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Application of the Solid Angle Method to the Estimation of

Radiation Dose Rate Distributions around Large Packages

By
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Yasuji KANAI and Kiyoshi TAKEUCHI

Abstract

Gamma-ray dose rate distributions were measured around the spent fuel shipping cask
and in the spent fuel shipping boat HINOURA MARU.

Measured dose rate distributions show that the attenuation of the dose rate around
the shipping cask is slower than the r™? rule governing the radiation field around a
point isotropic source. Thus, the measured distributions suggest that the rule is not
suitable for shipping cask cases. A simple empirical formula based on the solid angle
method, D=Trp. Qx/Q; (mrem/hr) is introduced, where 7Trp is the dose rate (mrem/hr)
at 1 meter distance from the surface of a package, Q; and Qz are solid angles at 1 meter
and x meter distance from the surface of the package respectively.

The formula explaines the measured values fairly well. The formula is also applica-
ble to the estimation of dose rate distributions around a cask in the spent fuel shipping
boat. The calculated dose rates agree well with the measured ones in the hold loaded
with the shipping cask.

B R 1. BUL®HIC

1. %4 [jb‘c ................................................ 1 Fﬁﬂq%&mﬂ’ %mﬂ’ m%.}é%ﬁ%%%ﬂéﬁa'cﬁ
2. AAEOBA L EOEPR 2 R BB, MEY» 5852 100 * — FLOERAT
AR AR R R R HREEMTEONIZ OMBEBRELDT 5, 81X
DORFERICHR LI oo 5 IR - TR S LUMWBMERME 2 FRIL

4 MAPNICRER S DB B R~ OB 10 THLBRUBHREELFETH IV TEL, W
5. Z OMRBEEHEM OB OO T e 13 EHOERYOREMETERT 5 L0 AL S bt
6. VAKFIEDBRPEIT U Torvrereeemreee 13 s, HANO A LT OMARERI
7. % F RR R R R PP PP P PP PP TPPPPRPPPRRRD 14 %iﬁhﬁ%$ﬁ3§Z)b‘@ié@%ﬁff@ﬁﬁg%ﬁ‘?&ﬁfg
Ei) ﬁ; ................................................... 15 Bl IR R D Ecr;ﬁ: X ﬁiﬁﬁmf, %EB’]K@%
e LT WFEBERIN X D, FAIEEZEFRERICK

*%

WS RSN BAss4E3 AT A

T QIRBESEEN 5,
(279)



2

FEBEEREEEERELON v~ RIBERIOR
FEEM 2 Q& D BN B0, —BicHEFX
NTH 3 EEHRFICET 5 12 AIASKERY A
OMBRENSTZHIFTERLVEBPRICIE -7, £C
T, ERLUCBERIHORBRREEREZHTL,  “Mk
AY LT ARBREBN T, £ LT, WEAREK
X BETEUME LEEMRAD DR BERSHORNE &%
Bkgst L, MAREOBREE N, ki, EHE
BRERSERAR ‘ol i 2RAREERS
HREER R ARIC X 2EEH I B L 28
B, AEaHRE UM AR2BE LI RAaNTRE
B & D—BedE AL 023, WERFAKE v 7 PRREEL (]
WHBRT 3DICONTEHEBENEEEL LR ZC &
B otc, THRIRMEL 2 [l & FERkiCEREYR
T H HREEHOBRDRLF/RL T EFICL BB
DEEZ LN B,

R EEOERAIE L CHRRESEYO5S, FE
R O rhREE RT3 2 A B JOEE T

10

Direction-6

Direction-5

=

0

9
w
w
-

30° Direction-4

Mi\ﬂ

Excellox-11T
Cask

Bottom

/

10

15

(inm )
Z

Fig. 1 Experimental configuration for dose
rate measurements around the spent
fuel shipping cask.
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Plane figure of the HINOURA MARU and measuring points.
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JUONH—25ARICEE L2 T L DIZH 140 R HE Table 1 Gamma-ray dose rates on the sur-
Shieds, EIMAD Hz—75 ARI3TL DRERY face of' the shipping case t.)y the
IR DA b0C, T 1 ) e e el
R N H—2575 38 b3 &k £ 4R O,

BIESTER & 78 - 7o N H—25 BRICITMRBEE 05 21500 Location| Dose rate sh/ne [location| bose cate mi/hr |Location| Dose rate mi/he
MWD/MTU, #%HERH3550H D BWREFFLED
BHBERE 2 2L TE D, —FHz—T58% 2 &
2% N E B HS14300MWD /M T U, AHIBE¥SS
2421H D P WR OEBFEMEL 7 R E I LT - ;; v " a o2
bHolo NH-BEBDOEEMRERSHETLDHE
TSN » TEERAET Y — <4 4 — 2 THE LR RE
RLICRTV, £1DOFROPRIMTEBBERTH
VBB EEN 1. TmR/hr BETHS 5 LHEEIN T 0.6mR/hr BETH 35, Hz—T5FBEHOA v~
3, E2WRNH—2BEEH,S1 4 — bLORIBICET BRERIBHAT Y — 4 4 — & TIZ A SR
BA VI RERAR LI BT, hRIFALESRER TEY, YvFL—va VBV —SA A —FZ THUEL
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1 0.5 13 1.6 19 1.2
3 0.5 14 1.65 20 1.7
6 1.2 15 1.7 22 1.7
8 1.6 16 1.6 25 0.7
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Table 2 Gamma-ray dose rates at 1 meter
from the surface of the shipping
case by the ionization type survey-
meter, including the natural back

ground.
lLocation Dose rate mR/hr [Location| Dose rate mR/hr |Location Dese rate mR/hr
3 u.3 15 0.6 27 0.5
8 0.5 22 0.6

Table 3 Neutron dose rates on the surface
of the shipping cask by the BF;
type rem-counter.

Table 5 Gamma-ray dose rates by the TLD’s
in the HINOURA MARU, including .
the natural back ground.

Location| Dose rate mR/hr {Location Dose rate mR/hr|Location | Dose rate mR/hr’
30 0.011 * 0.902 37 0.040 tOAQUZ 44 0.011 tD.DDZ
31 0.006 %o.000 [ 38 0.027 *0.003| 45 0.010 ¥ o.001
32 0.056 ¥o.004 | 39 0.499 o.010] 46 0.013 % 0,003
33 0.198 ¥ o.007 | 40 0.346 fo.002| 47 0.700 ¥ 0.019
34 0.594 10.021 41 0.012 b3 0.003 48 0.490 1’0.012
35 0.546 *o.008 | 42 0.0z Tow003| 4 0.051 ¥ o.002
36 0.016 ¥ 0.003 43 0.021 * 0.002 50 0.022 i>0.002

Location | Dose rate mrem/hr jLocation |Dose rate mrem/hr |Leccation|Dose rate mrem/hr

1 0.1 11 0.3 25 0.1
3 0.1 15 0.16 27 0.1
6 0.18 20 0.3

8 0.14 22 0.24

Table 4 Gamma-ray dose rates on the surface
shipping cask by the TLD’s, includ-
ing the natural back ground.

Location | Dose rate mR/hr [Location | Dose rate mR/hr |lcation | Dose rate mR/hr

1 0.88 +0.11 11 3.39 * 0.07 21 4,19 * 0.09
2 1.20 o1 12 365 touoe| 22 wsr To.
3 1.39 *o.20 13 376 Youae| 23 376 %ouo
4 141 o 14 306 Foo2| 2 3.8 Yo.
5 1.08 ¥o.20 15 420 foae| s 163 %o.02
6 273 Yo 16 a1 toas| 2 1.8 Yo.10
7 3.02 % o.04 17 358 Toas| 27 2.6 Yo
8 3.96 *0.00 18 332 Youor| 2 176 *o.03
9 3.40 Yo.05 19 323 foos | 29 151 Zo.05
10 2.99 *o0.07 20 w07 o1

TEBELOD F 5 =4 VLT 0.4mR/hr 2380 X
nrchs, FEOMEELTIZ 0.015mR/hr BET & -
2V - TNH—25 BREFB LB 2MES LU
2N OMEROBERINH-25FRICEE6D &
EZTELOPALED, X3IRINH-BEBEEFmDOT
MFHEBRLLVAAY VA —TRELISDTH B,
hHEFREROENERIFBAmMERS W O EHT
0. 3mrem/hr DA XN T 3, FEH TR
BRIBOEBELTRER++ 1 7 1 NICRER
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DIVBREDZELENH 50T, BEICLEEA+»
4 7 4 OXEHH ERicERESTE, MR
REHTFEBBRBLPTLBAENEL ONS, R4id
NH—-25ABERMICE T 34 v ggREs, £5
MAHOHT v~ REREZNZHTLD THIE LicE
ZRLICHDT, WThbBERO Y7 75V FE2E
ATV D, BOMENEERTHES LRORALTRL
TeALB I T 3RS IIE L T %, TLDIZL B
ETRABREXADORERIDIBTELSHEAT 4mR/
hr, 21O FHHE/NC 1 mR/hr BEDOSHHEISTIN
T30, foe—7 BRI T, NH—25
BRBOKELORK®ELTRHT 4+ w3 T
HOEBES 60 2, #-> TTLDRERKAEOKH
WHEERET AL ENTE, R5OTLDICXBH
EiFHE 1 OBHBR Y —~ 4 £ — % LE—OAETHT
ST 5, MEZHIKT 5 E&BICE-TTLDICX
DM —~ 4 A =2k BELD S 25EBEKRE
{1E>T3, COFERBHEDH VB xvF—
Xt BIGERE PRI AE, KEIBRLIE, &
BRI — A A — 2 DA mR/hr QRIE TIF
EHDBE OO TS IRET SRNICEZFHT TR
B ZEDEZ SN BDS, TITIREDSMERD
RERICTOLHENRETH 5, MBIERERD S
WWIREEHS 1 A — PigiRT 2EBLRETH 505
TLDTidZ DA E TOREEISENDT, BEHEFET
Y= X —F ik BREE LA — PR 28 &E
ROFFEA»STLDOEEHEEL, £6DLIIT
1.48mR/hr & L7, MADEHR Ny 27 75 F%25
pR/hr EHEELUCH, chi@iEhich g 3597 7
SYNMNMYyvFL—Ya vy — R X — 5T 2
¢R/br TH-7DT, TLD OfEE LT 3ERHER




Table 6 Estimation of the gamma-ray dose
rate for TLD at 1 meter using the
values measured by the survey
meter.

Average dose rate by ionlzation on the 1.68 At lm 0.60
chanbe: R/hr

T WY
(Average of locations 8,15,22)

A d g
wverage dose rate by TLD's on the 12 Ml

mR/hr
(Average of locations 8,15,22) surface (Estimated
vl

Table 7 Comparision of gamma-ray dose
rates between TLD’s and solid angle
method in the HINOURA MARU.

Locations 34 33 32 31 30

the cask At lm| 2.65m 3.35 m 9.85 a .15 16.55 =
surface

TLD's mR/hr | 1.48 0.59 0.19 0.051 0.009 0.006

Solld-ngle | 4 45 0.51 0.3 0.056 0.044 0.022
method
mR/hr

P RA A= UKL T 25 ->TNBDTY Y
Fr—va vRICH LTS 2.5/ LT 5R/Mr &L
72bDTH 5,

“HOE OR—1icH ZREME, 3433~
32->31—30ic D T T L DiC & B HIEME & kA
L BEEEHBR U bDONET TH B, MIEAERE
XY S O MEXZEER L T 30 HIOREEIC
X B EBRDEEBEHL TV B3O TE 2 MANONH—
BRHBD HIZIFTHEEEICH BAESM, 35 LT
12 0.51mR/hr 2 5% 2D TH 5 OREMEIC B —K
T3, L LEERRRKRE v 7 DL BB L BICH
BAIE33L DM ERITRIAKARE I X ZESRIEES
FEI-THY, WIESL, NTRENLENL, 5EED
TS > T 5B, CCTRIAAETELNICRESR
OB E LT mR/hr EUTH 305, THIBERE~
DBEAEBRTNADT mrem BmRZELNVEL
TR ULAFICLEHDTH 5,

VA EEEMNRERSTOMEICERT 254
BEMEOERDFEEERL T 20T, WS
Bh 2RERIMEE LB 2RI S 2FERMLTEL
PENH B, EMELEOZERT ~BOBERT 2V
F—ZR7 b BHNIEREE B 501310530 1 8
oI BEBIEDRLEDL,

5. ZOMKXEHEMAOBERICONT

EFRBERREHARE R L D SRBOERY~DEHA
EEZ Bo BERTHE OB REYRR AR X

13

TEEAMO 1 >OMBICHERINIERDOT 0wy
13 10mXxX5mx3m BEIC AL EBTFEEINB, L
ML, COXINHERRIRATEORETHY, &
BT 0y 7 OERED B0 RELORBRIGCSH,
FAEEREONBHI NI DML DT, MISDL D
I210m X 6 m X 3 mDEF %% 2 T AHZ AL
KRR RTICEED B, ATIZS0FEH * — b Tk
FHREMMPSOX —bT2r, 14— VBN TE
MD2/3, 10N THETD 1/I0BELMNELES
OO CHEABREHAERBOBEAD, Eli—>1 4 —
FUHL/3, 1A — b a—104 — b UAS1/25 g
ZDIHEANE S EA AR P B, 18- T
BY T 0y 7 AAORBERITIRIEEIBED IR
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B9 M ARICON T AMERAR b2 ORI~
TRATAHERD A I,
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BZohnid, SREICHT S 2 Q] SERic gD
B TRERBRD LN 3,

2) WMXERFALOMEBRITRIEER O LT
Ey:al sl n kR ool isiak 22 g ia F ez ;]
STARE A O TR TRIC & B ST DSTISEAE & B —
AR U, MORIEEH K LT Al prifo
LR FEOKRERSHLZBRAThRHEARERTS
K Z50%RIEMEE T 2BETH 5,

FEEEI R OIERRICRER I BT8O
BROEC—-7 BRLNI, i3t UAKKRES
ThHD, —BHNICIIBRNLEE -7 OEOEEI S
IOREEEINTHBETHAH, THBEERO+
B 7 1 WOEIH NIRRT AR O MR O B
SPPHREIN B EBTDR-> TN ENEEERL
THHEHE S TE 0T, EMHMICERENS 5 &
HIBMBRMEBE SN, FhuciE L1 4 — b
KB ARBEEBEZ ONETHAH, YULoHELE
B NSHIRNNIR A A RO oA AR & D B
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Table 8-1 Dose rate estimation using solid
angle method for a shipping cask,
Example-1. Dose rate at 1 m dis-
tance is presumed as 1 mrem/hr
in the direction X.

.29 —3 Example 1

: J
£— Fins

i

Excellox-1IL or H2Z-75

\

ITTT I T

X-direction

0
1

T LI IIIT
kins

(taw)
Y-direction
Distance from the cask surface X -direction (=)
0.5 1 2 3 5
= 10x107%
Solid angle 3.00 2.00 1.30 6.60x10 3.10x
Dose rate 1 1
mren/hr 1.50 1.00 s5.50x2070 [ 3.30x107 1.55x10
(Tip =1)

7 0 20 0 50
solid angle || 3 7551072 5.40x1072 2.60x1072 1.25x107% 4.90x107%
Dose rate N _2 S i 3
mren/he 8.75x10 4.70x10 1.30x10 6.25x10 2.45x10
< Tip=1)

WORHEHRLTH 2O TRISEHEEE LTRAT

ERESN

MAAAEOBEMAICEE L TRROEBSICHET 208
335 5o

D AREHEORER L AMERER»S 1 4 — b
MEBY HMERICIEERENEREN 20T
HHITY > TREBOKE, BEOMNES JUHRELSD
A TEBIEGEEICETMEETT - TR e
T93Z2 &, —RIGAHETRART, Z&kTH B0
RERTCEHESZEE L,

2) REORVERFTRATIV, @MXyEEOM
BERSMICH O C— 2 BNEdhiT, HEEREYOE
ARETIRPIEREEF O, JER TR kiRl
MO, EETREHFHD 1 X — b vicBlY 2HERE
BHAT2C Lick»> TIFERED B 5O ITEHIEE
EmEAEDE SN B,

3) MR S MBI DR ERNA R
O BEE, SAAEIEREE OB O BRI R
ZERLTOENOT, FREISEEMT 20 &k
WA kel 246 % H o,
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Table 8-2 Dose rate estimation in the
direction Y.

1‘
-
L

Example 1

Excellox-III or HZ-75

X-direccion

I
i
i
i
i
i
]
;

ITITITIT I
-
a
b

H
H

(nm)
Y-direction
Distance from the cask surface Y -direction (m)
0.5 1 2 3 s
Solid angla 3.20 1.60 5.50x20% 2.65x10°" 1.00x10°%
Dose rate
uren/hz 2.00 1.00 3.44x107 1.66x107 | 6.25x107
(Tip =1)
7 10 20 30 50
Solid angle 5.50x1072 2.90x1072 8.20x107% 3.90x2073 1.55x107
Dose rate
(“.F;‘g‘:l N 3. 44x1072 L.81x1077 5.13x107 2445107 9.69x107%
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B LTI &0 EEL T 2,

i 3
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FIEMTTIE R 2 ISH IS DB ERE 2 5 4 4R
- TITE » T & “FREEREOZ %1
THHEERF X350 THY, BEELTHEEN
THC OO THEBREALICEL BHOBEET 3,

2 £ X ®

D SBISREHTTS FRABKREOR L% CE
T LRARIIMAS, (WS4 3 B, 55 3 A%
fiFE), BABRIEHS,

2) E.P. Blizard, et al.; Engineering Compendium
on Radiation Shielding, Vol. II, Shielding
Materials, Springer—Verlag, 1975,

3) N.M. Schaeffer; Reactor Shilding for Nu-
clear Engineers, U.S. Atomic Energy Comis-
sion, 1973,
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