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Preliminary Analysis on Shielding Experiment

cf A Spent Fuel Transport Cask

Jun'ichi KATAKURA, Yuichi KOMURO, Nacki YAMANO
and Yoshitaka NAITO

Division of Reactor Safety Evaluation,

Tokai Research Establishment, JAERI

{ Received January 22, 1982 )

Shielding experiment of a spent fuel transport cask has been planed at
JAFRI to confirm the reliability of a shielding safety evaluation code system.
As a preliminary analysis of the experiment, radiation source intensity, neutron
and gamma-ray transport and neutron reactivity calculations were performed.

To evaluate the calculétion method, effects of several parameters were also
surveyed. From the above study, the analysis method which should be used at
actual énalysis was prepared, and dose rate distribution of radic-activity

around the cask was estimated.

Keywords: Spent Fuel Transport, Shielding Experiment, Safety Analysis,

Analysis Method
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Table 2.1 Data for fuel assembly

I. Fuel assembly

Fuel type 14x14 PWR
Numbers of fuel rods 179
Numbers of control rod guide tubes 16
Numbers of detector tubes 1

Fuel pitch : 14.12 mm
Numbers of grids 8

Weights of uranium 396 kg

II. Fuel rod

Effective fuel length 3800 mm
Cladding tube: 0.D./thickness 10.72mm/0. 62mm
Quter diameter of pellet 9.32 mm
Enrichment 3.40 w/o
Fuel length ' 3658 mm

ITI. Control rod guide tube
13.61mm/0. 33mm

11.94mm/0, 31mm

Outer diameter/thickness

1V. Detector tube
Outer diameter/thickness 13.61mm/0.33mm
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Table 2.2 Materials and densities of fuel assembly

?arts of fuel assembly Materials Densities (g/cm3)
Pellet U0, 10.418)

Clad Zircaloy-4 6.553
Control rod guide tube " "
Detector tube " "

Grid Tnconel 8.332P
Upper and lower nozzle SUsS-304 7.91

4) 95% theoretical density (10.96 g/cms)

b) Calculated density

Table 2.3 Volumes of structural materials in
effective parts of fuel

Structural materials Volume (cm?d)
UOs-pellet 44143
Zircaloy (clad) 12824
Zircaloy 1040
(control rod tube)

Zircaloy 72
(detector tube)

Inconel 718 (grid) 426
SUS-304 (sleeve tube) 70
Water gap 83388




JAERI— M 9857

Table 2.4 Material volume ratio of each region
in effective fuel part
Region Fuel Upper Upper Lower
Material Plenunm Nozzle Nozzle
GG, 0.3109 _ — -
ir 0.0981 0.099 - 0.070
S5US$304 (. 0005 0.061 0.178 0.109
Water 0.56%4 0.666 0.822 0.821
Alr 0.0180* 0.174 — —
Inconel 0.0030 —_ —_ e

*) Include the gap in the fuel rods and detector

tubes

Table 2.5 Parameters for burnup and cooling time

Burn—up (MWD/tlU)

Cooling time (Day)

20000
25000
30000
35000
40000

0
120
180
365
545
730
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7

197.7

197.7

Fig. 2.1 Cross section of fuel assembly (Unit: mm).

The shaded portion is real assembly cro
section and the cirle area is a modeled
cross section.

4058.0

S5

150.5 142.0

107.5%

3658.0

@

)

®

Fig. 2.2 Modeling of fuel assembly.

GD Upper nozzle
Upper plenum
Fuel
Lower nozzle

Unit: mm

2239
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Fig. 3.1 Calculational flow of this analysis.
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Table 4.13 Comparison of atomic number densities
for ORIGEN-JR and ANIBURN

Burn-up

(MWD/£T) ORIGEN-JR ANIBURN ORIGEN-JR ANTBURN
20000 6.704x1022 6.962x1022 1.537x10%2 1.325x1022
25000 5.353x1072 5.594x10%2 1.758%1022 1.533x1022
30000 4,.213x1022 4,421x1022 1.925%x1022 1.697x10%?
35000 3.278x1022 3.444%1022 2.042x1022 1.820x107?
40000 2.519x1022 2.638%x1022 2.115%x1022 1.904x1022
Burn-up 7%y

(MWD/tU) | Gr1GEN-JR ANTBURN ORIGEN-JR ANTBURN
20000 4.072x102% 4.074%1024 2.027x1022 2.055x1022
25000 4.057%x102% 4.059%1024 2.133x10%2 2.202x1022
30000 4.039x102" 4.042x10%% 2.189x1022 2.286x1022
35000 4,021x102% 4,023x10%4 2,216x10%2 2.330x1022
40000 4,003x102% 4.004x1024 2.228x1022 2.350x1022
Burn-up 240 Pu 2h1] Pu
(MWD / 1) ORIGEN-JR ANIBURN ORIGEN-JR ANTBURN
20000 5.861x1021 3.530x1021 1.982#1021 3,390x1021
25000 7.339x1021 4.914x1021 2.921x1021 4,139x1021
30000 8.511x1021 6.021x1021 3.811x1021 5.046x1021
35000 9,377%1021 6.859x10%! 4,564x1021 5.903x1021
40000 9.992x1021 7.469x10%1 5,159x1021 6.634x1021
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2“2Pu

Burn-up

(WD /t0) ORIGEN-JR ANTBURN
20000 3.472x102°0 5.160x1020
25000 6.783x1020 9,354%x1020
30000 1.123x10%1 1.452x1021
35000 1.645x1021 2.061x10%1
40000 2.210%1021 2,749x10%21
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Fig. 4.10 Comparison of nuclide concentration for ORIGEN-JR and
ANIBURN. Solid line indicates the concentration of
QRIGEN-JR. Dotted line indicates the concentration
of ANIBURN. Initial concentration of 2357 is
1.472x10%3,
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5. BHEBDER

51 RADHEAT -V 3 (k25 EHEEH

e d & U TR TEE I AV o BER O U B AR I IZ RADHEAT -V 3 ¥ 2 i‘Al)
DEME 5 b [SD100 ik FEERRMEAMERK)  POPOP4 74 77 7 — (27 &
TR BXUISDI20 (ERHEDWHRE 2RV, ChSOERLy MTEEGEA THARL
RSk OMAEIC DV TIEMACS ® Vo — VAR LTIERK L 7,

B EASKDE HANEEE, SRELUTEOBEREEAMHESED F - oEHL,
7SD100 LU POPOP4 74 75 U — 2 HO TE R 25kbi, &5 1ITANREHED
EEEEL LR 7L+ 4, FTH/ X VOEHEICS T TR, BESOMAKEEIKOVTE,
PSR — 1 ANTBURN ™% F 0 CHABERE 30000MWD AU D24 TEHE L 7B IciE Shiaik
BhkOEMEELEOTERNRERE S kKD, COBORES LUENEE 2K 2IKTY,
CHETFP (Kr)THO LTH201, HAIREEMOREL LT Kr 20l L%
FLTWN A, 8, COKrid, MEMWERE L, F]SDIC0 KeEEh TV VLD,
MACS 71— FE 2~ VEEA L, SUPERTOG —J R “cHuf s £ frs L7

bp L MEE (€ 0413006V ) OEIERICo TRIKEITH~S & 51 ANIBURN Y T3t
BELiWEETEES BRI,

52 ANIBURN a— K (CK S8R HLBEROIER

B TR~ & {HRET OO RIE R, MBEo — F ANIBURN TRk & CREEE
AROTIER Lo T OB OMEIE 3 30000MWDAU & L7, F/, #1o 5 v#¥ (U0 2)
OWHEEELGLTObDE R,

235 . 7.728 x 10°* n.b e+ cm
2381] - 2,168 x 107% n.b e+ cm
O 449 x 10-% n be+cm

BEONEREIC 2T, JSD100 Ol % ANIBURN 6 TRB:MENMERETE s #
AT U7, #5.31C ANIBURN D aksn 7 BALRIMETRE & JSD100 DUF i & o A R
4, 2k, ANIBURN TRH7MEEL O JSDI0OMEAROTHASHICHTHNE LD
Thb, B, FPOMREELTHED EF8°Krid(n,r ) KIETH 2. 7THER JSDI00D A
KEy,
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Table 5.1 Number densities of structural materials

(n/barn-cm)

Regions
Element Upper plenum Upper nozzle Lower nozzle
H 4. 6648x1072 5.4859x107% 5,4792x1072
1.9356x10 ° 5.6478x107° 3.4585%107°
0 2.2226x10"2 2,7429%1072 2.7397x1072
i 1.0347x1074 3.0192x107" 1.8489x107%
Cr 1.0694x1073 3.0986x1073 1.9028x1073
Mn 1.2048x107% | 3.0871x107" 1.8975x107"
Fe 3.5302x107 3 E 1.0301x1072 6.3184x1073
Cu 4.9481x107% | —
Zr 4.2075%1073 e 2.9750%1073
Ni S 1.4439x1073 8.8416x107"
N 6.8032x1076 — —
Table 5.2 Number densities of elements
in fuel part (n/barn-cm)
Elements Number densities
235y 8.2161x10™°
236y 3.1560x107°
238y 7.5126x10"3
239p, 4.2476x1075
240p,, 1.1192x107°
24lpy 9.3774x1078
242py 2.6983x1076
FP (8%%r) 9,9083x107 "%
Zircalloy-2 3.7334x1073
160 2.9382x1072
H 2.6969x1072




JAERI- M 9957

OTxzEg v | OTxER0"Y 1-01I=2%6"°¢ 1-0TxLTL°T 0°0 070 0°0 0°0 H
THe'9 oLt o 1-01*6£9°1 1-0Tx6LE" 1 0°0 0°0 00 0°0 %oaﬁmmuﬂu
SweTY 199°¢ 5=0Tx06t°C h-0TxXTET T 0°0 00 0°0 00 Oqg1
7ES’8 wT8 L QTx1L2°C ¢6C°8 00 0°0 070 070 (1gg)dd
990° 8" 99674 0Tx0%9°T OTxSTT 1 0°0 00 0°0 0°'0 Ndzhe

0T=x60T"1 18876 Z0Tx192°¢ 70T=%89° ¢ 7L6°C 7e6°C 20TXEEE"H Z0Tx9L9° L Ndyyg
£eel 088°¢ Z20Tx995°¢ 20Tx668°1 0/8°¢ 0.8°2 2. 0Txp59 "¢ z-0Tx09L°¢ Ndgyz
G9L° L 81674 Zz0TxZ0L "2 0TxL68°¢E £L8°¢ £L8°¢C Noaxﬁom.@. Z0T*19€° L Ndge 7
Gl6"8 TsT°8 £6E°¢ 9467 T 0°0 0FA 0°0 | g-0Tx6T6"8 Ngez
0%s°6 60978 809" % Z10°¢t 070 070 0°0 0°0 Ngez

OIxZ6E"T | OTxBLE'T 0T~%8EL"8 OT®LT9°S 61%"¢C 61%"2 z0TxSE0" 6 20T*06T°¢ flegz

LVEHAVE NEDHEINV IVIHAVE NANGINY IVAHAVY | NENEINV LVEH(VE NAOHINY
sjuawsTd
(od) 3urielleds (AfU) UoTSSTq

NMAGINV PU®e QOT-(S[ UF SUOTIDIS SS0ID JO vosTIivdwo) €'C 2TYEL



JAERI-M 9957
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Table 6.1 Energy group structures of MGCL 26Gr

MGCL 26Gr
Upper Energy Lethargy width
Group No. Boundary AU .
1 16.487 MeV 1.25
2 4.,7237 1.5
3 1.0540 1.75
4 183.16 keV 1.25
5 52.475 1.25
6 15,034 1.0
7 5.5308 2.25
8 582.95 eV 1.5
9 130.07 1.5
10 29.023 1.5
11 6.4760 1.25
12 1.8554 0.375
13 1.2752 0.375
14 0,87642 0.15
15 0.68256 0.5
16 0.41399 0.125
17 0,342006 0.138
18 0.27699 0.154
19 0.21871 0.174
20 0.16743 0.201
21 0,12293 0.115
22 0.085295 0.287
23 0.054518 0.366
24 0.030600 0.505
25 0.013541 0.817
26 0.003341 4.618
Fast -3 1n3Gr
Epi-thermal: 4+14Gr
Thermal : 15726Gr
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Table 6.2 Atom densities of fuel assembly,
shipping cask and water
[a/barn-cm]

Fuel Assembly (New)

Pellet (UO,) U235 : 7.728x107%
y238 : 2.168x1072

0 : 4,490x1072

Clad (Zr-4) Cr 7.589x107°
' Fe 1.484x1074

Zr 4.250%10" 2

Sn 4.821x107 %

Shipping Cask

SUS304 C 3.173x107"
51 1.696x107 3

S 4.457x10°°

Cr 1.741x10°2

Mn 1.734x1073

Fe 5.787%1072

Ni 8,112x1073

Upper Plenum H 4,445%1072
1.936x107%

0 2.223%1072

51 1.035x10™"

Cr 1.069x1073

Mn 1.205x10™"%

Fa 3.530x10~3

Cu 4,948x10~"

Zr 4.208x107 3

N 6.893210'5

Upper Nozzle H 5.486%x1072
5.648x107°

0 2.743%x1072

Si 3.019x107%

cr 3.099x1073

Mn 3.087x1074



Table 6.2 (Cont'd)

Upper Nozzle
(Cont'd)

Lower Nozzle

Lead

Water

JAERI—-M 9957

Fe
Ni

H

Si
Cr
Mn
Fe
Zi
Ni

Pb

1.030%x10°2
1.444x107 3

o I A N A e o - I FU R, |

.480%10 2
L459x107 3
. 740x1072
.849x10™"
.903x1073
.898x10"
.318x1073
.975x1073
.842x107"%

.296%x1072

L674x10™2
,337x1072
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Table 6.3 Caleulated k,g¢ value (KENO—IV )
of Case 1 MGCL 26Gr, 30000 Histories
LN o
0.84670 0.00415

Table 6.4 Calculated keff values ,KENO-IV

( )

of Case 2 MGCL 26Gr, 30000 Histories
Space between X
fuel assemblies eff ¢
0 [em] 1.03561 0.00349
4 1.00343 G.00343
5 0.98613 0.00378
7 0.94488 0.00356
8 0.93078 0.00382
10 0.90059 0.00377
15 0.84971 0.00418
20 0.83722 0.00406
Table 6.5 Calculated kyfg Values (KENO-IV ' )
of Case 3 . MGCL 26Gr, 30000 Histories

Keff a

0 1.13575 0.00419

4 1.09150 0.00364

5 1.06655 0.00335

7 0.99329 0.00420

8 0.97233 (0.00349

10 0.93252 0.00391

15 0.86885 0.00386

20 0.84608 0.00395
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Table 6.6 Calculated kpff values (KENO—IV - )
of Case 3 MGCL 26Gr, 30000 Histories
Sleeve thickness " .
[cm] eff
0.0 * 0.99316 0.00382
0.1 0.95921 0.00449
0.2 0.94016 0.00398
0.3 0.92581 0.060397
0.4 0.90483 0.00358
0.5 0.88896 0.00416

Table 6.7 Calculated keff value of shipping cask
include one fuel assembly
MULTI-KENO

(MGCL 26Gr, 60000 Histories)
kKeff c
0.80235 0.00314
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>

MGCL-ACE

E MGCL !

MAiL

Monte Carlo Code

KENO-TV
MULTI-KENO

Fig. 6.1 Flow diagram of KENO
calculation.
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Fig. 6.2 Fuel assembly for FPWK.

O000000C0OO00C0OO0
000000000000 0C0
OO0 00O 00 00 00
00000000000 0C0C0
0000 0000 0000
OO0 00000000 0O
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0000000000 QO0O0O0
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O000 0000 0000
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o0 00 00 00O 00
0000 0000000000
000 000C0O000O0O00

O Fuel rod

Fig. 6.3 Calculational model of fuel
assembly.
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Table 7.1 Energy group structure in units of eV~
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JAERI

—M 9957

——— NEUTRON GROUP --—-

ENERGY RANGE

. 4918E+Q07
. 3499E+07
L 2214407
. 1052E+07
. Q000E+O7
. 0484E+06
.1873E+06
.G082E+06
. 7032E+06
.0653E+06
.4881F+06
. 9659E+06
.4933E+06
.0657E+06
.6788E+06
.3287E+06
. 0119E+06
. 7253F+06
.4660E+06
. 2313E+H06
. 0190GE+06
.8268E+06
.6530E+06
.4957E+06
.3534E+06
. 2246E406
. 1080E+06
.0026E+06
.0718E+05
. 2085E+05
L4274E+H05
. 7206E+05
.0810E+(Q5
. 5023E+05
. 9787E4+05
. 3049E+05
.0762E+05
.6883E+05
.3373E+05
.0197E+05
. 7324E+05
4724E+0Q5
.2371F+05
.0242E+05
.8316E+05
.6573E+05
.4996E+05
. 3569E+05
L2277E405
. 1109E+05

1.
1,2214E+07
1.1052E+07
1.0000E4+07
9. 0484E+06
8.1873FE+06
7.4082E+06
6., 7032E+06
6.0653E+06
5.4881E+06
4,9659E+06
4, 4933E+06
4. 0657E4+06
3.6788E+006
3,3287E+06
3.0119E+06
2.7253E+06
2. 4660E+06
2,2313E+06
2.0190E+06
1.8268E+06
1.6530E+06
1.4957E+06
1.3534E+06
1.2246E+06
1.
1
z
8
7
6
&
5
4
4
4
3
3
3
2
2
2
2
1
1
1
1
1
1
8

3499FE+07

1080E+06

.0026E+06
. 0718E+05
. 2085E+05
L42TLEAO5
. 7206E+05
. 0810E+05
. 5023E+05
.9787E+05
. 5049E+05
.0762E+05
.6883E+05
.3373E+05
.0197E+05
. 7324E+05
.47 24E+05
. 2371E+05
. 0242E+05
.8316FE+05
.6573E+05
.4996E+05
.3569E+05
. 2877E+05
. 1109E+05
L6617E+04

GROUP

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

ENERGY RANGE

8. 6617E+04
6.7379E+04
5.24758+04
4, 0868E+04
3.1828E+04
2. 4788E+04
1.9305E+04
1.5034F+04
1.1709E+04
9.1188E+03
7.1017E+03
5.5308E+03
4.3074E+03
3.3546E+03
2.6126E+03
2.0347E+03
1.5846E+03
1.2341E+03
9.6112E+02
7.4852E+02
5.8295E+02
4.5400E+02
3.5357F+02
2.7536E+02
2. 1445E+02
1.
1
i
7
6
4
3
2
2
1
1
1
8
6
5
3
3
2
1
1
1
8
6
5
4

6702E+02

.3007F+02
. 0130E+02
.8893F+01
.1442E+01
.7851E+01
.7267E+01
.9023E+01
.2603E+01
.7603E+01
.3710E+01
.0677E+01
. 3153E+00
. 4760E+00
. 0435E+00
.9279F+00
. 0590E+00
. 3824E+00
.8554E+00
. 4450E+00
. 1254E+00
. 7642E-01
.8256E-01
.3158E-01
.1399E-01

6.
5.2475E+04
4, 0868E+04
3.1828E+04
2.4788E+04
1.9305E+0G4
1.5034E+04
1.1709E+04
9,1188E+03
7.1017E+03
5.5308E+03
4.3075E+03
3.3546E+03
2.6126E+03
2.0347E4+03
1.5846F+03
1.2341E+03
9,6112F+02
7.4852E+02
5.8295E+02
4. 5400E+02
3.5357E+02
2.7536E+02
2.1445E+02
1.6702E+02
1.
1
7
6
4
3
2
2
1
1
1
8
6
5
3
3
2
1
1
1
8
6
5
4
1

7379E+04

3007E+02

.0130E+02
.8893E+01
. 1442E+01
.7851E+01
L.7267E+01
.9023E+01
. 2603E+01
.7603E+01
.3710E+01
.0677E+01
.3153E+00
. 4760E+00
.0435E+00
.9279E+00
.0590E+00
. 3824E+00
. 8554E+00
. 4450E+00
.1254E+00
L7642E-01
.8256E-01
.3158E-01
.1399E-01
. Q000E-03
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GAMMA GROUP

(Continued)

ENERGY RANGE

. 4000E+Q7
. 2000E+07
. 0000E+O7
.0000E+D6
. 5000E+06
. 0000E+06
. D000E+06
. 0000E+06
. 5000E+06
. OG00E+06
. 6600E+06
. 3300E+06
. 0D000E+06
. 0000E+05
.CO00E+05
.0000E+05
. 0000E+05
. 0000E+05
. 0000E+05
. 0000E+04

PO FENWERESSOH R WES GO

. 2000E+07
. 0000E+07
. 0000E+06
. 5000E+06
. 0000E+06
.0O000E+06
. 0000E+06
. 5000E+06
. 0000E+06
.6600E+06
. 3300E+06
.0000E+06
.O000E+Q5
. 0000E+05
. 0000E+05
.0000E+05
.0000E~+05
. 0000E+05
. 0000E+04
.0000E+04
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7.2 Energy group structure

Neutron Group

in units of eV

Group Energy range Group Energy range
1 1.49x107 ~ 7.4 x108 6 8.66x10% ~ 2,48x10%
2 7.4 x10% ~ 1,82x10° 7 2,48x10% & 1.013x107?
3 1.82x%10% ~ 1,0 x10° 8 1.013x10%% 1,07x10
4 1.0 %105 ~ 3.69%x10° 9 1.07x10 ~ 4,14x1071
5 3.69x10° ~ 8,66x10" 10 4.14x1071n 1.0x1073
Gamma Group
Group Energy range Group Energy range
1 1.4x107 ~ 1,0x107 6 1.33x106 ~ 1,0x10©
2 1.0%x107 ~ 6.5%10° 7 1.0x10% ~ 6.0x10°
3 6.5x108 ~ 3.0x10° 8 6.0x105 ~ 3,0x10°
4 3.0x106 ~ 2,0x108 9 3.0%105 ~ 1.0x10°
5 2.0x10% ~ 1.33x10° 10 1.0x10% ~ 1.0x10"
Table .7.3 Modeling of upper part of cask
{Sphere model)
2 elzlglel 8 25 |2z
g g8/ 8!° 8 |° &5 |®» 7
SIE|7 =
Center
No. Material Thickness | Distance from Number of
(cm) center (cm) meshes
1 Fuel 11.15 11.15 11
2 Plenum 14.2 25.35 14
3 Nozzle 15.05 40.4 15
4 Water 22.8 63.2 12
5 SUS 2.8 66.0 3
6 Water 12.15 78.15 11
7 SUS 0.5 78.65 3
8 Lead 16.7 95.35 33
9 SUS 2.0 97.35
10 Air 239.0 336.35 8
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Table 7.4 Modeling of lower part of cask
(Sphere model)

e | 2| 8|8 g E 2 B |& 5
= H|l N B |» = W > L =]
r‘gr‘?E‘& 5 >
t
Center
. Thickness | Distance from Number of
Ko Material p
{(cm) center (cm) meshes
1 Fuel 11.15 11.15 11
2 Nozzle 10.75 21.9 11
3 Water 17.3 39.2 10
4 SUS 3.0 42,2 3
5 Water 7.35 49.2 5
6 SuUs 1.0 50.2 3
7 Lead 13.0 63.2 26
8 SUSs 1.6 64.8 3
9 Alr 10.0 T4.8 5
10 SUs 3.5 78.3 4
11 Air 239.0 317.3 8
Table 7.5 Modeling of radial part of cask
(Cylinder model
21z l2l5le|s 8| g &
MHWHMEM I /5] b
E| e = =
*TJ =] -
Center
. Thickness | Distance from Number of
No Material
{cm) center (cm) meshes
1 Fuel 11.15 11.15 11
2 Water 1.54 12.69 2
3 SUS 1.0 13.69 3
4 Water .96 17.65 4
5 SuUSs 1.0 18.65 3
6 Lead 17.1 35.75 34
7 SUsS 1.6 37.35 3
8 Water 15.5 52.85 10
9 SUS 3.2 56.05 3
10 Air 239.0 295.05 8
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Fig. 7.1 Neutron dose rate distribution for upper part of the cask.
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Table 9.1 (n,f) reaction rates at measurement position in cask

(b/cm?-sec)
237Np 235y 232
ANISN DOT ANISN DOT ANTSN DOT
2.5332x10% | 2.6224x10% | 5.3451x107 | 4.3847x107 1.0373x103| 1.0804x103
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Table 9,2

ANTSN
Distance from the cask surface (cm)
0 19 39 79
Neutron dose rate 1.7682x10-3 | 1.1240x10~3 | 8.6110x107% | 5.9329x107"
{rem/hr)
Thermal neutron flux) , ,g4g7 2,50640 1.90790 1.31161
{(n/cm*+sec)
Gamma-ray dose rate | 4 138.10%2 | 2,0990x1072 | 1.6332x1072 1.1364x1072
(rem/hr)

DOT
Distance from the cask surface (cm)
12.5 37.5 62.5 87.5
Neutron dose rate -1 -y -y -y
(rem/hr) 9,1792x10 6.3733x10 4.7567x10 3.6955%10
Thermal neutron flux| ; gg)73 1.26201 9.20921x10-1 6.94546x1071
{n/cm¢-sec)
Gamma-ray dose rate | | s3g1.10-2 | 1.0924x1072 | 8.1977x1073 | 6.3322x1073
(rem/hr)
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