JAERI-M
84-019

{8 IR A % v A 7 DERFER (3)
— BWR R RN X 27% v X 7R D
f D EER ) —
1984% 2 H
Hf f— - A SR L BEHES R SF
I HWNi E= - fosE - 8| H=
AR BERE B0 BRE-EZN OB
= OEE - &M #EH S L - LFE ii
gl B KA BHER- B BEk - P LBE
A #—- Mk HE
B ®* & ¥ H W *® A

Japan Atomic Energy Research Institute




JAERIM U #— k2, BEAETFAMEFRSTEMCLTL T FRHESETT,
AFOMabed, BARFHHRAAERERERE (T30 110 RIITE R
WD) ST, BELIL(ZS Y, 48, TN HEEART HLFERER AL 7
(F310 A1 ERBHEH R HAREF HHEARN) THEIC LS EREGEBI G- T
BNET,

JAERI-M reports are issued irregularly.
[nquiries about availakiiity of the reports should be addressed Lo Information Section, Division

of Technical Information, Japan Atomic Energy Research Institute, Tokaimura, Naka-gun,
Ibaraki-ken 319-11, Japan.

(©Japan Atomic Energy Research Institute, 1984
MERREIT B &R -F 515 ® AT
EN il Vo s B ED R @




JAERI —M 84 — 019

(IR 2 £+ R 2 OIERER (3)
—BWRIGHBEBEIW LS [+ +» 2 7FRFMEO /. HOER ] — -

Hmﬁ?ﬁwhﬁﬁ@mﬂm |
m¢&— WA EK S LS - B
Il LN E S @f@mﬁfg

m%%%-m@ ' pmassEelE
eEEE. eman g E s E B
HA OB AEBESAaBEE AR
BoEs— e ERE

+1 FHFHETFEH

TS T

v W EE L

i EABRRYE

(1984 4F 1 A 23 =1

R ERE IR L DR i o — F v R T 4, [WF -5 7477 ) ORAEKEREE
CHSE . BWRSHBEESAERE CNAH LA EHERERE+F » 27 ZR0T [+ + 2
5 DI £ OES | AEW L 7z, T OEBIEABBRERRE T+ A 7 OERAERD -,
BlF—5 5475 ) 4 2REUICEM, BRI L, RENRELH DOV F -7 F 5%
BT 4 EARMNETALDT, MEESERE LIE, BIU2HPETLA#HEF -2 720
TH <, PHTFOREETL 7,

| o EAE A LA ERTIE, WS v 20 AR BT S Y, B FORER
AT OB, BT ON, BLUEREF + 27 AOBEESHEEETO L Vo nEE, B
P T, R T ORISR ATEHAIE Shic, —7, 2 EOBERSEL I L cRBTERE
*%XﬁﬁLf@ﬁ/7ﬁ,Wﬁ¥@w%$%ﬁ,ﬁVVﬁ@I$W¥Z&7FW,ﬁ,ﬁ%$
70 S mEPRIE SN,

AEE L, MEHOM, BBROZE « Hik RILSORE, ANERRAE~S50TY S

* T



JAERI-M 84-019

Shielding Experiments for Evaluating a Shielding Safety Evaluation
Code System to Spent Fuel Processing Facilities - (3)

- 8ijelding Experiment of a Spent Fuel Transport Cask
Containing One or Two BWR Spent Fuel Assemblies -

Shun-ichi TANAKA*+1, Yukio SAKAMOTO*2, Akio YAMAJIY,
Mamoru ADACHI*3, Makoto KONDO'3, Junzo UCHIYAMATI3,
Hiroshi SATO+3, Shozo IIDA'3, Tadavoshi KOBAYASHI*3,
Akira HIROSE*+3, Tadaharu ITO+3, Isamu KITAGAWA®3

Hideshi MIYANISHI+3, Yoshiro KANEDA*3, Fumio SASAJIMA*3,
Takeshi YAMAHARA*4, Isamu NOMURA't4, Itsuro OCEDA*4,

Akio SHIRASAKIV4, Shogo TERAKADO*4, Junichi KATAKURA*Z,
Yoshitaka NAITO +2

+1 Department of Reactor Engineering

+2 Department of Nuclear Safety Evaluation
+3 Department of Research Reactor Operation
+4 Department of Reactor Fuel Examination

Tokal Research Establishment, JAERI
(Received January 23, 1984)

Shielding experiments of a spent fuel transport cask
were performed using two BWR spent fuel assemblies according
to the experimental plan to confirm the reliability of a
shielding safety evaluation code system and data libraries.
The purpose of the experiments 1is to obtain the benchmark
data by which the reliability can be evaluated and some
improvements are added to the code system. Thus, the
measurements of gamma rays and neutrons were made on the
cask containia one and two BWR spent fuel assemblies.

In the experiments on one fuel assembly, dose and
reaction rates of gamma rays and neutrons were measured at
both outside and inside of the cask. In the experiments on
two fuel assemblies, dose rates, reaction rates and energy
spectra of gamma rays and neutrons were measured only at
the cutside of the cask.

This report gives the data on the experimental
conditions and the detector characteristics requested for
the analysis of the experiments as well as the measured
data.

Keywords: Shielding Experiment, Spent Fuel Transport Cask,
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Gamma-ray Energy Spectrum, Thermal Neutron,
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2.2 Method of the Experiments inside the Cask
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o TH+ A7 EE, BLTL00cm TOH Y <REEFREHR LI OT, WTFNOHRTSHZ
= 45 c BB TRUVBAEE R LT 4o BT, F+ 270724 DHBA, EHHT
BaE <, H20mR r ERETE DG T HREVELL - T 5. T4, Fig. 1 OFEUE
(% #2218 Fig.A—1) IKHONAL SICNH-25 # + 27 OFERAZ = 44 cmTHINLTL
B LIk D, BWRBEHEAKO LBREDS 1 7L — + SORFICLBH v <@, <0
RO FHABALTL AL LIRLBEEL NS, Fig. 16 @S EEA CTH v 27 FHHORE
EOEAER D Th B, Z =67.3 ~452.8 cm OEREHEE TOMBF B TBODLLD T
Pists 2350 em AHEAE bE <, AR (AGE) i ickeRE WEZRL, 27005 G
HED P BAE { O AT RT, #9120 ~30 BEC B - T b 7k, MEREZRER
1 5> % 2 HOTLDAFBE L TEAHEBED xZ Y + %253 bDT, Z=0cm, 45cm T
DE v 297 BEOAGEBD 7 v EHRRECDE, F+R 7 ENOREFERICT TR, &
DEEOEEE I bOELEbN s, Figs. 17, 1834 + 27 LHOHEEFREZKR LI 6DT

Hbo



S AL V35 et T S S R e T e A

JAERI —M 84 -019

Lt b5, P Thik A2 MEORBGEE n, & T 5 &, P Th(n, ) IGRIEE
HRRXTEA NS,

[=2a)

fo o0nfE) ¢ [E) dE = 7py + O 2)

ST,
o B) 1 TANMFE T I 3% Th(n, )
RSO BER R (cm?®)
¢°IE) P2CT D SO PHFR <7 b
THY, PCf obFrs b RERR VT A 50 5.

¢ " [E)= 0.373exp (—0.88E) sinh ( {2E) 3)

SAND-LL 54 751 « % LD 7 apy, (B ERHOTRS A Th G BEHHE ORI FE
3.03 X102 THB, A, FThitHBEGEBOMETES v v KHEILHAS NI,
Tk BRIV BOELIIWBTE 2,

4. BRBEHEAK 1 EORZERR

41 BERF+RIVBBECRERER

4.1.1 Hr=HORE

Table 2 (1)~Table 5 UD —200STLD THIE L8k + v R 7 K, REP S 100 cmBL T,
020 PEERMEON vy < REREENG AR T Fig. 12 ~Fig. 15&A, E, G, H line i
BoTHv 27K, BLXF0cmTON Y <HHBEELRR LI ODT, WTFNOHETLZ
= 45 cmEETHOVEAREAR LT b, HIC, $+ 27 0OLEBF5 =4 DH5A, E ART
BHE <, K20 mR/ hr &G L D IFFAS O EL > T b, THE, Fig. 1 OFVE

(% 7- 1315k Fig. A—1) ICRSGNDH L HSICNH-25 + + 27 OEBA Z = 44 cmTYNTL
27 ik, BWREBEHESAERD FHRHER Y 4 7L — P FOBRFHLICEZ T =8, T OH
ERO FTABABLTL AT EICLBEEL LN D, Fig. 16 3HSEEA TH+ A7 HFORE
EOELERI SDTH %o 7 = 67.3 ~452.8 cm OBEHAIR TORBRGEBRFHOPLLD |
Ptz 22350 cm ALE AR 6B <, CHE (AKR) EhlikEs RS OEERL, 27074R1(G
D) ASEE bAE < 0° HRIICHA~T, 20 ~30 BEOER - T B, B8, MTHRZF TR
1 7ific~& 2 EOTLDAFE L CEHERBD 7Y +2Rd6&DT, Z=0cm, 45cm T
DF » 27 BFEOBRIEBD/ N5 v FHRECDE, F+27 LEOBEFERITLE-TED, &
OREDEEA 2T b DEEb S, Figs. 17, 1813+ + 27 FHOWBEFREK R LA DT

Hbo
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412 hEFoRlE

Tables 6 ~8 (2, * He lLFIFEE TRE L7 8, BAPHFORIEEIHTH B, Figs. 19~
2RINSDEREHR LD TH S, Tables 9~ 1113 L aAho s THE LREEER
53T T, Figs.23~26 3 No%2XNRLAZbDTHE, INGORKASNELS I, PHTD
AR OFHBRN Y ~BOBELEBERKEB-TEY, Fr~BiBohi+» 27 B, 245
cm fTE TOBREEZ—TRH SN0, —h, BEHEETO EYARORGER, v <o
BEEOEDBKRE L, Z=320 ci B TRAEAERL T %,

42 @EF+XIAORERR

4.2.1 Hr=igoile

Table 12 (Fig. 27) 3+ + X 7 NEDOA, E OEERENE LD - T7 Fo VERFTRIELL
BERSEEFED T v R RFOMAR DR TH 5, BRHEBICL rFHDF v v 7HR OGN
B4, ZHRBEELEEL TOAEAES Y FILEEbDTH S, &L LT TFE RIS E
LR HELTED, F+27 OAMTEHE N LR TOBRGESKEEEOY -7 3T Hoh
e $72, ALE ORATIIBEESELRA THFOMBERFRICH 25D il fEIE TR
20 HIEEE-line DADPKEVEEZRL TV 2, _
FNaYREIREBZMERED 1 2L LT, BEHDPOOHVEMEIL Y oA —F KK
> T A AFEDIRENH D, HIOR/ hr TI0BLLT, 10Rhr T 20 ~30 BREE L X545,
100R/hr Y ETRIBEALERTE 2, £/, EBOUE TS F o YEEFT I SUSEORNE
05mmDA Y Yy KHECHASH, 35k, T0HY ¥ KHEZAEImmO 7= A
BONERENET OKBELUAICEKBAS) Ci-> TERBAIEESNEZDT, TASOEETOD
Hrz@ORI, HEDSES, QRCRLAMEERRECNALOBEFETNTOAN,
HETON v <EORIICHEIBEEIT Y DI A VEITL - TREN, # = EORINNE
EE»SHBELAS I AV TORREUTOL I3,

B R E L (%)
1.0 MeV 0~ 72%
05 0~ 95%
0.1 ” 9~15 %
0.08 ~ 18~34 %

INT, BAED LRI, 2MERLACTEL L/ET, TRECLERRMEEEZHCTED

Lf:ﬁf?ﬁ%o

4.2.2 T ORIE

Table 13 (#*P UM HABERLIVAE L2+ + X7 HOELAvFhHEFOSHT, Figl8
BINELR LD TH 3. SIEDENIL Fig. 270 A Y =@ ML L T30, ETFHADS
FSPETOLR LOBEERERET LTS, $f, Avfel~T, BRREZETN L E
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chitk e (3 A icD LT Bo ,
Twmmxgﬁmgwm@c<mﬁhﬁﬁﬁﬁﬁMK;DMﬁLt#+zﬁmmﬁ¢ﬁ¥®ﬁ
FTH Do SHEBAER NS, MELLDEL, S oHEEL ARSIV IeKRELTH
2B ARSI L AET A VEPRTOSHLE LTS S,

5. BREME A 2 RO RIE R

51 B+ +X/AROAMERR

5.1.1  # v =#HORIE

Tables 15 ~ 18 {2, #iE+ » 2 7 K, &Ko 5 100 cm, %&U*vx?tﬁﬁﬁ®ﬁ/7ﬁ
%ﬁ@%ﬁ?,R@-%ﬂﬂﬁiCﬂb%DTLL%@T%%oﬁi#f17®mW%&ﬁf®ﬂ
V7ﬁﬁ%$ﬁ%%%l%%ﬂ%btﬁ&ﬁ&,Z=%cmﬁﬁmﬁﬁﬁﬁ£@,%KA,E@
ﬁﬁﬁ%<,%%mR/m&mofwaoAEﬁﬂ@ﬁﬁ%@@%&bf@@ﬁﬂ&@%w@
&ﬁofh%ﬂ,Cﬂﬁ.ﬁgﬁﬁﬁ%h%;ﬁw,%%w%Z%ﬂﬁbkﬁ%TM$vzﬁiﬁ
i?@ﬁ%ﬁA,Eﬁﬁ?$é<mafwéc&ﬁ#o®ﬁ®&%ign5oit,m$xm33
@G,H#mmfﬁmmﬁmﬁznéﬁ,Mﬂ$%%®¢bﬁﬁz:mmcmmﬁﬁﬁﬁ@$@%
-%wa%ocnm.%é%ﬁ%@ﬁvvﬁﬁﬁﬁﬁ@,mgW®$+17W%@ME@5%6
@ﬁ&éwéwébtzzﬁmmnﬁﬁﬁ%%ké<,L@ﬁf&%m¢é<uéc&,“ﬁ;%
é%%z%ﬂmbﬁﬁﬁﬁm%#+x7%mﬁémtt%%,#vzﬁmﬁmwmmﬁ&=m%
CmifTﬁ%kb.C®%%®ﬁﬁ%%ﬁﬁ&b,ﬁﬁﬁﬁ@f#f27ﬁﬁ®ﬁyvﬁﬁ%$
DREAH L ED 2 >OBRIKLGDEFEAL 5N Do

Tables.19, 20 (3A, E HRIDZ= 276 cm D& S, * oy 27 EHHS 100 cm DHET, NE 213
BBk DlE LAy <RSI P TH Do %M1, ¢ upper, ¢lower, faverage i3
FOMSTjﬂbf&ﬁ%ﬁ%7/7x—wTJ/7LL%®IZW#XN9kwwﬁﬁ%%ﬁ@
%ﬁ@t,?ﬁ@,Bgﬁ%mﬁﬂﬁféaomgaa37ucné@ﬁbtﬁ@f,ﬁyvﬁ
@z&ﬁr»u,ké<%UT%ZMevuT®ﬁﬁ&,¢ﬁ¥wxcf$b5,2thutm
:Kﬁyvﬁmﬁ®26ﬁ6ﬂofwéoSNEVHﬁTﬁmx&ﬁthﬁqu5®@,C@
ﬂ%TI?W¥z«7hwc%MQ£kﬁé%tw T T g T g Y R LA IR

2058 i E 43 A I E OBRD S DKL, A v EBEORENELARFESNTELLLD L

EZ O 5

5.1.2 thitFoRlE

Tables 21 ~ 24 {3 ° He lnFIEEE IC L B H s ORBED T TH 5o Figs. 39~42
1IN OREHBEENR LACBOT, ﬁ/?ﬁ@%Awgam*vxﬁj%®@ﬁﬁiﬁbﬂ
7145, R= 20 cn DMIEMEE, 20 FEROESEEERL, EELSEELTED, TOMK
TO#bEF & BN PHETFOSmE AR 5T 5o Fig. 42 i % v 27 PuLHETOR A R 53

_7__



JAERI —M 84 — (19

e TR I3 RUE ITRD LTV Do ,
T%bMBi@Hg%m@t(”%&&%ﬁﬁﬁ%w&@ﬂ%bt#vxﬁW@E¢ﬁ%®ﬁ
ﬁ?éécﬁﬁﬁﬁ#ﬁmmé<.MEE%9Q<.%ﬁ@%ﬁﬁ%ék%wﬁé%&tf@
2B R RIS I L ABE T AVEPRTONHLELTH S0

5. BREHEAER 2 KO JIERR

5.1 @i+ +XVEABROAERR

5.1.1 v <HBONE
TﬁMSw~48@.%%#+17ﬁﬁ.ﬁ@@%lmcm,%i@#vlﬁtﬁﬁﬁ®ﬁV7ﬁ
ﬁﬁﬁ%ﬁ?,ﬁﬁ-%ﬂﬂﬁ@Cﬂ%%H%Lﬁ%®Tﬁéo%%#v17®ﬁﬁﬁﬁﬁﬁ®ﬁ
V7@ﬁ§$ﬁ%%%1W%ﬂ%Ltﬁ&ﬁﬁ,Z=%cmﬂﬁﬁ%k@ﬁ@@,%mA,E@
ﬁﬁﬁ%<,%%mR/m&ﬂofw5oAEHE®@§$M%W&LT%@ﬁ@&D%PE
&ﬁofh%ﬁ,Ch@.ﬁgGKﬁ%h%iﬁK,%é%%ZWW%Ltﬁ%T@#vxﬁﬁﬁ
i@@%%ﬁA.EﬁﬁTmé<@vfw%c¢ﬁ#o®ﬁ@&%ien5oit,m$4933
@ijnmvﬁmm%mﬁén%ﬁ,%ﬂ%é%@$@ﬁﬁzzmmm®ﬁ%$ﬁ@¢@%
-ﬁtfuaocnu,%é¢§%®ﬁyvﬁﬁﬁﬁﬁm,mgW@#+17W%®ME@E%%
mm;émﬁwttfzzﬁmmnﬁﬁﬁﬁﬁké<,L@ﬁf&%mmé<u%c&,~ﬁy%
ém%2%&%Lkﬁ%@ﬁ%#vzﬁ%ﬁﬁémtt%é,¢+17W%m®mmﬁz:m%
CmiTTﬁ5ﬁ®,C®%ﬁ®ﬁﬁﬁ%ﬁﬁ&b,ﬁﬁiﬁﬂf*&zﬁﬁ@®ﬁ77ﬁﬁﬁ$
DREEMsE BT ED 2 HOBERIKE SDEEA LN So
'MM%JQ,mmA,Eﬁm@z=2man@%é,#«xﬁﬁﬁmélemmef.NEms
BRI L DBE LA Y <R ST P UTH o #o1, ¢ upper, ¢lower, daverage id
FOMSTﬂ*Ffﬁ%ﬁﬁ%7y7i—w?4VﬁLt%®I$W¥ZN7%wwﬁﬁ%%ﬁ%
%ﬁ@L,T@@,%;U%@$ﬂﬁf@éoFg&%,3wicn%mﬁbtﬁ®?,ﬁyvﬁ
®XN7bwm,ﬁ$<%UT%2MﬁvuT@&ﬁ&,¢ﬁ¥wiofﬁbé,ZRkvutm
:Wﬁvvﬁﬁ%®26@6ﬁofwécSNhVHﬁ?a®1&7hwmmgfm5@m,C®
ﬁ%fliw¥x&7hwﬂﬁﬁﬂﬁkﬁ£%tb,777fﬂw?477K@mbtm%@ﬁ
@£§$ﬂ%ﬁﬁME®%®ﬁ%®ﬁ£,E%VE@%@%%%@%ﬁﬁﬁéﬂf&bté@&
EZLHN D

5.1.2  fhikFOllE
Tmmsm~m4uﬁhmMﬁﬁ%mg5%,ﬁﬂ¢%%@ﬁm$ﬁmfﬁéomg¢wwu
@Cﬂ%@ﬂi%%%ﬂ%tﬁ%@?,ﬁy7ﬁ®%ﬁ®;ﬁﬂ*%xﬁt%®@ﬁﬁﬁﬁ%ﬂ
125, R— 20 cm OMIEME, *+ 27 LIROMWEBERRL, SN R LT D, COME
T@ﬂ¢ﬁ%&%ﬂ¢ﬁ%@%ﬁummbEafméoFg42m¢+xﬁ¢®ﬁﬁf®%ﬁﬁﬁ
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HTHDH, BEESKOIMMES KB LS s HETR LT 5, Tables26~27 3 v
LA vy THE Lo T OBRBERENH TFigs. 43~ B I NERRLIZEDTH 5.

LE O OHER T He AR EOMEM EEH L TV 5. R=20 cmOABEEZ A line TR
BSOS HEELTVEA, A—line £ 90° TN TV EG—lineTid 2 DDBMAEARLET, T
NSOEOH-line AR HEAR LIZTEIRIE - T3, ik, ++2 7 NRNOKLD
HED, BHESEORBEORET, G-line TRKE{HOLNA L LITFEHTIEDLEEZ LN S,

6. 2 & &

BWRERFEBEESERE 1, /003 2 FIH Lo NH-25 BUE HE ML 5+ 27 K15
—HOERETED, Hry<i, ROV TOEL DRIET —¥ 28/, KEERIE, F£iKE
& A1t PWR (IS MBS L NH=25 4 v 27 10 £ 2R EMERT bOT, AEBRICE
D, FHEBEBREEREE » 27 OBREeUFic - FoyaFa, B4 770 « OREE, #FHEI
VEESNBXVF2—7F—7H, PWR, BWREBHEAENAIC > THGNIZ LiTiEd,
SEOFMIR, AEF— 5 ORIT AR/ QEE L B0, REBRTIRSNB WR #HBHREE
SEAEIUR LR+ v 2 7 ORIEBEORMIE I TOED TH 5,

1) #4270 MUTOH < HRBESHEICE, BEESA LIRRTIONBECHELE -7

DL, ¥ +R7ODF5 =4 VBT, 20~30mR/hr £485, L L, ++ 27 ADH

ETHRC OAME TORHBBHBROENIBRE SNITV, TDI LidFig 1 DEE+ v A7
DAEEKICE S 5L SICNH-25+ + 27 OBEE, ARSOMKEROITOHEES LD
D, BWRBEELEZI LIk, BEESKRORTENCORPIMEL, #RELTH
FHYOWRALIC LB H v HOZEIrRFCHLLNAILABTR LTV 5,

2) PRAMESERLIUN Liclik+ v 2 7 &M@ (hHEFIod L THRE S S 20 cm) TOHERI,
Ky 2BOBED+ + A7 ERARL &, BEESIE 1 REZIRLIHT, Vr-i, it
FrbZ=30dem AR ERE <, —F4, 2 ADBREEAEEINMN LB E+ v 2 7 W
NOKAL DB T, Z2=179 cm TRAMART A, &FE LT 1 (Aol LEE, Z =
324 cmFHEDER V.

ROFEL, Z= R4cmTEGNIZA—line (0°ARD, G-line (2700 HE) OHF v =K &
hHFT O+ v 27 BHTORBEL 1, 2HORECOOTIHE LD TH S,

Gamma-ray {(mR hr) Neutren {mremhr )
Exp. Case ‘ )
A—line G-line A—line G-—line
One assembly 3.1 1.8 0.045 0.036
Two assemblies 4.7 2.6 0.198 (0:098
Ratio (two.-one) 1.5 1.4 4.4 2.7

Hy=@BOmBER, 2ROBBEAEZINMLIH, 1EROCKEE~H1L 4~ 1664
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HTHEH, BEELSEOIGAMES B L7 R8s i %R LT o Tables 26 ~27 1
L2 v THRIE Lo b T ORBERB A TRigs. 43 ~ 6 I3 NERR L2 DTH S,

209 HDED I He AGTHHEOMEBE S UL TV 5. R=20 cm DRIEEIZA-line TR
EXHESHESHELTOAES, A-line & 90° FN TV BG-lineTid 2 DOBAEAE L, T
NS OMOH-line BWHDRHEEEK LIZBIKIL - T 5, CHid, £ +2 7 NRROKED
P S, BHESHEOREDRERZ T, G- line TRAE(HDLDNL L LITHEATHEDLEEL LN S,

6. 2 r &

BWRSFHSMEMESAE 1, 704 2 RIGA L 7o NH — 25 BUf BB R =+ + X7 189 5
—EOEBRA{TN, Ay THFECOOTOE L DRIET — 4 287, RERIE, FkicH
& i PWR EANE MRS L NH - 25 + + 27 0 X EREHERT DT, ARBRICE
D, EHEBREGZES » 27 OBBRELEFNizc - FrxFa, [H634 77 « OWEE, FFHfiC
WEEEXNERVYF -7 F—#H5, PWR, BWREESESANF L DL TH LN LiTiis,
LEOFME, AEF— 5 ORI LR QEEL B0, AEBRTEH SN 7-B WR [ERHEREE
SEENFLEES +» R 7 OREEOREIZLLTOEOTH 5,

1) v 27NETOH v BRBEMRICE, BEEAEERETEOMEICREL -7
DL, ¥+ R7DFT =4 VHET, 20~30mR hr &4 5, LvL, #F+ 27 HAOHE
ETIEC DOAE TOREDEHBROBMZMEBEINLT L, T E(FFig. 1 DL+ + X7
DEERIE LN AL SIKNH=-25 + v 27 OBE, JEHOHERD O iR LI H
h, BWR BHEAKENMLH, BREESKORENCOTSICMBEL, #ERELTH
FHYOBEALIC LS4 v = OREBIBFLHOONITLEBR LTV 5, -

2) BARESEAIHE Lk + + 2 7 Rl (hEFic L TEREH» S 20 cm) TOHERE,
Hy<wBOBED+ v 27 AR &, BEESE I KELIRT, Fr<8®, Pt
FrbZ=34 cmHEBEOAREL, —H, 2HROBMBESELZIMLIHET» X7 A8
HOKM OB T 5, Z=179 cm TRABERTH, £FLLTHR 1 A0 LFERK Z =
324 emfHEMNR bEL.

ROFIE, Z= R4cmTiES NI A line (CCHED, G—line (270° k) D F =8 &
T O+ v X7 EMTOHEEREL ], 2HOHEC >0 THELAZDTH S,

Gamma-—ray {(mR.hr) Neutren {mremhr)
E xp. C ase
A—line G —line A —line G-line
One assembly 3.1 1.8 0.045 0.036
Two assemblies 4.7 2.6 0.198 (-098
Ratio (1wo.one) 15 14 4.4 2.7

Hy2@OmBEL, 2H0RBESEEIAL /28, 1ROl EE~14~ 1L5FE
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uéﬁ,¢ﬁ%®ﬁ%%%$@A—he@¢4%,G—mET27%mm%ozwwﬁﬂ$é
KR 7K RETIE Fig. 6 O 51C, A line & G—line THEMEAIK S + v 22 PR
= TOERMEARED, COROKOERICLDA—line &H~<G—line OEN »ILH/PEL
1A, HBEOERZ, 2 AOWEMESHREI LITIBE, RO E ik ORER
AP DEINT 5 EERHTTL6DL0A 5, _

3) A 27 EEOH Y e EREESE, | ROBMBESEREIM UREET, REFIIC
B AN AT, F+ AV ERMT L4~ L8 EEEDOEND L, TIEL, BWR
BAEHE SR OB HHEICL > THIEDDERNH ST LATRET LD TH Do

4) 2 ROBEEA KA LIRS, %7 BHOH v <48, drFORBFSMICELS
~ 2.0 EDERBE SN B, CHE, 2 I LB OBEREEIATRICL > TRILST L
REREEEA LN, Bt v 27 RIS 2BMEHESHROEEILL D £ » 27 RIWTO
GRBICALYOEMEL 2 EATEKLTHD, Wi+ v 27 OERBE PLEFED LT
EETL20ENPH L,
5)BWR%ﬂ%ﬁ%ﬁPWR%ﬂ%%%&HN,Mﬂ®k?ﬁﬂ@ﬁ77@,¢&?®ﬁﬁﬁ
HPEMAE G, (Figs. 27~29) T LA —HE, fREUTHES ¢+ 2 7 SMEIOHK
%$%ﬁw§%géﬁﬂﬁ®f,BWRﬁﬁﬁmﬂwﬁﬁﬁﬁﬁﬁﬁﬂﬁméﬂﬂicﬁb
oI HEE AL D DR H 5,

B

BWRﬁmﬁﬁﬂK£éF#%X?%ﬁﬂﬁiﬁj@%<®ﬁ&®%ﬁ%ﬁfﬁ$%7btﬂi
MBI S ICE B & TICHE, B4 BARITRERAYE, FZefi SR FRRER, BkEE
BOHK EESENHELIELR, FEEREEIIERRER UHE CONOFBETOLYD
DES G 70 L ERL, FEOBERLET. $7, EHBEEHESHK, 8issr 270X
ARAR U, AEREEMET 50N - TERSRAEMMEHBER, RREAEEMMEL
BEE, RS ERHRRINEE IRATRHRARER, HIRHE R B R L
EABHRBEERO 4 OBREBNEDE Lice T RELLTHEERLET. S0,
L BE TS TR, MRS, BARLERIZERD S BRROBTICAD,
£ < OEMERE VTR E Line BB L EFET.

Bigic, HikE v 27 NH-25 AREROHICERT 5 S&FF s, HALER (),
Eﬁ&%ﬂ%%@%.ﬁi@BWRﬁﬁ%%ﬁ%%%%ﬁ%%@t%mﬁ@bfwtﬁhtﬂﬁ
FFRE ) KEFRLET.
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A, THTOBEEEELA-lne TA4, G-lineT2.71C15, 2 KOMEES
W%W%Ltﬁ%TMFg.mbiﬁm{A—mm&G"Mm?%ﬂ%éW&¢v27Wﬁ%ﬁ
: TOREAERD, COMOKDERICEDA-line &HAG—line DEA HILDMAS
@%w,mﬁwﬁﬁﬁ,2%®%ﬂ%é%%ﬂ%ttﬁé,1W@ﬁkﬁﬂ¢ﬁ¥®%ﬁ%
OB DENT 50 EABTTE6DEVA 5,

3) 27 BEON Y T ERBEAHEIE, | AOBEEAREIN LORET, BEHNIC
B A EATBATS, v X7 ERT L4~ LE{EEEDENDHL, CNIF, BWR
R S K DB R ST K » THBODERNHH LERKRT 5 bDOTH D,

4) 2 EOBEESKARHLIIES, F R 7 FEON Y wig, T OREFESMICELS
~ 2.0 EOERME SN B, TiUE, 2 IR L BOEREEIATRICE - TRELT &
ﬁﬁ@&%i%ﬂéﬁ,m%#vX7Wmﬂwéﬁﬂ%éﬁwm%mib%vz7&@?@
ﬁ%$ﬁm%®§ﬁEU5C&%§%Lfﬁb,m%$vzﬁ®ﬁ%%ﬁ@§éﬁﬁﬁiﬁ
BRES 5 LENH D,

5) BWRMRKHES (K2 P WREREHE SR & ~, el LT HE O N > 24, kT OmEs)
FmDEMAEV, (Figs. 27~20) 9 LAARE—HE, #HE LTHES v 2 7 AMIOR
%%ﬁﬁmﬁ%géﬁﬁf®ﬁ,BWR@mﬁMﬂQEﬁ%ﬂﬁﬁﬁﬁﬁM%ofm,Cﬁb
fo I EE AL S LB D 5,

B

BWR@%@%%K&%F$v17ﬁﬁﬂﬁiﬁj@%<@E&®%ﬁ%%fﬁ$%?ttﬂi
ﬁ@ﬁC>K§5$TK@,mbﬁéﬁﬁﬂﬁﬁﬁiﬁ,W?%%ﬁ%ﬁ$m%%&,EKE&
ERE BEAHFTELIGRER, EEHEEIHAREE DS OHOHBETTORD
DEAd -l LA, EROBAKLE T, $/0, HHFBREAE Wikt 27 OX
AL Uth, REREEMT 5104 > THASEMEAMNARER, RESRSIEARIE
i, S AAEMEEERHTRE, RARGERRERE, MR R R RE TR L
HEABHABREEAN T 20BN NEET Lice T RELTHEEARLET. S0,
SR U TR T, METRRERIR R, BAR MR % R o ERR ORI,
£ OMEMA TR EE Ui, B AL L L ET,

%%K,ﬁ%$fzﬁNHﬂ5%$£%®tbmﬁmﬁéC&%ﬂﬂ$ﬂt,Eﬁﬁﬁﬁ@,
AR IR (H) &5 & UBWRERIFMEHE SR EAEKROLDHICHF L TORIZOER
BT RS () KlEELLET,
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L W=, (LBKIREE, SAELM < FEHERBRES ¢+ 27 OERE 2 FES 1) - PWREH
BEEEHC L B T4 v 2 7 PR O /2 sb DEER] — JAERI —M 82— 201 (1982)
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Table 1 Neutron flux to dose equivalent rate conversion factors and

the energy response of the 2202D rem counter

Flux to Dose Rate Conversion Factors {mrem-hr—l/n-cm_z-sec-l)
Neutron Energy

(MeV) ANSTI/ANS ICRP 2202D
2.5-08 _ 3.67—03# 3.79~03 2,35-03
1.0-07 3.67 4.14 2.60
1.0~06 4.46 4.50 2.80
1.0-05 4.54 4,34 3.60
1.0-04 4.18 4.19 4,20
1.0-03 3.76 3.67 4.80
1.0-02 3.56 3.53 5.80
1.0-01 2.17-02 ' 2.06-02 2.70-02
5.0-01 9.26 6.92 7.45
1.0 1.32-01 1.16-01 1.18-01
2.0 1.44 1.33
2.5 1.25-01 1.30
5.0 1.56 1.50-01 1.15
7.0 1.47 1.10
1.0+01 1.47 1.50-01 1.02
1.4+01 2.08 9.70-02
2.0401 2.27 1.57-01 9.30
3

4 read as 3.67 x 10
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Table 7 Reaction rates of *He(n,p) with and without a Cd cover around

the cask at the Z=276 cm aqd R= 20 cm

(1/sec)

Pos. {angle) Bare Cd-covered

A ( 0%) B.66 -22 5.74 -23
B ( 45°%) 8.90 7.80
c ( 90°) 7.76 5.51
D { 135°) 7.32 5.74
E ( 180°) 8.57 5.17
F ( 225°%) 9.38 5.17
G ( 270°) 7.95 6.03
H { 315°%) 7.52 4,38

Table 8 Reaction rates of *He(n,p) with and without a

Cd cover at the Z=-40 cm on the axis of the cask

(1/sec)
7z {cm) Bare Cd-covered
-40 8.43 =23 9,29 =24
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Table 10 Neutron dose equivalent rates around the cask
at the Z=324.4 cm and R=20 cm

Position Dose equiValent
(angle) {(mrem / hr)

.51{+0.32)-02
.75(+0.35)-02
.78(+x0.30)-02
.81(£0.12)-02
.89(*0.30)-02
.60(x0.30)-02
.63(£0.30)-02
.31(+x0.31)-02

o T o W I v I o B 0 T v B =
B oW W W W W e

Table 11 Neutron dose equivalent rate at the Z=-40 cm

on the axis of the cask

(mrem/hr)

Z ( cn') =40

axis 5.90(+0.07)-04
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Table 12 Gamma-ray exposure dose rates along the A and E lines in

the cask

Dose rate { R/t )

Dose rate ( R/hr )

Z (cm) A = line E - iine Z (cm) A = line E - line
9.5 1.74 + 1 269.5 1.12 +4 1.35 +4
24.5 1,01 +2 ©1.92 42 284.5 1.15 1.41
34.5 2.55 2,47 294.5 1.14
44,5 6.04 5.56 299.5 1.40
54.5 8.10 309.5 1,12 1.38
59.5 1.00 43 . 9.58 319.5 B.EO +3 1.07
69.5 1.46 1.45 +3 324.5 1.01 +4 1.21
84.5 2.50 2.63 334.5 1,17 1.44
94.5 3.03 3.21 344.5 1.17 1,44

109.5 4.38 4.68 359.5 i. 11 1.38

119.5 4,57 5.38 369.5 1,41 1.38

134.5 7.49 8.21 374.5 1.10 1,37

144,5 7.99 8.94 384.5 9,03 +3 1.15

159.35 8.84 1.00 + 4 389.5 7.72 9.79 43

169.5 9.30 1.07 394.5 9.96 1.22

179.5 §.72 1.00 399.5 1.00 +4 1.25

184.5 6.72 7.97 +3 509.5 9.40 +3 1.17

189.5 8.66 1,08 +4 £19.5 8.66 1.08

199,5 9.47 1.12 434.5 6.38 8.30 +3

208.,5 9.87 1.17 444,5 4.54 5.77

219.5 1.03 +4 1.23 459.5 2,04 3.19

234.5 1.05 1.26 469.5 1.97

244.5 1.01 1.22 473.0 7,47 +2 1.34

249.5 8.53 +3 1.05

259.5 .03 +4 1.24
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Table 14 Reaction rates of 23'zTh(n,f) along the A and E lines in

the cask
Reaction rate ( 1/sec )

2 { cm ) A - line E - line
134.5 - 1.59(+0.094) -23
159.5 2.15(20.61) -23 2.76(+0.30)

234.5 3.97(x0.42) 4.67{(+0.42)
284.5 4,15(=0.15) 5.94(:0.64)
349.5 5.64(+0.18)
399.5 4,12(20.12)
434.5 1.80(+x0.097)
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Table 22 Reaction rates of ‘He(n,p) with and without a Cd cover at the

R=100 cm along the H line

(1/sec)
Position : 4 - line
Pos. No. Z (cm) Bare Cd-covered
-2 -40.0 2.52 =22 2.48 -23
-1 0.0 2.55 3.1
0 45.0 3.34 4.07
1 82.7 8.19 4.88
2 131.0 2.99 -2 1.49 =22
3 179.4 3.57 2.10
4 227.7 3.38 2.22
5 276.0 3.44 2.15
6 324.4 4,18 2.46
7 372.7 3.79 2.36
8 421.0 2.16 1.44

Table 23 Reaction rates of He(n,p) with and without a Cd cover around

the cask at the Z=324 cm and R=20 cm

{1/sec)
Pos. (angle) Bare Cd-covered
A ( 0°%) 5.41 =21 3.24 =22
B ( 45°) 3.80 2.07
c ( 90°) 2.67 1.74
D { 135°) 4.10 2.38
E ( 180°) 5.12 3.19
F ( 225%) 3.89 2.19
G ( 270%) 3.16 1.75
H ( 315°%) 4.18 2.46
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Table 26 Neutron dose equivalent rates around the cask

at the Z=324.4 cm and R=20 cm

Position Dose equivalent

" tangle) (mrem / hr)

1.98(+0.08)-01
1.38(+0.09)-01
1.22(20.09)-01
1.45(+0.09)-01
1.82(0.12)-01
1.36(30.09)-01
9.79 (+0.71)-02
1.52(0.07) =01

o s B o T s B c B e B T v > B =

Table 27 Neutron dose equivalent rates at the Z=-40 cm

on the axis of the cask

(mrem/hr)

7 (cm) -40

axis 4.60(+0.89)-03
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Fig. 2 Cross sectional view of the experimental basket for a BWR

fuel assembly
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Fig. 3 Cross sectional view of the standard basket for two BWR fuel

assemblies
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Radial plan for a BWR fuel assemby

Radial plan for two fuel assemblies

Fig. 6 The radial plan for the measurements containing a BWR fuel
assembly and two BWR fuel assemblies in the cask, where the
distance of R direction is measured from the surface of the

cask and each angle between the neighbouring directions from

A to G is equal to the 45°
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Fig. 8 Model 300-6A type Radcon dosimeter
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Fig. A-1 A model of the geometry of the experimental configuration
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Photo. 1 NH-25 transport cask in setting on the Service Area of Reactor

Fuel Examination Facility

Photo. 2 NH-25 transport cask and a measuring lifter for the counter

measurements
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Photo. 3 A cask lid of NH-25 cask Witﬁ two holes for the present

experimnts
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Photo. &4 the cask

Photo. 5 A NE213 detector for the measurements of the gamma-ray

energy spectrum above the cask lid
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