2001

MCNP SCALE KSC-4

Verification of Radiation Shielding and Ceriticality Safety for KSC-4 Spent
Nuclear Fuel Transport Cask Using MCNP and SCALE Code System
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ABSTRACT

Both radiation shielding and criticality safety analysis were already evaluated for KSC-4 Spent Nuclear Fuel
Transport Cask using 2-D DOT4.2 and KENO-IV by Korea Atomic Energy Research Institute(KAERI) in
1990. But because KSC-4 was designed as partly complicated geometry and computing time was greatly
reduced through development of a computing system, we purposed to give more accurate information using 3-D
modeling for designing the large capacity transport cask. Radiation shielding and criticality safety analysis was
evaluated for KSC-4 using Monte Carlo Code, MCNP4B and benchmark calculation for criticality safety
analysis was carried through SCALE4.4a, KENO-V.a. Source term for radiation shielding calculation was



calculated using SCALE 4.4a, ORIGEN-S. As a result, the maximum dose rates are, under normal transport
conditions, 0.283mSv/hr on the cask circumferential surface, 0.489mSv/hr on the cask upper surface, and
0.0471mSv/hr at 2m from the cask circumferential surface, 0.0207mSv/hr at 2m from the cask upper surface.
These values satisfy the guidelines prescribed by the Korean Atomic Law, The Code of Federa
Regulations(U.S.A.) and the IAEA regulations for safe transport of radioactive materials(2mSv/hr on the cask
surface, 0.1mSv/hr at 2m from the cask). The calculated keff is 0.93139+ 0.00074 by MCNP, 0.9734+ 0.0016
by KENO-V.a
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1. Neutron spectrum from 4 PWR Assembly

2. Photon Spectrum from 4 PWR Assembly

Energy(MeV) Photons/sec

1.00E-02 1.4401E+16

5.00E-02 1.31066E+16
1.00E-01 4.14568E+15
2.00E-01 3.7113E+15

3.00E-01 1.00637E+15
4.00E-01 7.61398E+14
6.00E-01 6.89359E+15
8.00E-01 1.36319E+16
1.00E+00 2.56157E+15
1.33E+00 6.22439E+14
1.66E+00 2.35403E+14
2.00E+00 2.02793E+13
2.50E+00 6.48649E+13
3.00E+00 1.53837E+12
4.00E+00 1.89441E+11
5.00E+00 0.000121995
6.50E+00 3.5151E-05

8.00E+00 4.47115E-06
1.00E+01 5.9667E-07

TOTAL 6.11632E+16

Nuclide neutrons/sec
TH232 3.00E-08
U233 2.50E-02
U234 9.80E+02
U235 1.10E+01
U236 2.27E+02
U238 1.89E+02
NP237 3.65E+02
PU238 6.44E+06
PU239 5.06E+05
PU240 8.31E+05
PU241 3.80E+03
PU242 3.23E+03
AM241 1.53E+06
AM242M 6.13E+01
AM243 5.23E+04
CM242 1.28E+06
CM244 8.96E+06
CM245 6.19E+02
CM246 1.69E+02
*PU240 5.52E+06
*(CN212 A ANE+NA
*CM244 1.17E+09
*CF252 1.50E+06
TOTAL 1.23E+09

* by Spontaneous Fission

1. MCNP

2. MCNP




3. KSC-4

E(MeV) EIf (pSv cm2)
1.00E-09 5.24
1.00E-08 6.55
2.50E-08 7.6
1.00E-07 9.95
2.00E-07 11.2
5.00E-07 12.8
1.00E-06 138
2.00E-06 145
5.00E-06 15
1.00E-05 15.1
2.00E-05 15.1
5.00E-05 14.8
1.00E-04 14.6
2.00E-04 14.4
5.00E-04 14.2
1.00E-03 14.2
2.00E-03 144
5.00E-03 15.7
1.00E-02 183
2.00E-02 2338
3.00E-02 29
5.00E-02 385
7.00E-02 47.2
1.00E-01 59.8
1.50E-01 80.2
2.00E-01 99
3.00E-01 133
5.00E-01 188

.4
E(MeV) EIf (pSv cm2)
7.00E-01 231
9.00E-01 267
1.00E+00 282
1.20E+00 310
2.00E+00 383
3.00E+00 432
4.00E+00 458
5.00E+00 474
6.00E+00 483
7.00E+00 490
8.00E+00 494
9.00E+00 497
1.00E+01 499
1.20E+01 499
1.40E+01 496
1.50E+01 494
1.60E+01 491
1.80E+01 486
2.00E+01 480
3.00E+01 458
5.00E+01 437
7.50E+01 429
1.00E+02 429
1.30E+02 432
1.50E+02 438
1.80E+02 445




E(MeV) Kalf (pGy cm2) ElIKa(SVIGY)
1.00E-02 7.43 0.00653
1.50E-02 312 0.0402
2.00E-02 1.68 0.122
3.00E-02 0.721 0.416
4.00E-02 0.429 0.788
5.00E-02 0.323 1.106
6.00E-02 0.289 1.308
8.00E-02 0.307 1.433
1.00E-01 0.371 1.394
1.50E-01 0.599 1.256
2.00E-01 0.956 1.173
3.00E-01 1.38 1.093
4.00E-01 1.89 1.056
5.00E-01 2.38 1.036
6.00E-01 284 1.024
8.00E-01 3.69 101
1.00E+00 4.47 1.003
2.00E+00 7.55 0.992
4.00E+00 121 0.993
6.00E+00 16.1 0.993
8.00E+00 20.1 0.991
1.00E+01 24 0.99
5.
(mSv/hr)
Side Top Bottom
MCNP | DOT4.2 | MCNP | DOT42| MCNP | DOT4.2
Neutron 0.052 0.034 0.396 0.206 0.337 0.577
Photon 0.221 0.176 0.093 0.023 0.034 0.044
TOTAL 0.283 0.21 0.489 0.229 0.371 0.621
6. 2m
(mSv/hr)
Side Top Bottom
MCNP | DOT4.2 | MCNP | DOT42| MCNP | DOT4.2
Neutron 0.007 0.006 0.015 0.021 0.010 0.036
Photon 0.0401 0.037 0.0057 0.005 0.003 0.006
TOTAL 0.0471 0.043 0.0207 0.026 0.013 0.042




Cask Height[cm]

Cask Height[cm]

400

w
o
o

[N]
(=3
o

1

o
o

0

0 20 40 60 80

Circumference of 1/4 Cask[cm]

5.KSC-4

0 50 100 150 200 250 300 350 400

Circumference of 1/4 Cask[cm]

6. KSC-4 2m

0.3000
0.2800
0.2600
0.2400
0.2200
0.2000
0.1800
0.1600
0.1400
0.1200
0.1000
0.08000
0.06000

0.05000

0.04437

0.03875

0.03312

0.02750

0.02187

0.01625

0.01062

0.005000



ke/'f

Resin

Lead

7. KENO-V.a

0.98

0.96
0.94
0.92
0.90

T T T T
50 100 150 200

Cycle

8. KCODE kyeycle

A
Resin
Lead
Water
A
Assembly
485
365.76
A
< " >
16
A
" 119.38
KSC-4
0.99
0.98
0.97 4
5
< 0.96
0.95
0.94
0.93 T T T T T
0 50 100 150 200
Cycle
9. KENO-V.a kg cycle



7. ky

[

KCODE 0.93139+ 0.00074
KENO-V.a 0.9734 + 0.0016
KENO-I1V(1990 ) 0.84345 + 0.0041
KENO-V.a(1990 ) 0.8637 + 0.0017
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