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A Handy Radiation Shielding Calculation Method for Spent
Fuel Shipping Casks; Introduction and Application of
Radiation Shielding Characteristic Functions

By
Hisao YamaxkosHi, Kohtaro Ueki and Masaya NAKATA

Abstract

A handy shielding calculation method for spent fuel shipping casks is proposed by introducing
a concept of radiation shielding characteristics for casks. Characteristic functions are defined to
realize the idea of the shielding characteristics. Numerical examples of these functions are tabu-
lated for several casks belonging to typical cask types.

The handy calculation method is applied to typical casks for the purpose of verifying validity
of the method by comparing the calculated results with measured results. The comparison re-
vealed that the handy method is effective in obtaining results in reasonablly high accuracy with
short calculation time.
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Table 1 Region Thickness for Each Cask in cm

TN~-12A

EXCELLOX-3

H2-75T 50ton Cask

Cavity - 61.00 -

40¢.50 - 47.63 - 34.3

1 Steel 30.30 Steel

Resin 10.0 water
Copper 23.0 Steel
(Fin)
— Lead’
Steel

water

Steel

Region Number in the Cask Wall
W M N o s W N

(Fin)

1.10

Copper 13.

Steel 1.91 Steel 3.7

Lead 18.41 Lead 14.6

Steel 1.27 Steel 8.0
Water 20.32 Resin 10.0
Steel 4.2 Copper 0.8

Copper 15.24 Copper 22,0
(Fin) (Fin)
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Fig. 1 Consistency in values of the characteristic function CFRN
calculated for the cask TNN-12A by the ANISN code and

rhe MORSE-CG code.
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Fig. 2 Consistency in values of the characteristic function CFSN
calculated for the cask TN-12A by the code ANISN and

. MORSE-CG code.
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Table 2 Characteristic Functions for TN-12A Table 3 Characteristic Functions for HZ-75T
Incident N [
N=5 N=10 N=16 N=40 N=5 N=10 N=16 N=40

‘;;%& OQ%D" 16194 9,882~ 52| 2,955 3,027~ 47 4. 454 =5 2,141 ~6 0

0‘?‘5 %Qg & mrem mrem mrem mrem - mrem - mrem - mrem Lmrem
T\ G\ |9-652-5 | 9,130 5T 6,004~ 5 8300~ 0 5,040~ 5 5,355 46805 4,816~ 6
5 |8.Tos2+6)4006-2 oy L S IO S92 ]
6 |4.4933+6|1.721~2 1.715-2

7 | 3.6788+6{1.350-2 1.467-2

8 |3.0199+6(1.712-2 2.176-2

9 |2.4660+6(2.401-2 3.435—2
10 12.0190+613.000-2 | 127t S N IS | 4.065-2 20661 ]
111.6530+6| 3.375—2 sag-2z | T 45222 |6.760-2

12 {1.3534+6 | 4.030—2 2.143-2 5.008—2 3.361~2

13 |1.1080+6|4.382—2 4.131-2 5.144-2 5.103-2

14 |9.0718+54.907—2 5.141-2 5.233-2 5.309~2
15\ T.420445)4.913-2  15:389-2 | ...l 473-2 4312 ]
16{6.0810+5]4.587—2 5.074-2 3.568—1 43102 4.188-2 4.406—1

17 | 4.9787+5(4.857—2 5.410-2  12.190—1 3.547—2 3.655-2 1.880—1

18 | 4.0762+5{7.132-2 9.126—2 1.043-1 4.936-2 6.001-2 5.313-2

19 |2.7324+5/4.861-2 5.813—2 4.146-2 |I3.006—2 3.481-2 1.186-2
20 |1.8316+5)3.247-2  |3.584—2 | 218772 Lm6-2  |1M8-2 | 3403-8 | o]
21 (1.227745/1.912-2 2.149-2 1.140-2 9.567~3 9.816-3 1.437-3

22 |8.6517+4]1.305-2 1.570-2 7.571-3 6.322-3 6.882—3 9.751—4

23 |5.2475+4|1.027—2 1.200-2 6.030—3 4.083-3 4.063-3 8.839—4

24 |3.1828+4 | 4.886~3 5.664—3 2.771-3 2.437-3 2.211-3 9.970—4
25| 1.5034+4)2.083-3 ~  12.331-3 | amw-s L 126173 |1.0%4=3 | 6.81-4 | ...
26 | 7.1017+3 | 1.908—4 2.072—14 9.602-5 o 5.289—4 4.219-4 3.683—4

27 | 2.6126+33.267—4 3.436—4 1.804—14 9.771—4 8.422~4 8.123—4

28 |9.6112+2/4.108—5 4.122-5 2.205~5 5.783—4 5.346—4 5.286—4

29 | 2.1445+23.6445 3.582-5 2.315-5 1.147-3 1.108-3 1.094—3
30 |4.7851%114.396-5 1429975 | s102=5 | 16533  |1.614=3 | 198973 | ]
317(5.9436+08.749=6 8.542—6 6.293—6 1.317-3 1.289-3 1.258-3

32 [4.1400—1 | 1.628—7 1.581-7 1.167-7 1.392-3 1.369-3 1.296-3

33 |1.0000+7|1.074~4 1.869—4 450 =11 8.398~5 1.572-4 7.16 —13

34 |8.0000+6| 2.543—3 2.932-3 3.169-3 1.904—3 2.023-3 2.485-3
35 |6.5000+6|1.681~3 ~  |1.119-3 | g2t | L561=3 17.338—4 | S04 | ]
36 |5.000046(6.334—3 8.867—4 5.880—4 6.299—3 5.839-4 3.953—4

37 | 4.0000+6| 1.882~2 1.025~3 4.684—4 1.615-2 6.720—4 2.662—4

38 |3.0000+6|1.821—2 5.516—4 2.738—4 2.94-2 3.446—4 1.548—4

39 | 2.5000+6 | 2.467—2 7.362—4 2.867—4 2.197-2 4.789—4 1.417—4
(40 |2.0000+6]2.825-2 |1.79%4-3 | 25714 _|5.364-4 |l 2.606-2 |1.608—3 | 13-4 4.979-4 |
4171166006 3.717-2 5.47%6-3  |2.6964 2.512-3 3.320-2 1.965-3 1.324—14 2.502-3

42 |1.3300+6/8.243~2 2.337—2 3.495~4 6.002-3 7.174-2 2.145-2 1.767—4 6.001-3

43 | 1.0000+6/5.866—2 2.53—2 2.867—4 6.822-3 5.263—2 2.476—2 1.584—4 6.799-3

44 |8.0000+56.124=2 3.320~2 5.384—4 1.257-2 5.182-2 3.057—2 3.812~4 1.243-2
(456.0000+518.193-3 13.638-2 | 2.520-3 ___|3.8%-2 A 6.847-2 ___|3.135-2 | 1.958-3 . $.840-2
46| 4.0000+5(5.350~2  |2.481-2 1.248~3 3.597—2 43172 2.140-2 9.504—4 3.422-2

47 | 3.0000+ 5 6.610-2 2.973-2 1.369-3 6.619-2 5.197—2 2.512-2 1.023-3 6.127~2

48 {2.0000+5/3.659—2 1.679-2 8.078—4 2.583-2 2.873~2 . |1.420-2 6.207—4 2,332

49 [1.0000+5]7.259~4 3.701—4 1.852-5 5.106~4 6.182—4 3.443—4 1.612-5 4.613-4

50 |5.0000+4]1.809—6 3.088—6 1.772-7 1.938—7 1.458—6 3.191-6 2.1007 6.164-8

*1.619—4131.619X 10742 Bk ¥ 2,
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Table 5 Characteristic Functions for
50 ton Cask (CRIEPI)

Incident N

N=15

N=10

N =16

N =40

N=5

N=10

N=16 N =40

' 3.584—3% 2.584— 3 rem

hr

5.487—4%;1

6,327 — 4 TLEM

4,035— 4720

L, mrem
4

hr

hr

1.048—

3,255— 50

mrem

. - mrem
4.241-5 e

hr

- mrem
2.399~-5 e

1.963—-9——
hr

, mrem

mrem

1.829—¢& e

_ mrem
1.752—& T

1.538—4 250 | 9 591 —gmEEM.
hr hr

15.0000+6

4.4933+6
3.6788+6
3.0199+6
2.4660+6
20100+
1.6530+6
1.3534+6
1.1080+6
9.0718+5
7.4274+5
50810+
4.9787+5
4.0762+5
2.7324+5
1.8316+5
e
8.6517+4
5.2475+4
3.1828+4
1.5034+4
701743
2.6126+3
9.6112+2
2.1445+2
4785141
5.0436+0
4.1400—1
1.0000+7
8.0000+6
6.5000+6
4.0000+6
3.0000+6
2.5000+6
2.0000+5
1.6600+6
1.3300+6
1.0000+6
8.0000+5
6.00005
4,0000+5
3.0000+5
2.0000+5
1.0000+5

3.968-2
1.982-2
1.424-2
1.817-2
2.431-2
2.1m2-2
3.164-2
3.005~2
3.246—2
26la—2
2.026—2
3.421-2
2.425~2
12
1.189~2
1.021-2
9.565—3
7.046-3
8.687—3
8.921-3
1.103-2
1.220-2
L.0-2
1.744-2
7.708=5
1.388-2
4.100-3
1.586-2
1.822-2
2.146-2
2.392-2

6.701-2
4.799-2
4.891-2
7.199-2

5.693—2
3.287-2
6.701—4

5.0000+4

2.563—6

4.997—4

1.522=7
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Fig. 3 Incident energy dependence of energy spectra for the
characteristic function CFRN calculated for the four
casks; TN~12A, HZ-75T, EXCELLOX-3 and the 50
ton cask at CRIEPI. All incident neutron energies
are confined in the 5th energy group.
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Fig. 4 Incident energy dependence of energy spectra for the
characteristic function CFRN calculated for the four
casks. All incident neutron energies are confined in
the 10th energy group.

RUERBBRERELCCHEREF L E22E2RTHh

EOKRE XOMFEFN 10%eV HEL BN T A ¥
— B TR BB ENEF BN,

Zh b ORI BBERAECYEEOEE, ¥
BLrOEFIN M CHBERIZILTED, T3LE
BREAESRERCEBE LTS EE 25, Table 1 iz

(440)

i, ZOBROEBLEOBER, K, 8 S
FREEINCER L CHBHERLIETHSH S, BE
BOXRBEOFHZUTICRT,

EXCELLOX-3 0B 1 B & 5 BE TOM
21.7cm DXz, HZ-75T OIS 1 @h b8 3



61

T T T T T T
1% .
a.
218 J
2
o
(5]
&
-3
&
E! R
L
(1]
§
£itt 4
£
i EN 16th
0 o . 16th grou
o inci group -
O
1'05‘ L L L 1 1 ! 1
5 3
1 10 10 1 1 1
0 o OsEn(eV)w‘ 10 o 10

Fig. 5 Incident energy dependence of energy spectra for the
characteristic function CFRN calculated for the four

casks.

BETD 21.09cm DXELIE, E2EBOKE, %3
BOGEIEETIEERINE, LD /Er LT
W5, =® EXCELLOX-3 Dk, @%@, FhEh,
HEOEIIENY, BOPETREERED,

A LichET 2 1 HOERT 100V UTRET X
HTLES, —, HZ-75T O 2 BT, i35 T
MAMHFETE X SEELS R, hOTOBIChETY
NELLIZFREESED, ROEVWETHS, Figs. 3,
4, 5 T 4x105eV fiEo HZ-75T oRHms EX
CELLOX-3 D & b &Kk X \WEHE, EXCELLOX-3
DK, SEPOHEAETIIREDORIL, - LEN

IZRVF—FHRABEIRTLEY, EELTWA
2VF—FEN, Wil TWHBEEZELDR
%o

TN-12A ORHIEESE 1 BIIEVWEETH B A, gic
13, 8x10%eV Wi, 2x108eV FiF, 4x108eV HhE
ST T R EEL L RV ETET B, E BRI
AX 0 LARETEEEZE LRV, Z0%, Figs. 8, 4,
5@, 3x10%eV ffiFE ¢ TN-12A O K& s HZ-75T
FOLRERMELIESTNWS

HZ-75T D@ iﬁﬂ'ﬁ?ﬁ BroiBdEBBLEW
%, YOBERCHIKBABELCTE, EVWkEH
THRAET 2V F—~KiEe T 2V X —BELRT
%, ZOKEL LT, 3x10°eV T, EXCELL
OX-3 13 X iz, TN-12A kb /X R
EigoTWnW5b,

All incident neutron energies are confined in
the 16th energy group.

8x102eV PIFDET 0¥ — ik, HZ-75T 0%
25 TN-12A XDy RELFRFFEI->TB, Zh
1%, RO TR L7cHET S, KE»DREYE
LCHEIEEA~R DA TH %, EXCELLOX-3 0PIl
BEEE 1, £82, 3 B X AWEPETY, NAXRE
CELIELhEBNE, 8x10%eV LTFDZ 2 F—T
1%, EXCELLOX-3 mhbOREHAR O KREIEE
> T3,

BAIFRFEFR CIESNL 50 + o BERONAER
MHEDBERIEIISES s, SHOERKRTHY, HZ-
ST R LI BEDOES L Te > T D, i, 8§
208 (&E) 725, 50 b A Tl: HZ-75T ofy 2.5
BEL, #B3E BB 26 EEEEL, —7F, £2
B (888) 2% 15em ThHY, HZ-75T 19 & 4cem
BEEL - T 5,

50 b o788 % TN-12A L HE L84, 50 b &
B2 BOEIOHRT TN-12A DgBEI BB
BERb-1EZBLDIS, ZOFEMND, 50 b VAR
DHEDE VT RV F—FBO KRR A LIS,
TN-12A L D iZeRe/NE7efl, KoY TN-12A 12
Licz 2 v F—EEROFHENRD L,

Bx 200 ¥F—EE T, 50 b oA E HZ-75T &
DT AV F—REIIEL L-ERARA LR B2,
i, SAEC L DEEL BMEOHMRIT LD, X,
50 boREBOELIE (BB » HZ-75T ko L EN
&, [EE LTI HZ-75T X0 d/hx<, TN-12A &

(441)



62

HZ-75T L DHEOEE > TWh,

EXCELLOX-3 iz&iF HMIERESE 1, 25 2, 8 3
B EEREE AR C AR, UTIBNR5 %R
H < RO KRB TERESh S,

4.1.2 ZR¥ B0 RETEEEK

Figs. 6, 7, 8 i, ThTh, AHHMETNIE 5
BE, 510 B, 28516 BTV ARI AN ST
LTCASR LBED, ZIRA v < SRS T
LCH5b,

Fig. 6 D4, AT R2LVE-2NEFnind, ASHH
TR, B TR B LA NF—BEIREEZIE
EREL 7L, BRBRBONRNE1HE, BIBEBEBR
THGORETFHEC R - TETE IR Y v
L, REEZBCHEbLR WL, LaLidib, 5
x10%eV 26 8x108eV (i, EXCELLOX-3
& HZ-75T L pHEER, Il DdBIS,

TN-12A OZ®H v < BREH L & HZ-75T o
ZRH = RRATRO G NMENMEV DI, HZ-75T o
RS 2 BERBRTHEVAY, EIE, B4EcHE
THRN BB LT BN BTH B,

Fig. 7 03a, A2 F—030R/N& LY,

n T L '
Eing; @ 5th group *
2~ J
2L § _|
3 |
3 5 [
2 -
=
%
% g —
E prri—]
i 3l -
£
5
22k —— HZ-75T .
(K .
a — TN-12A -
~—o— 50ton Cask(CRIEPI) 22
5 ~=~= EXCELLOX-3 -
2+ R
% —— I L L | 2 1
2 5 5 2 5 6 2 5
10 10 By (eV) 10 10

Fig. 6 Incident energy dependence of energy
spectra for the characteristic function
CFRSG calculated for the four casks.
All incident neutron energies are confined
in the 5th energy group.
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CFRSG calculated for the four casks.
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spectra for the characteristic function
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in the 16th energy group.
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Fig. 10 Incident energy dependence of neutron flux on the outer
surfaces of the four casks. Incident neutron energies are
confined in the 5th energy group.
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Fig. 11 Incident energy dependence of neutron flux on the outer
surfaces of the four casks. Incident neutron energies are
confined in the 10th energy group.
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J% passing through outer boundary of
each material region in the direction
from inner to outer surface of the cask,
EXCELLOX-3, in response to incidence
of unit neutron current on the inner wall
surface with neutron energies confined
in the 5th energy group. Slowing down
neutrons are piled up in middle regions.
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HZ-75T, in response to incidence of
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in the 5th energy group. The role of
the thick water region is very significant.
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Fig. 18 Attenuation of gamma-ray dose calculated
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Table 6 Interpolated Neutron

Dose Rates
Cage Center of Dose Rate
Position Cage (cm) (mrem/hr)
1 75 0.3
2 125 0.65
3 175 1.5
4 225 5.5
5 275 1.5
6 325 0.65
7 375 0.3
Summation 10.4
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Table 7 Material and Source Con-
ditions of Spent Fuels in
the HZ-75T Casks

Reactor Type BWR
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Enrichment 2.5 w/o

gg:éing 296 Days
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