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Investigation on Calculation Method of Decay Gamma Ray Streaming

through Void Gap in Activated Shield of Fusion Reactor
Seiji MORI*, Takeshi KOBAYASHT and Yasushi SEKI

Department of Large Tokamak Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken

(Received Octcober 15, 1987)

There exist many void gaps (slits) in structure components of a
tokamak fusion reactor, and decay gamma ray from induced activity will
cause radiation streaming through these gaps even after reactor shutdown.
At the initial phase of design, therefore, it is required to estimate the
streaming effect roughly and to consider means to reduce the effect.

In this study, first, dependency of gamma ray streaming effect on
gap width and length under some fixed conditions of volumetric distributed
source were investigated and results were summarized in the form of figures
and tables. Next, distributions of induced activity and decay gamma ray
source was investigated and results were summarized in the form of figures
were examined both for bulk shield and shield with a gap.

Finally, approximate method to estimate the gap streaming effect was
proposed ﬁsing these calculated results. It was found that this method
gives result with sufficient accuracy for engineering use by comparing the
estimated values by the approximate methed with the detailed analysis by

computer.

Keywords: Fusion Reactor, Radiation Streaming, Approximate Method,
Decay Gamma Ray, Induced Activity, Activation, Gap, S1lit,
Shield, Fusion Experimental Reactor, Discrete Ordinates,

Monte Carlo, Peaking Factor

* On leave from Kawasaki Heavy Industries, Ltd.
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Table 2.1-1 Energy Structure of the 54 Group Gamma Ray Cross
Section Set GROUPIN and the Flux to Dose Conver-
sion Factor GFLXDOSE (MeV/(photon-cm“z-s'l))(9)

NO E(MeV) C(Ey* NO. E(MeV) C(E)*
1 30 — 27 13266 X 107 28 0.30 - 0.27 1.2909 X 10-%
2 27 - 25 13612 X 107% 29 0.27 - 025 1.1531 X 107°%
3 25 - 23 1.2570 X 107% 10 0.25 - 0.23 1.0405 X 10°%
4 23 - 21 1.1531 X 107* 31 023 - 021 9.3080 X 107°
5 2.1 - 2.0 1.0746 X 107* 32 021 - 0320 §.4939 X 107°
6 20 19 1.0232 X 107* 33 0.20 - 0.19 7.9561 X 1078
7719 - 18 9.7182 X 1073 34 019 - 0.18 7.4239 X 107°
8 1.8 ~ 1.7 9.1994 X 107° 15 0.18 - 0.17 6.8973 X 107¢
9 17 - 16 8.6807 X 107° 16 0.17 - 0.16 6.3776 X 107°
10 16 - 15 8.1605 X 10°°% 37 016 - 0.15 58663 X 107°
11 15 — 14 7.6397 X 1078 18 0.15 - 0.14 53647 X 107%
12 14 — 13 7.1168 X 10-% 19 0.14 — 0.13 48750 X 1078
13 1.3 - 12 6.5913 X 1073 40 013 - 0.12 43997 X 107°
14 12 - 1.1 6.0626 X 10~% 41 0.12 - 0.11 3.9426 X 107°
15 11 - 1.0 5.5299 X 10°° 42 011 - 0.0 3.5085 X 1078
16 1.0 - 09 4.9927 X 107° 43 0.10 - 0.09 3.1047 X 107°
17 09 — 081 44770 X10°° 44 009 — 0.081 2.7578 X 1078
18 0.81 - 0.73 40115 X 1078 45 0.081 — 0.073  2.4894 X 107*
19 0.73 — 0.66  3.5973 X 1073 46 0.073 — 0.066  2.2983 X 107%
20 0.66 — 0.60  3.2356 X 1073 47  0.066 — 0.060  2.1809 X 107°
21 060 — 0.55 29278 X 107° 48  0.060 — 0.055 2.1296 X 107
22 0.55 — 0.50 2.6468 X 10°° 49 0.055 — 0.050  2.1408 X 10~®
23 0.50 — 0.45 23648 X 107° 50 0.050 — 0.045 2.2251 X 10°¢
24 0.45 — 040  2.0820 X 107° 51 0.045 — 0.040  2.4143 X 10°°
25 040 — 036  1.8269 X 107°F 52 0.040 — 0.036 26973 X 1078
26 036 — 033 16288 X 107° 53 0.036 — 0.033  3.0287 X 107°
27 033 — 030  1.4595 X 1073 54 0033 — 0.030  3.4423 X 107°

*

Normalization factor of 0.0508 should be used with GFLXDOSE
to get dose rate in the unit of rem-h~!.
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Table 2.2-1 Fitting Parameters, a and b for the
Approximate Equation to Calculate Gamma
Ray Flux in the Void Gap

Gap Width (cm)

0.5 1.0 5.0
a 7.91 x 10° 2.43 x 103 9.62 x 102
b 4,45 -3.10 -2.63

Source Energy, E = 2.5~2,7 MeV

Source Intensity Attenuation Coefficient, u = 0.1 em™!

Source Intensity at the First Wall, Ip; = 1 photon.cm™3 st

Table 2.2-2 Fitting Parameters, ¢; and § for the
Approximate Equation to Calculate Gamma
Ray Flux in the Iron Bulk Shield

Source Intensity Attenuation
Coefficient (em™!)

0.05 0.1 0.15
P 10,13 11.39 13.30
& 0.05020 0.09997 0.14986

Source Energy, E = 2,5~2,7 MeV

Source Intensity at the First Wall, I = 1 photon-cm‘3 s~1
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Table 2.2-~3 Gamma Ray Flux and Dose Rate behind Bulk
Iron Shield Normalized to the Source
Intensity Condition of I photen em=3.571
at the First Wall
E = 2.5 MeV
L (ecm)
100 150 200
p (em™ 1)
.77
0.6 69-5 *
17-2 2.59-3 .14-4
0.05 .38-7 1.13-8 .30-10
0.1 .73-4 1.93-6 .28-8
. .15-9 8.06-12 .32-14
0.15 .62-6 1,47-9 .16-13
) 04-11 5.84-15 .25-18
u=0.1cm!
L (cm)
100 150 200
E (MeV)
L21-4 8.33-7
0.5 .15-10 7.78-13
1.0 .88~4 1.26-6
’ .34-10 2.24-12
2.5 .73-4 1.93-6 .28-8
' .15-9 8.06-12 .32-14

upper : Gamma Ray Flux (cm 2.s~!)

Lower : Gamma Ray Dose Rate (rem.-h™!l)

* Read as 1.69x10~°
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FRRBRTRLA 7 27 b0k B850 A S ORI 1275 5700,

(2) AR GREBIMRERN 1) RS, ~“LI/0F =877 4 7 2 RERisnEgT
MUPUTE, CORBEK(E) $é=u TH5,

B Fr oy TNDH Y287 757 20WEE, d=ax®(a, bd74vF 5 2—%)
DIEITEU L0 a, b DEEF v » 708, FIERESA (1) DEE 0 £ I0kIFT 2,

W FooTHODH YT 79 7 20ENT 2 - (Foy TR, ERES, FEREI
BT 20 %) ~OEERERLPIL, MRS,

) Fr oy THOTOE -+ VR CSLIRET7 5 725 DH) OIS A—5~D
WHEEEH O L, FELL 7,

6 4=01 BEOABEREYTRBECIZ 2 Y — 3 v VY BROEE 7 > 7 4 2EEL
BIR/hE 0,
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3. BMANICBYT 5 MBS < ROBER OB

31 FEHSRERESE

BRI S Th T OB & Z 0 TS LT 5. LB EREO M ENT AR
TEHH, CCTRKMEMAEBCSVTHERINLETFEsNZA—27+4 8 (S5316)
AFEERMETE, COMAHMEFRAENEK (H0) 6 TEERMETHBLEE RO
FELBHTEEEROCEEE L IAT L0, _

RETEE FERBCENINLINFAEEEEHET S, Fig31-1 507 EREO 1R
THEE 7 &R d. HRMERIZ SS316-85%, H:O—- 15 % DEEES S L1, 14MeVDDT
BRI SHH T3 7 7 X fERT f FACRETALOERE Lz PHTREREIZE 1 8
CEE T TEAR S MM ERIFOLRRE~ I MW/ /m? 2823t 5 1525 HBRILAFEDE
R B, T OMERER | KESy 2 — K ANISNZ &0 T Py — Se SFMTH
@ctoﬁﬁ&@¢ﬁ¥ﬂﬁ~ﬁV7ﬁﬁﬁﬁéﬁﬁ%ty%mcxmwéﬁhh,m%ﬁﬁ
CHW I EORFHk % Table 3.1 -1 iT5379

%ﬁﬁ%%ﬂﬁﬁTHHmf2j—szfhwéﬁhfﬁﬁoto%%Lt@ﬁ&%@ﬁ?
#4 Table 3.1 — 21T, FOBEEMHL 110 HOESEEZCGE L (~03MWY m? DR
B FEERETS),, F/E8REFRIE 2T Yy HFREEOEMEFH L LD, 15
(IMWY,/m’) & 3% (3MWY,/m?) OEFEEICH T A BELEBEL 12

For v THHLEZODT P FOEHETEIIFig 3.1 - 2RLAE2KRTX-Y BRT, 2
RoLSy T~ FDOT35 2V TIiTE » fro BEEMIIMET 428, &y ~21B O &NmE
v b GICX 0% i, VP v FABBKREE Py & L, AESHIEATH RS ML
FEZF 166 Sl (FiH 13308 o M EHOK, BERER BFREE (F18) OBREHE
L, FIBO56~1372MeV) OBEB LA AF T, FH (2 LERALFRANOEERDA) &
5E L1z

WA DM LR U s 7 BERHETHR <L D EELE, BB 885316 -85%, H:0
- 15 OEEMNE L, FEMIEEDHFEIXI THIDA-2 - F ¥ 2 F A2HWTITNE - 1,

— 21 —
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Table 3.1-1 Number Densities of Various Materials used
for Shielding Calculations

Number Density

Materiail Element (n/cms)
Plasma He 1.0 x10!3
Mo 1.255x10§;

Cr 1.575%10
31655 Ni 9.848x10%?
Fe 5.909%1022
Ho0 { B 6.686x1022
2 0 3.343x1022
A N 4,22 x10%°
ntd 0 1.17 x1018
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Table 3.1-2 Atomic Number Density of $5316
for Activation Calculation

. No . Abun-—
Mate—{Ele~- Density Iso=- dance
rial |[ment (atoms/cmd) tope Ratio

(at.Z)
¢ '2.801x1020 | (-G | 98:95
13¢ 1.11
28¢5 92.23
si | 7.700%102% | 29s51| 4.67
30s1] 3.10
wa |1.662x102L | 55un| 100
P |4.034x101% | 3lp | 100
325 | 95.02
s |1.799x1019 | 28 - 0.75
P 34s 421
365 ! 0.017
581’ 68.3
60Ni} 26.1
Ni [1.051x1022| blyi. 1.13
62yi] 3.59
64yi!l 0.91
50cy| 4.35
ggg cr | 1.538x1022 Zizz 82:;3
Sécr| 2.36
92yq| 14.8
94M0 9.3
95Mo] 15.9
Mo | 1.147x1021 | 90Mo: 16.7
97M0: 9.6
98yo | 24.31
100pm0 9.6
Shpe| 5.8
ro | 5.635x1022 | oFe| 918
57re| 2.15
58Fe, 0.29
co |2.283x1021 | 39co| 100
N |3.431x1017 My | 99.63
15y |3.66-3%

* Read as 3.66x1073
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Void

289.9

Fig. 3.1-1 One-Dimensional Cylinder Model for Calculating
Induced Activity in Shield

Boundary Source Condition
Isotropic (forward hemisphere

(cm) 14 MeV Monoenergy

Y

100 -

Reflective —
Condition

80

60 —

40

20

- Gap
Reflective
~ Condition

S S Shield

(100 cm
thick ) Mesh Width

{ASS= 2cm

Agap=0.2
Y A=25

0

Void
2 ‘r—w‘ﬂj X (cm)

1 1
0 5/10152025303540

Vacuum Condition

Fig. 3.1-2 Two-Dimensional Ceometrical Model of DOT3.5

for

of

Neutron Transport Calculation (Thickness
the shield ranges from 100 cm to 200 cm.)}

,_24 —

Access port door
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3.2 NILYERERICHTIIERESHE

3.2.1 PlEhOhETEE A Y < RBESH
Rt CEEE TR 1 MW m? O DSz h O T8 (14 MeV, ElET (E> 0.1 MeV) &2
i) & 2IRA v v BHEOBEZ S F Fig 3.2 — 1iLRT, EREPTORSE L IZTEHEAE

ciEgsna

=¢ye ™" (3)

LT,
b 1 FETHRHLVIH Y v HH
Go ¢ WIETORTE (BELEEBOHEETECBREHTRO ABE
7 EEMAE em™) '
X [ HB1EMLSOEE (cm)
WERE7 & ¢y DERIRDEBOTHS !
7 len™) o len?s™)

14MeV thitE T : 0.1537 3.871 x 10"
B T (B> 0.1 MeV): 0.1424 3.652 % 10"
2T HE ©0.1401 8.583 » 10"
&9y < RE © 0.1406 2.351 x 106"

3.2.2  FEREHLEE DT

fEE R 1 BEOFELFREREELEDOER (Ci/an®) A1 (74t vz L 0L.3IMWY,/m?) %
Fig. 3.2 - 2it/Rd, BIBEAFO0cm BEAZROCTRER TR THHEBHTLEULEEKS,
CRRE I BABETIPHT I AAF— 27 F A BPRE(CENT S, H2EEOCREXLKI
Ay M UDERRFFELEDLLEEZALND, & HhE  OWLRERRER TR L THR
ENBDEXL, ¥Mo & ®ColdFic {n, 1) RIRTERISN A HE 7 L — THTREHR
DRI ENE T TV B,

.23 Hy-RREOBEANWE FLF -7 b

TNT Y ZH0.3IMWY,/m? O ORBERNER SRET BN v~ BORALREE (photon,”
s /cm’) OERARESHEDTEE Fig 32 - 20&bH TR L. HREEEESRE LR
FERATH O, faHBIRTHRUER 5,

EHAA R COREERE M 2K TEMT 5

LT,
I | EEH v <% %E (photon ¢cm™Ps ™)
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o @ BW18(x=0) 1k sEE (HUEBEOHEETEIAREHOT
Ko fo D)

e 1 EEG&EH (em™)

X H1EMNSORE (cm)
TNT VATl & e OfES Table 3.2 — 1 i@Rd, ¢ DEIZ0.142~0 143 EETH S, HIIE
THRAPHTHEROBERE ST L L, SEPEFHROBERRCIIZEL{H->TV 5,
TEE1EOEEREC L TR Rt EM (ANISN) & 2Z0ustEM (DOT 3.5) Lid 4%
RECENFELTV S, 2HGIETRNEED SORHTEFOAFBZERINTH A&
H—HTH B,

7T Y2 0.3MWY, ' DIESOERENORHMA (E 1855 05cm, 50.5cm, 1005
cm, 154.5¢m) DAY 2HFED T 2L F - 27 b A Fig 3.2 —35 6 Fig 3.2~ 6 KR,
ARG D EHBITED > TO LY, B :A ¥ -V —T7OEHETEANT L CEH L
TANAF—QBEDHEDZ =Y b i3 0.56MeV & —ETH A (Table 3.2 -15H),

A = UERIHOREE LR OGBS (7T ) L oBES Fig 3.2 - TR Uiz, BREE 7
VTR L ESTEML, B 1ETETE SMWY, m? HE TRRIERN AL S A8, EREN
MoAKRIOETE, FREMERIFE, £/ Fig 3.2 -8 WALk S iC EREA S 54
FEHHETRE 7 Ay 2L LT H Y v A L F - ERL TV, ZHIE, Fig32—9
EFig 3.2 -W0ERLAZTFAF— 227 P LA 0IMWY,/m* D& (Fig 3.2 — 3~ Fig 3.2
—6) LIENTAHB LD LM, FIZEHE4HD Co (CEREIS.27F) DESABAL TV
PHEEZ LS,
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Table 3.2-1 Decay Gamma Ray Source Intensity and Mean Energy

at the Various Position in the Bulk Shield
Calculated by THIDA-2 (ANISN/ACT4)

0.5 cm ! eC
(First Wall) i 50.5 cm 154.5 cm I
4047 + 112 1 4,28 +8 | 9.72+ 1 | 0.1425
5 (3.11 + 11)9
0.3 MWY/IH i
0.564b . 0.557 0.562 4,88 + 11
_ 7.79 + 11 6.65 + 8 | 1.51 + 2 0.1429
1 MWY /m?
0.544 0.698 0.720 7.86 + 11
1.05 + 12 1.06 + 9 | 2.45 + 2 0.1423
(7.34 + 11)9
3 MWY/m? ‘
0.548 0.859 0.887 1.19 + 12
a. Decay Gamma Ray Source Intensity (photon em™? s71),  Read

as 4,47 x 1011
Mean Energy of Gamma Ray Source, (MeV)

1= 1Ip e %, Iy : Extrapolated value for first wall
e : Attenuation coefficient (cm—!)

Results calculated by DOT3.5
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33 Fv v ThBEERERICEHIT SRR

3.3.1 FHEENOF v » TR DT HRE

oy 7B cmOERICE ZEREDE L CE o 7hO 4 MeVh T HBREORT %
Fig. 33 — 1l lf, £ LF v o 7HOETHRICEL T, VAT 727 MickDniEh
DELTFMHS 5L L 602, 0y 72~ 10emE~20 cmB 2 B B TORSICHE
LTRELIRPS 10emEES THBITHEHTENTE AN ZNLRBEF + » 7OEET
RENEHICEL»IE S, Line—of —sight#ickfiZF v » 7HOD 14 MeV b 15 (3E
HELESY) & BEALOBHE Yy o TBERLT, KAOLS kTS

daw

¢ = 7 {5)
LT,
¢ . F vy THOPHTH
w! ¥y o 7@ (em)
ZIHIBE (F e o 7AD) Mo 0HE (cm)
a T4 T 4V TNTA—F

a =22 No: MEBE, 1MW/ EHLTHE,

No= 4.43 x 10" n,” (¢cm?s)
ThHb, Fig 3.3 -2 8L UFig 3.3 -3 AR LAEHICBRATRSABHETHELE DOT st EE
EHALENemBF v+ v 7 TR7 775 - 3EFT, 0bemB¥v v 7T TR 729 - T
BE T DOTHEEIFELDHEME LT 8805, ZOLELLF v v TERML G T
APU=IVTLTREPETOED DAL DESHARE (HIZERBBEHBCEOTIEF + v
TG IE D EN T b P EEFEURRDFE L T B ERE A S B ¢ L IEFEE LIS hi
5,

Fp oy THOTD1AMeV U FERDF v » TIREGFENS Fig 3.3 —4itR L. BB
DOT35 iz L AERTH S,

Fr o TH(W=lcm) BUBTOHEF I ALF - 27 L% Fig 3.3 -5 AL ¥F
oy TALD SORENRECE-TENLIHEOESD L S K2 T AR 4714 MeV
PHEFOZ MY - YIRS OFENPA - THERL, 257 b APELLLZONEE NS,

Foo o THRFERADPTOR I ELOH LB TORETHRAE | EhoEEBEETONLY
BETHTHETRLAGDAZ MY - 3 vtk b —F v 7 RS THT S, Table 3.3 -1
W& 1B, o#50cm, 100cm, 150cm, 200cm CIEEEIC kit 2 14MeV i FHEO E— 3 v 7
FBHAER L. BB RE(CBIEO MY —F v 7 FRREEECENLTEY, 20 —23
YIDOEBIF - TohB0EAS (0cm)MERERATHEONGNE, BEF v o
FEZTODTHHEFOZ Y — 3 VBRSO TRBEXRHEITH L (BRHEIATV 3,
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3.3.2 FAEHEEEEENT

SN ERRTHE, L2ETIHLAR UL S e fiE FRABIZHEEEEMET 20T Licdi-
THEMEHHEORE SIS Lz (Fig 3.2 -1, Fig 3.2-28HK), chicxdLT
Fow 7B LEETE, HTAHIL I RO FHOREDGPERICEL DT 7L ¥ —
AT b ADOETE DORERHECRELSMOF v o 7EFTCR NI RREIIEL -0
755, Fig 33 -8R ¥ v v 7O CGEBE (0~2cm) it 2421 1 BHED F BRI 8
(C*Cod 'Co) DEESMERT, 3.2 TRV HEDMAE LT A &N DRENE
WP EN DI h, NI DETHRLAAE -+ v 7 %% Table 3.3 - 2R L. CHHD
ftiid Table 3.3 —1W/RLAF+ » 7RO UMY B FEDOE - F v 71D EDPHTH 374,
E1Br o OBEES 150em P ETHEN O -3+ LT A,

3.3.3 A v~ HEDEENT

Foo oy TIHEQH ywHBREOREMEN A Fig 3.3 - TR L, Fig 3.2 -2 1T/RL 7Y
WO ERTORBREDREEE~NBEF v v 72 MY — 3 Y FOREIC L OFENME DED
B TR ERDPE, HOWAF+ » TIRICT L THESER 4S5 LR LT
BlOHTRO0AROOT, FEEROF v v 7HhohFERS T EBIERO T v~ SR RE S
HABEA T E B END S, Fig 3.3 -2 BLUFig 3.3 -3 IR LA 14MeVRM TR
B4R, LU Fig 3.3 — 7T ORFEHRERFMED Ocm & 100cm, 150cm, 200cm i % BEHT
N, HBfRHMERCRET S LEREL THERRERL L2 0% Table 3.3 -3t &
foo —MRCHEREORBEOLMARE (, MBERAEES S LORE, £2TOHEBIZ 2V TEE LS
BEOHEEL-TW5S,

NIRRT ORBEBRE OB L -8 — F v 7% % Table 3.3 -4 TR L. Dl
Table 3.3 -2 OHSHEEEDOE— £ v VREE FERF - ¥ L - T 5,

BB o 7HBERBG AN vEDOFEL 2L F -3 Table 3.3 -5 KR LIk D REDA
BETHLOSMeVAEIBROEEE»Th, 7Ly ZHEMLTH (IMWY./m?) »v 7 kGO
& (Table 3.2-1, Fig. 3.2~ 8) @ X HICEH T AN £ - HENT 28 FidAhbhiEv, Th
BALIERERTEBIBERETR 7 v v 2 KEWXL GNdh - k51K (Fig 3.2-8), ¥
vy THETEI A LF -2 7 PP, BIEIELIULEIBHRRU 2P LEEFELD
15,
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Table 3.3-1 Local Peaking Factor of l4 MeV Neutron
Flux in the Shield with Gap

Distance from Distance from Gap (cm)
First Wall (cm) 0 (in Gap) 10 20
50 2.12 + 1% 1.28 1.15
1.01 + 1 1.12 1.07
100 1.70 + &4 1.18 + 1 3.30
5.10 + 3 4,02 1.70
150 1.81 + 7 8.00 + 3 1.16 + 3
4.61 + 6 1.53 + 3 2,47 + 2
200 1.54 + 10 4,56 + b 6.32 + 5
3.74 + 9 6.85 + 5 1.03 + 5

* Read as 2.12 x 10!
1l cm

0.5 cm

Upper : Gap width

Lower : Gap width
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Table 3.3-2 Peaking Factors of Induced Activity
Concentration near the Gap One Day
after Reactor Shutdown following
0.3 MWY/m? Continuous Operation

Distance from All Nuclides 5800 60¢cg
First Wall (cm) (Ci/cm?) (Ci/em?) (Ci/cm3)
1.7 2.0 1.5
30 1.2 1.3 1.1
6.1 + 1% 1.4 + 2 5.8
100 1.7 + 1 3.7+ 1 2.3
150 9.3 + 4 1.8+ 5 1.2 + 4
1.7 + &4 3.1 + 4 2.3 + 3
200 | 1.5 4+ 7 6.4 + 7 5.4+ 5
2.1+ 6 7.8 + 6 8.3 + 4

* Read as 6.1 x 10!

Upper : Gap width 1 em

Lower : Gap width 0.5 cm

Table 3.3-3 Comparison of Attenuation Coefficients
for 14 MeV Neutron Flux in Gap and Decay
Gamma Ray Source Intensity near Gap

Range W= 0.5 cm W=1ocm

(cm) g (em™h) | g (em™D) py (en™h) | bg (em™h)
0-100 0.076 0.114 0.064 0.102
0-150 0.056 | 0.083 0.047 0.071
0-200 0.046 0.068 0.039 . 0.058

Note, He * Attenuatiﬁn Coefficient for 14 MeV Neutron Flux
¢ = ¢g e
Ug 3 AttenuatgﬂnXCoefficient for Decay Gamma Ray Source Intensity
I=IOeS
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Table 3.3-4 Peaking Factors of Decay Gamma Ray
: Source Intensity near Gap One Day
after Reactor Shutdown following
0.3 MWY/m? Continuous Operation

Distance from Gap Width
First Wall (cm) ! 1 em 0.5 em
50 2.1 1.7
100 4.9 + 1% 1.4 + 1
150 7.2 + 4 1.3+ 4
200 1.1 +7 1.6 + 6

* Read as 4.9 x 10!

Table 3.3-5 Decay Gamma Ray Source Intensity and Mean
Energy near the Gap Region in the Shield
with Gap (W=lcm) System Calculated by
THIDA-2 (DOT3.5/ACT4)

Fluence ‘
0.3 MWY/m? 3 MWY/m?

Region

First Walil 3.09 + 118 7.56 + 11
(Gap Inlet) 0.501b 0.492

100 em 1.75 + 7 4,27 + 7
(Midway) 0.549 0.543

Gap Exit 3.15 + 6 7.72 + 6
(200 cm) 0.548 0.500

a. Decay Gamma Ray Source Intensity (photon cm™3 s7H)
Read as 3.09 x 101!

b. Mean Energy of Gamma Ray Source (MeV)
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s ENERGY SPECTRA IN GAP
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Fig. 3.3-5 Neutron Energy Spectra at Various Points in Gap (W=1 cm)

Normalized to one Neutron Incidence to the System
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34 F&O

HIBE BT BRIFCL VG ONAEBERLRICHHT B :

(L) v 7 AT B 0 TR P T RR S ISR TER TS 2795, BEioEe e oLy
By v EREC O T HIEHER TREENUTE 5,

@2 S s FRTHEEY Y - BREORERIEEEPHE TRORBRSERMIT 213 L,

B FER@ 7Lz v 2 {#E 0.3MWY, 'm® CTldEEN v~ HOFEH I 2 L X3 M EiIc L oF
~0.56 MeV Th 3,

4 EEEFRc AL ¥ - RBEIBTEIAL I VR EDEEASEAL LSO, R 2~ 4
BHECPT TR 72Ty 2 EHTEART L, CARKBIELEHO “ConH5sEAT 5
MmoTH b,

B F v THHLEROBE, vy THhoHABREHNAME T, PHFHIIX + v 7% -
o= 3 v TR LR BRI G BRI A, '

6) Fo o TPTEPUTHEOBE (4MeV IMEPRTHIZd=a - w 2 TEESHE) 1T
NIRRT APEDEOPLLEEZOT, Feo o THETOHEREDORELEDMICH S,
DOT3S R EAHETRLA T 27 itk D0 ORDIRE 55,

T Fo v 7HRELBECH v oGP 2L E — 3~0.5MeV i2E (0.3MWY,/m?, 3MWY,~
mf EHIT) TH5H, VL QEEICIHERER TS L BETICAF T I LT v &L b IT
Bz 2 F =R ER L0, Fo o THBETHZ VT V28NS B PH I AF-DFRIZ
Ronrge,
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4. FryTAN)— v IHG IS EO R

4.1 FREAE

H2ET—EOT V2 REEFFSEZONIBEDF v o 72 b — 3 v IS, /53
BHTRRSFERIC Y 28KE (27 v vzl OEHEEAET Yy ~BROBHEAFOHITL
Fro LEDP S>THRBEGEOEGEEEIEZ MBS, (o0 F— 8 2HOTH Y < EESH
AHTEL, IRIT2AL ) - I vt BEEY -5 v T ETHNCTATACEHNTEA, B
INoDT — ¥ TRFEREPERE, ¥ v v 7 OWGESLENBEEZIES cBHAETH 5,
Fig 4.1 — 1 KEHEXNREF L E2Rd, o AB 1B T 54 < EH%E (photon cm™s™)
EL, BEREEIFEICIEEBENCEET A2 ERET 2, BERKRF» » THEBETU (53
BT~ & 5 KEFCRIERBRTEEY), Fro 71BN ANBE T & T 5, EB
WEF ey TP oDIEEIT Lo T PO usNEEMT 2 EEZONAD, & Tkl
Dl o & D2 O TRESHSL, BRAENMITOT <8750 7 £ HIEHBER (¢,
Ds, @6, Do) DA b2 ERITHT A Ger D BEEAIE S 5. EHOEIL O % /212D,
ARHBHLETHLY, nod uDREFRICE DRD 2 2DB[EICHT TEL S,

O ne= ns DES

CHURFEEE R F o O T 2 b Y - v SRS TR LI E AT RS
CXIET Bo FEEPEF + » THEDODEHAT L &b, BERICLDF e, 7H5&
Mo TVWABEENEL LN,

@ wmowpe T po< us DEEL

FEERIC S £ ey THOFEL, RET 2 M — 3 v SRS LTIt ER TR IES
R 5,

(1) ththF= b= 3 v I AEOES
FowZ7AMN] IV TCEBE—F 7V EE (f,, BE2ERB) 2HuohE,
B = G5 x fp }
Dy=Dg x fp
CEDRDONA, By, Dl 2 EREICEDTORHOENTNAD, LiEH 2532

/

6)

KR TE A, (o OEEFE2F|CRLANKE (Fig 2.2 -10~Fig 2.2 1373 8) oA L
TRHONL, SEOBHATHE 77 v 7 2EHBROE—F U/ RRHEZRELW I EMmsh
Thd, BNV v HEB3BETHLLI IR IANF - P AEHLTOEY, E—Fr )
FHDx F v F RN S DT (Fig 22 - 138R), T s v - TRESFNE L0,
@) hEF2 b 3 v H ARG

COBEF ¢+ vy THATD 77 5 7 2B L CRBRAY ¢+ » THIOEED S OFFOHITE
HEInbEEZATEO, LD THRIFBERERE 1=, LTE 2R (BLUREA)
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FURE (Fig 22 -6~Fig 22 — 9% &) hbF v o 7HOATD 7 5 » 7 2 £ - REEE

AL A, BBINOONETIZIo=1 photen em™ s & LTHB{LZN T ADT, #dd
B EHET AT E 1B B AREREDRSE (B 3EHM) 2ETILILEND S,

1. Case 1
Plasma
0----
lo lo
o
@
Ih(x) ol lglx)
Shield
| V
o
v o
2. Case 2 : A gap dose not exist

after shutdown.

Plasma

Shield

Gap

1 (%) I(x)

Shield

A gap exists both during operation and after shutdown.

I : Decay gamnma ray source
intensity from induced activities

ib{x) = loepl{-uyx)

Ig(x) = laexp(-ugx)

Dp : Dose rate behind bulk shield
Dg : Dose rate at gap exit

during operation and exists

During operation

After shutdown

1(x) = loexp{-u x}

(v = =g )

Fig. 4.1-1

Decay Gamma Ray Gap Streaming Model
by the Approximate Calculation Method



JAERI- M 87 - 182

4.2 BREMLEZIMORE

AT TR F A% SS 316 & KA OB E N A ERARZICGEH L, #0#5%% THIDA
-2 ARV FMABTTTEORR I LET 5,

4.2.1  FHOER
SS316 EMAM eMALBRK TSNS BREIC 2 i~ MIX v » THTFET BIBED
¥y THOEECOFEEL | BROBBRBLIMES 2, BRI Fig 41 -1 KRINLEDE
B TH 5, PE#ANIE SS316-85%, HoO—15% & Ui, SHENMIFHERSE 3 HTl~k
Hik (P#EFaEE (DOT 3.5) ~FEIEHEHE (ACTD)ITH v <BEE KD, SoILH
e EROEEFE (DOT3.5) 270, HY=87 7. 7 ABLUERBESMAERDI,
FFRIRD 3 -2 TH B !
® Fr o TEW=05cm, FEEHLF ¢ 7OEFEEL, 70T 2 RF0OIMWY mb (7
— % 1)
@ Feo o TWW=2cm, FEBIEELF +» 7HEEL, 702 YREIMWY,/ m?, (r— =2
2)
@ FEEREX ¢ v THOREELS T, FELRIZE W=1cmD ¥+ o 7HRET A, 71T
Y243 0.3MWY,/mf, (77— 2 3)

4.2.2 FHFIEL L UHEHR
(1} #/—=1 (W=05cm, 0.3MWY,/m")
WoEEP & EFIRO F +» » 7HEAET S & ERIE TR ~E 2 0S4,
TP BEORGEETT 5. CHIEREIBTORINBRSHEFEHIR S, Hb,
51 BT B ABIEEE  To = 3.11 x 10" photon ¢m™? sV (Table3.2—1)
BT F L F— I E =~0.55MeV
ThbH, RICEBFREEATCELTTHED, BIETAHILEICF v v 7THETHIEREIHT
BEROSNILTO, Fig 3.3 - TRaNAERE (0.5cm) @ 0em & 100, 150, 200 cm fH %
EhEhne ‘f"i'fé*,ssé BN, SEMARIKLIDAEMUTE 2LRET D EREERE, £hih
#~0.11, 0.083, 0.068 (cm™ ) &7i5,
RN DBEF- BT CE2EBICNBIERULY v v 72 F U — 1 V& HIC
BT A0FEABNTE + v 7 (100cm, 150cm, 200cm) TOH v wHBEBRAETT H
(CZTHMHEBD77 7%B03) .
@  FigA-24&HW=05cm, L=100cm, 150cm, 200cmic T AEEEZLEhEN
3x107, 6.3x107Y, 2.5 x107Y (fem/h) T&HAH {{HL, E=25MeV, #=01cm ),
@ uid AfIER, Fig A-3@®OL=100cm, 150cm, 200cm DHHEEHOTRD A
n=01—0.11, 0.083, 0.068 DEIiCk 2MBEFH”7 » 27 5 — 0.77, 1.4, 13 %FA T 5.
@ EBErida8ifiz, FigA—-4®L=100cm, 150cm, 200cm D% HO TR,
E=25—>0.550&(ick 2HEBEH 7 » 74— 0.14, 014, 0.14(L=200cm x4 %
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MR I AMEERE] L S HEE) AT 5,
@ DEDTERLF vy THOTOH Y v HHBER, SERECHLRDE ST

. = 100 ¢m
D, =30 %107 x 3.1 x 10" x 0.77 x 0.14
= 08 (rem.~h)
L =150¢cm
D, =63x107"%x3.1%10"%1.4x0.14
= 38 (rem,/h)
L = 200 cm ,
D, =25x107"% 31 x10" % 1.3 x 0.14
= 14 (rem./h)

CNODRREFHITERE LB T o ML DEFig 4.2 ~ 1 05T, MEDERT
778 -2 FCTHB, 150cm, 200em U EESORECETRTCHEFEFSBALLEDR
MIRORMBLEERERET S LIk VHRRBEFEORE £ EEL 0 BACFEE L T 2 120
tEONL, ABHEEBITOEBE, L4277 rEIDBlETR Y -3 v/ 42B0FFELT
WHEDT (33EHBR) , Vv REBRELE LTH Yy vEHELALTEHLTCHEEELNS,
BEFMICENTS, LRl S0 REREORESGEEET 3 S WICHH L 72 Fig 3.3 -
TOBRBEDME LA T 727 PEZAKLGDTHD, LATT77 FERETEELDBIZED
NECEL (BEANESCHULR) . COENTREEL—BLCED, BEEBEEEOMET
G AN
2 5—22 (W=2cm, 3IMWY,/m?)

T2 1EEUECEL2OESOTEEZHEBT 5, BIESEER,

BB BHRME  Lo= 7.34 x 10" photon ¢m™3s™?

A=z 2ar¥— 1 E = 0.5MeV
LUt Hry=HEHL2AF—CALTR, F+ov 7HRRTIMWVY. M’ DF -5 LT
Table 3.3 —5 R LIZbDEFERA L, F+v v TEHEON v EFEBERERK (1) 2ko
I BEL L,

O F#FF v 7 (W=20m) PO 1UMeV THETHROREE FRT 5, BE,F1BICEHT 3
[4MeV P THA 6.4 x 10"n,/cm?’s (Fig 3.3 - 188) THEOITH L, 100cm, 150
cm, 200cm OOEIZE G A 14MeV htEF oL, ORI LDstBEENA

100c¢m : 4.43 10" n/em?% , mg = 0.050 (0.057)

150cm : 2.95 x10" nem¥s, g = 0.036 (0.041)

200cm @ 2.22 % 10" n/em¥s, sy = 0.028 (0.033)
TR L EED O IEMBAEIR IR T 5 L IUE L B S ORERE (uy) 2k», LidhHT
ROBIOR LIz, () AOMFROIRTH, DOTISHEERELORDIETH L
(Fig 3.3-4),

@ &T, 3EIIIWETRLIEI L, #s~15 43 TH500, SNEBEOREREMNEH
Blpr)dko Ly s,
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100cm © 0.076ecm™ (0.086cm™ )

150 cm © 0.054cm™ (0.062cm™ )

200 cm : 0.042cm” (0.050 cm™)
() NOMMEIEDOT 3.5 D&ERD» ORDIny & ANHBETH 5,

ULoF—9 2R THF v o 7HO (190cm, 150cm, 200cm) TOH =R EFELE S
%o

@® FigA—-140W=2cm, L=100, 150, 200cm ic#d 2Bz AEH, 9 %10,
31%107°, 1.7x10rem/h T3 (HL, E=25MeV, #=0.lcm™ ),

@ nIxTAEIER, Fig A-3 &M TRt 1=01— 0075 (L2 0.086), 0.054
(Xi£0.062), 0.042 (3Li£0.050) oEIC X ARBEF 7 y 2 5 —FhFh, 42 (X3
21), 7.1 (2 4.3), 1.6 (N 1.5) 2EET 5.

@ EkxdaMERFigA—4dEHOTRYE, E=25-05 O/t 3 BBEH 7 »
745 —~0.11%2#MAT 5, _

@ PlLEDZ &bhoF e 7HIITON ¥ v HEBRREREICHLKOEH LB

L = 100 cm |
D,=060x10"" x 7.3x10" x 4.2 (i3 2.1) % 0.11
=3.0x10" (i3 1.6 x10*) rem.h
L =150cm _
D,=31x107"%x73x10"% 7.1 (Xi243) % 0.11
= 1.8 x10° (i 1.1 x10°) rem,h
L = 200cm
D,=17%107"=x7.3x10" % 1.6 (X3 1.5) x 0.11
=2.2%10° (3iF 2.0 x 10°)

LG OHEGEREAMBENGREL b7 o0 b LELDE Fig 4.2 - 2i0RT, HE
FIZBE L TR DOT 35 X 514MeV i A M AF A L 123BE(A) & Line—of —sight
(D)) L L 514MeV i FRAMATHL 2B&B DM E %2R L, DOT 3.5 DEREHL
FA DA, FEMFTEE (THIDA-2) S 0—BH L WSl d, UE—HOBERR M-
TWh, LB LARL AL 3 DOT38 LA FR MY -3V HEBERLA 727 bk
BRI S B & AFE L NL, BIOAM L DEFEITIE ATREEAE .

@ 4 —23 GEEREF » . 7L, £ W=1cm, 03MWY. /m?) FE#EHDPZF v 70

BFELBOOT, BIETH~F 1 0EScHitd 5, BEEEE

BT BY AEFERE " To=3.11 x10" photon ¢m™s™
Hy w@EET AL F— 1 E™ 0.55 MeV
RIEEEREREE D ps=0.1425cm™!

(Table 3.2 —1)

RN OCDBERT -4 EF2RHCR LAY -+ v M RECEIT ARELOAY — 20T 3
V- v SREEHTET A,

@ Fig 22— 10L0W=1cmixdd A -+ 7 FZHZIL=100 150, 200cmicxfL,%h
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£, 48, 20x10°, 16x10*TH% (HL, E=25MeV, #=0.1lcm ')

@ wiHdAHELEFig 2.2 12580 CTkdDtn=01->0.1420 DL L 2E&H7 52
5 —, 26x10", 31x10°, 26x10° (#h&hn, L=100. 150, 200cm et L C)% &M
R

@ Brxd2@iEE, Fig 22 13 RaNALSRRBEASZEALCTEL,

@ LT ERIIHT AEFEREEIMET -4 FAEXHINOFig 4.4 —-2) £RET 3,
Fig. 4.2 =3 it "2 7 BERBEiCwd 221 RBEEROBATRd, SERFCHT 2 EES
R Rd (L=100, 200cmiZAE L TR 1)

L = 100 cm 1.8 x10° mrem,”h
I. = 150cm 1.26mrem. h
L =200cm 8.0 x 107" mrem,/h
® PEDOF-9E2BOT, £+ THOTOH Y HEERZRDLIITRKDLNAS !
L = 100 cm

D,=18x10" x 48 x 2.6 x 10" x 107°
= 2.2 x10° rem/h
L = 150e¢m
D, =125%20x%10"x 3.1 x 10 x 10*
= 7.8 x10' rem/h
L =200cm
;= 8.0 x10* x 1.6 x10* x 2.6 x 10° x 107°
= 3.3 x 10' rem/h
e DFREFMBNERLE ST T oy F LD EFig 4.2 — 4 R Uiz, BB
I THIDA -2 ¥ 27 A L ZBINERI DRI DOMENL -TWVAY, £0ER 77275 -2
BETH?, AXDOBETAERELTIR 1) E— % 7 HHIEH% 100% oBRkdd 3
bDTHDHID, SS86%, H: 016 BDERERCHATAESICRE -+ V2 BRI 5
CliTins ; 2) Fig. 4.2 - 3RS FBEG 1 KTt BHETH Y, THIDA— 2iIc kB2
MRS 2IRTTHS , ZE0EL LN,
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43 &

FBABCBI ARFACEIDEONALEBURBEALRCHET S ©

1) WEFELIEE LTE, O2FETRESHLRILEZEZ0NIEE (He=us) &, @F
vy TEBEF ¢ v THOENIHETRESGIRLIES (e us) KA TELON
A, WINBE2E (MREEE) LEIVCESAonAF -5 2ELF+ o 72 F 1 — 3
Y OB FESAHETH B,

20 34 2T OO THMENTHEEER (THIDA-2) LEETHESRALK L L2 A, @iZidh
WHES—HL (7724 =28, 100~200cm BEEOERECHL CREETMEOS
o S R,

(8] FETHRELT, DOT3SRLAHTF 2P - IVIHETHLAT 727 Mtk 5B
Dt dH 50T, THIDA-2iC & S5 TETE, DOT 35 kL 2T AMmEFIHL
RSB ERL G+ o THROA VBT 50 7 R, BEBELZBLFHL TR &N
Fona,

@) EOFEOBEL, 14MeV FHETEOELVFMOTOITIHETLLELLL, Fv vy TR
lem i LT 77274 — 3, 05emiBCLTiR7»7 79— TRHRESZEZ NS (ERE
200 em) o
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5. finm & 41RO

B

<

BHEFICED 2 FE G L 27 Y v RO EET 2 L & biT, Hr=BoF e

TRV IREE 2 OBBIHE T ELE O A Ul EENERARICRT

(1) &5 —EOHEENE (ZALF—, BEAH) 2521800, ¥+ 7HOTDH v <5
B (LERBE) DX v oy TEBLCERE (£ 5 TES) ~OKEEEY —~<1 L, BE
fLLtco $H VI HBEEORBEINDE -+ FEHAER L, DPROK I 2 — 5Dk
BHEAIA ST L,

2) HEESFIERERICE T 2 DT R TIC k 258 KE S0, BT v < BEAFHEL s
BEREF v v THRROE G U THL I LI,

(3 EFREQDRRER T, BBV =BOF+ v 72 1) - 3 Y EBBHICHFT 5F
HERE U OFEREGMEIEERARICHEE U8R, SHIMITERE 7,29 20T
T8 L LRI EARTREE R E N,
RICGHDBEE L TCROE ST EHEI LN

(1) DOT35RIBABTCHLATT 7 bDfzbBET R I — 3 v /2 BDREMET AT & T
&0, BEBEEBIUT Y v BERES SBLFEL TV A EEDbN B, Chd FRE
TEHIHICREYTANOFEICEAR MY — 3 v VHEEE (hitFER) 28007 HEAUNEE
AENBETHA,

(2) FPRMCRI¥HEHCTERERET, ¥ v o 7REEREOMKE L THEERFELOR I £8
TAHEHREE Ly,
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