIRKL
[5B5] R SMIR
[5D5] SMIR RaHE

4.3.4 HERR (£00) MLOERICLS>REERANOFED T
EEINEFLERBEZROERRENSBINT 2 &, B3FITIEIEOFLBEN
RBRRBHC b I SN L DERIIARESRD,. BEFITIIREAKR ESMIROME
EZBUERETROTERIIEDLSRRW, - T, 2L U TOERIE. KRE<RS
HDEEZ NS, SEEBELEESEOFELTY RLAIDWTIE, [6BSlIZA,BH
J ) EVEFERERE. [3B213AMR . XJb, [3C2],[3D2])B L TEDSIEBAI XIVic
IHEWLETOEERDT,. BIBAIOEENKESRDETFRETNS,

4.3.5 HIEHER

MK-IHELE30Y 1 7 WO EBRBERICBIT 2Auto®— R L UManual®— B TD
RHETERBIEHERERLIITRT, FY4 7N TR, WTNOE— RIZBNTHIER
TIRE (20.9mNa) #1454 EE2EENERTE TS 2R L.

Fio, LEBORD, Y1 7 NVOREERBEERE LT T, SEER (£05)
OBEREEDRALUCTRT, TYA J7IVORKERL, £EMICEERR (T05) &
DAkE<, FHIE—FKL. EL, VW—7EOLLEBETIE, AROERBENOFHKE
<, FHIEIZFEOEE LIRS,
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F 4.3 RMEBRHESLR
EERT A 7V EF—F -A)lw—‘j“ BV—7 Ty
Auto 47.8 45.1 46.5
EI0HFA TN
Manual 48.1 45.1 46.6
) Auto 47.3 45.0 46.2
ZIEHER(Z D 5)
Manual 47.6 45.0 46.3
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4.4 FREHEELIFOREFEOREL
44,1 HE
"MIMIR-N2"D2RXZNaBEZEOMAREEZRA LI 220, SRR (F0
5) OEHABERABAGREEART—F 2HW, EEREEILFICBT2EER
HEREL, FOBREEHWERITEZERL -,

442 RERHOREL

"MIMIR-N2" D E A E kRO RERER 7 O—F v — b2 H4.51RT.

TAONR—2FE25.0%, EXREHREHT L —FHERG, AODF > /HEZ7.5
%) B (H4.5KEH) oRESTEZ., EZEBAOXR—VHEENSSTR#AER K
D, REHREMSAREZRDBOTw 7 ER>TNS, SE. BRBECHEERR
HERERNT, EREEBAOR-VHE -THREBREED—T, BIUHIAE —H
MEEXEEI—TERELE (K4.6) . REUEREOADONR-VEEICHT ZE
BEOEIHI., {SROFELDBEML .
*  MAMEAER  ERBEELEEDEL

44.3 RELBOMITER

1) SEBESEE
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ERIIBWT. SEOQOREL THLZICREINZ THEEAE (1) | 2EENK
ﬁ%bkm%ﬁ(ﬁﬁ&bfﬁﬁm CEER) THAB,
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2) BREERRR

ME-IIE{ TERIERRAE] (TEST-IIE : 1986F 10 E ) OMITHEREEZK
A4.7RT . SEOZEEICELD, DHXHONaBERRERREBEERTIVC)ZB X
TR—BENEB—TICEERZE AR eN, REL#OEM, DHXHOS b
U ABEORTIORY bavr7o—rR#ELzD, T0RIES2—-IVEF
T avwZOREBENMNEIEok. T, RAUXR—HEEICHT S RHAEDN,
BELICEDAE DD, HERICER, N—RAEMNNE L, HDOROERD
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444 E£&D
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*) ARLBRTHROMERZARTRARIEL,

FRERE

OBESEORSHRIEFRICETEES LV RTALFEELTNS.
OfEE ok HBERICES TS LV RTOHRERELTHS,
ORESRSOKALBR S SORRT—SOBAM (FBI0T. BESOX) £LTHI.

£55 [EB] TAHNERNOS(FOHBMRICHETDF YU ARERORRKIOEE

5 B $-303, 304 $-413 $-508 5-601
56 (REHOTHRER) () 417 248 202 138
BARSR (ret/min) 328 364 78 78
EREhHE{ENa (SENaFD)  (kg) 56 56 56 56
kEHENafLic B E KRS ~ {kg) 44 44 44 44
BBEh 3k (xg) 23 19 11 10
KEk s (kg) —21 -25 —33 ~34

*) AREBRTHROBERIARTRES L.

HFERE

OSBLEOKSHMMEAGICSTHRED EOWETHAFEELTOS,
OBRE S ARBHBRBIIRGT3EVWIRFHLBEEELTVS,
ORHERTOKMLALESENRRTF~SOBKM (B30T, EEEDX) LLTLA.
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(Na)

BAWSMUDA

TE8E]  #3140kg-Na
(BAERES || : $¥9690kg-Na)

wREaAIU—Ekik
I &k Bkt

¥

MEk3] #911kg-HO (BEDFWHIK S +ESIZE DK
(RABEREE || : $9300kg-H20)

0O2,Hz20

T7RYVIL.

& MIBETO

(Naz0, Naz02)
(8B : $44kg-Na

VTS
(&TI70y ME)

I7RYVILOEBT
(ZT7avyiob—4I8)

RREETES
91% (¥5127kg)

Y

9% (#¥913kg) (FAESER 1 : $9280kg-Na)

0O2,H20 7ny Me25% ($331kg)

HEYETO
7— ViR

4/ / £37k 4
B i (I70Y M LY IR E M IVE)

X 5.1

|
R \ FEB5] : #90kg-HeO (REVKSEARLY)
HRAILTS% (W9bkg)  reeR Il #980kg-H20)

HEFRYD HIRMOKEEF R U D ALICHER
(Na20, Naz02) ( THBR) ITiEEW)
M) ¥396kg-Na
CRREESZER 1| - ¥9410kg-Na)

E D ABRERI ofE

Na OPRBERIS. /K5 & DILERIGIER OEE (5409 F)
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5.4 FEHES AR RO EFM
5.4.1 #HE
NIRRT A T A"FINAS" 2 BT, ﬁﬁwmﬁﬁﬁrwﬂkﬁﬁmﬁ
EHEOT EBEMET R ZEML 72,
5.4.2 fE&EHE
- {ERAO— B : "FINAS"
- BF) c SEEE—-LTTFI
CEREE . 3 RITHMERESESBEAMI
- BB ORREANRY MV BEFFERBIFOARYT bV
-BEER 3%
- EEOHEEE S - 0.704G (BFFREBIFHED)
c 8T A—F (RIS REBX AN
DEEES
DThEE (3.45X103kg/mm)
HTVU—

5.4.3 fEITHER
1) BREIREE
/Sy REDELETOBEFIESHEZE. £5.61RT. FENY FEHloLH2
AliEe & Li-1Ba L idhZERELEEALTH,. BERCERREE TH 2, &
7. Ny REETZY—ELTROIES E, 7U—02RE— RIEMO2&4DIRE
— K. 71 —03RE— RiAEHEOSKE— FICHE T2 EFREEICR> &,

2) HEBRFOFERT

ok, M/ZEDRDE, ES.TC, BODELL By RRT7U—-&KETD
RERHERT. 2T, MIEZHERE—A2 b (kgemm) . ZIEBERE

(mm3) THD.

T, SYNBTETHEBICL NS R ANVEBORERAE, 2TOT
— 21 BWTIHEETOMTEZ TE- TN, TyNENY FEOFREERN
3, HEES. SIHEBORENY FE2 ) - UEEEBLXUSIHEBOET
Or—A T, BEETORTEEZ LESZ ERDh o7,
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£5.6 SEHICBIIESERN  (ErH)
sy REREAS 1R 2 I 3k 4R 5k
s S 3.8 12. 8 26.5 6.0 76. 0
R 3.8 12.7 | 26.5 76.0 | 760
71— 3.8 26,5 76. 0 148.3 193. 3

R®5.7 Ny FE7V—EHTORS (Efitkg/mm?)

# (i i S EE S. & {2 P51
Sy &Sy FE 1. 50 1.02 1.74 0. 54
Z v VE TR 4.79 2.59 4. 42 5. 53
T T YRS AN 6. 87 3.53 6. 01 7.88
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F-8-013 :
£-8-018 ;

F-8-034

F-8-040 :

(BESEDZERE

M%) 2 RARERRELY x)VISERTOMNE
M%) 2 RARERARENY o)VBERITER

D HlEHEBEOEMRE P ETFROS EEOHEN

gt IR AT B R AR O T R FHIE R
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6. TiETFRATEOEIE &N - FE

FETIE, TEER TEEINAEEEBHERICBITH>HEFREAFER X UHeERE
FEFIINVIAETZSY (HAFM) EOBEFMICETIREERT,

6.1 FIA—FIZXHMBIREARSME (SMIR—19) ot ES &S5
6.1.1 #HE
FEE] MR-IIFLE21~23T 1 2 NVICBWTEKN I N=HME B E B RHE -
SMIR-19DFREFRIEERZ, R A—FZ2HAVWTEMELZEREZ T LD,
6.1.2 HRET&HE |

- BETHEAR - MK-TIE21~23%1 &)1
(H2E9 R 6B ~H34E9H10H)
- BFFEEELS - 197.8EFPD (& HAHET1.71X107sec)

s RURA—FERNE : [6F4]

ErRO L)V S Ol TAEER : [40.8cm,6.5cm,—20.2cm,-53.5¢cm]
« R A—-FDFELE . ~ Fe, Cu, Co, Np*1, EU*

(*1; NF2I LF v TEIVICEHA)
6.1.3 RIGROFMmER

SMIR-19 RV A—F DHEFRT > 74+ —NT 4 »THIEOKIGRDC/EZES.1
2R $. JENDL-3TIE, 7274 —NF 4 Ik D0.66~1.412050.93~1.16 °
~. ENDF/B-VTii. 0.66~1.39M50.74~1.14~, FNEFNRBBOC/ENKE
., HEBENNE Lo, JENDL-3&ENDF/B-VTLET % &, CoDiizE
MANENWIENDL-3T, IO NBEZEDI00eVHETORERNKELZoTW
5,

6.1.4 HHEFRIEOTGESR
1) Fr74—IF4 o7zl DRDESMIR-190OFEFRHERN/cm2lIdTo &
BOTH-HT=,

T~ JENDL-3 ENDF/B-V

EhitFERYE 7.38X1021~2.37X1022 {6.82X1021~2.33x 1022

=1IMeVHHFEARE |1.48%X1020~2.81X1021 |1.31X1020~2,77X 1021

20.1MeVH#EFRENE |2.39X1021~1.37X1022 [2.15X1021~1.35X1022

2) R A—=F X2 ETFHAEEL " MAGI"B L U'DOT3.5"C & 5 EHEE % Lbig
Ui# 2 %%6.2 (JENDL-3)B KL U#6.3(ENDF/B-VIZRY . C/EQEENITE
DEBD,

—125 -



PNC TN9410 98-052

JENDL-3 ENDF/B-V
total =1MeV 20.1MeV total =1MeV =0.1MeV
"MAGT" 1.17 1.60 1.17 1.21 1.69 1.22
"DOT3.5" 1.19 1.10 1.14 1.22 1.15 1.19

"MAGI"OC/EFSBATHETH 5 ERAE. OILBEHE TIISMIR-19ME&EM N/ F
DESFICBIT AP ETFRARZEB/NIML TS Z L, QESHRONHEEEZRE
LU TWAEDICHETFROBHMNREAZHETERNWI L, KEXDT SV I AE
CHERNBTOPEFRZBRIAMLTNDEIETHDIEEALGND, £,
"DOT3.5"OC/ERNBATETH 5 ERIE, "DOTI.5"DEHE & EBRO R R DL
HKRODEND, 2RTRZER (FIEHEBIRE5HRE) THREITD LK IFHEFR
THDBRIEMTH D EEZLND,
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*£6.1 TrI74-=NT4 UIRBORGEDC/E

B | No % R & TrIs-MP4 /08T | TUTi-AT A
7477 C/E C/E
1. "Co (n. 7)) 0.75~1. 14 1.00~1. 02
2 ¥'Np (n. ) 0. 83~1. 26 0.93~1.09
JENDL-3 3 A3y (n., ) 1.15~1. 41 1.09~1. 16
4 "'Fe (n. p) 0. 66~0, 93 0.98~1.00
5 FICu (n. a) 0, 77~1.15 1. 00~1. 02
1 "Co (n. 7) 0.67~1 11 0.74~0. 94
2 FTNp (n. ) 0.91—1. 32 0.97~1.12
ENDF/B-V | 3 U (n. ) 1. 14~1. 39 1.06~1.14
4 "Fe (n. p) 0. 66—0. 87 0. 98~1. 00
5 f7°Cu (n. a) 0. 84~1, 21 1.01~1.03
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%62 JENDL—3&2MAWAchiETss b oichbe IRy E
S NEUPAC chikF R AL SE S EE D
Ap4-41 7 Mo, SET Mo BLF
Scpu TR | hrEFE | PHEFEHEERE| MAGI DOTS 5 | MAGI/NEUPAC | DOT3. 5/NEUPAC
[n/cm?s] [n/em’]) [n/em’s) [n/cm?s]
TOTAL 1.38%10'% | 2.37%10%% | L.73%10'" | 1.83%10' 1,25 1.32
DS 1 =1. OMeV 165%10'% | 2.81%x10%" | 2.47x10'* | 1.82x10'* 1. 50 1.10
+6, 5em >0, 1MeV 8.03x10' | 1.37x10%* | 1.03x10'* | 1.01%10' 1.28 1. 26
1
TOTAL 1.26x10'® | 215%10%% | 1.47x10'% | 1.56x10'* 1,17 1,24
R:439.42em | gy 21. OMeV 1 38%10'" | 2.35%10°" | 196x10°' | 1 dgx10'* 1 49 ) 06
-20. Zcm >0. IMeV 709%10'' | L21x107% | 8.38x10'' | 8 35%10'* 1,18 {18
. TOTAL 9.91x10'' | 1.69%X10%7 | 1.85%10'° | 1.39%10'S 1.36 1. 40
DS 3 = 1. OMeV 5.60%10'° | 9.58%10%° | 1.81%10'* | 7.96%10'? 2.33 1. 42
: 6. Scm 20. ey 4.92x10"" 8. 41x10%! B.89x10"" 6.58x 10" 1. 40 1.34
3 .
R H5. 15 TOTAL 4.32X10'* | 7.38x%10%" | 5.08%10' | 4.66%x10' 1. 18 .1.08
o loem | gy = 1. OMeV 8.65%10'Y | 1.48%10%° { 1.51x10' | 8 72x10'? 1. 74 1,01
-53. 5cm >0. 1MeV 1.40%10"" | 2.39%10%t | 1.59%10'* | 1.40%10'* 1. 14 1. 00
TOTAL 5.80%10'* | 9.92%x10%' | 6.62%10'* | 5 92x10' i.14 1,02
DS5 21. OMeV L71x10'° | 2.92%10%° | 3.47%10'* | 1.99x10'? 9. 03 1,16
+40, 8cm 20, MeV 9 41%10'" | 4,12x10%" | 2.75%10'¢ | 2. 49%10'° 1. 14 1,03
5 -
140 68 TOTAL 1.32%10'% | 2.25%10%% | 1.50x10'% | 1.67x10'® 1.13 1.27
R:+42.68cm | g >1. OMeV 118x10'* | 2.04%10%" | 156x10'* | 1 37%10' 131 115
+6. 5cm =0. 1HeV 7.16%10'" | L22%10%% | 7.92x10'' | 8.76x10'* 1. 11 1,22

) - RIZFPOHM S OB HREMRETRT.
. ZIHERL S O EIESE AR T,

**'DS3RELSEEN PUE PINpDOALTHD ., MERENKZVWILHEEELT 5.

G50-86 OTV6N.L ONd
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#63 ENDF/B-VZEZHWd:FiEs & ook F IR &

Sepik-Ff "NEUPAC chitk IR FLE FFPLE & MSE o Huis
yi-paviNe | SET Mo B LU
& ok - 1 i A dapk -3 ch U8 G-t MAGI DOT35 MAGI/NEUPAC DAT3. 5/NEUPAC
[n/cm’s] [n/cm®] (n/cm’s] [n/cm’s]

TOTAL 1.36Xx10'% | 2.33x10** | 1 73x10'% | 1.83x10'% 1,27 1. 34
DS 1 =1, OheV 1.62% 10" | 2.77x10%* | 2.47x10'' | 1.82x10'* 1,52 1,12
7: 16.5cm | =0, 1MeY 7,.89%10"" | 1.35%10%" | 1.03x10'® | 1.01x10'° 1. 31 1.28

i
2439, 42 TOTAL 1.24%10'% | 2.11%10%® | 1.47%x10'° | 1.56%10'* 1.19 1.26
Prav.GaCml - g o =1, OMeV 1.35% 10" | 2. 31x10%! 1.96%X10'* | 1.46x10"" 1. 45 1.08
7:-20. 2cm =0, 1MeV 6.96%10'" | 1.19x10%? | 8. 38x10'* | 8 35x10'* 1.20 1,20
. TOTAL 9.62% 10" | 1.64x10%% | 1.35%10'% | 1.39x10' 1. 40 1. 44
DS 3 =1, OMeV 5.36%10'% | 9.16x10%° | 1.31x10'* | 7.96x10'? 9. 44 1. 49
7: +6. 5cm =0. 1MeV 4,75% 10" | 8.12%10%" | 6.83x10'' | 6.58%x10" 1. 45 1.39

3
R:445. 15 TOTAL 3.99%10'" | 6.82x10®" | 5.08x10'" | 4.66x10"* 1,27 1,17
R e =1, OMeV 7.66x10'? | 1.31x10%° | 1.51%10'* | 8 72x10'? 1. 97 1. 14
7:-53. 5cm =0. 1MeV 1.26%10'" | 2.15%x10%" | 1.59x10'* | 1. 40%10'* 1.27 111
TOTAL 5.64%10'" | 9.64x%10%" | 6.62x10' | 5.92x10'* 1.17 1,05
DS5 =21, OMeV 1.61X10'% | 2.75x10%° | 3.47x10'® | 1.99x10'? 9. 16 1.23
7:+40. 8cm =0, 1MeV 9.31% 10" | 3.95x10%" | 2.75x10"* | 2.49x10'" 1.19 1.08

5
R 449, 63 TOTAL 1,29>10'% | 2.921x10%? | 1.50x10'S | 1.67x10'} 1.16 1.29
srda.becl - ngg =1. 0MeV 1.16%10"* | 1.98%10?' | 1.56x10'* | 1.37x10'* 1. 35 1.18
7: 46. 5cm 20, LMeV 6.98x10" | L1.19x10%® | 7.92x10'' | 8.76%10'f 1.13 1.26

) - RAFDLA 5 OE A RIRHEE R o DS IRTIIBEAT UL TNpDATH D NERENAE WBDEBBET o

» 2P S DRE R ERT,

GS0-86 OTV6N.L ONd
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6.2 HIfEMB RS A RSE (AMIR-8) E4HH R A—F Dt
6.2.1 HE
ME-IIELESLIY A 7 )U~33H A 7 T T, BB oSy FBRUNaR > R
EEOLEERE (AMIR-8) NEMIND, FREFROPETFRHEZTMT 57
DITERT S R A-FOERE, ik, ERAEHEREZELDE,

6.2.2 #ER
1) FEMESEE R A—F OFEB LI UBIREER6.4ITRT,
2) HAFMZEF Y A—F B RO LERE R A-FOEERERFRE, KO6.5&FK
6.6 FNENIRTY .
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#6.4 HOHEELE K A -y oiiflisle Ak %65 FiA—% (HATM) ¢ . Dhadzessas

| TEs(em) (¢ X L) ) m o (™!
i i | R PEI T
b PZIS SV S T i No| HO3** | No | 1O 4"?
1~35 (Z=1924) (2=-820) | 7:) ,
— CUNANRDMTE T —F,
Ie 4y-10.6% 3 0.76% 4 Wi B HA | 0.129 L1]| 0.109
N i 7{¥-1 0.5 3 0.76x 4 161 0.125 072 | 0,101 PR A =S Ry S CHGEIS
Cu 744-10.5%3 |20 X4 FH| 0.108 |PFA| 0.082 M) ONo. £2Fd,
Ti |M#-1L0x3 |[L0 x12 _ _
Co-Al | M4¥-]0.5% 3 0.5 X3 M B g8Y | 0.122 HF | 0.089 *1B120ppnEiEN LI LD TH D L
. 89 0.089 TH | 0.076 IBBic T » F o 7 BN %
Nb*'| % 3 X 3 x0.005 ITOWILRENES 5.
Ta*' Ect 3 X 3 X0.0015 N i D8| 10,0 EL| 8.81
- . — 75> x| 32.7  |LR| 32.5
BE %1 | <1k (om) ehtds kO gk
(¢ xL) SUS316FR** | — | 300%x53 | — | 30053
EU 1.56%8 BU-V (99, 82wt%-2"%U ) A 12 12
Sec 1.5%8 Sc-Mg0( 1. 55wt¥- **Sc)
Np 1.5%8 Np (88. 3dwt¥-2"Np)
Co-Al 0.9%3 - 0. 055wt%-Co

) “'SFEEREX X ESERT
#66 FyA—-FOBEMEER

ank-b | Fui-g | R | FuA- iy fit {mg)*? i i (mg)®
Izt FTeh | LriE Jeqb
No. No. [mm] No. Fe Ni Cu Ti Co-Al Nb Ta EU Sc Np
1 A8C11 +160 1 5. 15 5. 45 5. 47 12,17 1.61 | 0.472 — 0,098 |0.101 1.95
A8C12 -140 2 5 11 5. 43 5. 47 12. 6 1.56 | 0. 461 — 0.097 {0,099 1,80
3 ABC31 4 68 3 5. 04 h.41 5.13 12.6 1.50 1 0. 446 — 0.096 | 0.0983 1. 87
A8C32 -351 4 5. 24 5. 86 5. 61 13.7 1.63 0.481 — | 0.100 10 102 2,07
5 ABC51 -184 b 5,18 5. 55 5. 53 12. 7 1.61 | 0.475 — 0.099 | 0.101 2.05
fiLCaiE | HO3 +924 6 15. ¢ 17.2 140 45, 4 1.70 |0.488 | 0.219 | 0,102 | 0.102 2,12
HO4 -820 T 15.3 17.2 139 44, 2 1,66 |0, 482 — 0.101 | 0. 102 2.10

) PGPS O ERERE (] ERE -
PN CIck BMlEM. HEREAHIRTO0UBLELTTH B, 1270l Nb&Tald0. 1%BLUTTH %o
CMABDRET — 5o I TIMIHA LI LD TH D HEOAQTRTH 3,

260-86 0TV6Nd ONd
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6.3 R A—Fick 2 E RN R EGCMIR-21) O B 7 RN 250
6.3.1 #HE
MEK-TUELE21 81 7 IV B W TRE S N7z RS A R E(SMIR-21) D F 2 A
— L HFHETFRENEAMER T ELDE,

6.3.2 BRBEZHF
- BEHART - MK-IIFOE21H 4 7))V (FRR2E9B6H ~FR2511H18H)
SEHEAE P07 B A[5BE]
CEHL LAV S OB FEESE [40.8cm,6.5cm,-20.2cm,-53.5¢cm]
. #3H : Fe, Cu, Co-V, Np*i, EU*1 (*1: NFIUAF v TIVICEHAN)

6.3.3 IR OFHER
R A—YDORBRIZEG.LCTRT EBD. Fo74+—-NTF 4 2T LEERENE
NERZBOC/ENtES N, AREENNE /o7, JENDL-3&ENDEF/B-VTlh
BT E, CoODBEINNINWENDL-3T, INNREEFDL00eVTETOWER
MRELRBROTNS,

6.3.4 HETEPRIUHEFRAEOTERER
1) FrI4—T4 o7 UizhETFHE)Z"MAGI"OFHEMEQC) EHBUEERE
£6.8BLUEGCICTY . FHUMIBMENC/ERHNLITHZN, L TIRMED
"MAGI" & DC/EIH1.0~1.8TdH-7=. TNSOERE U T, HBHEETE T
SMIR-21 MER X N FELESHICBIT 2 HTFHREZRPTMELTNWBEIE, D
WIIMAGI'IREEEF N THEL TWARED, RV A—FAETORARZSE
FEHREHEZHETERNWIENEZENS,
2) FrT74—NFT4 I LDRDFSMIR-21DH ﬁ?ﬁ%ﬂ‘z%%6 8B L UEE.9
129,
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EBT TrI4—NFq4 vITiBORIGREDC/E(BETI I v I ATy £y MEOFEE(E)

- JENDL-3 ENDF/B=-V
bAvY | 77902820 Egbt!
No. TUTt=RFLAR | TUTa-ATA20 1% | TYTa-WTAVVEG | T794-07 174
DS1( 6. 5cm) 104 = 105 107 = 100
: DS2(-20. 2cm) 119 =::> L06 123 ::s 100
1 DS3( 6. 5cm) 116 le 101 120 -=::> 0.95
’ DS4(-53. 5¢cm) L15 =:> 0.99 122 =::> 0.93
DS5( 40. 8cm) 0.8 2 -::» 101 0.8 6 =:> 101
’ DS6( 6. 5cm) 138 =:> 1L00 143 % 0.99

1 Ay IRBFERL LD S DR a iR EE
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6.8 JENDL-3 ZAIV Ao piET o LU e IR &
?‘:‘i'l“fﬁi?:ﬁi . “NEUPAC™ TR S STELE & ME D LR
8-+ 7o, SET o B -
b1 g & T iR 8 "MAG]' “DOT3 5" MAGI/NEUPAC DOT3. 5/NEUPAC
(n/cm’/s] {n/cm® {n/cm?/s) (n/cm?/s)
TOTAL 1.56x10'* 0.2 7x10* 1.9 0xi0" 1.83xu1wp't 1.22 L7
DS1 =1, MMeV L. 70xi0" 1.0 1x10" 2.4 0x10" 1.75x10"! .41 1.0 3
Z: 46. 5cm =20, IMeV 9.00x10"" 5 3 5x10*" 1.10x10'® .01x10'"* .22 .13
1
TOTAL 1.14x10" 6.7 8 x10*' 1.6 1 x10'® 1.5 6 x10'® .41 .37
R:139. 45¢cm
DS 2 =1, (MeV 1.0 4x10" 6 19 x10*® 1.8 7x10" 1. 41x10" .79 135
Z:-20. 2cm =0, IMeV 5.8 2 x10"! 3.4 6 x10" 8.8 2x10" 8.35x10'" 152 1. 43
TOTAL L57x10' 0.3 3 x10% 1.95x10'® 2.0 0x10'8 1.24 1.27
DS 3 =1 0MeV 191 x10" 1.1 3x10" 2.5 310" 2.4 010" 1. 33 1.26
Z: 6. Scm =0, IMeV 0.2 3x1p'" 5 4 9 x10*! L14x10" 1.18x10' 123 1.28
3
TOTAL 4.9 9 x10" 2.9 7 x10" 6.4 310" 6.10x10" .29 .22
R:+38. Tdcm
DS H =1, OMeV 1. 42x10" 846 %10 2.8 4x10"? 1.5 3 x10'? 1.6 4 1.038
7:-53. 5em =0, IMeY L6610 9.8 8 x10*%° 2.16x10"" 1.92x10" 130 .15
. TOTAL 851 x10" 5 06 x10*! B58x10' 6.6 4x10" .01 0.78
DSS5 =1, MeV¥ 3.6 5x10'? 2.1 7 x10%"° 6.6 4 x10'° 3 43 x10'"? 1.82 0.94
2:140. 8cm 20, eV 3.98x10" 2.3 6x10* 42 0x10" 3.36x10" 1.06 0.85
i
TOTAL 1.8 5 %10 1.10x1p% 2.3 9x10" 2.3 9x%10'* 1.29 L29
R:434. 07cm
DS6 =1, OMeV 2.7 4 x10" 1. 63 x10% 39 17x10" 3.91x10' .45 143
Z: 16, dbcm =0, IMeY 1.1 7x10'" 6.9 6 x10*! L5 4x10's .56 10" 1.32 1. 34

i)+ Riggihid o DR IFEENEER T,

© ZEFPLLANS O FEAEE R T
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6.9  ENDF/B-V NI Fochid T8t ds & 0ok ik T- A4 At

NPT ﬁ}lo'fi_g;ﬁ "NEUPAC” P T A R A Al A & R D EL R

S PTG hi i ril=f- R fi "MAGI” “‘DOT3 5" MAGE/NCUPAC DOT3. 5/NEUPAC
(n/em?/s] (n/cm?] (n/cm?/s] (n/cm?/s]

b TOTAL - 1.93xI10" 9.1 1x10" 1.90x10"* 1. 83 x10" 1.2 4 .19

DS 1 - 1. 0MeV A 1. 68 x10"" 9.8 7x10"° 2.4 0 x10! . 75x10"" .45 LOG

_ Z: 16. 5cm =0, IMeV 8. 82x10" 5 2 4 x10% L. 10x10' .01 =10 1.24 .15

: TOTAL L 13x10't 6.7 0 x10*! . 61x10" 1. 56xi10" 143 .39

:139. docm DS 2 =1, OileV . L0 1x10" 6.0 2 x10%° L 8‘7 x10'! .41 %10 1.85 139

Z:-20, 2cm =0, IMeV 5 6 9 x10"! 3.38x10 8.82x10'"". 1 835xi0" 1539 147

TOTAL 1. 56x10" 9.3 1x10% 1.9 5x10'° 2.00x10"* 123 .28

DS3 =1 OMeV L8 3xto" 1.0 9x10* 2.5 3 x10"" 2.4 0 x10'* .38 .31

Z: 6. 5cm 20. IMe¥ g.10x10" 5.4 1 x10%! 1.1 4x10's 1.18x10' .25 1390

'3 TOTAL 4.6 4 x10"" 2.7 6 x10% 6.4 3 x10"" 6.1 0x10* 138§ 1.32

{138 Hen DS 4 =1, OMeV 1.2 9x10'° 7.6 5x10""° 2.3 4 x10"? .53 x10'? .82 119

Z:-53. 5cm =0, IMeV L52x10" 8.0 6 x10°%° 2.16x10"! 1.9 2x10"" 142 126

TOTAL 8.17x10"" 4.8 6 %107 85 8x10"! 6.6 4x10'° .05 0.81

DS =1. OMeY 3.4 7x10" 2.06x10%° 6.6 4 x10"? 3.4 3x10" 1.92 0.99

Z:140. 8cm =0. 1MeY 3. 78x10" 2.2 5 x10* 4.2 0x10"" 3.36x10" L11 0.89

i i} TOTAL 1.8 1x10'* 1. 0 8 x10%? 2.3 9 x10"* 2.39x10" .32 .32

R:134. Ofcn DS6 =1. OMeY 2.6 7x10"" 1.5 9x1p* 3.9 7x1p" 3.9 1x10" .48 146

Z: 16. 5cm =0, IMeV L14x10' 6.78Xi0“ .54 x10'° L56x10" 135 L37

1)+ R S OFITEIBEREE R

o ZAZHIPL LRI S OFil 5 IBEREE R T

6S0-86 OTV6N.L DONd




PNC TN9410 98-052

6.4 PRI A—FICLBCHURRREESE (CIM) T RENETE
6.4.1 HIE :
MEK-TUFGE9~23"Y 1 ZIVICBWTERH SN CRREHRREESEK (C3M) @
R A—F X 2FETREEFMEERZEZ LD, '

6.4.2 MEEME
- BEHIR ;. MEK-IIFELOEI~23"Y- 7)1 (1986.2.12~1991.9.10)
» R A—FERNE : FLY R U ABELIMK-IIELOEI~20" 1 7 )b
PL7 R ZA2D2IMK-TIRGE21~23" 1 7)1
E L AN S O EEESE : 27.5cm,0cm,-27.5¢m,-155.7cm]
- B A—FDIEE  : Fe,Cu,Co-AlLSc ,Np ™, EU™ (*1 : N ¥ 9hky7 tMzE A)

6.4.3 RSBOFHbRER
Ry A—SDRIGRIL, EEI0IKFT EBD T 74 —NT 4 YT ORERE, TNT
NORBZEOC/ENRREES N, BENNE < inofz, JENDL-3EENDF/B-V TEb#%
T3 &, CoDBEEMNNENWIENDL-3TIL. ThoNEEZFDLI00eVHETOEE

BPRRKELZH>TND,

6.4.4 hiEFHER, RETFRESEORMIER

T 7d—=IvT4 T BOFETFARY MIVERGLICRY, £, 72747
AT EBRHTFR (BE) &"MAGICLBFHFHE (C) #HELUHERE%E6.11
~B.121cR T, F£6.11~6.12L D, FH.L (Ocm) KBITFLHHETFHROMAGI"ED
H (C/E) ¥, #1.03~1.12TH D, FRICELEIFIICEFINZB6BLUVBTE
FERUTH SN, BRAEROLETHME (£27.5cm) KDOWTHC/ERKLITS .
D, PRKEDTH-o7. "'MAGI"E"NEUPAC I L 5P HTFHOEVWDEREL T
13, "MAGI'IZESHRASEEZ2EELUAEET IV THELTWS D, FI A%
B (CESv/NEORIRE) TORFNBTFEFHREAEFETERNIE, 5
WIS SR ELBY L TREGER TO"MAGI"OFEF AR NMIVETERRRE
EREZ 5ND, BEBEIEDNTD, EIFUINSE2FIADI ¥ 7)) RO FETF
Z R MO ERGZMEEOBERICBWTERTERY (2HHEFHOELD
BAALTND) TEMNEEBERELTEITONEN, ZOBBINEIVWEELEISH
3,
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#6107 74— 74 ¥ IHBRORIEED CE
(BFYA—%ty NMEOFHE)

FoA—% JENDL-3 ENDF,/B-V
et TUIH-MTAYRT | TOT-MT4 078 | TVIa-MFA AR | TU-Rid 13k
RIC25m | 167 = L1l L67 = 120
B0 | 158 = 108 160 = 109
MI(-20.5) | 152 = 108 155 = 118

) 1 §
™ 3
®
S 1
:_-‘é —t
i
= ]
=1 E

---- D21(+27.5¢cm) _

——D31(0cm) :

—D41(-27.5¢cm)

10' 10% 10°% 10 10?%* 10 1 0
RHF LR IVE— (MeV)
61 TV 7F=—NVFq4 7 BDOREFANS FIVIENDL-3)
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#6.11 “NEUPAC" ik 2dyTiids Lokt e "MAGI” . “DOT3. 5" &tk (JENDL—3)
&rpki “NEUPAC” 2 BT o i S R AL & A LoD Lhiks

Foi-7 tqb BLOF -

el W B el -2l "-l-'ﬂi‘f‘llﬁﬁ”ﬂ‘( "‘MAGI” “DOT3.5" MAGI/NEUPAC DOT3. 5/NEUPAC
(n/cm?/s] (n/cm®] [n/cm®/s] [n/cm?/s]

TOTAL 1.4 0x10" 8. 8 2 X10%? 1. 8 8§ xX10*° 2.1 4x10'® 1.3 4 .53
D21 =21, OMeV 2.4 2 x10" 1.5 3 x10%® 324 x10" 2.9 3 x10" 1.3 4 .21
Z: 127, 5¢cm 20. 1MeV 9.5 6 x10"* 6. 0 3 x10%® 1. 25x10'° 1.3 5 Xx10'" 1.31 .41
TOTAL 2.9 7x10'% | 188x10%® | 332x10'% | 427x10'° 112 1.4 4
D3l =1, MeV 59 3x10" 3.7 5x10% .19 x10" 8.04x10"" .05 .36
Z 0 cm =0. MaV 2.1 8 x10's 1.3 8 x10%? 2.2 8 X10'° 3.00x10'® .05 1.3 8
TOTAL LT74xi0's L 12 x10%3 2.2 4x10'* 2.3 0x10"* .29 1.3 2
D41 =1. OMeV 2.8 0 x10" 1. 8 0 x10%** 3.6 9x10" 3.02x10" 1.3 2 1.0 8
Z: -27. 5cm =0, IMeV 1.1 3 %x10'°® 7.2 6 x10%? 1. 43x10'® 1.3 6 x10' .27 .21

A - ZREGG L AL SO T R R T,

F26.12 “NEUPAC" k2T iis k0T EE “MAGI" . “DOTS3. 5" &Lkl (ENDF/B-V)

B EFIR “NEUPAC" ep il Th A A i R & E D M

Fyi-7 44} B
P el L T chith il el = M L 4L ‘MAGI” “DOTS38 5" MAGI/NEUPAC DOT3. 5/NEUPAC
, (n/cm?/s] [n/cm?] [n/cm?/s) (n/cm®/s]

TOTAL 1.4 2x10'° g8 9 8 x10*? 1.8 8 x10'® 2.14x10'°® 1.3 2 .50

D21 =1. MeV 2.3 7x10" 1.4 9 x10%°2 3.2 4x10" 2.9 3 x10" .37 1.2 4
Z: 127 5cm =0, IMeV 0.4 8x10" 5 9 8 x10*? 1.2 5x10'® 1.3 5 x10'? 1.3 2 .42
TOTAL 311 %10 1.9 7 x10%° 3.32x10'° 4.2 7 x10'® 1.07 1.3 7

D31 =1. OMeV 5.7 710" 3.6 5X%X10** 6.19x10" 804x10" .07 .39
yA 0 cm =0, IMeV 2.2 2X10'® 1.4 0 x10%° 2.2 8 X10'? 3.00x10' .03 .35
TOTAL 1.8 1 x10! 1.1 6 x10%? 2.2 4x10'* 2.3 0xX10'¢ 1.2 4 .27

D41 =1. 0Me¥ 2.70x10" 1.7 4 x10%? 3.6 9x10" 3.0 2x10" .37 .12
Z: -27. 5cm =0, IMeV 1.1 2x10's 7.2 2 X102 1.4 3 x10'® 1.3 6x10'3 127 1.21

)« Z AR LA SO EIREEE TR Y .
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6.5 K A—FIZKH" NpREERFTMmAHEFRAROTME (B6,B7,C3M)

6.5.1 #HE
BRAEDWIFEBATEBL TWE [ EEEEMARE % W =MARGERAT
FEICET SR E LT, FRSEEICRITNSELEBE6,B7,CIMESFIZBITS
NDREEOIFHEIC AW, FNpHUAD R A—F v NOERRIGETT >
TA—WNT4 20 (FP% AN LTHHFREBEFIMHEL -,

6.5.2 PHEFERBIUPETFREBOTMEER |
1) "NEUPAC"T7 > 7#—)IF4 Y7 LBORETFARY M %EK6.2~6.317
RE .
2y 7274 —=WT4 T UPETFREPEFREEZEE6.13IRL. "MAGI'®D
ErHEEEI T2, i, BEETR. “NpEMATT > 74—V F1 > F L=
TR E BB L TFE6.131CRT,
"MAGI"E DZEW, CIMORELETRRPREWVN, CIMOFERLEFEB6, B7TT
WS ~20%TH o7, Ei. NoFEOEIMRRSXLUANTH o7,
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'#6.13 JENDL — 8 %&Jlj\i- "IT'TiIE-T‘lHE.’rdctO""Iilift-T-'I!{iﬂiIﬂ
- 6%@3% TR NE%iQ?OUT'= "MAG [ D LA
ST _
el kT EFPD TR R el -2l "MAGT” /Np:OUT ** | Np:IN *'/Np:0UT **
{n/cm?/s] fn/cm®/s] (n/cm?] [n/cm?/s]

TOTAL 2.7 9%10' 2.8 0 X10'* 595x10°7 |3.30Xx10'" 117 0.99
B 6 =1, OMeV 4.8 410" 4.95%10" 2454 | 105x10°* |59 7x10' .21 0.98
2: 40 en| =20 1MeV 191x10' 1.9 4x10' 411x107 | 225x10'" 116 0.99
TOTAL 2.9 2%10' 3.0 3x10' 4.9 8x10% |3 22x10' 106 0.96
B 7 Z1. OMeV 4.8 9 %10 5.5 110" 11904 | 9.0 6x10" |57 7x10" 105 0.89
2: 40 cm| =0.1MeV 2.0 9X%10'" 2.2 1x10' | 3.6 4X10° | 219x10" 0.9 9 0.95
TOTAL 1.4 0x10's 1.4 6x10' ; 9.2 1x10%* |1 88x10* 129 0.96
C3M 21, OMeV 2.4 2 X10" 2.7 1%10" n§7 L71%x10°% |3.24x10" 120 0.89
Z: 127.5cm | 20 1MeV 9.5 6x10'* 102x10' i 6.4 1%10°* | 1.25x10' 123 0.9 4
' TOTAL 2.9 7%10' 3.12x%10' 19 7x10° |3 82x10" L06 0.95
C3M =1, OMeY 5.9 3 %10 6.85x10'" [732.0 { 4.33x10%" |619x10' 0.90 0.86
2: 40 om| =0, 1MeV 218%10"% | 234x10'F L48%10" |228x10 0.97 0.9 3
TOTAL 1L74x10' 1.8 2x10'S L17x10% |224x10 123 0.9 6
C3M =1. OMeV 2.8 0x10' 3.14%10" |746.0 | 2.02x10%° |3 69x10" 117 0.89
Z: -27.5cm | =0, ey 1. 13x10' 12 1%10' 77 7%10%* | 143 %10 118 0.93

Y - Z @i L b O T EEREE R,

+ sk 137 "Np DRUGERE AN NEUPAC RIS T B,
« ok 243V Np DSUGH

E BT NOUPAC" SRHT 45 ILTdH B0

GS0-86 OT¥6N.L ONd
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1 01 5
10 3L
! §
AN O
£
A L
N\ 3
X% o F
10k
bl E
H L ——B6(0cm)
e e B7(0cm)
10 2
1 05 .1 PR EUTI BT RPN EEETT BT R T T BT T
106 10 10°¢ 10¢ 10* 10 10
HE - 5 b 3 — (MeV)

[62 Np #BBWTT7Y73—=NV7F4 7 LIhETFANS ML (B6,BT)

1 01 5_
L otk
| 1 01 Ié_
PN -
N1 0k
T‘Tv =
Eul 7 ¢
#10F | e C3M(+27.5¢m)
- ——— C3M{(Ocm)
g —— C3M(-27.5¢m)
1 0° r
1 : N BRI BT ERRTTT ERITT M RTI B ETIT: MW TTIIT B

10% 10°¢ 10* 102 10 1 ¢
T AL F— (MeV)

63 Np¥BWTT7 Y 74—NF4 7 LicpEFARS P (CIM) |
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6.6 TEE] FEREEHEZ A WEMABTEOREER T
6.6.1 #ME :

WECEE DFHEFER T, CMIR-4D23"Np AR O BEEITAIEE L D #I30% K E
Moz, CORRFAEDCLD,. BITHEOBRNEZ{ITo 2. SEEFFTHROBT.
SMIR-8D237NDPZEME DT A bR EHR DB EA TH SN LR - IMBIEOHRER
Z%EL. CMIR-4DZNpLHRBZHFEML /2.

- 6.6.2 ETEOREL

VEEEORBITEII DWW TREL 2o 0RUTO3IRTH 5.

1) RATHEEAL TWA"CITATION", "MVP"IZ &% s FAIER L

— "MAGI"OHHEFHELD2~4B/NELBRo7=M, 30%DOBRERFEZh-
77

2) VINpZEHROFERDERE (HIEER-RIEHES)

— EHMBOHEENAEEOEREE-HLTREST, SIEEIARFEMENTL
DT, HHEEFHEEIC—EIE.

3) "MVP'StEEROEAMA v o OFHb

— TR EICREMERE S 55cmOER O IBERERE Az, FiEFE
B EESBARFEMEIN TV, 22T, RA-—YUEICE S5cmDEREZRYS
Tzo

6.6.3 FEEE DB HHRCMIR-4D23TND LR O A
E%ﬁ%%%%&mw%ﬁoﬁﬁbmﬁﬁ,QMRAW%ﬁﬁwﬁﬁﬁ#ﬁE%%
MEEZICENE, BAHMEEEMEZEE TSI EICLD, IHFERICENREL, &
ANENT X AEHRBIISHR /N E R DEIEMIIE DV, RETFREICKSEHRER
A%KEL D, BIEENSENE, BRTH. SEORES —ANICBI S5EE
CHIEEDEIRIS~23%ETHE> /2o BT V74 —NF 4 2T LIchETHZ
AWEStE Yy —AR)TREIEEE DEIT2~11% Lixo T,
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#6.14 CMIR- 4@ Np ZEHRBOC/EfE (B8 SEFHR)
C/EME
HEY—Z | BlqEH 2t FH
e AR LERE
{barn) {n/cm’s) L ATRE | (L EERE
(1¥YP #H1E WP EXETEIR WP T aH"
(REREEIE(L) | 0. =1.16, 0 =0.461| ¢=4.23x10"* 119019 | 1.23%+0.07 | 1.20%0.15
(2HYP HIIE ¥VP ELTEE WP pHFHRATR"
(AR EERE) g =1.23, o =0.433| ¢@=4.15x10"'* 1.23%£0.20 | 1.15+0.08 | 1.21%+0.16
{3MVYP + NEUPAC WVP RN IHA KEUPAC2hiE 5
(RERHGESE) 0. =1.23, 0 =0.433] &=3.69x10"* LI1=0.19 | 1.022=0.10 | 1.08%0.15

" MAG I OBLHLDEPURTFHEFVTMY POGETRERIEL
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6.7 BRMEL-ND R A-—FREOHKFN{LERIE
6.7.1 HEE
(&g OFEFARY MO ETS 77D, Nb R A—F DEHLEDRIE
EERLTWS GEEHMEER) . FIvoy AREHEERAVWEND R A—F (T4
¥, ) OGHEEOHRIETE. SEXE (93mNb 16.6. 18.6keV) OEIEHEIE
BirE2HTRINOBENREZ NS, ChEHFEZHIC, RBZ2BTERIE. B
wO—EHEERARE L -ZBORSHEERIEZ T 72,

6.7.2 AE |
1) Ao LABERICES R A—F N b B EEDRIE
HRRIERIOND R A—% (TAY, ) &. No#E: (MEE+ 7 v{tkEE)
TEMRL, SERESLERE (KATH-8-582H8) OBNLELERE. <
NENT NIy AEHEICELDEELE. (86.15. 6.163H)
2) FI~oy LAREBOBREZIROREH
2AIAMIEMESIE (1uC) KDOWTREZTY, 24AMDARY MM SHEHEIF
JE—-OREEOSHEHNBRERD . R SRAELD) »516.6, 18.6keV
DITFINE—C BT 2RHEPREEH Uz,
3) 93mNb (16.6, 18.6keV) O¥—ZTUT » A7 bOREH
NbIREHE DOWTHIEZT, BESWRTESNEARY M 6T —FILE
fEAF ) T BT, BmND (16.6, 18.6keV) DE—Z TV T - AU hEREH L.

6.7.3 R
NbESA—% (71%) EHERULFREOREZROLE T, LB
OHIRETEEDS, HWI0EE L. B L 5ECRROBENBERL-EEZIOND
(#£6.152H) ,
Nb R A—& (§ER) CHBAMLLRETR. AEERCERS 51T, Nb
GBS It 3ETRNOBENHBETNEELSND (F6.162H) .
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%6.15 NbRIA—% (U4 ¥, EE)

7 w5l 7 7 v 7 BE ]
Bq—-16|Bgq-18|16/18|Bq—16|Bq—18|16/18|Bq—186 Ba—138
(Bq/ ug) | (Ba/ ug) | (ratio) Ba/ )| (Ba/ zg) | (ratio) (ratio) (ratio)
SMIR-8 |8 13><10'. I.10x10° 0.739 8.65x10% | 8.32x10? 1.039
DS-381 0.0940 0. 1324
8. 0Bx 10! 1. 10%x 107 0. 734 B.59x10* }8.20x10° 1. 036
SMIR—8 |4.30x10" |3 80x1}0 0. 731 4,48x10* | 4.49x10° 0. 997
DS-82 0. 0946 0. 1295
4.23x10" |65, 87Tx10’ 0,721 4,53%10° |4.52xi0? 1.002
SMIR-8[542%x10° §17.33x10° 0.729 B, 04x10' | 6. 16x10" 0. 980
DS—-83 0. 0896 0. £205
0. 46x 10" | 7.21%10° 0. 7157 6.10x18' |5.80x 10 1. 033
#6.16 NbKIA—% (. BE)
= iz ] e I EZE
Bgq—-16|Bg—18|16,/18{Bg—~16}Bgq—18 16/,18|Baq—1%8 Bg-18
(Ba/ ug) | (Ba/ pg) | (ratiod (Bg/ zg) | (Ba/ mg) | (ratio) (ratio) (ratio)
B 2A 2.02x10" 12.04%x10° 0.990 2.05%x10* |2 03x10* l 1. 003
AlD123 0. 990 1. 002
1—-13 2.03x10" {2.04x10" 0. 995 :
B 6 1.31x10¢ 1.33%x10" 0. 984 1.38%10* | 1.38x10° 1. 000
DS~7T 0. 942 0. 953
1.40x10* | L. 41x10! 0. 992
B—-T 1.33x10* 1.34x10* 0.992 F.32x10* | 1.34%x10° 0. 985
BT1-1 1. 011 1. 007
1. 31 %10 l.32x10¢ 0.992
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6.8 Nb FUYA—-FODOEBRATICXZEHOHEE E
6.8.1 =
[EER) FHREHEORMOEDICEBL THWBAND R A—Y OH{LEDEIE
BT, ABICEA2FEXEOBCRNE <T=DICEFRUEL-RE o LR
zZHIET AHFEVNRESINL (6.7658) . FETIXZTOREFEBREOREEICIDN
TR 2,

6.7.2 EHRERA: NbRIA-FHBHIEA.

6.7.3 f{ERHEBRORE

1) RYITFLEEY—H— (F&:100ml)

2) RVIFLUEAZXTSAD (BE : 25~100ml)
3 FXx—hI—}F

4) HZABNAT7IN (BE : 20ml)

5) YAy OF¥Ryy— (FEE:0. 1ml) 6) ERIT

7 HwwbhFL—F 8) FEXF 9) HBEIRIEEES
100 7+ &R 11) #HE: (B 12) 7 w{b/KFEBEE (&R
6.7.4 FEEHE

1) REZTEFOASRTT ABNA TIVICAL, BEFESEIE TR0 g

9B,

2) LB 2ERIEE BERBCXVERZHET 5.

3) HEEERYIFLIHME—H—IC AN, WESml, 7 v{b/kBEEE2ml% N AR
xH3,

4) BREULEZBZRVILFVIBAZXTSZAOREL., HATHR, EEIIEES
AT 3, (25~100ml)

5 HEHEHKEC. Imlz<A /7oy Sy —THEHRL., S2x—br—bMLEICHETT
%, (EGRBEOBETABIEZTD, T—hH—TI3IF— b~ MTEIZEMTTEL)

6) FHmw hTL—hETESMIME (60TC) L. 73 x—bI— b LORBHER
EESICEET 5,

7 ERLEREEZTOST—TTEN, RENRRBLENESIICT S,

8) tOF—T7TE--FRPEOAIVELELD, BROENI & 2HERT 5,

9) EELUEFEEEZHROCICERIAmmIZYDERS,

10) YIDE-oEFREESIX—F (ETF) KA BHOEDLDZEZITTM
B, SIR—bEEEHTS,

11) AR FVY—oREICELE, EFH LB 2P MCER20mmiZ D E
B

12) BHULERBOAIYEED, BROENVWT E2ERT 5.
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6.9 THEB BHE I A-FITIBYUETIENDL-3 R A M =T 7 JLOFEDT A K
6.9.1 HE

IMEET—F 7 71 JWIENDL-3.208EEN 7 71 )L O—>& LT, JENDL-
SRIAM—T 74 NVOERN. BN TIIMERES RIAMI—HEZFX b
W/GIeTirbi, BEEZTITHI0OFERVA M —KROFEMNET Uiz,

ERRE NI R A M) =T 74 IILOKREE, Fx OHPRETFARY FNVETORIGER
BIEERICEDERINSE, TEE ORAMN—REBRFT—FZ2HNWTHRTIiIER
D7 71N (BGETRIZIDF-1.0, ®KETERZEIDF-1.1&01879) WL BRIGEDC/EEK
. BEFEANRT MVETOIENDL-3REI A =T 71 IV DEREEZTTo Iz,

6.9.2 FTEDTAMIAWEARY MIVBBIUTRRIA—F
(%88 TORNDTAMEUT, BEHER E REGEBO2EFR2:8E Lk,

1) #pEE (CMIR-0) 2) RaHEEE (SMIR-3)
- BEMIE : [1CL1gh AW +4mm - LR ; [7TF7]E5 A +92.5mm
. i FEREES.5X 10" n/cm® - TR EL.2X10%n/cm?

6.9.3 HHTANDHE |
SEQHEDFA N T, FHESRRE 2 Fen,p) & Fe, Y)D2RKIE &L, 6.9.2
OMBITERHENZ R A—F £y b S ZO2RBERWZRIGR ORIEEE RN
T, "NEUPAC"Zd— Rz & DIDF-1.08 X NIDL-L1ZNENUTDNWTHREFARY
MUVET DX A ML, H2DART ML EWTEE SEETRIRORIBEOC/EZRKD
7ze
*:°Culn, @),*Ti(n,p),*Ni(n,p),**Umn,D,” Np,D,*Sc, 1), Uh,D,"Coln, 1)

6.9.4 FERTAMDHEER

"NEUPAC"O— RTF7 Vv A MLIEFETFARY MIVERG.4ICRT (DF-1.10
HEOLERTD) » TNEFNOART MV EWERZEZRAWTKRODERBRERDOC/EE
sEiE L L 512 F6.510F T, Y"Fenpic oW T, LEWIRIF-BETFLED
Sk, REROHEEIEMU, C/ENKEL ol FiT. AR MIUFKS
MR EHEER T, FOEAENEZE ICEN. —F, FFeln, Y)IKDWTH, REHE
BMOBDIETH o =08, BETHE TRBEEROC/ERZEAEENID DT,
St RETHARBEZERTLEDIC, FHEFART M IVOT Py A RAZ PA
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RIS T ISR A DR SRR L R ERREH SO RIEL TR
BIEI12A25HICKT L. SHORAEROBRHEDOHR LT 570, BEEROY
B B b AT TEIE LI,

8.3.2fEfBHE

1) OLGMAEMFOEEERBIUVRERE
2) OLGMAEIER - iR 705 5 ATERER
3) GeE{fiftigE OHEARMER

4) TRISZETE B EHEREE DBEMER

5 REZERHEBREORE

8.3.3 TMERHR

1) AN—HAH>TY 5200 /min, 75v51.00/min, HA/X—22.0
0 /minicWEFERTH, WTNHHITA VIV ERGEIRD I EZMHER LT,

2) BEEBEIEZRIOVILE. AN—HAF TV 7658, 75937208, 7
BEIELLS408, HAN—PI1200&EEEEL. REENENI EZERL
7z

BEMITR 70/ 561, oy BARI MVEDE—IT—F&TW, 5
FLEF Y 2 N0 HERERIN T 7 AINET A AZITHATE I 2R
U7ze '

3) GedE AWM MMEETERE LT, R408ZEDHIV A—FITRHBEFRELZ
AT UTERIIARDEREN, TIT, /A XRAEET/HER
RAEEZETHERAREN /A X2HN, FaU—2BL TREBITAZ DD L
AL, MEELT, BEETF2T7-METIAEIE -V — 2D, 51
J A RBERNT EERRE L.

Kiz, EHERE (RA > bY—R) 2RERBICT— T2 HAWTERD 7, BRibzh=
R, BMEBROBREICERNEN LEERLE.

4) FEABRENSTaT—ErARENEERVREERNEBMEZHAKL
(0.8kg/cm? . FaT7—EriEs s E BHEBEENELT I L&
Bl

5) {EE0&ReMEEE LT, BFEZEIRBERBIVREERZRER 2R-410
EMNSR-L0IBICHRT HELEEMRFEI2A26AITKT L.

L WERBEME. (EkoRBIERC EANEAER B IEGEAREEU8.omiE
man, 2EMN21.5mizizof, HMBRICHEWEAZHZOHERERETEEIL .
EFRFEEIBICHEE LU AERZLUTIIRT.
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Fa7—E> (R-408: EiE32C) OHER %250 /8
ENBEHB~Fa7-ECOHRIESLDOBER |40 1253 ]
FaT—Er (4HS) WY UETOHEE 18 0 #1845

2B, EFFEERP(I00MWENIIR-408EDZRMNHKI8CICLAEL, EAFTB~
FaU—¥Yr AHEZ) B2 ETOMREILNI2 0 THEHMIZMS04 M-

7‘:-
—o
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84 F 54 TiRED 5’/%7.&@‘)7]“717’3&&
8.4.1 = :
FS5A T BEY(OLCGM) Y AFATERIE LR TEB) —REBAN-FZADr
BARYT MIVEBFREEODRILER DD, OLGMEFT AT LDV 7 U7 %
wEL7=,

8.4.2 BOTVAFLDHESR
BIFOOLCGMY AF AT, BIETATLICED. I0REIZr BAEZTTW, €
ODOEHFHE 77 A NVEERLUTHIET = E2T 4 AV ICRELTVWS, BT AT A
2. COF—IEIIH/EOBEOAEIIHEAAS, E—UY—F, BKEEN - TE
DEHENEZTY, INSOEEZUZ MR TRUT2HRT 71V EERL.
FAUATITEBLTVWS, CORE, 108 QERY 1 7 IV EGEROFBR T, &
EB AT ST 7 IV OBEAH3400EIC B RV, REEOT—FEBIZHIAM
EHEPLTWE, '

8.4.3 HWEANE
OLOMEF S AF LDV 7 b I FIDWTLTOREZT 7z,
1) 78— —F 771 NDERK

F 54 AEZIZED, 309BICEIE L Y BARY MVOE£4096F ¥ >R
WS, FEHICAVAETAEED ¥y Y — 2 2 100N THRET 5,

—F. BT MY T QBB OREEC, RBEINAY -7 OFER
EFRADE =T —-FT 7 BERL. BEE, m\EL%W/XTATE%LE
REDNZOEGHO Ty ANV EERTE I &L, E— I RBOHERKEERC

D= Y—F T A IIICER LTV,
3 rBY—IY—F 7 v A I OmERFEOEI

FTS5A LRI, E—IH—F T 7 A NEFREL. I-VBREELEFY
PENOY— SR EETNEORIEE EBICT 4 AV ITHNT S,

8.4.4 HBOKER
Ak Bk, T0BDOERYA 7 NVEGRRORRT —F 20ETHEE, E—2
B—F 77V ERHBOREDREZANVT, WIKHETHNERBREORRIES
Ow hNEEORTF—F —EE&ERT S LM ER> T,
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#-8-003 :

-8-022 :
F-8-055 :
F%-8-140 :
£%-8-175:

(B 8 EDZH AR

5 71 2 OB EEEEAKe, KifHEMOFZE ("ORIGEN2" 2 — Riz D
) ‘
(954 . MARICOD % & H Z M HELHIE &"ORIGEN2 " STEF 2 & O kb
AT AVTBEDIYVATLADY I NI THRE (FD1)

T4 Y BEZIVATADY 7 T THE (FD2)

Fo54 2 rigEY (OLGM) HEEETEENER
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9. BRIFHETIE
FETI, [FE] ORRZEHEICET 2REERET 2,

9.1 CGCSH:aEMERAE
9.1.1 =

BEEABRDIDELTEBLIAN—H A BLEE (CGCS) {AEMERRE (RTCB
TR OTERRER) T, ERUAZEETZARIMAS2OFERICE D EEINEAL
L EBLUFHARNT 4 WA SEDOT NIV HAEZHEL - EE0HEH
D, BiFIhXe, KrORGIEPESNRPoT, T2 T ZOERIZDW
TREZTV, W DOLOXREZELE, ZOREOEDEL X NCGCSOFTH O
BEATERT AL EEMEL,. CCCSHAEMERRBRIDZEML =,

9.1.2 HEBRHEERIUEE
CGCSHREME R BRID THE S N 2RB ORI R E2EI.LIZFRET.
1) Xe®EMZIRIZDNWT
1EE . ERT4IVFAORBRARRE (NEEEREL105, MEBE130C) T, BENT
4 WIZANS DXeDREENF T4 ERD, BEIRPBEMET LizEEZ N
2,
201 RBEIORWR T 4 NFDOR—F2F (FAOKRE BF+457T, IEED
FEERFICEIR 7 4 WHAICEREFELEXeZBILL ., EIRZIZRN100% % K&
SHAEEEZLNS,
3, 4EH : 4EIBOEMEIZRIZIBEZB I THAR, DITRENRNLSXH D &
EEETSHE, 3, AFAENWTN DU EBOEENSBETHDEEZS
N3, Zh&b, CGCSIHT U AN—TN%LULEDXeZ BN TES
ENTEFEE N,
7B, mRBRRFOEREL e, fiRBREOomER,. 57U S (B
mE) BELORBREOR—F U FI2LD, BEAEBREINDEEZ
5B,
0, KroREEZNA D Z EMTERT-DTHHIEELILNS,
2) KroEWRZHZEIZDNWT

1, 2B : EWN74VIBOAREEE (75v %) 2-85CTEMLERD,
ArEFRICKAREEL . EIREIRMET L EEZ NS,

3, 488 : EHEN74)%BOArREERE®2-100CIcT A &Ik D, KroEIR
ZhRIIB0B LA EiTia -T2, CHEHBEZISCTT TR &

9.1.3 F&¥H
SE., BRAFEICHREZBLAZZEIED, TR —TXe: 90%LA L, Kr: 80
% LA L DEIURGNRDSE SN, ZORRSRAFETHDIHHAAER T 1 V5 (A)D6
B TEMREIERO0% 2R 5.
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£9.1 LRBROERYE

HEREE R By U | Bats7T Wy & &
Xe 2.5% 2.5%
1B B (H7 12/14) \
Ky 48% \ 48%
Xe 109% 36% \ 145%
2B B (H7 12/21)
Kr 22% 3.7% 26%
Xe 23% 58% 13% 94%
3B E (H8 1/25) _
Kr 64% 22% 1.0% 87%
Xe 45% 59% 104%
4IEE (H8 2/5) \
Kr 56% 20% 85%
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9.2 CGCSEEDHR & BEEHE
9.2.1 BE
CGCSHAETERRB D DHEN 585 N-CCCSRHEORRDBE . T DHEM
ROTDITRI L s EE X Lok,

9.2.2 CGCSOEK

REMERELD. CGCSARNEEHBRBTELHEEAL TWD Z EMRENE
P, REEREOMED 5. BROBEERERIZy b (RFEHRR D R100X6
&) T, ¥3MEOEIGEENRRATH D, REHEETEH 56HMEIN T % EIR
WRERZDOTE. REZREHEETDILENDH S,

Ei, FHAERT « W QOFH ABBEANTRLUTH S8, 1A A
BT 4 VFZA)DIEATIE, BIRLAEFAAZ2ETRTAARBRI ) VBT 5

9.2.3 HEBERENFEDER &HE
FAARNT 4 WY OBREFERICER ZTNAEERIT, TOREEBNNZ WD,
RERORBICHEWERBEIUORR BCRE) KENEZETS, fIZX, 7
A BFREEBEOFERTAEFRR T, AMBEESE (EHx%183cm3) Z-80THh5360C
WCHRIB U=EE, ERIBENSG0TICEL Thr b 1IREZOBRRE L DIRERK230C T
HOD, EEITITELED R EVSERNEONTVWS, FHAENR T 4 IFAD
iR (RER) 1EE5ICKE GCHEETHIOE., BREREERTHLLE THDE
O, FRIZZSIHETHS ETFHEND,
LEOMEELT, LTOHE 2L,
1 FAAERT 4 VFQ)DOMmEe —% OBk
2 FHAEIT 4 V& (A)DINEE R OEE
3 FHABEEOAY T LAN—CEBOERN
4 FHABERT 4 WV A)OFH A REEREOCEEE
1~4DHREHRFLEOHIBE #EZRB L THRAMNICHET LR, 32EHET I &
L7z,

9.2.4 EiHEAE

1) BRETEKETHDOFREIRETAEICT 2720, REEZR O N3EOHEEETS.

2) TLFITNFa—THECCCCSHAEERFH LI v FRB{LAEEE 2720,
WARZEZER O ROBENEEE NS REFRANEET S,

3) REZBHERANAOO—RFEIRABRIEINDE28RBETHI&ICED, KBEEHE
NERRLADIMORROUWEZZFREICL, BT 4 V7 OREFMEORRZE
HE%ET S,

4) FTHABZEHFOAN) TAICLBNN—YEH4/min GR#EE4cm/seclitin) 28]
EFETELEDIT, RESHEREOO~1/mInADHOMN50~5/minf Db DAZIH
T3,

8) BRBODBLBOIMRETAZAIRN—-ADBDILEHT 5.,
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(EoEDSEEE

%-8-009 : CGCSHEEERMERABRIDIER (F03)
%-8-036 : CGCSEREOHIR LUEEE
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10.35HIM - AN—HAD5HT - -
FETHE, FPUTLARSTIAN-AADSTEMHERICHET 2RRER LD,

10.1 £BF MU U ADIEORT (ROMKBERLER)
10.1.1 %
F R LRBREERICEEL T, RBERYTORES N UVLBERHET D
BENHD, FIT. £BEFT M UL EKBRRIBUTKRVRETDRKEFALE
SRAEERA L.

2) Hik

FE LA EANEMET S ADZKEREXBIRMT,. 73 AONEEZER
Bi<, 20, JANED40%NaOH—-60%H20ZHE T L. B &IGERTKSE
HAEREIED, KEFTI—RITEZRNVT, KEHAZHAY T —ICHE
T3, HAG YT I —ARAITT A ZAKEETMA LSO ERMENTAT > TNET
z, AzaroaEnT, BEHAY TP oKZEREZEEL, BT MNIUVLE
ZF T 5,

TOHFEZRN., BHMEOSET N TAREBIUCEET MU UL LER{ET b
U ADRSHBORGREEMRL. TORNBZMLZ,

10.1.3 #E%

KEEF TS5 —R T EAWEKES ABEREL, 200& L. JOBEORRET
R AENR FHEICET2EEMEOL) 1. FH1004%THolz. £z, &
EF MU AEBERLET N AQREMHREZHELZER 8T MUY LEN
RIIFE4.6% E72 0. BEETF MU T LAQEENEEAERNT Do .

10.14 E&&

SEOBEIZID. KOFKEREENEREF NV LOESFEOAIEICE A ATE
T EEIALRE, L, SERAWETAZOL DR, KERET0.2%~2%0
HWETHD., NEFLSEF N ILOERBICHET S &2mg~20mg &35, Lz
MoT, RE202gERLEBESORETREIRLSTH D, LHLRES, AR
iz E BKEHN AQRIE FREH0.20DMTH B Z &5, {KKET A BEREOR
EEmARDBIET, ISITRETREZESTSIENTEDLELEND,
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10.2 €EJF NI LARIRIETBELT N Y AORE
10.2.1 HHY
T MRETEETERLTWA T MU ARBRERICEEL T, REERY D

DEBEFT MU LD OKGBKRERER ZRRELE (10.1838) , 5k
DEIERFEEIIRFEERDDOBE T N UAREEINSFEENZEZ SN
T, @EFTMITALAIBEAET M) DAZBENLERBIOREZ25— AL L 7=,
TOWHE, BEET NI LOEEIIR SNEMN oA, REBEEN2E &z,
T—F OEEENEN > 2. FEIGEEE LT N) T AOEEEZBEEITTR=D0+45H
BF—5EBE5ILEEBHNEL, 125 —ADEIEEITS Tz,

10.2.2 Hik _
B MU UL (20mewi#) LBEE{LT bUTL (10~200meg*) DEREEEBHC
AEAV—FBRERT L., BRETZKFREZKBT TSR TENLUTHEL, HX
JUTHETSIERKVENEZKDS RIEOKRHNERERUHE)
* BHEE D ERE%E200mg s LT 379

10.2.3 #R
Z10.1ICHIEI LS EO#ERZRT . FIEIOEIRRIITEEL.6%1Z->7=DITHL, 5
F1396.3% TH V., RIERUHERNFTLN, MEESEROHAERREZR10.11TELEg

I./Tﬁ:\-'g—o
D miEORR (R10.150)
REBREK: 2

ELUXREIE : 94.6%
2) SEOHFEFRE (%(10.1ZH)

MEAEE : 12

EUYREIE : 96.3%

EERZE : 2.96%

SEF MU LATRIZEI%KEZNERTE SN, BRI NI ULAZEUES

I35 %RBELSRD, £, KERERTBELT MV LAOEFRICIIE EAVERE
L7z,

10.24 F&®
BEL T )Y AOEMEZZEL (10mg~200mg) =¥, ERBERDITHER,
F1596.3%, EUERZE2.96% LWOHRER/. INLD. RELRBTOEET -
Y ADOSICKARBEREEZANDHE, BR{IET DI TVLOZETZNEN
A %o
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£101 KAWKEREBEERBES GBELF b U Y LAOHE
(a) FWEORHES
RUN N a {ZH& Na: O, & | Na. O, /Na | BEKEBLIRE
(mg) (mg) (ratio) (%)
1 21. 83 29, 0 1. 33 93, 1
2 35. 26 20. 0 0. 567 96. 1
S0 94, 6
b SEORIEE
RUN N a i lE Na, O: ifl0& | Na: 0. /Na | BEKZEEINE
(mg) (mg) (ratio) (%)
1 20. 56 13. 27 0. 645 92. 6
2 20. 83 17. 13 0. 822 91. 1
3 22. 93 24, 84 1. 08 958, 9
4 21. 20 27. 40 1. 29 100. 1
5 18. 64 46. 76 2. 51 9 6. 3
6 29. 61 40, 58 1. 37 92. 4
7 21. 91 58, 43 2. 671 97. 2
8 19. 91 6§7. 85 3. 41 99, 2
9 22. 85 103, 64 4. 54 98. 9
10 26. 56 122. 54 4. 61 95, 2
11 19. 25 209, 37 10. 87 97. 6
12 22, 19 209, 45 9. 44 96, 2
i3 96, 31
FHERE 2. 96
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10.3  [EB] OWHAM T MU U L OENREFE

10.3.1 #E3E

T¥EE| T, BRBORMAONaZANBEZ2ED CNETOHETE TIng: s
FLEZ ERRY, 20D, BEORETESN THIEHMNaET—F 25
R ZniBE 25 L 7=, -

10.3.2 1&kZENaF OZniEE

H10.2& K103k T LD, ZNETOHREEOF TIIIAZENah S bLKE
HRARBREENS bZnlIBH I TWARL, T07-D, INETRESN TV
(LN SZnBEOLEEZEH Ui,

VRENaOIEHMEAH T, NaB B ORI L OMICAs OSSR ENT
W3, ZORNEAsDEREZR"ORIGEN2"TeHET 2 &, FRI0.2IZRTHL D137
X10°Bq/g&itd, 22T, HHFEICI*NaoBE{tEh SEH L TR
2.9X10%n/cmss® AW, /-, EROHEIE T, 1g®Nabn5250BaRiiE
TWw3, £-7T, ZODth,

250/(3.7 X 10%=6.8 X 10°=0.068wt.ppm
M5, Agld#0.07wt.opmBEENDS Z EBTN D,

Fl#&1z. "ORIGEN2" CZnOiHbB #5E T 5 &1.3X10°Ba/g&iz% (%10.2
M) . K10.2&K10.30 548073 L917, BETHZnRE<REHENTHEN
A, RiIzAgD1/1018E (25Bq BMHEN/ET5 &,

25/(1.3X10%=1.9X 107=0.19wt.ppm
L, 0. 2wt.opmEENTNAZ &I, ZHMNFIERBTRETHD, %
18] O1XZENaRIZZAMESEN TN T H0.2wt.opmZE A5 Z LE7EW,

10.3.3 2KFZENaHF DZniRE .

R TEE, 2KkENaFORHMENaT 4 VI —THREWEL., EENEFEM
BT BREXBIAIOTFSA P LD LEANS 2. EELREDZN
I TWak,

10.3.4 #am

THE)] OBHAMNaRICE, BEALAROZINBHFEELEWEEILNDS, /= K
WeHol=E L THhEDBERL.2wt.opm A FTH 5,
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#10.2 1 K% Na h oM ENEIEE

7{-’3.-\"' E 1 lomAg sszn
S 1] 25048 244.1H
gD B LR (BHEE) 3.7X10° 1.3X10%
y MO HEE 0.343 (0.94MeV) 0.508 (1.12MeV)
ZALF— 0.246 (1.38MeV)
NaPDERE  (HE{E) 250 Bq/g - Na = hy
108
22Na
10° ¢
F 110ma o
% AN llOmAg
N o103 L NS S
f (FigH) 1
10! ? LS
TRy
0
100 . . N .
0 500 1000 1500 2000
y BIANF — (keV)
102 1 kR Na Dy AT b
AN
N
~
1 -
10 E 6°Zn
; (7 18H)
o0 | il 1|
0 500 1000 1500 2000

y #RT R NV F — (keV)
10.3 1 REREREEREO y AT PV
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104 F MUY AROEBBEDN
10.4.1 #E
BHMNa R AP ZnOBEMBNOBRBROT—FIZET 5720, £EONad>
TN TRBHCOWTZnOBESTEERL .

10.4.2 et
D TE
1R% GElIEEHRESD) &#
BHEEAK:H9.1/31 19:34, 2—)VE+S v NajBE:129.5C
2Kk% (EllEEgES) A&
HEHE:H9.1/31 13:33, a— )R b+Z v I NaigE:132.0C
2) TIUIREIEE
Nal@ Z WIRBEER -1 NafitifEdENEE
s EINo.: II-Na(1)~(3)
3) IEBBERETIFEE
Najg 27 3BV — T RN ER}
=R ;5 v NaifE:120C

10.4.3 D FHE
1) #ABlorili
NaiRElisgz B L. KEKSEHEICL DKERELZ,
2) #HIE .
SREFERKAE T I AT (ICP) HEAMEBICLD LR ZzEERKRL. A
LREMMIEEITLHE E L TCCAdEEHEML., ZnBEEEEL .
3) HRHETRE
Zn (HEH#66) ONv I 752 FHIEHEDIEEREDHEZ LD &, Znklgk
B L7=8BE80.lppmEind,

10.4.4 R

Nafh DZnBEIFZI0.3ICRT LS ICRETERELT (<0.1ppm) » 5#10ppm®d
LRIIVTHBZ ENDhoTx,

- 180 -



PNC TN9410 98-052

#%10.3 Na 1 Zn e E

2 Zn g
e (wt. ppm)
(&) 1Kk% <0.1
2 R% 0.36
PZZE II-Na(l) 22
II-Na (2) 25
II-Na (3) 51
BEE NaEFNV—T <0.1
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10.5 AR UOHABEROIEIE - FHE
10.5.1 #i¥E
ERTEIZE~FRSE2AICMT TERE N CGC SHERZRR (D Tk
T, CGCSEBTHINUEXe, KriZEHADREZTA/0ZHWTHEEL =,
FOEE, BEUREIRBIE, Kr:130%., Xe: 70% & FHEAOERE RS, COER
FELUAER, JAO0REBICRONHDZENHBEALE, £IT, REBDE
EEZZTV., CGCSHRERARIDTORINAABEZHHMEL /.

10.5.2 HREHDIEIE
1) REFERBEETAREOREL
KrB L UOXeDEHE 2 (JBE100%) #100ppm~16%ICHRL . FERER
ROz, TORE, XeOREBIIBERERKRTD 728, KroBRERE, £
DOEEEH, EEMI D0 REN (BENEW) HREROTE,
Zhid, BIEIORBBERBICHEBE L A OBEN, FRBECERETTEL
FREE D THELHEZZA NS,
2) NEFEO®RE
sk, BRESBIS. TA/ odtEE0RSEE (Peak Height)Z AWTIERL TW
e ZOBE, 1%EBAAEBERNT, BRENMS MEBOAENNEL<R
2) {ERRH 270D, FIEOREBEERMIE. 1% U TORBE N X OHRIE TER
LIEREEZ1IS U LLOBERES TERNGE L. &ZA8, ZOFEEHERL
FESTH, 1%L EOBEFET, Xe, KrOBEZ &EHITE/NEH XelzDWn
TIIEBKR4S%) TARIREEL-TE, CNEHET DD, PeakHeightD {3 DIZ
HfE(PeakArea) Z IV TRERE{ERT B E &L,
3 )EEROKRERETR
1), DHEEZT o RBEORERIL. L TORXTEREND,
Kr: Y(ppm)= 18.494+0.0015769x+3.004X10-8x2  (100~1000ppm)
-228.85+0.0061984x—1.9825 X 10-11x2 (1000ppm~16%)
Xe : Ylopm)= 15.207+0.0031512x (100~1000ppm)
694.02 +0.0030519x  (1000ppm-~16%)
T, Y BE (ppm) . x: 5HE{E (count)
10.5.3 {EF#HOBERIZ L DCGCSEIA X {RE O BTl
10.5.2CR ULEEFHEORMEBE 2B WVWT, CGCSHAEMERHKBRIDIZBT B EINH
ZWEABEIMEL/ERE GHIT—4 2H10.45R7) 13, fiEAEEICH LT,

- Kr: 191 % (100~1000ppm)
SLH57 % B> (0.1~16%)

- Xe: SEF3% 8 {100~1000ppm)
SE324 % SE N (0.1~16%)

ERD, INETKr: 130%. Xe: 70% & RHED > T EZIRAIB0% ~100
% &irBRABER ST, S BRTABEORELUERICETE, CGCSOFH
Z BN R OFHM 2T FETH %, '
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104

Kr. XefREE

= 4
~ 1&l '*:E'{.

FrijiA R AR

Kr FHRR\ (BHE A)

DK r 100~1000ppn(AREA)

(—~]

K-
{eod —r—r—
Yeua s Mz o uenrd et
00 [ 16494 |_ /
u 0.0015749
600 e Jgcie-08 | |
R a99r12
ppm 400 A

o | A

ol
g0 e o b o b
-5 10° 0 510 1ied 15 i

Peak AREAA T b

2YK r 1000ppa—~16%5(AREAD
—*]
Kr
21 - I
15100 /7/
! e
1108 - e
ppm : /
swt [ —_— S T.m.m-:._u--:'-uo'x'
3 / - 22845
o[ / M 0.0a4 [Dk4
/ [rel FRITIIN
s !u‘ [ N i} 0.9999090
5100 0 s510f 110715 107210725 107 3 10733107

Peak ARESZT % 2 b

Xe HBBNRA (BHH B)

1}X e 100~1000ppm{AREA)

—-— y = 15207 + 0.0031512z R= 0.99999

Xe
110Y rr
3000 //
6000 /
ppa- 4000 [ =
2600 ,/ 4
ok // ]
/ 1
-1000 —— PEPETE EREE IR PEFENS IRSEEPRrE S .
S0 0 s 110f 1S 16t 210% 25 10f 310

Peak AREAA D

2)X e 1000ppu~ 163CAREA)

[—+]

210’ e

y = 69402 ¢ 0.0030519x R= 0.99364
Xe

YT T T

1.510’: //
RS (i — L
ppx [ /
510° ¢ //
L /
oL/
S0 S INAPPR I s, P IO B
qt0" o 1107 2107 3107 4100 510" g0
Peak AREAYZI 2 2/}
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10.6 AA7UREREEAXDBERE
10.6.1 #EE
FRUDTLAGIERICREL TH2AN—HASHHAAZA 70 &F0n. BEFFLE
FEDOHA ORERBEAZDBEANE 2T HEETRET 5.

10.6.2 #EE
<BlE&HE>
HArax 4757 Hir# 263-70
AZh EBUFaS5—T5A 3¢X4dm , AC 3¢ X5m (K3E, AU™TL)
#®itEs TCD 70mA F¥YUF7HX Ar 25cc/min |
BlIE#EER VA —RE@EUFICRT

B | MR EREEpm) | B HAA-H—-KEEEpm) |BEH (%)
Hz 471 496 95.0
He 489 506 96.6
Oz 177 174 101.7
Nz 948 969 97.8
CHa 90.6 - 91.7 98.8

Mty 98.0

10.6.3% £

BESAREOREBEEL, A—hH—REEOLRI, FF98.0% THolk. INK
D, SEEELCREEINE, BrBYOEERERSZAFLTBD, RERAIJALL
THRETEDHDTH B I EMbhoTz,

Floo FRUTLGIHROA A7 ORIEE. 100 %BHEH X2 /WP UL THrbh
TWaH, SEIOFENAMENAFED ERICTbNZZ M5, F MU D LR
BICBUAH A ODOKREFENBEETH D, F MV ULASIROTZ/ 0icks5
FREROEREENTMITE N EMERTE,
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10.7 [¥hE] BREFELEBOL 2RRATFTPUTA - AN—H IO IR
10.7.1 #H|=E
[E15) I TREELIIEEHESRFTHD, ERELHERHT/9O"5HS/6E TE
HICBEATWS, 2T, TEB ORMEELBKHOF M) Y AFREIEIZ, 1, 2K
FFRMITABEUAN—HAEB OV TY 20 - b2 E2TFRN., ZhAETO
MK-TUR LD {E & thie U 7=,

10.7.2 #R

M%) EHELEROL, 2R%2 T M) I ABITHN—JT Z5HHE EMK-IIELE
0~20Y A1 Z IV DERFICER L 27 —5 OFEE (Mg, MK-ILEOF—4& &9
%) EHEELIE,

D 8B IRFFRMITA (JNal—96—01) (#10.4)

C, Fe, Nild, WITNOELBRETRELUTTHD, EEEERRTIENT
&5, £/, O, MEHEEE (GH, 0mAg, 22Na) [ZDW TR, BHEINTWaH
MK-IIPAED T —5 OEHELITTH D, EFEERRTIENTES, N, Criz
DNWTIHMK-IIAED T~ OEEEEZBI - EETH 50, EEFEELERT S
EHHEFEERERED, LML, H, CIZOWTRMK-IEOF—5 LD b E
WiEERLUE, (H: #H2.746C: #$91.842)

2) T&EB 2RZFHMUTL (JNa2—-96-01) (%10.5)

C, Nitd, WFNORSHBETRELTTHY., EFEERRTILNTE
%. E£7=. O, N, Cl, Fe, Cr, SHIZWTNODES b MK-IILE DT — & OEHELT
THVEFHEERRTIENTES, LML, HIZLKFR & FEE, MK-IILBEOF
—FEDHEWEERLE HNH2.3(8) .

3 TEE LREAN—HAX (JAr—1-96-01, JArl—96-—02) (3£10.8)

Oz, CO, CO 2, CH4, Hell DWW TIEWT OB, SRETRELI T TH . &%
BERBRTIENTESD, T/, He, SHIZODWTIHL, BRHEESN TV B AMK-TIEIE
DF—F DEBELUTTHD., EEEELERTIENTES, Nold, EEEOH2
HEOEMEERLED, BERRELZZETEETOESEREERRES,

4)  T¥BB1 2KkFBHN—HZR
C (JAr—-1-96—01, F—N—vu—¥>h, ¥Iy5LH) (EL0.D

Oz, CO, CO 2, CH4, Hell DWW TR WTFNOBR4s DRE TRMELTTH D, %
BERETIENTES, £ix, N2k DWW T, BEINTWARME-IIUEDS
— S ORBHELTTHY, EFEERRTIENTES, LML, HallEHED
H34%, SHIZEHBOMI0EDEER L,

10.7.3 £&®
1) FhUTLADIER
LRFZ. 2RFREDICINETOMK-IFEMIHARTE WHIBE S R L,
2) AN—HAPFEE
LRBRAN—FARZ, EESVEEBTHD, EHEFELOEEZIR N>
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7=
2k ZAH IN—H A DHeB L USHMN Z N ZE TOMK-IIFLO T —FITHNTEW
fEZ=RLUTz.
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#104 T(EE) 1RZEF b7 LSITFEOE
1iIR% MK—-DLEOF—7" (1ik%)
JNal1-96-01
5% (wt. ppm) SEED{E (wt. ppm) HERE
0 2. 1 2. 1 1. 303
H 0. 32 0. 12 0. 047
C. |ND(<2. 0) 3.1 2. 023
N 0. 42 0. 36 0. 198
o 0. 76 0. 43 0. 272
Fe |ND(<0. 02) 0. 09 0. 128
Ni |ND(<0. 02) 0. 04 0. 037
Cr 0. 023 0. 013 0. 011
*H 6. 5X10° 1. 2x10° [1711, 24
ThimA g 3. 0x10! 4, 3xX10° 579, 717
'Na| 5. 8x10° 9. 9xX10° | 2543, 66
H. '‘""Ag. ""Na OH{IIBqgq/ g
* MK-—I8G0~2 944 7 LETOERPIERLLF—%
£105 TEEI 2ik%EF MY T LRIFEOLE
2% MK-TILBgEDF—%* (2KR%)
JNa2—-96-01 ,
R4 (wt. ppm) M35 fE (wt. ppm) BERE
0 1. 6 2. 5 0. 795
H 0. 30 0. 13 0. 042
C ND (<2. 0) 2, 1 0. 902
N 0. 25 0. 34 0. 188
Ce 0. 36 0. 48 0. 361
Fe 0. 02 0. 08 0, 112
Ni |ND(<0. 02) 0. 04 0. 054
Cr 0. 012 0. 017 0. 044
'H [ 7. 2x10°? i, 5x10° 722. 16
'H, '"""Ag. "!Na OH{iBq/g

*MEK-~IDHE0C0~2 98170 TOERPICERLZT—4
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#£10.6 1 iRFRA/ ST AW {EDHLER

1R % 1 (% MK-DLBEDOTF—5"
96~—-01 96—-02
5% (v/v ppm) (v/v ppm) @ (v/v pom) B R
O <1, 4 <1l. {4 4, 95 24, 5
H. 5. 6 12 36. 3 34, 9
N, a9 75 2717, 8 392. 9
CO <3. 6 <3. 6 <3. 6
CO: <5, T <5, T <5. 1T
CH, <1. 0 <i. 0 10, 1 17. 3
He <0. 2 <0, 2 147, 2 188. 1
*H 4, 4x10° 1. 1x10' 5. 2x10" 7. 5x10°

E1) '"HoOBHIEB g/ Nc ¢
£2) g?%%gﬁﬁﬁ%%ﬁﬁféﬁ\&&?ﬁ@ﬂ?@@uomfwmme@
* MK - [0 0~2 944 7 L ETOERBIFRL 17— 5
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X107 2KFA/—HARBFEOLE (OF /T)
C2iRF% OF/T MK — T LD 7~ 5
55 | G | FEEGH om | mERE
O: <1. 4 1. 4 0. 12
H, 20 6. 4 26. 3
N, 2. 6 15. 0 58, 3
co <3. 6 <3. 6
Co. | <s5.1 <5. 1 —
CH. | <1.0 <1. 0
He | <0. 2 0. 53 1. 75
*H [ 1. 5x10' |1, 7x10° |2 5x10°
E1) ‘HOEAIIBgq Ncc
£2) PHERCEERZEZHET IR, RETREUTOEI SO TR TG
=RA LTS,
2IRFFN—H 2 EDH®E (D/T)
2F /T . MK-IBBOF—%
5% ; (spl;n)o : EEE (v/v ppm) BERE
oF <1. 4 1.7 1. 03
H. 19 6. 2 27. 1
N, 1. 7 21. 1 54. 0
co <3. 6 <3. 8
CO. | <5.1 <5, 1 —
CH, | <1.0 <1. 0
He <0. 2 0. 39 1. 55
‘H I, 6x10" | 1. 8x10° 3. 0x10°
H1) C‘HOBHEEBq/Ncec |
F2) FHERUVEEREZETZHRETAE. BHTHEBLUTOBEIKSWTIRRE TIRE

=RALT,
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F-8-005 :
-8-021 :
%-8-039 :
%-8-061 :

B-8-073:
-8-074 :
F-8-144 :
F-8-155:

(BLOEDOBZZER)

A2 OFRESEOREL & CGCSHEEMERRERRF DRI A DR EHE
F 51 AN HABBICERT S H A ORERZEN X DBERER
&EF MU ADTEOBRE ROMBKEFRER)
SEF PUYT LS EE OROMKETRER OBMNES BE{EFbUD
LOEEITONT

Mg 1, 2R%ET MU D ADTEICDONT

F#ig] 1. 2K%F M) T LABEIRDNWT

M55 OBAMNaFOZnEE
F+ R ARORBIBE SIS
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11. MK-TIEHE BT B4 - 546
FETIE, MK-TEHENCEEL TEB L -FE - THICET23REL2E D7,

11.1 MK-IIRFERE AR EFOEF I BE R
11.1.1  #EEE
ME-TIIFLORKREG 2 8IE - FHET 22D OB EREAESEDOFELNOE
FEZSICOWTRE L, ‘

11.1.2 REHEE
1) SEEER
MBI ARG EOFLERIBERE. K1LUCRT,
2) EWLEBOERS
PREHER O LT RIS L O LDORFHEDIERO D, BHHOSBRED
FE (A-DHFR) & NCEAOHRICERT D, S, SEROBERBOTHT
FEHE O /= D5 RIS T 5.
3) BUEREE
SRR AR ROMERERE, UT0LBD TS5,
- R BIE F EATIREIAR A

PRI EHERER T A 5iF

SRR BRI A 64k
- RSP E R AT

REIR SR RRE AR ORBT S v 725 - 4

SRR SHARIRER T A 245
- BREEEREANNWERSE 54k

11.1.3 S#EO®HEEIHE

ME-TIHEZEE.OTIERPOP A EIC B REESE (BHU V) MEEFINS
TENS, TRICEVA—FZEETEZENTENE, OB MHIE HRITR
BIEASEOBERKOBIRNTIREERS, £ FOEELONKN S, MK-IIH]
HFEMCBWTRISENHIBESEKEZERITI2HEEBRAKTH 2. - T, LiEoH
EREBRIIBARE S22, RIROEBEICE DEIRATEERGEETY, BHEEAFEM
BERMEOELAMS, BEREIERBHREESFIIHEECEF) JREIIONT
OFMBEERE L TORANAEETH 5,
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(BAEIET 721

BT ER RS

ER ek (AUEMESR. NRERET 2 2)

P HFHE

BALUERRESREREE
(P 828 BT 8E)

SR ERE~nRA K&
TR ARG

(RHEET 7 2]

&

BRd=mEE
(4 EAHERUR)

B E AR AR TR E4E
(IR SR)

B Atk
A e

SEVELE S FCR-014
Bty ¥
SRR

D T B R AR AR

R1LD e MEE S o I L (s 2
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11.2 PudEXit - UEEHELOMK-TIIFEMME~NOZE
11.2.1 =
MEK-IHBEEFLOEM T 4 I 1 NEBEEEZRAWT, PURERIED Z2WITUNE R
Wb LB R ERPUE{LE R HE L, E/5. PUdSER(EURE 28/ L7 &
& OMK-IIIFE R 2 5 U 7z,

11.2.2 PugE{LEomst |
MK-NUEEFLOFG 7 « v U1 VEEZRAW, ESHEPUEIES S UBKEEE/S
I A—FIZ U TR LOBERENRMK-IINEERL &[SI 2PuBLEEZ R,
1) PuMESRILLEERE
UBHEEIIMK-TIHEERGOREMETH 18wt & L, HOEEPuBE ML
L7z & Z2DOPUB{LEZHEIL.2IRY,, BoREPUE|SMF65wWt%DERZ, FEIRE
WA ERPUB{EEIR30OWI% &35,
PunEIZE &AL LT, B3 PuB|&50wt% TR T L=k, FEIREHz %
ErPuELEEITWIS &85,
2) UMERBHELLESS
Bo R EPUEBISEIMK-TIHEEF LOREMETH 271wt% & L. UBRENZL
L7zEZDPuBLLEENLILIICRT. UBHENI6WtXLL T OR., JARIRENTIZ
OWt% LA EOPUBLENRLELIZD, UBEEN1IOWtXOBICIE4wt%DOPUE
{EENRKHE LD, THIZ. UBBENBKFREOUIBKRE & FEEDSW%IC
o leBE. SRS ERPUE(LEIRITWtIR &7 D,

11.2.3 fFLEEANDEE
UBMEEN1IBWt% T, PUMER(L L i 2 MK-TIHEIE R I ER U2 RO FD
BiEZHE LR, B3 EPUBIES0WI%E TPURERILLUES T, ZOFELE
HiZ, LTI RTHRICMK —[IHEEFLOREME LB EED SR,
1Y 7 ) ORERISERIBIZ0.02% Ak/kk'/hNEL /25 (EHHEHTO.8HE
IRIZFES) .
ERNBEARFHEFHRITF0LRELRD, BREHMNIIW/cm/hELiR3s,
EEEEREEIL0.3%KkEL 25,
FEROUA X2 DU NSHEE L EER P TR A RIIMK-TIHENEF 3R
FHE EZEb Sz,
Rw 75 — GBI E A H90.82F10 /2 5.
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1EE wl%

sy
(s

Pua

LI wi%

=
=)

Pu

] 1 1 1

e R{EIRASY
—— SHRIARE

30 i
e MK- ISR
EHE
R A Y
25 ST
20 | i
45 50 55 60 °© 65 70 75
D HEPUEIS with
H11.2 HEREEPuEIS EPuE{LE DR
(UVBHBE 18wth)
40 ! .
: cevvees CALBIREY
—— SL{RIE
—_— -
8., L. f b
s i Mx-y’lﬁﬁm\
25 et .
T
e
20 1 [
10 12 14 16 18 20

UBHRE wi%

113 UBHBEELPE{LEDORG
(FHBMEPEIES Tiwtd)
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11.3 MK-IIREOURBEEERICET 23— 5HE
11.3.1 #iE
MK-HIBAB OPUELEDCRE - #EEH A oD bR EE NS A—F E L5
HZ2TWh, UBBEORBOZDDY—NA %L,

11.3.2 H#&

MK-TISFEFLCH U, SRADHERATE0.001 8720, REANFD EAIFDL E O
REBHFOHA0.99~1.01& 7422 L& BEICLT, PUSEMiT ¢ v ViR, &
BRI DS — A OUBBED X OPUBLERRE L, Kic. Hse
O— K"2DBURN"2 IV THEEEIE (ERIFS-3-12, ZKTR ZHHK. FETF7
) &7V, FERELOBEEZIMEL. MK-TIHEEREFL &Lz,

11.3.3 #E&E
TEFLOEAMEBIOE NS ERILACRT, &7 —X&d, BEELE
ERSERER B L U W B D& EZBRE Ui,
TEFELOBREOHEERZRILITRYT., BAPETFEORRHEAZIIOVNT
HIT—AEDH, MK-IIEEFELEFAREQRELRS,
FHT—ADQURMHEEEPUE/LEOCEFZEEZRILLICRET, MK-IIIRE (URBKEE
18w/0) I UETOZ EWbhoiz,
S LDOPUEB{LEZ3SW/oETEWT2Z &Itk D, UBKHEIIOW/0ETF

Feihs,
SuN—EWMEZTOBHBEL TS, UBKEEIZISW/oBETHDIZEALESTD
5730,
v BRE R PUELOSEBIZT A EIc LD, UBEEIZI3W/ oETFS
N5,
- BBEIZv I EEIOCcmERET A &L, UBEEIZI2W/oETTFIFSN
60

ZHRBERANDZ EICED, UBKEIISW/ oETTFIFo NS,
- EBEBPUZAWVWSI EICED, UBHKEEOW/oETTISeNS, 515
FLDOPUEBLE 233w/ 0XTLITAZ &ickD, B{EURERHTHZEMNTE
B
PLELD., MEMIBOEFICIAUBHREOERDESINBTBEEBIZ, 2hs
DOREMHEROEEIIMK-IIIFELOZBEICEZE LW S 2R L -,
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#11.1

€

EFLOESTETERER

R o -

BREHEHE [w/0)

U | PuEiLE
BE by
TRt

o
®
(EOCY ! [W/cm)
ERtD ! ;
[-] P A Y

m Rkl | e | B6K | BMEFE | bR
s hat | KRR | RA| (EOC) | mbsE

BRIGE
[Ak/KK 1

[%16"*/cn 5]

[ X 10435d/t]

e NK— IEEAEL

18.¢ 23,0 28. 8

0

9945 414 | 413 | 0. 0156 7,921

PuE i1-14HF028. 8—35%
LR

8.5 30. 35,

.....................

0.

9938 414 | 414 | 0. 0164

Bini-2 ~  —32% | 13.1 26.6 32 0.994{414%414 0.0160 | 2.25 | 4.035.85 | 7.91 : 8.87
Wisht 2-177/-E830% % | 18, 1 23.0 28 0. 9940 4121412 0.0155 | 2.24 | 3.9215.65] 7.92 8. 98
MR 22 T09%| 18.4 23,0 26,6 0,993 4101410 | 0,015 | 2.23 | 3.90 1 5.61 | 7.96 1 .02
BRF B-1BM{/V1 4 9658 | 15.6 23. 4 28,8 0. 9047 414 | 413} 0.0154 | 2,24 3,95 15,73 | 7.63 | 8.58
Xt 52 » 8% |13.123.7 26.800.9036 413 1 413 ] 0.0151 | 2.24 | 3.96 1575 [ 1.35: 8.2
e 4-1297) 50—55cn | 14, 23. % 28,8 0.904% 382 | 382 | 0.0148 | 2.23 | 3,62 { 5.57 | 1.2518.16
b o el BRI R el Rnuidl NGO SO I

JER 42 #  60cn| 117 23.5 28§ 0993 350 | 351 | 0.0139 | 2.22|3.69 i 5.44 | 6,58 7.40
6 5 = (coeieEn | 528 28.80.9936 412 | 411] 00140 | 2.22 | 4.095.79 | 6,271 6.98
532 6-1%7(,54PutEF | 9.0 24.6 26,5 0.0038 414 { 414 | 0.0168 | 2.25 | 4.07§5.93 | 7,91} 8.9
€ 529 LU | 0.2 2.1 30,4 0,938 414 | 415 00177 | .84 | 4.21: 6.17| 1891550

11 Ay — ARFECHEES KO LR TEES AR IULRICE > THA-BMERIRZT > 7
BHE, PR OS 0 M-EMETORBHIRE T 1IBE. URMEIILS 1%E15,

9
T
i /%%/-//’J/’j

114 ERFE & Aotk

e
e

20 x ' ~
2-2(PIHIIE L) 2-2 (fi-mlell:’)
T E ‘Q}
AN
- 31
15 =, =1 \
iu".a-z ‘qx‘-‘z 32 )
u a-2v i} 4-2
=
fae .
Ji:4 Loy 2} NS
(v/0) : 17l 1-1

6-2
,

22 26 14

PusE {LL3E (v/o}
11.5 UBHEE EPE(LE
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%-8-011 :
£-8-019 :
F-8-066 :
F-8-104 :
$%-8-113 :

EBl1EDZEEE

MK-TIERERFAESFOREELRE ()
MK-IIERBAESGOSEERE (R) (02, REMEEA)
PuE kit - UKERLOMK-TIIFE LR EN DR
UBEERRICHET XA 5tE (FHAHRSE)

U EERICET 2 —RAEHE (PREREZFD 2)

- 197 —



PNC TN9410 98-052

12 FoOMOFRERITE

12.1 #HIOYDASA /1 sNo.OEHKE
12.1.1 BE

WIOYDASTEALTWS TS MEBEIL, JOYDASEIERNERET 57200
No. (AH1#No.) TEELTWS, Z0/i-d), BEERZENEHLTVWSETS R
FRBBEMNEG LB EDTag.No. L BB D, BFO_EEENLETH -
7o

INEMETDHRED, FHIOYDASTHERAT A A TmNo.it, HBER 7"5.‘/ k
Tag.No.MffEENTNBHDI DN TIEFDTag.No. LRI UNo. 25 L., 5%
IZTag No. Mt EENTWERNDDIE DWW TIRH-ANo. 2535 2 & TF i?‘é@‘%)
HetE L, TDRDDOEFEARICTODWTHRF L.

12.1.2 EFER
HIOYDASDOAH ANoIILL T ORICFH S, RKER, BEFODIDTREL.
B9, b, ANFTCRETDHLEEZEEFRET B,

S E-RMES-EE

o
5 F
AT

12.1.3 7o AJ1sNo.
7O AN AN DWW T, EEWMNE UigHEDTag . No. Z2EFRY H
L iRt Tag. No. 21 59 3, :
) BEFFEADERE (A) :TE-31.1-1AFE/~IITR-31.1-1A

12.1.4 F2# I AHHNo.
_“9)1/7\?];"-‘7\3:L/'CbilJ\—Fﬂ)S'DO)fEEUﬁ\EEU &2 DR EFEFET D,
1) %28
#ﬁ&%%%@#kfﬁ;a (Condition) 2&X3TCODEANRNo.OEEEL., LUTRKE
5, BEDIEICHET S,
COD-%EB-F-BF
(B 2kERTIAWMR Y 78z : COD-31.2-1A
2) BHWER
wHHFEIRE (Annunciator) #EFTANNZE A F &No. 035’\‘:'?}:1/ UTEHAE
DHHBES, BREOEZDEIZHFET 3,
ANN-2 %5 -
(F) FEA Y 5L ANN-423-4D
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3) FIREE
£ (Valve) 2FZTVEANANo.OKEEEL, UTRHEERS. BEFOHEIINE
ER
V-%itEes-B5
) Fp73-12:V-73-12

12.1.5 Foif
1) A JIRNo.

ANENEEBREMESCIVFERTNILABELEZANKTH L2, B

(Pseudo) OPSEZANANo.OEEEL., UTRTFEREOTF O/ EFIHIND
ZHR2 DB ET D,

a) Frud: PSE-ZHE B
FHFOFAHEBICAEERZEX-MIT ¥ TH 57D, &Ll (Pseudo)
DPSEZAHAN.DEEEL, UTHREES. BSOIBIINET 5.
(F) WEETFFEADOBE) :PSE-31. 1-1A
b) FUFN: PSE-DI-XXXX#* (% EtEHEENo. (#:A900) )
Foy L, TFOFARERLEORE. BFILEOEET I THEID
g2l (Pseudo) OPSEZ AN MNo.OEEEL., UTFFIFINANEEXRIDIE

EHE TN, OJBIZH 5T 5.

#F) 7352 b—kEEERFIL . PSE-DI-5450
2) EtE{EA S RNo.

HEMAMTLEL, FKRELEAARTSH S, 5E (Calclation) @
CALZAHENo.OEHEE L, UTF7FaZhTFIH)hERTAIELIIDIEERE
M NO. DIEIZ T 5T 2,

a) rrusg: CAL~AI-X3XX *
) RFFEADREZE : CAL-AI-B300
by FPFI: CAL-DI-XXXX *
) BEFFEHAET : CAL-DI-RI75
3) FEEASARNO.

BN TF Y ENLITAED0F—F Thi=h., K (Constant) @
COSZEANANO.OEEEL, UT7FulhF oI NnERTAIERIEDIEGE
HE M No. DRI 59 5.

a) 7o COS-AL-XXXX *
(F) EFFEAREMIEM : COS-AI-R956
by FUHN: COS-DI-XXXX *
) FEFFE#EDBEERERS | COS-DI-Q962
4) HH AN ENo.

SHES N TEHENE L =5 — & 2RI SICEATET— I TH B0,
FFOH « FUYINEADADOEAHENo.OFEEL, BLTF7 IO/ &RTAO
& EEIEN. OIRICH &5 T 5,

a) FFruoli: ADO-AQO-XXXX *
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5) JOYDASERER
JOYDASER & L TRVAATNSES GIKEES) IIonWTR. LEEEAT
FEREZWANEDH D, FRSICDNTIE, HE2RDONAD ZNNo. 25
TH5HDET B,
(F]) SASIEE : TE-ATOMS-1
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12.2 P2 al—¥E2AVWEEIAREETMOTHRER
(B AEEROMNIGEAELICHT D 7 4 — BNy 78
12.2.1 #E
SERSESH20H ~30HIC MER) THEINEERIERFEREROERIZET
i3, EEEORDL - TNV ATLAOHSE. TEER] 7320 OBMEERSTN
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CURRENT STATUS AND UPGRADING ACTIVITY OF REACTOR
MATERIAL DOSIMETRY IN THE EXPERIMENTAL FAST REACTOR "JOYO"

Takafumi AOYAMA, Chikara ITO and Soju SUZUKI
Reactor Technology Section, Experimental Reactor Division, Oarai Engineering Center,
Power Reactor and Nuclear Fuel Development Corporation
4002, Narita-cho, OC-arai-machi, Ibaraki-ken 311-13 JAPAN
. E-mail : aoyama@oec.pnc.go.jp

ABSTRACT

The reactor material dosimetry by adjusting neutron spectrum and nuclear calculation on
the basis of three dimensional diffusion theory has been carried cut in JOYO 1o assure the
reliability and accuracy of neutron dose in the irradiation tests. The accuracy of the
dosimetry was confirmed to meet specified values for the core region. To improve the
accuracy in the reflector region as precisely as that in the core, the JOYO dosimetry will
be upgraded: The Helium Accumulation method is used as a neutron dose measurement

_ technique for a long-term irradiation test, also a fine flux distribution and neutron spectrum
inside the irradiation rig is analyzed accurately by applying the Monte Carlo code.

1. Introduction

In the Experimental Fast Reactor "JOYO" at Oarai Engineering Center of PNC,
various irradiation tests have been carried out to develop the fuels and materials for future
FBRs and to support JOYO surveillance. Since neutron fluence and spectrum are key
parameters in the post irradiation test analysis, their specified accuracies are set for each
type of irradiation test as shown in Table 1. In order to meet these specifications, a number
of reactor material dosimetry test has been conducted to assure the reliability and accuracy
of the neutron dose for individual irradiation test, in addition to the nuclear calculation.

This paper describes the method currently used in JOYO to determine the neutron
fluence including spectral information and its accuracy. The upgrading activities by
employing new technology and modification to improve the accuracy of the JOYO
dosimetry in experimental and analytical aspects are also described in this paper.

2. Dosimetry Method in JOYO

"The neutron dose such as DPA (displacement per atom) and fast fluence are evaluated
from whole neutron spectrum, which is adjusted from reaction rates measured with a set of
dosimeters (Fe, Sc, Co, Cu, Ti, Ni, Nb, 235U, 238J, 237Np and others). These are chosen
to cover energy range from ~1eV to 20MeV for neutron spectrum of the JOYO Mark-II
(the irradiation bed) core and that of the reflector region as is shown in Fig. 1. Each set of
dosimeters is encapsulated into the dosimeter capsule and those capsules were placed in
several locations within each irradiation rig as shown in Fig. 2. The irradiation rigs were
loaded into various core positions in the JOYO Mark-II.  Selected positions of irradiation
rigs and the axial locations of capsules are also shown in Fig. 2.
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2.1 Measurement of Reaction Rate

The reaction rate was determined by analyzing the gamma-ray or X-ray spectra as
measured from the irradiated dosimeters. The measurements were performed with a high
purity Germanium gamma-ray detector and a Low Energy Photon Spectrometer (LEPS).
Both detectors were calibrated with the standard gamma-ray sources in which their gamma-
ray energies spanned those of the activated nuclides. The accuracy of the gamma-ray
measurement system had been confirmed within 3% through the integral tests in a fast
reactor neutron field in "YAYOI", the fast neutron source reactor at the University of
Tokyo, and the reactor dosimetry intercomparison study between JOYO and EBR-II. ¢

When measuring the 16.6keV and 18.6keV X-rays of 9mNb, the Nb dosimeter in
wire form was dissolved in HNOs and HF to reduce X-ray self-absorption. The weighed
liquid sample from the solution was then dehydrated to prepare a solid sample which can
be treated as a thin foil. It was found that the X-ray count rate of the dehydrated solid Nb
sample was an order of magnitude higher than that of wire.

2.2 Neutron Spectrum Adjustment

The neutron spectra at each dosimeter position were adjusted with the measured
reaction rates using the J1-Unfolding code "NEUPAC", which was developed by PNC in
cooperation with University of Tokyo. 2 The flow chart for the spectrum adjustment
employed in the "NEUPAC" code is shown in Fig. 3. The initial guess neutron spectrum
was calculated using two-dimensional discrete ordinate transport code "DOT3.5". 2 The
103 group cross section and its error covariance processed from the ENDF/B-V cross
section library and the JENDL-3 dosimetry file are used in the "NEUPAC" code. 4 5

Table 3 shows an example of the ratio of calculated reaction rates by the "NEUPAC"
and the measured values for the dosimeters irradiated near core center position. The C/E
values after the adjustment yielded good agreement and there is little difference berween
ENDF/B-V and JENDL-3. The "NEUPAC" code calculates the integral quantities of total
and fast neutron flux, DPA and He production rates as the indices of irradiation damage.

3. Analysis of Neutron Flux and Spectrum

3.1 Caleulation Method

-In the JOYO dosimetry analysis, the neutron flux distribution across the core was
calculated nsing the JOYO core management code system "MAGI" on the basis of neutron
diffusion theory with the seven energy group. ¢ The "MAGI" originally used the JFS-2
cross section set and it is updated now to the JES-3-J2 cross section set, which is based on
the JENDL-2 library. 7 The core configuration was modeled in the three dimensional
Hex-Z geometry for an operational cycle of the JOYO Mark-II core, and the actual reactor
power history was used for the burnup calculation of each fuel subassembly in the
"MAGI". Since the "MAGI" calculates subassembly averaged fluxes with the smeared
compositions, the fine flux distribution inside a subassembly was not considered.
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At the positions far from the core center, where the neutron flux by the "MAGI"
appears to have large uncertainty due to its high gradient and significant spectral change,
the transport calculation with the “DOT3.5" can be applied. The "DOT3.5" calculates the
neutron flux in the two dimensional RZ geometry using a neutron source distribution in the
core region obtained by the "MAGI".

3.2 Calculated Results

The results of the diffusion calculation and spectrum adjustment were compared and
is shown in Fig. 4 for the total neutron flux and fast neutron flux, E>0.1MeV. The ratio
of the calculated neutron fluxes by the "MAGI" to those obtained by the "NEUPAC" code
using the JENDL-3 dosimetry file is shown here as the C/E maps for each dosimeter
position ranging from near core center to the radial reflector positions. It can be seen that
in the core region the C/E values are within about 5% except near control rod positions
where the flux depression, due to the neutron absorption in the control rod, becomes large
and it could not be accurately calculated by the "MAGI". On the other hand, there is a
fairly large discrepancy of about 10~30% at the reflector region; this is apparently doe to
the uncertainty in the calculated spectrum by the "MAGI".

4, Upgrade in the Dosimetry Technique

The current dosimetry method in JOYO achieved the specified accuracy of 5% for the
tests conducted in the core region. The plans to improve the accuracy and reliability of the
tests at the reflector region as precisely as the core region will rely on the following
methods being employed or developed. This plan is in conjunction with the JOYO
upgrading Mark-III program, which will significantly increase the irradiation capability.
The schedules for the implementations of these plans are shewn in Fig. 5. In the JOYO
Mark-IT1, it is anticipated that the accuracies of neutron dose and irradiation temperature
will be greatly improved.

4.1 Helium Accumulation Method

The Helium Accumulation Fluence Monitor (HAFM) is suitable to measure neutron
fluences in long-term irradiation tests and for reactor surveillance. This is because the
helivm produced by (n, a ) reaction is stable during neutron irradiation. Boron, beryllium,
lithium and aluminum will be used as the monitor materials of the HAFM for the JOYO
dosimetry tests to increase the reaction rate information by the new method.  Another
application of the HAFM is the direct measurement of helium production in the stainless
steel of the reactor components. The conventional activation method relys on the calcula-
tion of the helium production rates using its cross section and the adjusted neutron spectra.

The technique to measure the helium atoms accumulated in the HAFM by vaporizing
the sample has been developed in cooperation with Kyushu University. The accuracy in
the equipment is to be determined with the helium ion implanted sample and irradiated
sample in the "YAYOI" fast neutron field.
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4.2 Upgrading the Analysis

Improvement in the analysis is continuing by upgrading the flux calculation. The
"MAGI" has been modified to update the cross section set as mentioned before and to
include the delayed gamma-ray source for the gamma heat rate calculation. The "MAGI"
will be further improved by using fine calculation meshes and energy groups.

A three dimensional continuous energy Monte Carlo transport code "MVP" will be
employed to predict the detailed flux distribution within a given subassembly. 8 The
preliminary results by the "MVP" code shows the difference of flux distribution in the
irradiation rig near the core center is about 2%. However, it is expected that the hetero-
geneous structure inside the irradiation rig may have large effects on the flux depression
and a spectral change at the reflector or near control rod positions. This investigation with
the "MVP" code is continuing.

5. Conclusion

The reactor material dosimetry has been conducted to determine the neutron fluence
with its spectral information for the JOYO irradiation tests. The neutron flux was adjusted
with the measured reaction rates by a set of irradiated dosimeters, and it was also calculated
based on three dimensional diffusion theory or two dimensional transport theory.

By comparing both neutron fluxes, the present accuracy of the calculation for the total
neutron fluence was confirmed to be less than 5% at the core region except for the
positions adjacent to the control rods, whereas the reflector region was about 10~30%.

Improvement in the accuracy of neutron fluence in.the JOYO dosimetry is continuing
in conjunction with the JOYO upgrading Mark-III program. The HAFM will be used as
the dosimeter in addition to the activation foils and also used for the direct measurement of
the helium production in the reactor components. The "MAGI" will be improved by using
fine calculation meshes and energy groups. Also the "MVP" code will be applied to
predict the detailed flux distribution and the neutron spectrum within a given subassembly.
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Table 1 Irradiation Test in JOYO and Its Specified Accuracy for Neutron Fluence

Surveillance

Reactor Components

. He Production

Test Purpose Characteristics Fluence Accuracy
Fuel Irradiation High Power and Bumnup| - Linear Heat Rate 5% for Total
Fuels Development - Burnup
Cladding and Low Swelling and High 5~10% for E>0.1MeV
> = |- DPA
Component Mate-| Creep Strength Materials| He Production and
rial Irradiation Development 20% for E>0.4eV
Life Evaluation of - DPA 10% for E>0.1MeV and

50% for E>0.4 eV

Table 2. Description of Neutron Flux Calculation Code Used in JOYO

item MAGI DOT3.5 MVP
Cross Section Set JFS-3-J2 *1 JSD-J2/FT-12*! | JENDL-3.2
Geometry 3D Hex-Z 2DR-Z 3D Hex-Z
Energy Group 7 21 Continuous
Flux Calculation Diffusion Theory | Transport Theory “2 | Monte Carlo
Burnup Calculation | Matrix Exponential NA NA

Note *!:JFS-3-12 and JSD-J2/IFT-J2 are based on JENDL-2 Library
*2 . Maxiinum order of P1 = P3, Number of angles in Sn = $30 or S96
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Table 3. Comparison of Measured and Calculated Reaction Rates  (at Row 1, Z = +4mm)

Measured Reaction Calculated / Measured
No.| Reaction Type Rate (X10-24 Before Adjustment After Adjustment
reactions/s/atom) |ENDF/B-V|JENDL-3| ENDF/B-V|JENDL-3

1 [5°Co(n,y)s0Coj 9.93X100 098 | 093 0.90 | 0.8
2 | “Ti(np)*sSc | 35.53X10% 1.70 1.72 0.92 0.95
3 | 5%Fe (n,y )$%Fe| 2.83X101 1.15 1.18 1.05 1.16
4 | 54Fe (n,p)5*Mn 4.39X 1013 1.60 1.58 1.05 1.02
5 | 38Ni(n,p)3:Co 6.36 X103 1.47 1.50 0.97 0.99
6 |[§3Cu(n,a)$°Co 2.64 X101 2.41 2.15 1.08 1.09
7 | 29Np (n,f) FP 1.67X1015 1.39 1.37 1.09 1.02
8 235 (n,f) FP 6.17X10'5 1.19 1.18 1.05 1.05
9 »8Y (n,f) FP 226X 1014 1.49 1.51 1.04 1.04
Averaged 1.49 1.46 1.02 1.03

Table 4. Comparison of Adjusted Neutron Flux by ENDF/B-V and JENDL-3 (at Row |, Z = +4mm)

ltem Neutron Flux Adjusted by "NEUPAC" JENDL-3/
ENDF/B-V JENDL-3 ENDF/B-V
Neutron Flux (n/fem - 5) (1 o Error) (1 ¢ Emor)
? (otal 4.03X 1015 (4.9%) | 3.97X 1015 (4.9%) 0.99
B £ 0.1MeY 2.85X 1015 (8.0%) | 2.63%10's (8.0%) 0.92
Ses 1oy 6.44X 1014 (7.4%) | 6.28X 101 (7.4%) 0.98
DPA Rate (dpa/s) 1.34X 108 (5.2%) | 1.28X 10 (5.1%) 0.96
--------- e T e o
f’x ** Fe(n,p) '.___.
.......................... JH),.H *Nitnp) {0
Punp [
]JNLL“' ZNb(nnny [TEID
rrf BT Np(n,f) [T

zasu(n’f)
 fe(n,7) [
i SBCO('n’T)

I':

10° 10t 107 10 10* 10* 107 10 10" 10° 10" 107

Neutron Energy {MeV)
Fig. 1. 90% Confidence Level for Each Reaction Type
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VALIDATION OF NEPTUNIUM TRANSMUTATION IN FAST REACTORS
Takafumi AOYAMA and Soju SUZUKI

Power Reactor and Nuclear Fuel Development Corporation
4002, Narita-cho, O-arai-machi, Ibaraki-ken 311-13 JAPAN
E-mail : aoyama@oec.pnc.go.jp

ABSTRACT

The ransmutation characteristics of 237Np irradiated in the experimental fast reactor JOYO
have been measured and analyzed for total fluences up to 6.0X10?2 n/cm?.  The 23Np
transmutation ratio obtained by a gamma-ray spectrum measurement agreed within 10 % with
the calculated values, which were based on three dimensional diffusion theory. It was found
that the discrepancy between the calculated and measured transmutation ratio was mainly due to
the uncertainties in the 23”Np fission cross sections.

INTRODUCTION

The management of long-lived radioactive nuclides from spent fuels has become a key

issue in the nuclear industry, Various concepts for ransmuting these nuclides into shorter-lived
or stable nuclides have been proposed to reduce the risk of long term toxicity. Because of its
hard neutron spectrum, fast reactors have a capability to efficiently burn minor actinides (MAs)
that dominate the long term toxicity of spent fuels. Recycling all the MAs in fast reactors is
therefore one of the promising options to be considered in solving the problem.

Irradiation tests using 23’Np, which is one of the main MAs, were performed in "JOYQO",
the experimental fast reactor at O-arai Engineering Center of PNC. These tests were analyzed
for its ransmutation characteristics in addition to a radiometric neutron dose analysis. The
objectives of this study were to establish a method for determining the *’Np transmutation
characteristics and to obtain experimental data for validating calculation methods and nuclear
data, such as cross section and burnup chain data.

MEASUREMENT
Definition of 23’Np Transmutation Ratio
When 237Np is irradiated in a fast reactor core, it can fission by a fast neutron or be
transmuted into higher actinides such as 23%Pu through neutron caprure reaction (n,y ) and
succeeding alpha or beta decay as shown in Fig. 1. These higher actinides will also fission

with time. In this study, the 23"Np transmutation ratio is defined as a ranio of the total loss
the initial amount of 237Np. !

SM-321 1/10
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237Np Transmutation Rado = ( Total 237Np Loss ) + ( Inital 2*’Np ) (1)
( Total 237Np Loss ) = (23*Pu Production ) + ( Total Fission ) 2)

where total 237Np loss consists of 228Pu production by 237Np (n, y ) reaction and total fission of
237Np and its higher actinides.

Irradiagon Tests in JOYO

High purity (more than 99%) 2*’Np specimens were used fer the irradiaton tests in JOYO.
About 10 mg of 2*’NpO, powder was encapsulated in small vanadium capsule (1.5mm ¢ X
8mmL), as illustrated in Fig. 2. The capsules were placed in several locations within each
trradiadon rig as shown in Fig. 3. Those rigs were loaded into various core positions in the
JOYO Mark-1I core in order to obtain the effect of neutron spectra of the fast reactor core. The
positions of the irradiation rigs and the axial locations of each capsule are shown in TABLE I
and in Fig. 4. They were irradiated for several operation cycles of the JOYO Mark-1I core undl
the total fluence reached 1.1 X 1019 ~6.0 X 1022 n/cm2,

Measurement of 23"Np Transmutation Ratio

The total 2*?"Np loss was determined by analyzing the gamma-ray spectra as measured
from the irradiated specimens. 2 The 23¥Pu production was measured by counting the 99.9keV
gamma-rays of 2*3Pu. . The total fissioning of 237Np and its higher actinides were measured by
counting the 661keV gamma-rays of !37Cs, which is one of the major fission products of MAs
including 2*’Np. The initial amount of 2*’Np was determined by counting the 312keV gamma-
rays of 223Pa produced from the alpha decay of 7Np. The individual 137Cs yield for each MA
was not considered. This was because the 23"Np fission is dominant in a pure 23’Np specimen
and that the total fluence was low.  Therefore the yield for 22?Np by a fast neutron fission,
which is from the JNDC Second Version, is only used in this analysis, 3

The gamma-ray measurement were performed with a high purity Germanium gamma-ray
detector for 137Cs and 233Pa, and with a Low Energy Photon Specrrometer (LEPS) for 23%Pu,
Both detectors were precisely calibrated with the standard gamma-ray sources in which their
gamma-ray energy covers those of target nuclides.  The accuracy of the gamma-ray
measurement system had been confirmed within 3% through integral tests in a fast reactor
neutron field in "YAYOI", the fast neutron source reactor at the University of Tokyo, and the
reactor dosimetry intercomparison study between JOYO and EBR-IL. ¢ Therefore, the amount
of 228Pu production and 137Cs production was assured to be measured within the same accuracy.

Measured Results

The measured results show that nearly 10 % of initial 23’Np was transmuted at a total
fluence of 6.0X1022 nfcm?. The content of 23’Np transmutation varied depending on the
neutron specrum during the irradiation, see Fig. 5. Near the core middle plane, ~70 % of
2TNp was converted to 22*Pu or higher actinides and ~30 % fissioned. Whereas, the rado of
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238Py conversion to 237Np fission increases up to 50 at the axial reflector position.  This was °
due to the softer neutron spectrum as compared with the core center and that the 2¥’Np fission
threshold reaction is above ~0.1MeV, while the 237Np capture reaction occurs mainly in the
lower energy region.

ANALYSIS OF 23"NP TRANSMUTATION RATIO
Calculation Method

The calculation of the 2*?Np wansmutation was conducted in the following methods. Each
analytcal method including basic details are described in TABLE II.  The neutron flux
distribution across the core and transmutation of the target nuclides were calculated using the
"CITATION” code and the JOYO core management code system "MAGI". Both codes are
based on neutron diffusion theory with the seven energy group. ¢  The core configuration
was modeled in the three dimensional Hex-Z geometry for the operational cycle of the JOYO
Mark-II core. Since the "CITATION" and "MAGI" codes only calculate subassembly averaged
fluxes with the smeared compositions, the fine flux distribution inside the subassembly was not
considered in this analysis. These calculations were compared with that by a one point burnup
calculation code "ORIGEN2". 7

The cross section used in this analysis was the JFS-3-J2 set which is based on the
JENDL.-2 for the "MAGI" and "CITATION" calculations. % Whereas, the "ORIGEN2" used
one group cross sections from its own library.  These cross sections are collapsed from the
ENDEF/B-V cross section library assuming the FFTF core center spectrum, which is fairly close
to that of JOYO. 1 The bumup equations which treat the production and transmutation of each
MA nuclide during the irradiation was solved by a matrix exponential method in "MAGI” and
"ORIGEN?2", and by a numerical integration (Euler) method in "CITATION".

Calculated Results

Comparison of measured data with the calculated values is shown in Fig. 6. It shows that
the 237Np transmutation ratio increases linearly with a total fluence of 6.0X 1022 n/em? and that
the calculated values and measured data are in fairly good agreement. A detailed comparison is
shown in TABLE III, where the C/E (Calculation / Experiment) values of conversion rato o
238Py (237Np capture) are about 0.91~0.92 for all the calculation methods. On the other hand,
there is a difference for 2*’Np fission data. Both diffusion calculatons by the "CITATION"
and "MAGI" show higher C/E values (—1.0) than "ORIGEN2" (0.92).

Effect of Cross Secton Difference

The effect of the cross section difference on the calculation of the 237Np transmutation
characteristics was investigated. The reaction rates of 23'Np(n, y ) and 2¥’Np(n,f) were first
calculated using the 103 group neutron spectrum, which was obtained by a radiometric neutron
dose analysis without 23’Np dosimeter, and the cross sections of JENDL-3.2, JENDL-2 and
ENDF/B-V, .12 The transmutation ratio was then calculated using these reaction rates by
integrating over the irradiation time.
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The transmutation ratio calculadon for the hard neuwron spectrum of the core middle plane
was performed for a total fluence of 3.7 X 1022 nfem?2. A comparison of these calculations
among the cross section sets is shown in TABLE IV. Tt can be seen that there is litde difference
in the 237Np fission rate. However, the 23"Np capture rate calculated with ENDE/B-V is
smaller than that with JENDL-3.2 and JENDL-2 by ~10%. This is likely one of the reasons
that the "ORIGEN2" underestimates the 2*’Np transmutation by capture reaction.

CONCLUSION AND FUTURE PLAN

The transmutation of the minor actinide **’Np was successfully demonstrated and
characterized for a fast reactor irradiation for total fluence of 6.0X 1022 n/cm?. These results
were compared with the present calculation method, which is based on neutron diffusion
theory. The accuracy of the calculaton was validated as they compared with the measured data
which were determined by the gamma-ray spectrum measurements. However, there is a
discrepancy in the 23?Np transmutation ratio by fission reaction between calculated values and
measured data. This is apparently due to the uncertainty in the fission cross section of 23’Np.

Improvement in the analysis accuracy for the 23’Np irradiation tests in JOYO is continuing
by upgrading the flux calculation. The "MAGI" will be improved by using fine calculation
meshes and energy groups, and a three dimensional continuous energy Monte Carlo transport
code will be employed to predict the detailed flux distribution within a given subassembly.
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TABLE 1 Irradiation Condition of 23’Np Specimen in JOYO

Trradiation Period Axial Locadon | Total Neutron Fluence
S/A Name| ™ rpppn g Address [mm] [X 1020 n/em?]
+674 0.055
BOJ 28 [1A1] Lowl 772 0.076
28 [1E1]l Lowl +674 0.35
B1J 89 [2B1] Low2 0 3.7
Total 117 -1557 0.0011
+268 0.53
CMIR-0 28 [1C1] Lowl +4 0.98
-282 0.58
+275 3.2
CclJ 178 [2E2] Low2 0 6.0

Note BOJ, B1J : Type B Uninstrumented Subassembly
CMIR-0 : Core Material Irradiation Rig

C1J

: Type C Uninstrumented Subassembly

TABLE I Analysis Method for 237Np Transmutaton Ratio

Ttem MAGI CITATION ORIGEN2
Cross Section JFS-3-J12 *1 JFS-3-J2 "1 | ORIGEN2 Library *2
Geomeny 3D Hex-Z 3D Hex-Z 1 Point Approx.
Energy Group 7 7 1
Flux Calculation Diffusion Theory | Diffusion Theory "3
Bumup Calculation | Matrix Exponendal | Euler Method Matrix Exponential

Note *1:JAERI Fast Set Version 3 (based on JENDL-2 Library)
*2: Assumed FFTF Core Center Spectrum
*3 ; Total Neutron Flux Calculated by MAGI was input to ORIGEN2
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TABLE TII Measurement and Analysis of 23’Np Transmutation Ratio

237Np Transmutation Rato [%] Calculation / Experiment (C/E)
React -
cacnon Calculation MAGI |CITATION|ORIGEN2
Type Measurement
MAGI CITATION| ORIGEN?2 / Measure.| / Measure.]/ Measure.
Capture | 6.50 6.62 5.93 6.48 1.00 1.02 0.92
Fission| 2.81 2.83 2.81 3.08 0.91 0.92 0.91

Note: 237Np Transmutation Ratio at the Core Center Level (in C1J) is shown in this Table

TABLE IV Comparison of 227Np Transmutation Ratio Calculated by Reaction Rate

237Np Transmutation Ratio [%] Comparison Between
Reaction ) - Cross Secton Sets
Type Calculation (Cross Section Set) Measurement| JENDL-Z | ENDE/B-V
JENDL-3.2| JENDL-2 |[ENDF/B-V /JENDL-3.2| /JENDL-3.2
Capture 3.80 3.80 3.43 3.81 1.00 0.90
Fission 1.70 1.65 1.72 1.66 0.97 1.01

Note: 237Np Transmutation Ratio at the Core Center Level (in B1J) is shown in this Table
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BACKGROUND

Transmuting Minor Actinides (MAs) into shorter-lived
nuclides 1s essential to reduce the risk of long-term toxicity.
Recycling MAs in a fast reactor is one of the promising

options due to its hard neutron spectrum.

OBJECTIVES

To Establish a method for determining 23’Np Transmuta-
tion characteristics by means of gamma-ray measurement
using 2*’Np samples irradiated in JOYO.

To obtain experimental data for validating calculation
methods and nuclear data, such as cross section and burnup
chain data.

239N —_— jspu
238T zasT \1\37 ReactionType

Np —""Pu: GCs
T \ » \ T Capture
237U ___zs?N 0137Cs 137CS —— B- decay
233 \ / ¢ decay

236 Pa

/f 137(:5 \ Fission

s Y Fig. 1 237Np Transmutation Chain

237TNp Transmutation Ratio = (Total 237Np Loss) = (Initial 237Np)
(Total 237Np Loss) = (238Pu Production) + (Total Fission)
(238Pu Production): Measured by counting 99.9keV gamma-ray of 238Pu
(Total Fission) : Measured by counting 661keV gamma-ray of 137Cs
(Initial 237Np) : Measured by counting 312keV gamma-ray of 233Pa
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TABLE I Analysis Method for 23’Np
Transmutation Ratio

Item MAGI CITATION ORIGEN2
: RIGEN2
Cross Section | JFS-3-J2 "1 | JFS-3-J2 *! O. *2
Library
Geometry 3D Hex-Z 3D Hex-Z |1 Point Approx.
Energy Group 7 7 1
Flux Calculation| Diffusion Diffusion *3
Burnup Matrix Analytical Matrix
Calculation Exponential Solution Exponential

Note *!: JAERI Fast Set Version 3 (based on JENDL-2 Library)
*2 . Assumed FFTF core center spectrum
*3 : Total neutron flux calculated by MAGI was input to ORIGEN2

14 i i
o Total
12 = Capture }“Measurement
L o Fission
~ 10 MAGI
2 -~ -CITATION Calculation
S gl ORIGEN-2
=
g
5 6
z .
5 4 Fission_
b= T
0 B
0 1 2 3 4 5 6 7 3

Total Neutron Fluence (x10** n/cm?)

Fig. 5 Measured and Calculated *’Np Transmutation
Ratio in JOYO
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TABLE II Measurement and Analysis of
237TNp Transmutation Ratio

237Np Transmutation Ratio [%] Calculation / Measurement
Reaction (C/E)
Type Calculation Measure-| MAGI |CITATION|ORIGEN?2
MAGI |CITATION|ORIGEN?2| ment [Measure.| Measure. | Measure.
Capture| 6.50 6.62 5.93 6.48 1.00 1.02 0.92
Fission| 2.81 2.83 2.81 3.08 0.91 0.92 0.91
Note : 237Np transmutation ratio at the core center level (in C1J)

1s shown in this table.

TABLE III Comparison of 23’Np Transmutation Ratio
Calculated by Reaction Rate

237Np Transmutation Ratio [%] |Comparison Between
Reaction Caloalation - Cross Section Sets
Type Measure-| yENDL-2 | ENDE/B-V
JENDL-3.2|JENDL-2|ENDE/B-V| ™Ment | eNDL-3.2|JENDL-3.2
Capture| 3.80 3.80 3.43 3.81 1.00 0.90
Fission 1.70 1.65 1.72 1.66 0.97 1.01

Note : 237Np transmutation ratio was calculated by integrating 237Np |
capture and fission reaction rates over the irradiation time.

Calculated results at the core center level (in B1J) are shown

in the Table.
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CONCLUSION AND FUTURE PLAN

1. Transmutation of 227Np was well characterized by a

gamma-ray spectrum measurement for a fast reactor
irradiation in JOYO..

2. Calculation based on 3-D diffusion theory agreed well
with the measured transmutation ratio. The discrepancy
appears due to the 237Np cross section uncertainty.

3. The flux distribution and neutron spectrum calculation

need to be upgraded with applying Monte Carlo code
to improve the accuracy of analysis. |
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CORE AND FUEL MANAGEMENT EXPERIENCE OF "JOYO"
AND ITS UPGRADING PROGRAM

Akihiro YOSHIDA, Yoshio ARII, Takafumi AOYAMA and Soju SUZUKI

Power Reactor and Nuclear Fuel Development Corporation
4002 Narita, O-arai-machi, Ibaraki-ken, 311-13 JAPAN
E-mail : ayoshida@oec.pnc.go.jp

ABSTRACT

The experimental fast reactor "JOYO" started its operation as an irradiation core
(MK-II core) in 1982. Based on the experience on the core management, core
characteristics can be predicted accurately. As a result, there were no fuel failures or
serious plant troubles throughout the 38,000 hours operation. Additionally,
investigations have been carried out on the evaluation of linear heat rate or bum-up
reactivity worth. The modification program (the MK-III program) is ongoing to
improve the irradiation capability and to demonstrate advanced technologies for
commercial FBRs.

INTRODUCTION

The experimental fast reactor "JOYO" attained its initial criticality in April, 1977 as a
breeder core {the MK-I core). The reactor was operated initially at S0MWt and then at 7MWt
These operations were completed at the end of 1981.

In 1982, the initial MK-I core was replaced by the MK-II irradiation core, and the rated
thermal output was increased to 100MW?t in order to be utilized as an irradiation bed for FBR
fuels and materials. Since then, twenty-nine duty cycle operation and several special tests have
been carried out and the net operation time of MK-II core exceeds 38,000h. The maximum
bum-up of the driver fuel and imradiation test fuel reached 85GWd/t and 121GWdn,
respectively,

In addition, a new program, which is called the MK-III program, was initiated to
enhance the irradiation test capability and to demonstrate advanced technologies for FBRs.
Basic design studies and experiments required for the modification of the plant were started in
1987. The main core parameters and core configuration of the MK-II and the MK-II are
shown in Table [ and Figure 1.

THE OUTLINE OF THE CORE MANAGEMENT

The objectives of core management in the MK-II core are to carry out safe and steady
operation and to perform irradiation tests efficiently.

SM-322 1/10
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Since the MK-II core is small-sized and surrounded by stainless steel reflectors, the .
reactivity loss by burn-up is relatively large. In order to maintain enough reactivity, the MK-II
core uses a plutonium-uranium mixed oxide fuel pellet which is fabricated with highly enriched
uranium. In addition, the excess reactivity decreases as the loading of several test irrudiation
subassemblies in which the fuel inventory is less than the driver fuel(about 30~90%).

The core management code system "MAGI" calculates criticality, neutron flux, power
distribution (including gamma heating), burn-up, coolant ﬂow rate distribution and the thermal
hydraulics of individual subassembiies in the MK-II core!. Figure 2 shows the calculation
flow of MAGI. JFS-3-12 of 70 groups structure, which is bascd on the Japanese Evaluated
Nuclear Data Library Version 2, JENDL-2, is prepared”. First, flux distribution is calculated
for two-dimensional RZ model using multi-group cross sections. Next, the 70 group cross
sections are collapsed to 7 group using the spectra mentioned above. The three-dimensional
Hex-Z calculation based on the diffusion theory is employed as the standard method.

Based on the experience on the core and fuel management, following modifications
were achieved in order to perform irradiation tests more efficiently.

The **U enrichment of driver fuel was increased from 12% (J1 fuel) to 18wt% (J2
fuel). The replacement of fuel was gradually started with the thirteenth duty cycle, achieved
70days of operation in the fifteenth duty cycle, and completed 90% by the twenty-first duty
cycle, Employing J2 fuel, the net operation time in a cycle was extend from 45 to 70 days and
the maximum core fuel bum-up was also extended from S0GWd/t to 75GWd/t. After the
twenty-third duty cycle, one of the control rods which was Imtlally symmetrically located in the
row 3 was relocated to the row 5, the outermost row of fuel region. This modification extend
the irradiation field.

Another approach for efficient utilization of the MK-II core was carried out on the re-
evaluation of hot spot factors. Based on the results of reactor performance tests, the hot spot
factors for the power distribution, the reactor thermal output and the in-subassembly coolant
flow rate were atl evaluated. The re-cvaluated hot.spot factors for the fuel, cladding and coolant
temperature were decreased by 2%, 5% and 5%, respectively. By adopting re-evaluated
factors, the hot spot temperatures of coolant, cladding and fuel decreased 13 16 and 38°C,
respectively.

CORE MANAGEMENT EXPERIENCE

Followings are some topics among the core management experiences obtained from the
measurements and calculations of the core characteristics in the MK-II core.

Core Characteristics Tests in Each Duty Cycle
The core characteristics are measured in each duty cycle. The criticality is predicted

based on the excess reactivity calculated by "MAGI" taking into account of the bias factor(C-E)
of the previous cycle. By using this bias method, the excess reactivity after refucling can be

SM-322 2/10
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predicted within an error of 0.1%Ak/kk',

Measured isothermal temperature reactivity coefficient and bum-up reactivity coefficient

are constant within 2% (10) throughout the cycle. Table II shows the measured and calculated
reactivity coefficients and the control rod worth, It was confirmed from the post imadiation
examination(PIE)} that the calculated burn-up of each fuel subassembly is in good agreement
with measured value within 5%. However, measured power reactivity coefficient (average
value between 0 and 100MW) depends on the core average burn-up. Figure 3 shows the -
measured power reactivity coefficient, The dependency of power reactivity coefficient on core
average burn-up is apparently due to the difference of the thermal expansion caused by the fuel
restructuring. As a result, the total reactivity that is needed for the next cycle operation can be

predicted with the uncertainty of ~0.2%Ak/kk'.

The control rod worth have been measured by using both the period method and source
multiplication method at the beginning of each duty cycle., The difference between the
calculation and measurement in former method is 2% and the latter is 5%. The change of the
control rod worth caused by the burn-up of the absorber matcrial(mB) is very small and well
predicted by calculation.

The coolant outlet temperature for each subassembly is measured with the
thermocouple located at the bottom of upper core structure during operation. Throughout the
experience on the core management, it was clear that the difference of the outlet temperature at
the rated thermal output between calculation and measurement is within ~10°C,

Evaluation of linear heat rate

Two power-to-melt (PTM) tests were conducted, The first preliminary test was
conducted with four test fuel pins with a maximum linear heat rate of about 590W/cm. In the
second test, 24 test fuel pins were iradiated with a maximum linear heat rate of about
640W/cm. The purpose of these tests were to evaluate the effects of fuel-cladding gap size,

fuel pellet density and O/M on the linear heat rate which is required to cause incipient melting in
unirradiated fuel.

Reactor power was held for about one hour at S0MW?t. The power was then ramped up
to 100MWt at 0.5%/min which is higher than that of a normal start-up, so as not to produce
fuel structural changes due to irradiation. After ten minutes at 100MWt, the reactor power was
decreased.

Because of the heterogeneity in the PTM test fuel subassembly, the calculation accuracy
is not so good as for a driver fucl. The cross section of PTM test fuel subassembly is shown in
Figure 4. To predict the linear heat rate of PTM pins accurately, it is required to account for the

neutron flux depression,

After the preliminary test, the dosimeter set loaded in the test subassembly, which
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include 235U, 238(J, Fe, Ni and Sc, was analyzed. Evaluated linear heat rates are shown in
Table IIL. It was apparent that the calculated linear heat rates were overestimated by 2~6%. The
correction factor (E/C) for linear-heat rate was evaluated as a function of the radial distance
from the core center,

By adopting the correction factor, irradiation conditions of the second test were
determined. Summary of the results of the second test is shown in Table IV, The discrepancy
between the designed linear heat rate and measured is within 5%. Thus the linear heat rare
evaluation method with dosimeter was established.

Bum-up Reactivity Worth

The reactivity worth of a fuel subassembly, which depends on the bum-up and the
irradiation position in the core, is an important parameter for the core management. After the
twenty-ninth duty cycle, a bumn-up reactivity worth was measured. In this test, three driver fuel
subassemblies were used. The burn-up of driver fuel subassemblies were 1GWd/t, 37GWdit
and 62GWd/t, respectively. They were loaded at the core center, in row 2 and in row+4, which
is located at the boarder of fuel and reflector region. The core configuration at the test is shown
in Figure 5.

The results are shown in Figure 6 and 7 compared with the calculated values. It was
shown that when the 1GWd/t fuel is replaced by the 37GWd/t fuel, the measured reactivity
worth are in good agreement with calculated ones at the core center and the row 2. But the
measured values at the row 4 are 13% smaller than the calculated ones. In case of the
replacement by 62GWd/t fucl, the measured reactivity worth are about 10% greater than the
calculated ones. The investigation work continues from the viewpoint of the accuracy of the
burn-up calculation and the neutron flux calculation at the boarder of the fuel and reflector
region,

FUTURE PROGRAM

For the commercialization of FBRs, the development of high performance fuels and
materials are required. From this point of view, the modification program named "MK-III
program” 3) is planned to upgrade its irradiation capability. The outline and the schedule of the
program are shown in Figure 8 and 9, respectively.

The design method for the MK-III core is the two-dimensional diffusion calculation by
using the JFS-3-J2 set. The bias factors for the criticality and reaction rate were evaluated
based on the analysis of the core performance test carried out in the MK-II core. First, the
maximum number of fuel subassemblies are to be increased from 67 to 85 with the two zoned
core (25 for the inner core and 60 for the outer core) and the active core height is decreased to
50cm from 55cm. As the result of the optimization of a whole plant design, "JOYO" is
expected to increase its reactor thermal rating from 100MWt to 140MWt. The maximum
allowable lincar heat rate was re-evaluated for the increase of the reactor thermal rating,
however the specifications of driver fuel are principally the same as current MK-II fuel. The
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calculated fast neutron flux in the MK-III core is shown in Figure 10. The fast neutron flux
would be mcreased more than 30%.

Additionally, the plant availability will be increased by 50%. It means that the
iradiation time for the necessary fuel burn-up is expected to be reduced by half.

Safety analysis of the MK-IIT core by the government was completed on September
1995. The modification to the MK-III core is planned to proceed step by step from 1996, The
MK-III core operation will be started in 2000,

CONCLUSION

The experience on the core management has been accumulated throughout the operation
of the MK-II core. Regarding the accuracy in predicting core characteristics, the excess

reactivity can be predicted within 0.1%Ak/kX', fuel burn-up within 5% and the coolant outlet
temperature for each subassembly within 10°C. As a result, irradiation tests have been

successfully conducted and there were no fuel failures or serious plant troubles throughout the
38,000 hours of the MK-II operation.

By predicting the linear heat rate accurately with dosimeter, the PTM test has been
conducted successfully. In the burn-up reactivity worth measurement test, the worth of a fuel
subassembly.was measured as a function of bum-up and loading position. By comparing the
calculated values, it was clear that the calculation underestimates the reactivity worth of high
burn-up fuel subassembly.

In addition to these successful operations, the modification program has started. Based
on the corc management experience of the MK-II core, the design works were optimized, and
furthermore it i$ expected to have a reliable operation that will play an important roll in the
development of FBRs.
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Table I Main Core Paramelers

Hems Core/ Fuel MK MEK-11I
Reactor Qulpul (MW 100 140
Primary Coolant Flow Rale (V) 2,200 2,700
Reactor Inlet Temperature (C) 370 350
Reactor Qutlet Temperature (C) 500 500
Core Height (cm) 55 50
Core Volume (max.) (£) 231 262

|Lincar Heat Rate (max.) {(W/cm) 400 420
Fuel Pin Diameter ~ {(mm) 3.5 5.5
Pu Content (w) £ 30 ~23 (Inner Core)

~29 {Outer Core)
235 Enrichment (wl%) ~18 ~18
Tatal Neutron Flux (max.) (nlcmz's) 42%x1013 5.7x 1013
Fast Neutron Flux (>0.1MeV)  (n/em?+s) 3.0x 1015 4.0% 1013
Max. Excess Reaclivity (%A KKK ~55 ~4.5
Control Red Worth (%AK/KKY) ~9 ~8
Max. Burn-up (pin av.) {(MWd/t) 75,000 90,000
Operalion Cycle (days} 70 60
Operation Outage (days) 23 15
Table I Core Characleristics of the MK-II Core
Ilems Measurement
Isothermal Temperature Reactivity Coelficient | (-4.00:£0.10) X 10-3 (eAK/KKYC)
Power Reactivily Coelficient (BOC) (-4.24:£0.64) 1073 (MAKKK/MW)
Power Reaclivity Cocfficient (EOC) (-3.31 2054 x 103 (UAKKKIMW)
Bum-up Reactivity Coellicient (-1.640.03) X 104 (VoARKRIM WA
Conltrol Rod Werth 10.30+0.09 (UAKKEKY

Table Il Lincar-heat-rate al [irst PTM Test

Table IV Summary af the second PTM Test

Pin Linear heat rate(Whamn) Jicws Destgn Muasurement
No. | Design | Caleulation | Measurement* Powcr:lsltfcnsiun 0.5%/Mmin 0.50%/min
600 577429 = - ‘;
- — caclor w W
605 588 57729 power(Max.) 100N W I hUAN
. 393 33828 Linear heat

¢ ¢ i 7 ne 6NV *
d 610 547 £29 rate(Max.) 0410W/em 620W/em

*) Evaluated by Dosimetor
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CORE AND FUEL MANAGEMENT
EXPERIENCE OF "JOYOQO"
AND ITS UPGRADING PROGRAM
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JOYO Operational Experience Data (as of September,1996)

Accumulated Reactor Operation Time 51,232 hrs

Accumulated Heat Generation 4,160 GWh

Fuel lrradiation

Maximum Fuel Burn-up Achieved 85 GWd/t (Driver Fuel) :
121 GWdh (Irrad.Fuel)

Number of Irradiated 446
Fuel Subassemblies

Number of Start-ups 493 (Including Critical Test)

Number of Periodical Inspection 11

The core management code system " MAGI"

The neutronic calculation
3 dimensional Hexagonal-Z(Hex-Z) model
Diffusion theory, 7 group

JFS-3-J2(70 G) based on JENDL?2

The thermal hydraurics calculation
1 dimensional flow network calculation
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Extension of Operation Period and Change of Excess Reactivity

Cycle No. O] 11 | 12| 131 14] 1516 17|18 {19 |20|21 (22|23 |24 |25}26)|27 |28 29

Operation Days 45145 |45 |50 | 6O [ 70|32 70| 70| 70 (41 | 70| 70| 54| 42| 64] 40| 30| 6 |25

Fuel Ji|63|64(65{60|53}42|39)29f21 13y |12|9| 77| 7})6]|7]|8]|S

subassemblies {J21 O | O | O | 5 | 122224133 |41 |49 |52 |52|54){56|53|57 5857|5858

Irradiation Rigs| 4 | 3 | 2 1 2 3|14 5 5165|444} 4] 2]3 373 1 1

Core averaged Lo

burn—u
P 3.0

at EOC
2.0

(x10* MWd/t)

Excess :::
Réactivity 20
GAKAK)
THE ACCURACY OF THE PREDICTION OF CORE
CHARACTRERISTICS
Criticality +0.1% Ak/KK'
Control rod worth +5%
Burn-up +5%

Thermal hydraulics of individual S/A  +10°C
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The MK-Il and MK-llI Core Characteristics

A N
N MK-III MK-II N MK-IIF } MK-II
ltern ltem
Reactor Output (Mwy) 140 100 - Max. Neutron Flux
Coolant T + total [X10'3nfcm¥s] 57 4.2
oolant Temp. [C] . :
” (inletfoutiet) 350/500 | 370/500 fast [X10"nfcm?/s] 4.0 3.0
Radial Peaking Factor | 1.38 1.51
Max. Cladding 575 | 650 o 9
Temp. [C] Min. Control Rod Worth 56 25
] {One Rod Stuck) [% A k/K] : :
Core Height [cm] 50 55 Shut-down Margin ‘1 .
Core Diameter [en] 80 73 [% A kik]
Max. Linear Heat Rate
Max. Number of SJA | 85 67 (Wiem] 420 400
U Enrichment [wi%)] ~18 ~18 Max. Bu{&')\;vté%fin Ave.) 90,000 | 75,000
Pu Content [wi%j] ~30 ~30 ) i
Operation Time 5%60 | 4X70
Reflector/Shielding | SUS/B.C | SUS/SUS [Cycle X Day}
\ J\. y,
CONCLUSION
1 During the operation of the MK-II core, core management

experiences have been accumulated and it enables the accurate
prediction of core characteristics.

2 Predicting the linear heat rate accurately by using dosimeter,
the Fuel Melting tests have been conducted successfully.

3 By comparing the calculated and measured substitution
reactivity worth of fuel S/A, it was clear that the calculation
underestimates the reactivity worth for high burn-up fuel.

In the design works for the MK-III core, core characteristics

could be optimized based on the core management experiences of
the MK-II core.
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- The JOYO MK-IH Program -

*Higher Neutron Flux and More Iiradiation Test Rigs

Modification of Core and Reactor Cooli_ng Sysilem

-Improvement of Plant Availability

+Upgrading of Irradiation Technology

s
Improvement of Plant Availabilily Factor Upgrading in Irradiation Techniques
Time Reduclion of exchnage of Time Reduction of Malerial and Fuel Trradialion
Fuel aud Iradialion Rig Perindic Plant Inspection Cost Reduction of On-line Rig

Re-assembling Techniques
Imndiation beyond Design Limit

/Fucl Exchange
Machine

Secondary

iL

{Two Region Core)

lnner Core

25‘3%’ h

(]

<]

._="'eéé 'ocm
D

Dump Heat Exchs :
ump :;l!llf"{\)clnngcr Control Rad
Shiclding
Intermediate Iieat a Vessel
Exchanger (IHX) TeRotor Vesse MK-I1I Core
Modification of the Heat Transfer System High Neutron Flus Core
Primary Conling System Secandary Cooling System Nesrtron Flux Core Lxpansion
Replacement of HIXs Replacement of DHXs MK-TEX 1. 67~ 85 S/As

Whole Qutline of MK-III Program
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Shielding
Subassembly

Conlrol Rod

Fuel Subassembly Inner Core Quler Core
Fuel Subossembly Fuel Subassembly

Standard Core Configuration
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4.5

Fust Neutron Flux (X 10" pfem?fsec)

MEK-M Relerence Core

4.0f

35¢

Row

Fast Flux Distributions in MK- I and MK-TI Cores

_ Shielding

Reflector

Inner Core Fuel

Cuter Core Fuel

Irradiation Rig

Control Rod

N
Ratio of Fust Neutron Flux (MK-T /MK-0)

Core Characteristics of MK-II and MK-III

: - MK-IT: .'l‘.,

Max. Excess Reactivity Ak/kk! 0.051 0.045
Shut-down Margin at 100C A k/kk! 0.021 0.011
Total Nentron Flux n/em/s 4.9x1015 | s57x10 19
(Fast Flux over 0.1MeV)  nfem?s (3.6x101%) | d.0x10 1)
Power Peaking Factor 1.83 1.64
Max, Fuel Temperature

at Normal Operation T 2480 | 2,530

at Over Power T 2,620 2,650
Max. Cladding Temperature T 650 675
Coolant Temperature

Core Inlet T 370 350

Core Qutlet T 500 500

6S0-86 OTV6N.L DNd
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MARICO

Rutating Plug

Lading Condition

Cable
Gas Line

Material Testing Rig with

Temperature Control (MARICO)

Drive Mechanism

Rotating Plug

Siroke Bellows

Rarch Bellows

Cut off Mechanism

- Secondary
Pump

Replacement of DHX

Capaciry 25MW — 315MW
Tube Type =z

Heat Transfer Area 1250 m2— 2410m?
Air low Rate (m3/min} 7400 ~— 8500
Ar Tcmpm‘(‘(’)'fﬂ( Qugen| 2200 —+280T
Blower Motor Power dO0kW — T10kW

DHX
(Air cooler)

to Another DHX

S e e ]
Secondary Cooling Loop
Temperanure M-I M-
at DHX Inlet 470 °C 470°C
at DHX OQutlet 300°C 340 °C
Sodium Flow Rate | 1348m3/h | 1260m3/h

Secondary Cooling System of the MK-m Plant

6S0-86 OTV6N.L ONd
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Calender Year 1993 1994 | 1995 i 1996 | 1997 i 1998 sy | 2000
; ; i MK-LII
Operation ot MK- “ M-Il Trans‘lllmn Core} ;
History Pesiodical Hah Perioticnt BEEE | B 13t Periodical
Inspection II | Inspcclion SR HER A Inspection
i ; i : i
E ; , i 121h Periodical Inspection !
Pre-Construction [ > : ] Safety Review
Activity Licensiilg [ —
. , lDesi:gn Work '
Fabrication MEK-I11 Fue[ Sub'lssembly
and/or i H i
Construclion Slueldmg Subasscmbly
i IHX and DIX j _ .
: i i Control Rod Relocélion e
Installation . £ i : Core Conslrucuon m
Fuel Exchange Machmc “ 1§54 and DIX _

Master Schedule of MK-III Program
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8.2 THRIEEREHAXEREZS HFIKHTIREHR
(PR 8 11 14H~11R15H)

OB FBEER OB F B LI T 205
— AR —HADOFEHNZF POST EENICHET 25—
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DN : Delayed Neutron
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WINERT & 75 AD{LH
AL ABR (cc)

Xe Kr He
0.77 3.1 532~62
XelF) fi ffl ik £ Kl i $4 £0 %; L
1247129 =0.038 78784 =0.022
126/129 =0.053 80/84 =0.110
128/129 =0.183 82/84 =0.260
130/129 =0.139 83/84 =0.213
131/129 =0.720 86/84 =0.298
132/129 =0,911
134/129 =0.353

BN, b3 22 6.5 X106 cc ~B 7

BT PLEhng

X2 FAE T AR ER
-5

)Y 2994 208 ERE. RBAIICESTATDACEUANR=HZE—2 (RE) LA
T EEEE | 52 BEEE #3 @E Rk

108

H3—3 AP IREHERE (Ba/cc)

10! ] 100 %
N

H

| &

10-2 ...... — MR D S PR R S Y T ) NP S S S 0 H,:
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133X 1.02~1.16
o rT X 135%e 1.29~1.31
0.63~1.27X1016n/em?| 791, 0.83~0.95

BohilRE
- gL F S A X AR RBREEORE L 2R/,
CIRMRO X A ARSI OMEARRE L,

A —H A DFH AFPOE NI 25

1. B3 —H ALk (CGCS: Cover Gas Cleanup System) (38
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8.2 1996FERTF—IHES
CEft 8 F£118218~11822H0)

@ Development of a Helium Accumulation Fluence Monitor for Fast Reactor Dosimetry

(FEE B

@ Integral Test on Activation Cross Section of Tag Gas Nuclides

Using a Fast Neutron Spectrum Field (Flh £=8)
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1996 Symposium on Nuclear Data
November 22, 1996

Development of HAFM
for Fast Reactor Dosimetry

Chikara I'TO
Qarai Engineering Center, PNC

Yukinori KANDA
Oita Professional Engineering School

Yoshiyuki TAKAO
Kyushu University

PNC TN9410 98-052

1. Objective

2. HAFM measurement system

3. Calibration by He gas

4. Calibration by He implanted samples

5. Summary and future plan
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Objective
of the Development of a HAFM

HAFM: Helium Accumulation Fluence Monitor

Improve the reliability of fast reactor dosimetry

with the addition of a new HAFM method

2. Provide a direct measurement of He production in

fast reactor materials

Helium Accumulation Fluence Monitor
(HAF M)_

1.3 mm¢

Monitor Material Vanadium Capsule

10B (0.1~ 1 mg)
9Be (1~2 mg)
27A1 (1~2 mg)
etc.
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HAFM Measurememt System

o "-'m-‘ BIEar

f01 Melt_mgéﬁf

ks ,-". 714y Salllp ]-.‘:e:'ﬁ%i
Sample i drap)| Personal
Loader Computer
.
YVacuum Yacuum - Vacuum
Pump Pump Pump

HAFM Measurememt System
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HAFM Meaurement S

T,

ystem

Sample Loader
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IHe Gas Supply

He Implanted Samples

Materials Meltil}g Pomnt | Dimension He atoms in sample
"C] [mm] ‘
Cu 1085
A °% 2X10X0.5 | 1X1013 ~ 3X10%5
AY 1890
316 SS ~ 1390

=274 —
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Melting Point

I.2""'I"'l 'I"""""'"
i Al Cu v
1.0 _ o— —of H
/( [
= @
=4
[}
E e ]
[$]
s
O
o o4 be— 4 0 — I S _
~—8—Cu
N I —a—Al | ]
—&-V
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Temperature X 1073, C

He Release Rate with Temperature

10'

>

< 10" |

=1

[a B

=

O

E 10" |

‘é’ i

: s

3 i

o, i

Q107 b R e !

b=t} I

= | 14.57 40,9902 4 tog R =0.9988  forsamples

log V=11452 +09881 3logn R-= 1.00|bO forHe gas

107 N —

10 1o - 10" 10" 10'¢

He atoms (n)

Relation between He Atoms and Mass Spectrometer Qutput
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2.0 l
18 b .- -| ® PNC --
i ¢ Kyushu U.
1.6 1L e - - yushe
2
s 1.4 I S
2 12l .. I
§ @
g L0 6 e ®
= - ® @ ¢
- 081 ... - S DU
E |
§ 0.6
S o4l .. 5
1 i
0.2 L R P — e - i
10]1 10I3 10“ 1015 10I6

Implanted He Atoms per Sample

Measurement of 316SS Samples with Implanted He Atoms

2.0
1.8 ke o . e )
1.6 L - -~ R I
.8 ]
e l4t : S U — ) -
B 1.2 '
— - e Y T o) - o Ry et o — ]
g ‘ ® & ®e
— H © e
g 10 P & !w ®
S 0.8 |- - - I I o
©
5 06 . -
u ® Cu i
= 04t PNC BV i 4
@ Cu
0.2 i Kyushu U. BV - |
0.0

10" T ””1’0” o ”“I’OH — “”1.0” T ”“10'5
Implanted He Atoms per Sample

Effect of Storage on He Content of Samples
(Measurement of Samples after 4 Years)
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Result of HAFM Irradiation Test
in"JoOYQO"

Irradiated Location: Boundary between Fuel and Reflector
Integrated Power: 6.98 GWd (100 MW X 69.8 EFPD)
Total Neutron Fluence: 1.26X 10?2 n/cm?

HAFM He Production [atoms/sample] Calcséated
Materia] Measured Calculated Measured
Natural B 1.03X 1018 . 9.49X 1017 0.92

2.15mg

Calculation of He Production |
~on the HAFM Inrradiation Test in "JOYQO"

Fuel Region

PNC TN9410 98-052
He Producuuu Luu.uuwrsmupw]

9B 108 27A1
2mg 0.1mg 2mg
70 |2.4%101612.3X1017}1,1X10!

350 |1.2X101711.1X1018}5.4X 1014

Total Flux | DPA Rate
[n/cm3s] [dpa/s] | EFPD

3.60X 1015 | 1.27X 10

Reflector Region

He Production [atoms/sample]
9B 1og 316 SS
2mg 0.1mg 10mg

70 15.5X10%|5.1X1017|7.3X10'3
350 |1.2X10'7]1.1Xx10!8[3.7X10!4

Total Flux | DPA Rale
[n/cm?s] [dpa/s] | EFPD

8.31X 104 | 1.34% 1077
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HAFM Irradiation Test
in the Fast Neutron Field of "YAYOI"

" Total Fluence [n/cm? i
Irradiation Field SP[‘E."II' otal Fluence [n/cm”] Heefr’rgjrl;ctll:n
alera Present Final Goal P mp
Reactor Core Center
10 17 17 | 13
(Glory Hole) B Img 2.3X10 2.9X10 1.1X10
Blanket Grazing Hole 108 40mg ~ 1016 Completed 1.4% 10!
(BKL12 ¢ Hole) %Be 100mg ~ 1016 ~ 1016~10!7 ~ 1013
Leakage Neutron Field| "B 1mg 3.0%10'% | 3.9X108 | 5.7X10%
from Reactor Core | Natural B 10mg | 3.0X 1015 3.9%X 1013 1.2x1013
(Fast Column) 61 jr 20mg 3.0%1015 | 3.9%1005 | 1.5%X10%3

Summary and Future Plan

° The HAEM method has been demonstrated for fast reactor

dosimetry.

. The HAFM measurement system was calibrated and the
accuracy of the measured He in the HAFM system was determined
tobe ~ 5 %.

. HAFMs are presently under irradiated in the fast neutron field
of "YAYOI".

The HAFM method will be qualified and applied to the
dosimetry and measurement of He production in fast reactor
materials.
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“E Hing . Cenber
eloptient Corporation

Unique ratio of stable xenon and krypton gases
(tag gas) are used in fast reactor fuel pins and in
the event of fuel pin failure it is released into the
reactor cover gas. The released tag gas is then
collected and analyzed for their isotopic ratios
by means of mass spectrometry to identify the
failed subassembly. The tag gas nuclides are also
activated through (n,y ) reaction during the

~irradiation and the activation products can be
determined by measuring the gamma-ray
spectrum of the cover gas.
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2

The gamma-ray spectrometry has higher
sensitivity than the mass spectrometry of tag gas
diluted in the reactor cover gas, maybe less than
ppm. Therefore, measuring the activated tag
gas nuclides is expected to be an alternate
method of the failed fuel detection and location
(FFDL) of sodium cooled FBRs. This method
will enhance the reliability of the F¥DL.

To apply this technique, it is important to
evaluate the accuracy of the tag gas activation
(n,v ) cross section. Several tag gas calibration
samples were irradiated at the standard neutron
fields of YAYOI and the results were compared
with the in-core tag gas release tests in JOYO.

3

Comparing the measured radioactivities to
calculated values, which used the neutron
fluence of YAYOI and the activation cross
section processed from JENDL-3.2 cross section
library, the C/E values for 7PKr, 125Xe, 127Xe,
133Xe and 135Xe ranged from 0.8 to 2.8. The
descrepancy appears due to the uncertainty in
their cross sections. o

As a result, the present uncertainty of the tag
gas activation cross sections were confirmed.
This implies that further investigation of the
cross section accuracy must be performed.
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4 Precipitator

£ (B~ Detector)-, ’
- oot ‘On-line Gamma-ray. .
FP : Fission Product ,j;;,..“ Ine Lamma-ray.

Monitor 7 ¥
DN : Delayed Neufron [ -

Noble Gas FP |~ Cover Gas

. L-_‘_
B Loop ‘Na | — A Loop
4 /" )
el Sdheeal o 8 - . PEERAT L ‘-\l
(" NS | ‘\ /| DN Detector (A),
$ $
Core
N = = J
o J
__J

Fig. 1 Schematic Diagram of Fuel Failure Detection
Systems in JOYO

Pb Shield

AL B A R T

> Cover Gas > D

>Fresh Argon >——<¢—

Cover GaD

Charcoal Bed

\JP Ge-Detector

Schematic Diagram

« Advantages
+ Xe and Kr gases are concentrated up to 100 times and 10 times, respectively.
* A small amount of fresh argon purges out selectively 4!1Ar and 23Ne.
» Measured Nuclides : 133Xe, 135Xe, 135mXe 137Xe, 138Xe, 85mKr, 87Ky, 88K
« Detectable Lower Limit : 0.01~0.1 Bq/cc

Fig.2 Online Gamma-Ray Monitor
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Test Ri,
Rotating Plug

Fig. 3 In-Core Tag Gas Release

Test in JOYO

Counts / Channel

%X 103

Tag Gas " pecifications Used inJOYO

Tag Gas Volume (cc)

Xe Kr He

0.77 3.1 52~62
Xe Isotope Ratio Kr Isotope Ratio
124/129 =0.0338 78/84 =0.022
126/129 =0.053 80/84 =0.110
128/129 =0.183 82/84 =0.260
130/129 =0.139 83/84 =0.213
131/129 =0.720 86/84 =0.298
132/129 =0.911
134/129 =0.353

Total Neutron Fluence = 0.77~3.3x102 n/cin 2

Tag gas was released to the reactor cover

gas volume of 6.5m3 (6.5%X108cc)

&Y

Cable

1S / Thermocouple
Suppeort Structure

2.5

T

Counting Time
700 sec

1.0 F

0.5 -

L

>
o
o
—t

i

1

131
TXe

TN

U

L,

0.0
50

Fig. 4

100

150

200

250

y Energy (keV)
Gamma-Ray Spectrum of the JOYO Cover Gas
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3

10° ¢

l?.SXe

— e
b

Cover Gas
Purge off

irst Tag Gas
Release

Cover Gas Activity (Bg/cc)

Second
Release

Release

Third ]

Cover Gas

_Rurge off

131my .

) A Y 3

© oA : R -
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Fig. 5 Measured Tag Gas Activation Productsin JOYO

Table 1 Tag Gas Specifications Used in YAYOI
Tag ID No. 1 No. 2 No. 3
Tag Gas Volume Xe Kr Xe Kr Xxe Kr
(cc) 1.25 1.25 1.62 1.06 1.56 1.11
Xe Isotope Ratio
124 /129 0.079 0.059 0.074
126 /129 0.048 0.083 0.104
128 /129 0.185 0.249 0.296
130 /129 0.057 0.132 0.125
1317129 0.060 0.682 0.646
132 /129 0.025 0.862 0.816
134 /129 0.006 0.329 0.312
136 /129 0.001 0.266 0.253
Kr Isotope Ratio '
78 /80 0.261 0.494 0.495
82 /80 1.35 7.56 7.55
83 /80 0.217 3.54 3.60
84 /80 0.066 16.2 16.0
86 /80 0.003 4.90 4.84

Irradiated at Glory Hole. Total Neutron Fluence = 0.63~1.27 X 10 n/cm?

— 283 —



PNC TN9410 98-052

10

S
tr
]
l
@]
<
o

—
<o
w
1

! H.H,

L
1 G LY '1lL
1
j

¢ (n/cmz/s e Lethargy)
)

107 ?"'
e .
10° el ]
fr,rr’r'{ JOYO & @y = 2.1X10' njem?s (at 100MWey]
10° } AT ITTYAYO! 5 ¢, = 8.0%101 nfem?s (at 2kW) ]
4
107 106 105 104 10?102 10! 10° 100 107
Neutron Energy (MeV)
Fig.6 Neutron Spectrum of JOYO and YAYOI
104 T 10? Py
; I] Hyein, y ) BXe . B2xetn, y 132 Xe
EIU — — Elo ...
ng LJ 510"
% 10! g 10! L\ N
c;’} loo -.}‘f\ 2 102 \ \-'1\.
g Y T~ g ! \,]
© 10! -+t (j 10°3 —]
10.1. i o L s 10.4 P P S P I
106 100 107 10" 307 10 10% 108 10f 10f 102 10° 102 100 100 308
Neutron Encrgy (eV) Neutron Energy (eV)
102 T 10°
Ilﬁxc(n' y )Ii'.i‘xc l “
— =g =]~ -
gzo‘ 510 - 1\\ LK
.s | o N
§10° ———|~ 7 :
v B [ o o - \: b= 1— 1= i —
- Ll 2 |
U ID " —‘ J U 10.4
‘3"Xe(r|. ¥ )ISSXC
105 I O I e |

Neutron Energy (eV)

106 104 10? 10° 10?2 10' 108 108

— 284 —

Neutron Energy (eV)

106 10% 102 10° 10? 10* 108 108



PNC TN9410 98-052

11

107 P
mKr(n. ¥ )Y°Kr

g 1o
&
§ ; . Fig. 7 70 Group Tag Gas Activation
g 10 : \\ Cross Section (JENDL-3.2)
B \j SR

N

166 104 107 10° 102 16¢ 10° 108
Neutron Energy (eV)

Table 3 Spectrum Averaged Tég Gas Activation Cross Section

Averaged Cross Section (barn)
YAYOI . JOYO
.94 X% 10"} 1.12
25X 10"! 6.87X10"1
.84 X 1072 8.98X 102
16X 1072 2.47X 1072

Reaction Type

12450 (n,7) 12550
1265, (d,) 127ya
132y (n,7) 1330
13430 (n,7) 1356

— =t |3 | LA

30 — —
e YAYOI No.| |
A YAYOI No2|]
2.5} O YAYOI No3[
[ e JOYO ]
20 [ e
[} 9. .
-~ 1.5 _f
3 ey
1.0 |
0.5 |
0.0 L

79K1‘ 125Xe 127Xe 133Xe I35Xe

Fig. 8 Calculated (C) to Measured (E) Values
of Tag Gas Radioactivities
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13 Table 2 Comparison of Tag Gas Isotope Ratio
YAYOIX JOYO
Method No2 | NoJ3 Ist | 3rd

Before Irradiation [D] ‘

(Mass Spectrometry)
Xe-124 / Xe-132 0.068 { 0.091 0.042
Xe-126 / Xe-132 0.096) 0.13 }. 0.058
Xe-134 / Xe-132 0.38 0.38 0.39

After Irradiation [@] |D/@ O/

(y -ray Spectrometry)

Xe-124 / Xe-132 2.7 | 0.025| 0.034 | 0.58 | 0.072|0.072
(0.19)}(0.19)
Xe-126 / Xe-132 2.1 | 0.044 | 0.060 | 0.82 | 0.071]0.072
(0.15)| (0.15)
Xe-134 / Xe-132 13 | 029 | 028 | 1.8 | 023 020
(0.30)] (0.27)

() Shows the Corrected Values (X@D/@) by the YAYOI Results
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EHERE (EH 0RO - BRI
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Pug bRz (wt%) ~18 =30 ~23 (PR L)
~29 (S UHE L)
oS B (Wt%) ~23 ~18 ~18
TR /ot | 1.9%10 ° | 3.2%x10 4.9%10 5.7%10 '
EAMREETH (0/as) | 1.1x10 | 1.9X10 2.8%10 45%x10 '°
BB (MWd/E) | 25,000 42,000 75,000 90,000
Tz B 4% () 45 70 60

240 1200
220f-| [] &8940 — Ihoo
200} - / 11000
180k / 1900
160 ~ 4800
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N 5
6718 FHMEZE~70cm
AT T & 55cm
PUE{LEHI30%

L

NERERHRZR~0.28

IS MR-IDFE.OIE OB HIEY B LIS

PRI W27 BB

HE ey s 1K /e 3K 4R 5% 6K
Ui B (9%) 12 12| 125 187 185 182 186
PUBLEE(%) 29 29 oo| 277 283 27.8] 28.9
Pu fissileZ2(%) 78.3| 772 75.4| 745 723 717 701
waEs | pu 217 213 199 189 183 177 17.9
@ | *ru 10 11 19 18 22 23 23
u | 85 88 89 135 133 131 132
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= 08 ] MK-TIEOES0H 27 VRO B 2 (R E)
EizHE| U-235 U-238 USET
0 1.13E-01| 6.19E-01 7.35E-01
60 1.10E-01| 6.17E-01 7.30E-01
Lt 0.970 0.996 0.993
EIZ A% Np-237
0 7.00E-05
60 8.56E-05
lig 1.223 |
Eiz A %] Pu-239 | Pu-240 | Pu-241 | Pu-242 | Pudsl
0 1.67E-01| 6.53E~02| 1.51E-02| 1.02E-02| 2.59E-01
60 1.64E-01| 6.53E-02| 1.48E-02| 1.02E-02| 2.56E-01
ik 0.981 1.000 0.981 1.000 0.987
ElEH | Am-241 | Am-243 | Cm-242 | Cm-244
0 5.50E-03| 1.50E-04| 7.99E-07| 5.24E-06
60 5.55E~03| 1.98E-04| 7.02E-05| 7.55E-06
Lt 0.994 1.323 87.8 1.441

%=  MK-IIF D & CAPRAE L OPulhliEsr

HH CAPRA MEK-II
RFIFELE T (MWt) 3600 100
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HE A4Ef : 150 67
#A S48 : 216
S A~ s 366 127
£ | RF¥vIE (mm) 1000 550
& Ly MAE (mm) 5.27 4.65
& Ry bAE (nm) 2.16 —
Pug{kE (%) AE - 41 30
A4 - 43
PufiifEzR (kg/TWhe) 70 -
(kg /TWht) 29 17
MAZA X 28 (kg/TWhe) 9 —
(kg/TWht) 4 1
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* B ME-IIEDEAE O BBz L A PufE R 0284k,
' HEE (k) fissileE| &
Pru | ®ru | Prea | ®ru | total %)
FEE | 2,005 762 240 108 3,115 72.1
FamsREE*| 1,739 766 152 108 2,765 68.4
i 0.87 1.01 0.63 1.00 0.89 —
*) 73,500MWd/t
case PuE{bE®) | Putrk (%) | UiBksEs keff PusEfiE
R | FRED | 239 Pul 24 Pul (%) L R HA (kg)
FRETHRL | 23.0 | 28.8 18.0 1.011 207
1 246 { 28.8 1938 04 9.0 1.010 210
2 29.7 | 334 0.2 1.010 246
Pu-240 Pu-241
5.8% 0.4% -

Pu-239
93.8%

R BRBLR

¥ B2 PulE A O MK-TIHE L PUh s 1k
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