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total Pu BEENEDL O WE S L ED

R3.T BT~32 A 7 VO BRIR IS E DR HAE & ERME[%AK/Kkk’]

A7V BB ) | EZHE) |[E-CHERMIE—CHEER)] AE—-C)
27 2.12 2.00 —0.12 —0.12
28 3.62 3.61 —0.01 —0.01 0.11
29 2.32 2.16 —0.16 -0.16 -0.15
30 2.59 2.58 —0.01 -0.01 0.15
31 2.54 2.77 0.23 0.17 0.18
32 3.25 3.67 0.42 0.36 0.19
3.8 EAE1EHI-Y OREIEERK [(Ak/KK ) /(Am/m) /EEAK]
I 0 1 2 3 4 5
#%py 8. 7T10E-03| 8. 107E-03| 6. 796E-03] 5. 038E-03| 3. 754E-03| 2. 624E-03
240py 8. 492E-04| 7. 904E-04| 6. 626E-04| 4. 912B-04| 3. 660E-04| 2. 559F-04
241py 2. 134B-03| 1. 986E-03| 1.665E-03| 1. 234E-03| 9. 198E-04| 6. 429504
242py 7. 969E-05] 7. 418E-05| 6. 218E-05| 4. 610B-05| 3. 435E-05| 2. 401E-05
2y 4. 428E-03| 4. 121E-03{ 3. 455E-03| 2. 561E-03| 1. 909E-03| 1. 334E-03
% |-4. 684E-04|-4. 360E-04|-3. 654E-04]-2. 709E-04|-2. 019E-04|-1. 411E-04

3.9 MBROTHA—BELRE L7z & OB BROMEL DT I [%]

O A T N3 AT N[ 32% A4 7 )V
259py 2.1 2.5 3.9
40y 21. 8 925. 2 39. 8
#1py 8.7 10. 0 15. 9
“2py 932. 2 268. 4 494. 5




3.6 BUERELD 22 WA O MK-THERERRERIF /U AR O @RI RS E DOl 5 T8

(1) B =

BROHYE - PUREI T O TE B AR LB OREE A &7 ¥ 2 — Wz Lk, MR- B
BloBE T, FrEI6EELMBRIZRDAEEN DD, T T, BEREINZ2WEEEZEE L
T. MK-TI#IEERREL O o TERRRIREZ2 Y A 7 VECE B B RICFEE L 7=,

(2) BRI BTz > TOERRIE

O MK-IIHERERBR OAF UAERGT. BREHR?ICARE L7z 704607 0 (RRI16, SMAIS44E, CMIR
afk, BHS2IE. CHOMH) 75, LiaioT, MERRED D B, MU o ik,
SHARREL 6 (KA HERERBR AR DAF LT S T 5.

@ MK-TF LIRS A BE Y 713, MARICOZ2 B UELE3F)), CHE 2. D
MY 7 BOFEY. BFLE3F) 1KET3,

® BREIKIGEDE{LIL, ERESR (140MWH 7760 BEER) 12 X 2 RERIGERK L Bt
U 7 R OEHE EMK-TLAE DR 0BRGN E 2 ZET 5,

(3) HETER

(M RESRBRIE O 1B I IS BE) 2.2%Ak/kk' (FERGHH F18g) 2
(FERERRIC L 2 RBERCER LK) -1. 6% Ak/kk'/60 H'?

(CMIR®D (& HA /s ) 1. 2% Ak/kk’ X3 = +3. 6% Ak/kk’
(BEROCEBOBHRIIGE) (0. 8+0. 6) b Ak/kk' = +1. 4% Ak/Kkk’
(MK-TI SRR & A D 0. 22%Ak/kk X6 = +1. 3% Ak/kk’

B O ROSEEHE )
LLE XY, MERBREEOBRIIGE & OMIRE & OBWBEIGED h—Z LT
2.2+3.6+1. 4+1.3 = 8. 5% Ak/kK’

ElpB, =, BREERUSERKIT-1. 6%AK/KK /A 7V TH Y, T X EFRED A
THERFIRER YA 7 A8, 50 A4 71 (-1.6X5 = ) RBE L FRIND,



3.7 BEIFRF T A 7 F U ERZORIGEN2IZ & 5 THE B 5 F B O BB GT A

(1) B

[EBERERBORERATRANEEZ M EXE 5720, EROORIGEN2’E U UF T A4
77ROV, JENDL-3. 2% RX—R & LTEEEFRH 74 77V 2RV REAGHE S E
B L7, FWERIZIERDFFTREL S A 77 V2 AW=stE LT 72,

EEFEREH A7 7Y OBBRIZLLTO B TH D,

@ JENDL-3. 2% ~N—X & Uiz T60 TkWetkiA.O . BR{LMREE, BACFEUHPuRERR) 1 BENT

miE7 A7 7Y
@ INDCESHERTA T T VE2MEX—RIZLZDECAYT A 75 1
@ INCEELDEAERTA T ZV 2 RZ~—RIZ Lizfission yield7—Z 53475

(2) FHENZREAK

TR, BT A I AKRTRICT v 7 HHZETICEY H L7ZPFD549I12 D\ T{To 7z,
RSB, PHFRECBREHERSE DO EEMIL PPy, M AnD WIEAMERK 2 58 L 7= B8
) (H-9-252) LRIBEE L,

(3) FHEfER

3. 2iM 7475 U 2 AW RERGHEREREZ B L, TOREER, JENDL-3. 25— 2R
DA77V RN BEBERNKMRIERELS 2D Elbnotz, £33 10KRVES. 111
FET I FF A ROBSEE L READLKEZRT, BEEKTHUATT 7 F 7 A REAE
DRIBORD FEEAE % 5D 52 CmDAERKRE (BUHRE) 25, K30WEMT 5 Z L iz L > THEE

HRIB0HFIBIN ML THBY . ZARFTA 7T VICL 2 RABEMOEREETH 5.

._.27_



R (W)

I~

BRIR

1200 ‘\\\
1000 -3

—  SES(JENDL-3.2) l
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K310 EET7 7 FF A RORMIFRED i

ATRETRE(CI) | B: R8T EE(CI)
% B | #5435 AU+ | AB
(JENDL-3.2)| (FFTF)
U237 4 71E+02 5.17E+02 0.911
NP239 | 2.24E+02 2.24E+02 0.999
PU238 | 5.55E+02 5.42E+02 1.024
PU239 1.07E+02 1.09E+02 0.981
PU240 | 1.72E+02 1.67E+02 1.030
PU241 1.73E+04 1.71E+04 1.016
AM241 | 2 63E+02 2.66E+02 0.988
AM242 | 1.45E+01 1.13E+01 1.286
CM242 | 3.99E+03 3.13E+03 1.273
(EBEET#24H)
®3.11 FET 7 FF A FORERD H#S
ABRIREA(W) | B:EREREA(W)
¥ & | #5403 AU+ | A/B
(JENDL-3.2)| (FFTF)
U237 8.90E-01 9.78E-01 0.911
NP239 | 5.41E-01 5.41E-01 0.999
PU238 | 1.84E+01 1.80E+01 1.024
PU239 | 3.31E+00 3.37E+00 0.981
PU240 | 5.35E+00 5.19E+00 1.030
PU241 5.37E-01 5.29E-01 1.016
AM241 8.72E+00 8.83E+00 0.988
AM242 | 1 65E-02 1.28E-02 1.286
CM242 | 1.47E+02 1.16E+02 1.273

(RS T&24R)




3.8 TEINHHRATT — & O34 (PRA0SO)

1 #% = |
Mﬂﬁé%ﬂ%&%ﬂﬂi (PRAOSO) M RAEEZL - L EZFHE L. [TTHBIHHEMST —F (JF-
10-01) J #1ERL L 7=,

(2) FEEMH
- FHE = — K : “ORIGEN-2” : |
- BREBERE  MK-TELFESLI~32% A 7V F.LT KL X[6D6], 125EFPD)
cHETIHR  MAGIRESEEIERBR LY GEEHTFY) - 3. 125K
<K OBK : 383, 13288

) # R
YR 104E4 A 22 B AZ A T E O FHR S R A (PRAOT0) D HASESL - ISHE &% DL T IR
R
AREEEL : 2.53X 10" (W/SA)
M b & : 1.66X 10 (Bq/SA)

%312 PRA0SO » T3

(n/cm?/s)
AT 31 32
Total Flux 1. 08E+15 1. 06E+15
7 3.13  PRA0SO D #)EAKAER
(g)
B®fE | B g C Cr Mn Fe Co Ni Mo

BEE [104.3] 14.9 | 34.5| 3704.0 | 386.8 | 14230.0 | 2. 18 | 2945.0 | 544. 0




[ 3EDSEH]

1) $2-58-273 : T A5 AARERICRIT A RIS RS/ OB ER R

2) PNC ZN9410 92-311 p. 17-40 : [THEE IMK- I {5 Dok 0 25 Bh 314

3) PNC TNO410 98-O011 : [ FiI % Bt o0 bt F- A SR D I & ST4T

4)  “SLAROM’Z RV 7-MK- IR DR R MRS (199852, 74 « 54 « = 1)

5) PNC PJ9164 97-001 : [ R5) EAERER - Edn> — Z 74T (19974638 . HZ)

6) PNC ZJ2678 97-001 : BZAFHEREBRT — &% OEEIRET (3) (1997435 . ARTECH)

7) PNC ZJ9214 93-002 : IMK-IIEXENE.LOSEMEE () |

8) PNC SN9410 88-049: iR EBIF [ 1) SABRIRE E B AIEERER I -E (L00MGE JERER)
FE R »

9) PNC ZN9410 96-230 : TSI MK-II 45 0> DB 1% EHIZ B9 B AR

10) $£2-3-392 : “MAGI"EHEIZ BT 2 BHFUSE DM (F D 2)

11) £-4-275: TEIBI8 6, 7TIREURREIO 70 b =7 AR AKERL iz oW T

12) PNC 7J9214 94-004 : [MK-IN #JHA4E.L D SE AL EAEH 5 |

[ 3 EDOSERKIFR A E]

£-10-34 TEBBIMK- LFE L O REHESRIZ OV T

££-10-33  PFD406 D BEHIISEE D AT FHE DSt

H-10-14 BSD RBREFIZEIT B FHEF B IOy BOFEE L

£-10-29 MK-IIEEEIR . LMZ BT 3 B F 1R A SN B BhARAT

Be-10-15 25 6 IREUEBAEHE L OV MR- ELD Pu DR D 3 o 3E4

H-10-21 BB 2 WA O MK- TR RERRBRIF O LA 0 3@ T R BE o0 5.5 -

F-10-09 EEFERFTZ A 77 U BB ORIGEN2”IZ X B T8 B8 | i B 3k o B i
AR

B-10-04  THE B SRR — % O34 (PRA0SO)

SECHONONCECNS)

©



4. 5 v NEMHEOBIE & AR -7
AT MIMRN2IC & B AT v TIRERBRIEO FUS BT O REZ £ L7z,
4.1 “MIMIR-N2IZ & B R T w IS RABRIE O KOS BERRAT

(1) B
75 v NEVEREREAT = — RMIMIR-N2”IZ & 5 AT v FISERBRAENTIZE T 2 T O
RRERET 5,

(2) TIETORE

MK- ARSI A 7 VD AT v TINERER QMW R EIREET+2. 352 ¢ &) DT 21T
ST FER F4 USFRTEDICERMEERRT v TBABRKIGEN O & 725 F TORFENE
X, 74— Ko7 RUGEZ B L7,

(3) 74— KR IEIGERELER
A, AT v TERABEEDT 4 — FAAy 7 RIGEIZER LT, “MIMIR-N2IZBT 555
FiE, AMEHEEOREEIT-o T2,

O Ry 7 IRIGEFRERDEE
BRBHEETIC K) 20 5T2(¢ K) B L LD Ry 7P I RURE o DOPIZ, Ry I
HAZKDOP &L T35 &
pDOP = KDOP X 1n[T2/T1]
ThHHNR, TarIhk, T, RRCTEMTHRON TV, £Z T, Zhve’ KEMLTH
5RO TR T AEREELE, |

@ XyryFarvFrr o AOREL

BT DFRFTIZ L DO B@iBE (/) I A4 1E3200CTH Y . MK-TFLESLY A 7
JLDWAGT” ST HAE (2200°C) & KIgIZ EEl 72, ZORRZFIZER, ¥y v 7=
v H T H 2 RZ200Btu/hr- 12T FAMER ST ez, T ERFHZAVW TV 5100
0 Btu/hr-ft?-" F & Lz, ZhiZ &V, BEEERIGEN/NELS RV, 74— K w7
B BE D KA E R 18R f S v D

® RICERERBOREL
AR OFEHT i, L EHRIZAREUSE D 0 £ 72> Tz, He, THET, “MIMIR
-N27 T, S DEREHR O DB BERE R FHEIC AV T & 7223, MK- IUF DEREHRT R R R
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SO IFLERICIN A, THEZEM., EEREHRTEER X OB 5 M R ER O R R S
AN LTce ULDORBELERBL, ST E2ITo-ER2 R4 LRT, —hEiv,. 74
= RN 7 ROSE D@ KM M IR S, 8 & A7 O KIS E X8 HIEIE—F L
T BT AT v T ORENFZ B DND E 0 FIRE 0 0IREE FRIT. EEMER 5°C
XL, TN 4AC L ooTe, 72, FX v 7 ar F 7 Z U AORE LEOBRE&SIE
Ei32300CTH Y | “MACT FHEMEIZITVMENE i,

4 0
UEDRBELIZEY, RIGEXS2EAMEICE ST 5 2 8N TE, BEF— X DB
BEANNE LT T, EORT v VA RBRE ORI ERE 2 1 3ITHEIE X 3 - b3
Dol Ak, RYFAREADBEEDSOEN L TOLERTV., SHEESLO
L2 ED TV L,

2.5

—MK-T ﬁ%\%ST_‘?{ZMQOMWﬁJ\B
DATYITLEAERE
 MIMIRAN” ﬁ@ﬁ?é?éu (%E LA

—"MIMIR-N2"f2 it R (REL#E)

15 |

RISE(E)

05

Al Mg fdn s

| X i e Ty Y

O P T ST T

-05 ' — \
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B41  RESEIZHH SRS BT E O st
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(55 4 EOSE TR A E ]

D #-10-32 “MIMIR-N2”IZ & A X5 v TISnERERIF O K EREAT



5. JFL-OBMEYEEIR L ONEEH
AETH PEFRESGHER JUHEETHRANE OMETMCET REEE L b,
5.1 FEFRESHFRS LOHEBETHENE OMEE
(1) ¥
NIRRT ST 2 7 L FINAS 2 AV T, REDOTHEEE TOPHETFIEEA AR &

U T HRAE OB % =i L7,

(2) FEATS&{F

O ERa—F D LR FER RS AENT = — RFINAS”
© =7  BEAE—LEFTNL

® EHER : 3 IRITHMEREEISR SBEAM2

@ BWRIFEIT DIRIGZE AN IMY « JRFHFEERE BIF DA 71 (S,, S, )
® BEEHK 1 3%

©® FHIHIE /7 : 0. 7046 JRFIFEE BIF #8)

@D NT A= (PR FEX FHEREBEE&ME) - D Rl &
21X EE (3. 45 X 10°kg/mm)
37—

(3) FERE LU

K5 LI, PHEFRESEOBERREEE. 7 v 8y Pk, T v G TFTHEB IO
TYRTUR) AVEDE=AY b BEEISTE L OTHEERE R,

ZIT, R IRBORHEE LT, RHE) X, UTo@EY Th s,

T BNy RER : 0. 54kg/mm’
7w NE T uRED : 5. 53kg/mm’?

T RNT R RNVER 7. 88kg/mm?

O FEFHRES NS

T o NERy FEOREETION, BHUBIO S, iED Sy REfE 7V —& L&
HHIZRBWT, ZRfEZE EE - 7=,

TOMDFFIZIRNTIE, TRNTCEHEEZ TRIZHER L 2577,
@ HIHETHENE

HEETHEANT L, T XTOLRFICBOTE#HEE2 FTRAER L 2o,
2B, BERCOWTIE, MOBERIZEZYBETIIEHLADLET, BIRKL AR

Ehb,



#5.1 HFHETIRES AT R
(1) BEEIEREEL (Hz)
Ny RERSGAF TN 2K 3K 4R 5K
s & 4. 81 17.01 31. 30 79. 88 83. 88
EREE 4, 81 16. 90 31.30 79. 28 83. 88
7 — 4. 81 4. 81 31. 30 31. 30 83. 88
(2) T8Ny REOMBERE— A N EHAIRT
frE |[/Nw RER F— A 2 b (kg mm)
At X 75 ] Y5 18] 77518 SRSS
9 [ U—  ]0.00E+00] 0. 00E+00] 6. 59E+03
&S 10. 00E+00] 1. 50E-03] 1. 25E+03] 1. 25E+03
Si#E[ITERE] 0. 00E+00} 5. 03E-03] 1. 27E+03| 1. 27E+03
—7 J— 10.00E+00] 2. 37E+02] 4. 26E+03| 4. 27E+03
M4 | 0. 00E+00] 2. 20E-03] 2. 23E+03| 2. 23E+03
S2HE 1T E & ] 0. 00E+00} 7. 36E-03] 2. 27E+03| 2. 27E+03
— J— 0. 00E+00] 3. 56E+02] 7. 57E+03| 7. 58E+03
FLEUE
(3) T v NETMEOMEBERE— X b ERAEINT]
fE (/Ny RE F— A 2 b (kg-mm) [ A
At X Y5 ) 777 18] SRSS | (kg/mm%)
/9 [ U— ]0.00E+00] 0. 00E+00] 2. 14E+04 2. 36
IS |0. 00E+00] 1. 89E-04] 1. 47E+02] 1. 47E+02 0. 02
SIHEIZHEE ] 0. 00E+00] 2. 46E-04] 1. 56E+02| 1. 56E+02 0. 02
- |7 U— 10.00E+00] 3. 99E+01] 1. 05E+04| 1. 05E+04 1. 16
MifE4 0. 00E+00] 2. 77E-04] 2. 23E+02] 2. 23E+02 0. 02
S2HE T EE | 0. 00E+00] 3. 60E-04] 2. 37E+02] 2. 37E+02 0.03
— J— |0.00E+00] 6. 24E+01] 1. 87E+04] 1. 87E+04 2.07
ALELE 5.53
(4) = RNTU R ) ANVEOMERE— X N EFEAIRT
frE | /Ny FEb F— A > b (kg*mm) INVa)
ZE XHGE | YEE | 25 SRSS | (kg/mm’)
#H) |7 U — 0. 00E+00] 0. 00E+00] 3. 01E+04 4. 86
MiFE4 ]0. 00E+00] 1. 29E-04] 4. 96E+02] 4. 96E+02 0. 08
Si#E TR EE ] 0. 00E+00] 3. 01E-04] 5. 10E+02| 5. 10E+02 0. 08
—7 J— [0.00E+00] 2. 20E+02] 1. 31E+04[ 1. 31E+04] 2. 11
Hif54a  10. 00E+00| 1. 89E-04] 8. 43E+02| 8. 43E+02 0.14
SonE 1T E & | 0. 00E+00] 4. 41E-04] 8. 61E+02[ 8. 61E+02 0.14
—Z J— 10.00E+00] 3. 31E+02[ 2. 32E+04] 2. 32E+04 3. 75
AL E 7.88
E) i%q]@ j:\ E%&“I%@%ﬂ%ﬂﬁ%i@of:%%
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6. SMHFREEORIE LN - SEM

RETHE, FLEBMBRAEEICER L NV A—FDRIGERE, Np RV A—-FDHE
EHE, CHBERREESEORGHEEARICETIMREE LD,

6. 1 JF LEPOBIRRERSEE (IPR-1. I~1. D IZER L7 FU A —F ORISERE

(1) #=

MK- I L EE8~237 4 A 7 WZ BV TR S 7247 EERAT B RS EEE (UPR-1. 1~1. 4) I
BT L7 B A — 5 ORIEEZ BIRE L7z

(2) C3MDBRETE&AH

O PFRSTEH
- UPR-1. 1
- UPR-1. 2
- UPR-1. 3
- UPR-1. 4

MK-TLIF L85 8~12 34 7 /1 (218. 3 EFPD)
MK- L 4P L85 13~16 ¥4 7 /L (214. T EFPD)
MK- TR L8517 ~204 A 77 /L (245. 4 EFPD)
MK- T F L EE21~23" " A 77 /L (197. 8 EFPD)

@ HPEFERE S ("DORTD Total Flux &£ Y EHE)

- UPR-1.1
« UPR-1. 2
» UPR-1.3
« UPR-1. 4

@ METEEDOEMLE

6.41X10"%~2. 22X 10" n/cm
6. 31 X108 ~2. 18 X 10" n/cm
9.34X10'~2.49X 10" n/cm
7.54X10"%~1.69X 10" n/cm

FLT KL R (5C2)

@ Ry A—ZEFAE FHOLSLD b O A EREE)

« UPR-1.1
« UPR-1. 2
« UPR-1. 3
« UPR-1. 4

181cm, 195cm, 21lcm, 227cm, 24lcm
181cm, 195cm, 21lcm, 227cm, 24lcm
181cm, 191cm, 203.6cm, 228cm
183cm, 198.2cm, 213.1cm, 228cm

® Ry A—Z0OFEHE
- Co, Sc*, Np*, Z5U* (kI NNF VT LTy 7T EVIZEA)



(3) IR ERER
R A—Z DORISERERRZ2FE6. 11T,

(4) BURSZREFAmAS =

Ry A —=F DROSERBIEME & 5HEME (“DORTIZ & 2 1008 T4 738 & 100BE W7 & #5 JDE-1. 0
ERVTHE LIRISER) 2l Uz R 256, 21077, SHEMEME/NIEL TV 5 ER
E. DORT"23FL EEEERE L - M U U AEOBERAMAEICBIT 5 T RO E L2 1B K
MLTNWDZEEEZOND, £, PNpIZOWTIERISEDC/EN0. 12~0. 20TH Y . fih
DERDOC/EICHANTENRE Aoz, ZHIE, PNpDIET XL — [ TOREZE DA
ZNKEWTZD IFEED X 9 REBHEF X7 M UVRERS MOEFTCIXC/ER/N S < 7o =
LDLEZLND,



F6.1 RICERERGR
LS Set EHUE RIEZEX10*  (reaction/sec/atom/100MWt)
No. z *Co (n, v )*Co BNp (n, £) *Cs #Sc(n, v)*Sc B3 (n, £) P'Cs
DS5 241.0 3.71E+12 (1.91) | 3.87E+10 (7.86) 1. 64E+13  (3.02)
UPR-1.1 DS4 227.0 4.98E+12  (1.90) | 5.87E+10 (6.97) 2.12E+13  (3.00)
DS3 211.0 6.79E+12  (1.90) | 7.97E+10 (6.77) 2.7T7TE+13  (2.98)
DS2 195.0 9.16E+12 (1.88) | 1.09E+11 (6.42) 3.45E+13  (2.97)
DS1 181.0 1.69E+13  (1.87) | 2.17E+11  (5.95) 5.85E+13 (2. 96)
DS1 241.0 3.57E+10  (5.56) 1.65E+13  (3.02)
UPR-1.72 DS2 227.0 5.26E+10 (5.55) 2.19E+13  (3.00)
DS3 211.0 6.91E+10 (5.55) 2. 77E+13  (3.00)
DS4 195.0 9.71E+10 (5.54) 3.40E+13 (3. 00)
DS5 181.0 1.92E+11 (5.56) 5.91E+13  (2.99)
DSt 228.0 5.30E+12 (1.92) | 6.48E+10 (7.71) | 9.64E+11 (5.63) | 2.66E+13 ~ (3.17)
UPR-1.3 DS2 203.6 6.12E+12 (1.91) | 1.10E+11 (7.57) | 1.29E+12 (5.60) | 3.64E+13 (3.17)
DS3 191.0 1.42E+13  (1.91) | 1.39E+11 (7.52) | 1.31E+12 (5.62) | 4.46E+13 (3.17)
DS4 181.0 1.72E+13  (1.91) | 2.23E+11 (7.48) | 2.03E+12 (5.57) | 6.63E+13  (3.16)
DS1 228.0 5.37E+12 (1.51) 2.57TE+13  (3.31)
UPR-1. 4 DS2 213.1 7.04E+12 (1.50) 3.16E+13  (3.30)
DS3 198.2 8.91E+12 (1.49) 3.85E+13  (3.30)
DS4 183.0 1. 69E+13  (1.48) 6. 03E+13  (3.29)
VE)  c ZIFE L VAL b O R  [EEREE (em) 2T,

e

YIXL 0 BERE R RT,

%6.2 FUSERICREE L EE L o

£H51E RISZEDC/E

590, (n, v )8Co 237Np (0, £) Blog | 45, (n, v ) 465 235U(n, £)1¥7¢s
UPR-1.1| 0.44~0.84 0.12~0. 18 0. 40~0. 82
UPR-1.2 0. 13~0. 20 0. 40~0. 81
UPR-1.3 | 0.43~0.75 0. 12~0. 14 0. 34~0. 64 0. 35~0. 61
UPR-1.4 | 0.38~0.74 | 0. 36~0. 63




6.2 Np R A—ZDEERIE

(1) =
FRLI0E3A 25 HIZMA SN RV A —F 0y REIEZITV EER UMM OFELE
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R6.4 CRMRHEAHE (C3M) MARIBMIEE

/—=F FRLHSD FL7 LR (3E1) FLT7 RLR (2D2) (3E1+2D2)
No. BMAMME | hUTRSE | AGEE | PHTRER | AekE | serese | BeaE
E>0.1MeV E>0.1MeV E>0.1MeV
(cm) (n/cm?) (dpa) (n/cm?) (dpa) (n/cm?) (dpa)

1 62.5 ~ 52.5| 7.93E+21 3.02] 2.98E+21 1.14] 1.09E+22 4.16
2 52.5 ~ 42.5{ 1.53E+22 6.01| 5.88E+21 2.32| 2.12E+22 8.32
3 42.5 ~ 32.5| 2.86E+22 11.8 | 1.11E+22 4.62| 3.97E+22 16.4
4 32.5 ~ 27.5| 4.71E+22 20.8 | 1.84E+22 8.16] 6.55E+22 29.0
5 27.5 ~ 22.5| 6.60E+22 31.8 | 2.58E+22 12.5 | 9.17E+22 44.3
6 225 ~ 17.5| 8.39E+22 40.9 | 3.27E+22 16.1 1.17E+23 57.0
7 17.5 ~ 12.5| 9.89E+22 48.4 | 3.84E+22 19.0 | 1.37E+23 67.4
8 12.5 ~ 7.5 1.10E+23 54.0 | 4.26E+22 21.1 1.53E+23 75.1
9 7.5 ~ 2.5| 1.17E+23 57.5 | 4.53E+22 22.4 | 1.62E+23 79.9
10 25 ~ -2.5| 1.20E+23 59.0 | 4.64E+22 229 | 1.67E+423 82.0
11 2.5 ~ -7.5| 1.19E+23 58.6 | 4.59E+22 22.7 | 1.65E+23 81.3
12 7.5 ~ -12.5! 1.14E+23 56.1 4.39E+22 21.7 | 1.58E+23 77.9
13 | -12.5 ~ -17.5| 1.05E+23 51.6 | 4.02E+22 19.9 | 1.45E+23 71.6
14 | -17.5 ~ -22.5| 9.22E+22 45.1 3.50E+22 17.3 | 1.27E+23 62.4
15 | -22.5 ~ -27.5| 7.57E+22 36.7 | 2.85E+22 13.9 | 1.04E+23 50.7
16 | -27.5 ~ -32.5| 5.76E+22 26.0 | 2.16E+22 9.74) 7.92E+22 35.7
17 | -32.5 ~ -47.5| 3.32E+22 14.1 1.22E+422 5.21} 4.55E+22 19.3
18 | -47.5 ~ -57.5! 1.27E+22 4.98| 4.66E+21 1.83| 1.74E+22 6.81
19 | -57.5 ~ -67.5| 6.22E+21 2.47| 2.25E+21 0.90| 8.47E+21 3.37
20 | -67.5 ~ -77.5] 3.19E+21 1.30| 1.14E+21 0.47] 4.33E+21 1.77
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Table 1.1 JOYO Operational Results
(April, 1977 — April, 1998)
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Fig. 1.1

Operating History of Experimental Fast Reactor JOYO
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£ Ths heat transpor{ sysiem consisis of two

ner
Secondary auxiliary Orffice, toope of main cooling and one loop of ouxiliary
electromagnetic check valve
pump Overflow tank cooling. The heol generaied in the core is
Primary auxiliary
electromagnetic pump dissipaied {o the cimosphsrs through primary
sodium and secondary sodium.
Fig.2.1 Reactor Cooling System
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Fig. 22 Cut Away View of JOYO Reactor System
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Fig.2.3 Horizontal Cross Section of Reactor
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Containment Vessel

(Inside ) (Qutside ) Period Indicator
[SRMS] 2 Channels Cable Penetration 1 (305~ Toou35)
FC (0.1cps/nv)
RG-216/U0 RG - 59A/U . .

Pulse iy - - R Multi-Pump DC. A Indicator
= Preamp. T ™) Dised: Circuit —> DC. Amp. (1- 106 cps)
l" 7~8m —je——y - 15-20m  —*]

7~-10m 30-50m
[IRMS ] 3 Channels Period Indicator
Amp. (-30s~ Feo-35)
FC (0.1cps/nv)
le—_G -216/U »l Campbell RG-5 9A/U\_/ ..| Band Pass o Wide Band > LogAmp & Indicator

Preamp. "[‘ Amp. Rectifier g-Amp (10 %-100%)

!o—7.gm «;T» = 15-20m —*j
oo 30-50m Monitor Unit
[ PRMS;A] 3 Channels Range ( 100% = rated power )
CIC (3x10 "A/nv Switch I
—= ) RG - 216/U JL nallim} | Indicator
0N Ammeter (0% - 125%)
'o— 7-8m 20~30m 30-50m -~
MI Cable
Fig. 3.2 Block Diagram of Nuclear Channels
fe— srMS —>}< IRMS =< PRMS ——————=]
—Z% ch.l ch.2 ch.3 ch4 ch.5 ch.6 ch.7 ch.8
Channel
o FC FC FC FC FC cIC cIc cIc Fission Chamber
‘-:-:E CIC Gamma Compensated
= JIonization Chamber
m P.PA | Pulse Preamplifier
s C.PA | Campbell Preamplifier
a CP Cable Penetration
= [P .PA I IP .PA I [C . m LC .PA l E PA l CV Containment Vessel
SRM | Source Range Monitor
> A | g mCe mepP 1CP 11 CP hCP I CP CpP IRM Intermediate Range
Ower |l i it 4! i 1t || ”: Monitor
g g : PRM | Power Range Monitor
QO‘-D—‘—"—- COS | Cross Over Switch
P = = = = = RS___| Range Switch
g SRM [—| SRM [=| IRM (=| IRM [—{ IRM (= PRM [—| PRM [=| PRM [— LP Linear Power
© I a T I T m — — RSP | Range Switch Position
Mi SRM Output (1~10%cps)
g M2 Reactor Period
g (+3sec~oo~-30sec)
-4 M3 Output (104% t0100%)
'§ M4 Output (0% ~ 125%)
§ R @ @ SRMS | Source Range
Q Monitoring System
s cos cos I RS ] LRS l [ RS l IRMS | Intermediate Range
::3‘ Monitoring System
O SRM & IRM SRM & IRMS PRMS | Power Range
Output Reactor Output LP&RSP| | LP&RSP| | LP & RSP Monitoring System
Recorder Recorder Recorder Recorder Recorder
(2 pens) (2 pens) (2 pens) (2 pens) (2 pens)

Fig. 3.3 Layout of Nuclear Channel Equipment
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Neutron Flux and Fluence by NEUPAC for CMIR-0
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¢ Z : Distance from Core Midplane in mm

* Figures in parentheses : one standard deviation in %
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(a) Pb,

Cu Shielding of Gamma-X SSD

Pb Quter Shield

(b) Pb Shielding of Gamma-ray Source

High - Pulity Coaxial
Ge SSD

Pre Amp.

H.V. Buffer

Pulse Generator

Main Amp.

Detector Bias Power Supply

M.C. A,
Desktop Computer
S.C. A

Count Rate Meter

Fig. 4.4

: ORTEC High - Pulity Germanium (HP Ge) Coaxial Solid State Detecor

Detector Size 45¢x40L Total Active Volume 63 cm
Absorbing Layers Al 0.5mm Window to Detector Distance ~3m

: ORTEC Model 120-4 Preamplifier

: NAIG High Voltage Buffer D-133S

: CANBERRA Model 807 Pulser

: ORTEC Model 572 Spectroscopy Amplifier

: ORTEC Model 459 5kV Detector Bias Supply

: NAIG E series Multichannel Analyzer

: YHP 9845B

: ORTEC Timing Single Channel Analyzer Model 455
: ORTEC Ratemeter Model 441

Block Diagram of Gamma-X SSD System

_93_

Ge SSD
Copper Inner
' Shield Source
| przzzzrzzzzzz
/ - N I —t———
A e B = R e e | ooo
* 7i T \
/" - Pb Outer Shield —
Dewar Vessel Drive
“~ Mechanism
> —© ©
L‘() [@)] ! ﬂ { ¢ Q NS n
Fig.43 Gamma-X Ge SSD System
Pulse Count
Generator S.C.A Rate Meter
High - Purity 5
Coaxial Pre Amp. .| MainAmp.| .| M.C.A. geskto;z
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Fig. 4.6 Neutron Spectrum at Core Center Level of CMIR-0
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Test Material for lrradiation
Quter Tube
Inner Tube
Tic Rod

Main Reaction
Tic Rod of Helium Production

Wrapper Tube 8 (n, a) TLi
A1 (n, @) **Na
°Be (n, a) S°He

Fluence

Flux Monitor Tube

Number of He Atoms

Control and
AnalysisEquipment
HAFM
2, =
] i = Mass
A, /Vanadlum "<> Spectrometer
I Capsule HAEM
= Monitoring .
3 Material P E'ect(;'goofj‘g)mace
——
— Helium Analysis System
3 HAFM

Reactor

Strainer

HAFM |Flux Monitor Tube

Entrance Nozzle
Special Test Subassembly

Fig. 5.1 Concept of Helium Accumulation Fluence Monitor (HAFM)
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Table 6.2 Determination of Transit Time and Efficiency

Cs Trap
Set up

° Transit Time : T (s) at Full Flow Rate
FPS Location | DNM(A) DNM(B)
[ 000 ] 30 40
[ 4A4 ] 21 —
[4D4 ] — 40
* DNM Efficiency : € (cps/(dps/cc)) .
DNM(A) DNM(B)
ch.1 | ch.2 | ch1l | ch?2|ch3
BF3 BF3 | B-10 | B-10 | BF3
8.7 7.8 3.3 5.6 3.8
1985 1990 1995 2000 2005
v v V ‘ v Mk-{lI v
| | | |
[ | I z
|
|
I IllJJlILIIIJUlIIII lll |/l I
|
v | v i |
as  U-Ni FP ! Fuel Column | Fuel Column Failure
Plenum  Source ﬁEallure Simulation In Core Tag Gas | Simulation Test
Failure Test [ Test Release Test ! ‘ !
Simulation ' ‘ RTCB D
Test } : ! |
—_— [ I L |
' On-line y -ray ; : Study on FFDL Using RIMS |
Monitor Set up : : :
Cover Gas Clean- i.:p CGCS _F.’erTo?n;a_rEe_ 'Fest E
| |
! I
l |
| |
l |
l I

|
|
|
|
I
!
|
|
!
|
!
|
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Fig. 6.1

System Set up
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Perfo'rmalnce Test

Schedule of Improvement of FFD System in JOYO
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Xe and Kr gases are concentrated up to 100 times and 10 times, respectively.

A small amount of fresh argon purges out selectively 47Ar and 23Ne.

Measured Nuclides :
Detectable Lower Limit

Advantages



-]
=
=

A/ "
17 Q
% /]
157 N A
5 & :a/ '
/ / .

Adsorption Characteristic
of Noble Gases

Adsorption Temp. (°C)

(Buy) 3uspijeo) uondiospy stweuig

Fig. 6.11

Core Center

No. 2 pin /

Precipitator

j{%—ﬂ Reactor Vessel

Vd46-5 Cover Gas

Precipitator

Fi-2 Vd6-4 MV-7

V
MV-{

Charcoal-bed

MV-4

Charcoal-bed Plenum Predefected Pins with 0.1mm x Imm Slit

MV-5
r Gas Supply, e r@
MV.3 SV-5

MV-6

Sibling Pin

(% Solenoid Valve , Motor Valve

<1 Manual Operation Valve Plenum Predefected Dummy Rod with Tagging Gas

©O © © @
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DNM(B) Counting Rate (cps) Conc. of 138Xe, 135Xe in Cover Gas (pcl/cc)

Reactor Power (% of 3.5MW) Flow Rate of Primary Coolant (m*/n)
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f Reactor Power Flow Rate of Pri. Coolant
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Fig. 6.20 Major Trend Data for FPS-2 Test

T C : DNM Counting Rate (cps)
: Efficiency of DNM (cps/(dps/cc))
Fi : Release Rate of i-th Nuclide from

e FPS to Coolant (1/s)
DNM : Decay Constant of i-th Nuclide (s-1)
. Probability of DN Emission, Fraction (-)
: Flow Rate of Pri. Coolant (cc/s)
: Transit Time from FPS to DNM (s)
: Delayed Neutron Emitter
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Fig. 6.21 Analytical Model of DNM Response
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Tag Gas Specifications

Tag Gas Volume (cc)

__MARICO
[~

Cover Gas |
' / Rotating Plug

Sodium Level

Xe Kr He
0.77 3.1 52~62
Xe Isotope Ratio Kr Isotope Ratio
124/129 = 0.038 78/84 = 0.022
126/129 = 0.053 80/84 = 0.110
128/129 = 0.183 82/84 = 0.260
130/128 = 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 = 0.77~3.3X 1021 n/cm?

released to cover gas region (6.5X 108 cc)

Fig. 7.6 In-Core Tag Gas
Release Test in JOYO
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Fig. 7.7 Gamma-ray Spectrum of Cover Gas
—-111-

350




104
i First Tag Gas Second
Release Release

103 |

;A.IOZE

Activity (Bg/cc
2,

Yy
Q
(=]

101 ¢

.....

1072 -

'94 Aug. 23 Aug. 30 ‘S'ep. 6 Sep. 13 Sep. 20 Sep. 27
Fig. 7.8 Tag Gas Activity in Cover Gas (29cy)
Sample Gas
l - Flow Valve
I l 4 TOF Mass spectrometer
P N ‘
= ]H B 111}
. I
l DSA
\Q_ SHG —dye Laser— Nd : YAG Laser

256nm 512nm 355nm

RIMS : Resonance lonization Mass Spectrometry

Fig. 7.9 Block Diagram of RIMS System
with TOF Mass Spectrometer

-112-
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Gamma-Ray Measurement
Device
Y
Spent Fuel Can
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1 Schematic Diagram of Scanning Device Arrangement
at Gamma-Neutron Scanning Test

(in mm)  Slit (in mm) Fixed Absorber (in mm)
Mode | Movshic Slit | Movable Absorber Slit Width Length Element Thichness
Open 10 0 Object 30 116 Pb 10.00
Close 2 20 Intermediate 20 80 Sa 1.0t
Dcicctor 10 20 fo 0.53
., .
-138
s

Mark Description Material
i Detecinr Vsl SUS 304
2 Delector Siit Ph
3 Maovable Absorbur Ph
4 Callimator_Pipe SUS 304
3 Intermediate Siit Ph
6 Object_ Shit rb
1 Bovable Stit SUS
8 Static Absorber Ph, Su, Cu
9 Spend Fuel Can SUS 304

10 Ge Deicctors Dewar

i 150

730

2480

Fig. 8.2  Schematic Diagram of Collimation System
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¢
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Fig. 8.3 Electronic Block Diagram of Gamma-ray Instrumantation for
Measuring of Spent Fuel Subassembley
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Measurement of gamma ray spectrum at fixed

position

Discrimination of photo peak area, net area
and main background (BG) area
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Fig. 8.8 Correction Method of Compton Scattering Effect

COUNTS/CHRNNEL

*10~2
264 PFD221 RLL R313-4

H=287Bmm SLI RBSI
24+ 3.6 deg/s B8/5 ch/s

8_.
4 -
2-
a T ] L T 1] 1] T T T
8 i 288 38BB 488 506Q@ 668 788 B8BB SBY 1060
CHRNNEL

Fig. 8.9 Circumferential Distribution of Gamma-ray Intensity
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Relative Activity of Pr-144 (cps)
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Fig.8.10 Relative Activities at Top and Bottom of Fuel Stack
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Improvement of FFD System
and Plant Operation Procedure in JOYO

Chikara ITO

Experimental Reactor Division
QOarai Engineering Center
PNC

Objectives

1. To Develop Accurate and Reliable FFDL

2. To Optimize Plant Operation Procedure
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Cover Gas

(A1) \

MARICO
/

Rotating Plug

Sodium Level

In-Core Tag Gas Release

Tag Gas Specifications

Tag Gas Volume (cc)

132/129 = 0.911
134/129 = 0.353

Xe Kr He
0.77 3.1 52~62
Xe Isotope Ratio Kr Isotope Ratio
124/129 = 0.038 78/84 = 0.022
126/129 = 0.053 80/84 = 0.110
128/129 = 0.183 82/84 = 0.260
130/129 =0.138 83/84 =0.213
131/129 =0.720 . 86/84 = 0.298

Total Neutron Fluence = 0.77~3.3X 1021 n/cm?

released to cover gas region (6.5X 108 cc)

Cable

Gas Pipe
Tag Gas Specimen

Testin JOYO . ; ‘ ’ Capsule
_\J_w Thermocouple
' Support Structure
104
First Tag Gas Second Third
10° Release Release Release
125Xe/0
T 102 3
g A
o
@ x
10 D
= 127
< 10°
1077 |-
1072 ' </-/4 .

‘94 Aug. 23

Aug. 30
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Tag Gas Activity in Cover Gas (29cy)
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‘Specification of Cs Trap

ltem
Trap's Material Reticulated
Vitreous Carbon
e Mesh size 40 holes/cm
Na Inlet * Inventory 4.5 kg
RVC « Compression ratio 5
Shielding *Bulk 0.02 m3
 Surface area 650 m2
Operating
Condition
Cross-sectional View e Na Temperature 180 °C
of Cs Trap * Na Flow rate 0 ~ 10 ton/h
Activity of
Trapped Cs 7.4 TBqg
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FP Gas
Coyer Gas

. v } (@ asen Gas)

= M X

1st
Charcoal
Bed

<| FP Gas
Storage
i:.-| Cylinder
.;J:v:,:__’ (6)

Nitrogen

Schematic Diagram of CGCS System

Functional Test Result of CGCS

1. Test with FP Gas (Fuel Column Failure Simulation Test)
(Operation Time : 3.7 hr)

Total Activity of Cover Gas [Bq]

ltem
1 33mXe 133xe 135xe

@ Before CGCS Operation 1.3x109 | 3.8x1010| 1,7x1010

@ After CGCS Operation 2.0x108 | 45%x10°9 | 2.3x10°
Collection Ratio (%) 85% 88% 87%
@)/ 88% of total activity

2. Non-radioactive Gas Test
The Collection Ratio was 85~87% for Kr
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11

FFDL System Upgrade

with Laser System

12

Sample Gas
Flow Valve

TOF Mass spectrometer

L
. MCP LT

\Q— SHG [—dye Laser—Nd : YAG Laser
256nm 512nm 355nm

RIMS : Resonance lonization Mass Spectrometry

Block Diagram of RIMS System with TOF Mass Spectrometer
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13

Time vs Voltage

1200 1 Comparison of FFD System
ﬁ Method |Sensitivity| S/N |Delay Time
Amooz 124 125 | {'] f\ ([ RIMS 56.3 |270~| 0.1~10s
Z 800 | 128 Precipitator] ~108 |5~10| ~10min
é’) 500 - 130 DNM ~102 | 5 20~40s
o On-line ~10% |100~ | ~30min
5 i 136
= 400: 134 Y‘réy
; Monitor
200 131
i ' 129 132 | , - Detection limit of RIMS :
Oo 200 400 600 800 1000 1200 5-3X108[atoms/perceptible Volume]
Time (ns) where ionization chamber : 100cm?3
+ RIMS can detect both stable
Mass Spectrum of Natural Xe by RIMS and radioactive isotopes
14
Summary

1. FP gas behavior is simulated well by activated
tag gas.

2. FP gas and Cs could be effectively recovered
using CGCS and Cs Trap.

3. Upgrade of FFDL system has been started by
RIMS.
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Application of Optical Fiber
for FBR Plant Instrumentation

Chikara ITO

Experimental Reactor Division
Oarai Engineering Center
PNC

Contents

1. Dose Rate Distribution Measurement
around the Primary Cooling System
by Plastic Scintillation Fiber (PSF)

2. Temperature Distribution Measurement
In the Primary Cooling System
by Fiber Optic Temperature Laser Radar (FTR)
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—— e PSF [Polystyrene]
Block Diagram 5m, 1mm® X 10 fibers
1 -ray 10m, 1mm@® X 19 fibers

4—*1 10m, 0.25mm® X 1 fiber

Delay L
- e —— stop w1 OF Measurement
Pulse Height Distribution? -
TAC
A .
P MCA
o
3
Q
O
T
PMT® | Detecting Position (ch) PMT® >
Irradiated
Position
Schematic Diagram of PSF
4
Y
~—
IHX(B)
Primary
Main
IHX(A) Reactor Vessel
'S Pump(A)
( T
/r e
3 EMF

-

Locations of PSF Measurement

- 130—



% e/ Z
7 ‘/é/ J_, / 7 ;
%77 7 Position (m)
— — 6 T
:
? @ TLD
i e 5 T « PSF (bsfore Unfolding)
E‘E‘ = B ; PSF (after Unfolding)
3 4 : :
H 4
[EgIN 3
yd
IHX — - )
;\Jm/— ! :
PSF 0.0 0.5 1.0 1.5 2.0
7 -ray Dose Rate (mSv/h)
7 -ray Dose Rate Profile of IHX (A)
— 500
<
)
é 400
o)
< 300
(s
o —PSF
§ 200 e TLD
- L
£ 100
>

0 765 7321 01 2 3 45 6 7
Position (m)
Spatial Dose Rate Distribution beneath IHXs

—131-



FTR System Characteristics

Fiber core material: pure silica

Core/clad: 50/125 uwm in diameter

Laser wavelength: 1047nm
Temperature range: -200~500°C with £2~4°C

Spatial resolution: 5m for 10km

Optical Fiber
Laser —& S SV / —
Back Scattering / I\ Forward Scattering
‘ Scattering

=

‘@

-

s . o |, | Stokes

© | Anti-Stokes 2

s Vi

[0)

B | .-.Rafl')an_ i
Wavelength

Spectrum of Backscattered Light

Principle of FTR
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Measuring unit

lPu!sed | aser Diode ;l

Coupler

</ —» Injected Light

Light
Stokes |Avalanche Photo Diode |~|Wavelength Filter | Backscattered Lig
Anti-stokes| Avalanche Photo Diode |-{Wavelength Filter _/Optical |~ J

Optical Fiber

B N S

_ _;i;rmmmmmm

-y
=

L optoldleg

LG

“primary CodlngSyste

FTR and TC Installation along the Primary Piping

10

120
with correction
100 :
/
//\\ >’ TC(TC-1)

:5‘ 80 ° \_\, /\\/ /\
° ~] W &
S TC(TC-3) TC(TC-2) PN
"'(.é 60 / \/
2 no correction
% \/\
R .
=

20

0

20 40 60 80

Distance from Measuring Unit [m]

100 120

Temperature Distribution Result (sep. 11, 1997)
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80

80

70

60

40

Temperature(uncalibrated)[°C]

30

0 1000

TC(TC-3)

S TC(TC-1)

50§ L

30th cycle

(, e R R
q

) FTR(TC-3) - - AU L
FTR(TC-1) ™

k‘; reactor scram

31st .cy_cie : 327nd_ cycle operation

e3>
: L

11

4%107

3X107

Dose[R]

2%X107

11%x107

2000

3000 4000 5000 6000 7000 8000

Time [hours](since March 17, 0:00)

0

8000

Results with FTR and TC at TC-1 and TC-3 Positions

summary

1. PSF is effective for the fine dose rate profile
measurement around the primary cooling
system.

2. After radiation effect is investigated,
FTR is applied successfully for temperature
distribution measurement of the primary
cooling system, .
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