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Derivation of Simple Analytical Solution for
Radial Dose Rate Distribution around Spent Fuel Shipping Casks.

Hisao YAMAKOSHI

Abstract

A simple analytical expression is derived for description of radial dose distribution
of radiations emitted from spent fuel shipping casks with various differences in geo-

metrical parameters.

The expression is successful in explanation of function form describing empirical

rule concerning the radial _dose‘distributions.

Validity of the expression is verified by comparing calculated dose distribution with
measured dose distribution around casks loaded in Hinouramaru.
Possibilities for application of the derive expresswn to actual shleldmg problems

are also discussed.
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Table 1 Comparison of Exact Flux $ in Eq.(4) with Approximate Flux ¢ in Eq.(14) in the Text.

rs=1.0m

H=0.25m

H=0.5m

H=1.0m

H=2.0m H=4.0m

Ta l Ta™—

Exact ¢ ‘ Appr. ¢

Ts

Exact ¢ I Appr. $

Exact ¢ 1 Appr. ¢

Exact ¢ l Appr. ¢ | Exact ¢ l Appr. ¢

(m)

(n/cii/sec)

(n/ci /sec)

(n/cii/sec)

(n/cti /sec) (n/cti/sec)

1.01
1.05
1.1
1.2
1.4
1.6
1.8
2.0
3.0
5.0
7.0.
9.0
11.0

1.0E-2
5.0E-2
1.0E~1
2.0E—-1
4.0E—-1
6.0E—-1
8.0E—1
1.0E=0
2.0E-0
4.0E-0
6.0E—0
8.0E-0
1.0E+1

9.045E—1
7.600E—1
6.265E~1
4.342E—1
2.337E—1
1.453E—-1
9.950E~2
7.211E-2
2.499E—2
7.663E—3
3.685E—3
2.162E-3

1.420E-3

8.658E—1
6.596E—1
5.184E—1
3.534E—1
1.962E—1
1.258E—1
8.814E—2
6.550E—2
2.348E—2
7.388E—3
3.586E—3
2.14E-3
1.392E-3

9.075E—1]8.972E-1
7.905E—1| 7.524E—1
6.945E—1] 6.416E—1
5.520E—1]4.938E—1
3.623E—1|3.198E—1
2.495E—112.220E—1
1.803E—1|1.622E—1
1.358E—1|1.235E—-1
4.901E—2|4.612E—2
1.524E—2| 1.470E—2
7.350E—3|7.154E—3
4,317E—3| 4.220E—3
2.838E—3

2.780E-3

9.089E—1|9.060E—1
8.004E—1|.7.878E—1
7.180E—1| 6.996E—1
6.045E—1| 5.798E—1
4.534E—1| 4.268E—1
3.503E—113.272E~1
2.759E—1| 2.572E—1
2.212E—1 2.064E—1
9.115E—2| 8.636E—2
2.985E—2| 2.882E—2
1.456E—2| 1.418E—2
8.585E—3] 8.396E—3
5.655E—3| 5.542E—3

‘9.100E—1/9.082E—1
8.020E—1|7.980E—1
7.245E—1| 7.186E—1
6.215E—1| 6.130E—1
4.913E—1| 4.800E—1
4,405E—1| 3.93E—1
3.402E—1{ 3.296E—1
2.898E—1} 2.800E—1
1.471E—1]1.416E—1
5.535E—2| 5.366 E—2
2.865E—2| 2. 736E—2
1,681E—2| 1.644E—2
1.115E—2| 1.093E—2

9.101E—1{ 9.088E—1
8.030E—1|8.006E—1
7.261E—1)7.236E—1
6.260E—1| 6.228E—1
5.025E—1{ 4.990E—1
4.431E—1| 4.392E—1
3.653E—1| 3.612E—1
3.206E—1|3.164E—1
1.903E—1| 1.868E—1
8.860E—2| 8.672E~—2
4,954E—2| 4.850E—2
3.109E—2| 3.048E—2
2.116E—2| 2.076E—2

o oL O

Normalized Dose Rate (mrem/hr) -
o O

{
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1121 m

— Measurement ; Gamma Rays

Bow Side
{ Stern Side

Analysis by

Eq.(14)]

Fig. 2 Relative Comparison of Radial Dose Rate
Distributions between Measurement and
Analysis with Eq.(14), forthe Case of a
Cask Radius 0.5605m. The measured dis-

tribution is normalized at 6em from the
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Table 2 Comparison of Exact J in Eq.(7) with Approximate J in Eq.{8)in the Text. rs=1m

rs=1.0m H=0.5m H=1.0m H=2.0m
(11?1) r‘z;gs Exact J Appr.J Eé!;/zt;r Exact J Appr.J E(}%’r Exact J ’ Appr.J Eil%gr
1.01 |{1.0E—2| 1.972E—2| 1.870E—2| (— 5)[9.956E—3| 9.980E—3|(+ 1)|4.990E—3|5.022E—3| (+ 1)
1.05 |5.0E—2| 1.875E—2| 1.824E—2| (— 3)| 9.818E—3| 9.827E—3|(+ 1)|4.972E—3|4.989E—3| (+ 1)
1.1 |LOE—1|1.767E—2|1.767E—2| (— 0)]9.636E—3| 9.636E—3| (+ 0)|4.948E—3|4.948E—3{ (+ 0)
1.2 |2.0E—1|1.576E—2[1.653E—2|(+ 5){9.249E—3|9.254E—3| (+ 1)|4.890E—3|4.865E—3| (— 1)
1.4 |4.0E—1|1.264E—2| 1.425E—2| (+ 12)|8.430E—3| 8.490E—3| (+ 1)|4.750E—3|4.700E—3| (— 1)
1.6 |6.0E—1]1.034E—2|1.197E—2|(+ 16) | 7.616E—3| 7.725E—3| (+ 2)|4.583E—3|4.534E—3| (— 1)
1.8 {8.0E—1|8.659E—3| 9.696E—3| (+ 12)| 6.864E—3| 6.961E—3| (+ 2)|4.398E—3| 4.369E—3| (— 1)
2.0 |1.0E—0| 7.418E—3| 7.418E—3|(+ 0)|6.197E—3| 6.197E—3|(+ 0)|4.204E—3|4.204E—3| (— 0)
2.2 |1.2E—0| 6.475E—3| 5.140E—3| (— 20) | 5.617E—3| 5.433E—3|(— 3)|4.007E—3| 4.038E—3| (+ 1)
2.4 |1.4E—0{5.738E—3| 2.861E—3| (— 50) | 5.118E—3| 4.668E—3| (— 9)|3.813E—3| 3.873E—3| (+ 2)
2.6 |1.6E—0|5.150E—3| 5.830E—4| (— 88) | 4.689E—3| 3.904E—3| (— 17)| 3.625E—3| 3.708E—3| (+ 3)
2.8 |1.8E—0|4.669E—3|—1.695E—3| (—136) | 4.319E—3| 3.140E—3| (— 28) | 3.446E—3| 3.543E—3| (+ 3)
3.0 [2.0E—0]| 4.270E—3|—3.974E—3| (—193) | 3.998E—3| 2.376 E—3| (— 41) | 3.277E—3| 3.377E—3| (+ 3)
3.2 |2.2E—0] 3.933E—3|—6.252E—3| (—259) | 3.718E—3| 1.612E—3| (— 57) | 3.118E—3| 3.212E—3| (+ 3)
3.4 |24E—0]| 3.646E—3|—8.531E—3| (—334) | 3.473E—3| 8.473E—4| (— 76) | 2.969E—3| 3.047E—3| (+ 3)
3.6 |2.6E—0|3.397E—3|—1.081E—2| (—418) | 3.256E—3| 8.310E—4| (— 98) | 2.831E—3| 2.881E—3!| (+ 2)

Table 3 Rs and H Dependence of the Coefficient a and the Constant B in the Approximation:J=a-ry+b

H=0.5m H=1.0m H=1.5m
rs (m) :
©—a b —a b —a b
0.01 1.184E—4 2.087E—2 3.206E —5 1.029E—2 1.232E—5 6.779E—3
0.5 1.167TE—4 2.550E—2 3.586E —5 1.193E—2 1.466 E—5 7.476 E—3
1.0 1.139E—4 3.020E—2 3.821E —5 1.384E—2 1.641E—5 | 8.355E—3
1.5 1.111E—4 3.478E—2 3.978E —5 1.587E—2 1.778E—5 9.351E—3
2.0 1.085E—4- 3.922E—2 4,088E —5 1.796E—2 1.889E—5 1.043E—2
2.5 - 1.060E—4 4.353E—2 4.167E —5 2.009E—=2 1.981E—5 1.157E—2
3.0 1.038E—4 4.773E—2 4.225E —5 2.225E—2 2.069E—5 1.276E—2
H=2.0m H=2.5m H=3.0m
rs (m)
—a b —a b —a b
0.01 5.822E—6 5.052E—3 3.158E —6 4.027E—3 1.892E—6 -3.349E—3
0.5 7.164E—6 5.398E—3 3.963E —6 4,.220E—3 2.398E—6 3.466E—3
1.0 8.265E—6 5.857E—3 4.660E —6 4,484 E—3 2.857E—6 3.630E—3
1.5 9.192E—6 6.399E—3 5.274E —6 4.805E—3 3.272E—6 3.833E—3
2.0 9.992E—6 7.007E—3 5.823E —6 5.174E—3 3.652E—6 4,071E—3
2.5 1.069E—5 7.669E—3 6.319E—6 | 5.584E—3 4.003E—6 " 4.338E—3
3.0 1.131E—5 8.377E—3 6.770E —6 6.030E—3 4.329E—6 | 4.634E—3
A5, HOEFPERT I oh@Eo A —ElitksE T 5,

&N, H=2mTWR2~3%DBERAT—KT 3 L5124

5, HAEBROBRRIZRS N A4 mBETE, &
BREP» S5 4 mBEHEN-MEE CHEIIRFII—

—F, A TERLZEBKD r, —KFHEE, EER
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s <1.0m DEETIX, 727 pEY%DOEFEA T sin™?
(rs /1) & IR CHEMLT 3 2 & HATEET 5 5 o

sm‘( ) —'+B

(19)

Table 5 rs-dependence of Quenching Value for agq
« and the Coefficient A in Eq. (A9 in the
Text. with the condition of B=0.

WRDEHA £ EHB IS, B 5 OWln—r, ¥ % (") | Quenching Value aq | Coefficient A
ZAENOImE VI I mD2ET sin () 2 R 1.0E—3 1.000000 1.000E—3
o 5.0E—1 1.161520 5.444E—1
By sRCRES NS, ZOHAE, ABOEII/ T 1.0E—0 1.303061 1.292E—0
¥ a DEIMIZIMIERE £ DIEDBEE % 5, Tabled 1.5E—0 1.424830 © 2.374E—0
THR=1mIZRAT2 A, BO aKEEER L, 2.0E—0 1.533469 3.934E—0
720, iz 2.5E—0 1.632530 6.150E—0
B=0 (20) 3.0E—0 1.724180 9.257E—0
ammﬁ*{%&mmﬁmxn{% BHHE % & :
mLt%Aﬁ,ameﬁﬁkééoT%b4Lﬁ,é 2.3.2 ¥ aqEHE EERE
24 D a, A, BOEOMIZx L, FEUR19% B FHEEMFORZWEL, Born—r=0.1m¥icn

Lf fER L sin? ( )@Eﬁﬁﬁfﬁk’é 1. Olerd_
3. 6m®$ﬁ@’(l¢t§"&Lf:o FHEA0EHET 554
e PERLILVEETHE) —HORV &ﬁ‘WJTé‘h

—re=1mIZHA 3 sin " (rs/r)DEZ BHRT 5HR125%
BAXLKITNNIR ¥ a2 RELBAICIE, Hloan
HE ar bELTILIZT R, ERDZTEL, alifF

TWwb, BA LR, SMUER o DEIKET S, Table 5
: 2, AL o O re—KTFER R L 720 a,ld DAL

* g | quench % BBET 5, Table 4 IZffl7R L /=412, HcHEIC AT B,
a DB ERANTEZ TS L, EMBOEIML 22T, s=1mizxtd 3 a,DEA1.303061 & % %

% (queneh h 3 ) IREBFHHT 52 L5, T
LEfFIszE e Lk,

ZELIZEERTNRETH B,

b, 197, 195, WREURIRALTES

Table 4 Comparison of rq Dependence of Exact and Approximate Functions near rs/rg—1.0

Exact Function:sin™ (rs/rq),

Approximate Function: f=;‘%— +B, Radius 15 of the Cask Surface=1m
d

a=1.0 a=], 303061 a=2,0 a=3 0

A=1.510 A=1.292 A=1.072 A=9.866E-1

B=—2.321E-1 B=0.0 B=2.551E-1 B=3.998E-1

L Ts T : T —

ra(m) |sin (rd) £ de\(IIOZSIOD £ _de\(rzyezglon £ de\(rbzgwn £ de\(/;/e;t)lon
1.01 1.429 1.263 (—12) 1.275 (—11) 1.306 (— 9) 1.357 (— 5)
1.05 1.261 1.206 (— 4) 1.212 (— 4) 1.227 (— 3) 1.252 (- 1)
1.1 1.141 1.141 (— 0) 1.141 (— 0) 1.141 (— 0) 1.141 (= 0)
1.2 0.9851 1.027 (+ 4) 1.019 (+ 3) 1.000 (+ 1) 0.9700 (-1
1.4 0.7956 0.8468 (+ 6) 0.8330 (+ 5) 0.8020 (+1) 0.7593 | (— 5)
1.6 0.6751 0.7119 (+ 5) 0.7000 .| (+ 4) | 0.6738 (— 1) 0.6406 (— 5)
1.8 0.5890 0.6070 (+ 3) 0.6002 (+ 2) 0.5860 (—1) 0.5689 (— 3)
2.0 0.5231 0.5231 (+ 0) 0.5231 (+ 0) 0.5231 (+ 0) 0.5231 (+ 0)
2.2 0.4719 0.4544 (— 4) 0.4620 (— 2) 0.4766 (+ 1) 0.4924 | (+ 4)
2.4 0.4298 0.3972 (— 8) 0.4124 (— 4) 0.4412 (+ 3) 0.4711 (+ 9)
2.6 0.3948 0.3488 (—12) 0.3715 (— 6) 0.4137 (+ 5) 0.4559 (+15)
2.8 0.3652 0.3073 (—16) 0.3372 (— 8) 0.3918 (+ 7 0.4447 (+22)
3.0 0.3398 0.2714 (—20) 0.3082 (— 9) 0.3742 (+10) 0.4363 (+28)
3.2 0.3178 0.2399 (—25) 0.2833 (—11) 0.3598 (+13) 0.4299 (+35)
3.4 0.2985 0.2121 (—29) 0.2617 (—12) 0.3478 (+17) 0.4249 (+42)
3.6 0.2815 0.1875 (—33) 0.2429 (—14) 0.3378 (+20) 0.4209 | (450)
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