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Table 1. Neutron and gamma source intensities
resulting from ORIGEN-S.

Upper Energy Neutron Gamma
[(MeV] [n/s] Lr/s]
6.5 9.27E+2* 0
5.5 1.78E+3 0
4.5 3.84E+3 0
35 831E+3 0
2.88 1.78E+3 8.65E+6
2.6 1.17E+4 347E+8
22 1.36E+4 9.58E+7
18 154E+4 2.16E+ 10
1.35 1.73E+4 2.01E+11
0.9 1.84E+4 1.37E+13
04 1.59E+4 1.54E+12
0.1

Total 1.17E+5 1.54E+13

*Read as 9.27x10*

Table 2. Neutron energy spectra resulting from

XSDRN.
Neutron Energy| Upper Energy Source
Group No. [MeV] Strengthln/s]
1 2.00E+1* 6.11E+1
2 643E+0 1.32E+4
3 3.00E+0 348E+4
4 1.85E+0 1.54E+4
5 140E+0 1.90E+4
6 9.00E+1 1.84E+4
7 4.00E+1 122E+4
8 1.00E+1 3.37E+3
9 1.70E+2 2.84E+2
10 3.00E+3 0.00E+0
1.00E+5 0.00E+0
Total 1.66E+5

*Read as 2.00%x 10
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Table 3. Neutron energy spectra resulting from

XSDRN.
Neutron Energy | Upper Energy T Source
Group No. [(MeV] Strengthln/s]
1 1.733E+1* 4.03E+2
2 6.065E +0 148E+3
3 4.966E+0 249E+3
4 4.066E+0 148E+3
5 3.679E+0 143E+4
6 2.725E+0 1.11E+4
7 2.365E+0 1.70E+3
8 2307E+0 221E+3
9 2231E+0 196E+4
10 1.653E+0 1.03E+4
11 1.353E+0 1.34E+4
12 1.003E+0 6.86E+3
13 8.208E+1 2.88E+3
14 7427E+1 496E+3
15 6.081E+1 4.06E+3
16 4979E+1 487E+3
17 3.688E+1 2.86E+3
18 2.985E+1 528E+1
19 2972E+1 4.63E+3
20 1.832E+1 293E+3
21 1L111E+1 1.78E+3
22 6.738E+2 1.07E+3
23 4.087E+2 6.54E+2
24 2479E+2 492E+1
25 2.358E+2 447E+2
26 1.503E+2 204E+2
27 9.119E+2 0.00E+0
1.068E+11
Total | 1.17E+5

*Read as 1. 733X 10™
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Table 4. Neutron flux-to-dose rate conversion fac-

tors.

Neutron Energy Conversion Factor
[(MeV] [(rem/h)/(n/cm* sec)]
2.5E-8 3.67E-6*
1.0E-7 3.67E-6
1.0E-6 446E-6
1.0E-5 4.54E-6
1.0E-4 4.18E-6
1.0E-3 3.76E-6
1.0E-2 3.56E-6
1.0E-1 2.17E-5
5.0E-1 9.26E-5
1.0E-0 1.32E4
2.5E-0 1.25E-4
5.0E-0 1.56E-4
70E-0 147E-4
1.0E-1 147E4
14E-1 2.08E-4
20E-1 227E-4

*Read as 3.67X10™°
ORIGEN-S
A
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‘ Estimation of Dose Rate

Fig. 1. Calculational flow for the discrete ordinates-

Monte Carlo coupled shielding analysis.
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MCNP calculation.
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Table 5. Material compositions of spent fuel container and neutron shields.

Material Density Element Weight, W( %) Composition
[g/cm3] 1 Latom/cm-barn]
Glass i 4679 U-238 6.610E-1 7824E-3*
Beads and F.P. 8.299E-1 1.999E-4
72 Fuel Zr 8.024E-2 2479E-3
Bundles Na-23 1.262E-2 1.547E-3
Ca 6.080E-3 4.274E-4
Al-27 4.502E-3 4.702E-4
P 1471E-3 1.338E-4
Li 8.201E-4 3.330E4
Si 5.672E-2 5.690E-3
0 1.682E-1 2.962E-2
Glass 2.03 Na-23 7.864E-2 4.182E-3
Beads Ca 3.788E-2 1.155E-3
Al 2.805E-2 1.271E-3
P 9.164E-3 3617E-4
Li 5.110E-3 9.001E-4
Si 3534E+1 1.538E-2
0 A878E-1 | B727E-2
Steel Pipe 7.86 Fe | 1.000E+0 8.475E-2
Titanium 454 Ti L LO00E+0 5.708E-2
Shell
Lead 11.34 Pb 1.000E+0 3.296E-2
Depleted 19.07 U-238 1.000E+0 4.823E-2
Uranium

*Read as 7.824X10*
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Table 6. Dose rates resulting from ONEDANT and XSDRN for depleted uranium.

Distance® ONEDANTLmrem/h] I XSDRN[mrem/h]
Neutron Gamma Total Neutron Gamma Total

0.25 1.12E+2" 2.09E+6 2.09E+6 1.84E+2 446E +6 446E+6
2.25 824E+1 242E+4 243E+4 146E+2 462E+4 446E+4
4.25 6.14E+1 9.78E+2 1.04E+3 1.16E+2 1.81E+3 1.93E+3
6.25 459E+1 6.95E+1 1.15E+2 9.14E+1 1.24E+2 2.15E+2
8.25 344E+1 691E+0 413E+1 7.23E+1 123E+1 846E+1
10.25 257E+1 8.68E—1 2.66E+1 571E+1 1.69E+0 588E+1
12.25 193E+1 1.68E—1 1.94E+1 451E+1 422E—1 455E+1
14.25 144E+1 6.68E—2 145E+1 356E+1 217E—1 358E+1
16.25 1.08E+1 4.28E—2 1.08E+1 281E+1 154E—1 2.83E+1
18.25 8.02E+0 315E—-2 8.05E+0 221E+1 1.18E—1 222E+1
20.25 597E+0 2.38E—2 6.00E+0 1.74E+1 922E—2 1.12E+1
22.25 444E+0 181E—2 446E+0 1.37E+1 723E—2 1.38E+1
24.25 3.30E+0 1.38E—2 331E+0 1.08E+1 5.69E —2 1.09E+1
26.25 244E+0 1.05E—-2 245E+0 851E+0 448E—2 854E+0
- 2825 1.81E+0 797E-3 1.82E+0 6.70E+0 3.53E—2 6.74E+0
30.25 1.34E+0 6.06E—3 1.34E+0 527E+0 2.79E—2 5.30E+0
3225 9.85E—1 460E—3 989E—1 414E+0 2.20E—2 416E+0
34.25 725E—1 348E—3 7.29E—1 3.26E+0 1.74E—2 3.28E+0
36.25 533E—1 2.64E—3 5.36E— 11 256E+0 1.37E—2 257E+0
38.25 391E+1 2.00E—3 393E—1 2.01E+0 1.08E—2 2.02E+0
40.25 287E—1 1.50E—3 2838E—1 1.58E+0 8.55E—3 1.59E+0
42.25 . 2.10E—1 1.13E-3 211E—1 1.24E+0 6.75E—3 1.25E+0
4425 153E—1 8A7TE—4 1.54E =1 9.78E—1 533E—3 9.83E—-1
46.25 1.12E—-1 6.35E—4 1.13E—1 7.68E—1 421E—3 7.72E~1
48.25 8.15E—2 4.75E—4 8.19E—2 6.03E—1 3.32E-3 6.06E—1
50.25 593E—2 3.54E—4 596E—2 474E—1 262E—3 4.76E—1
52.25 430E—2 2.64E—4 433E—2 3.72E—1 207E—3 3.74E-1
54.25 312E—2 1.96E—4 3.14E—2 291E—1 1.63E—3 292E—-1
56.25 2.26E -2 145E—4 228E—2 228E—1 1.28E—3 229E—1
58.25 1.63E—2 1.08E—4 1.64E—2 1.78E—1 1.00E—3 1.79E—1
60.25 1.18E—2 793E—5 1.19E—2 139E—1 784E—4 140E—1
62.25 846E—3 582E—5 852E—3 1.08E—1 6.10E—4 1.09E—1
64.25 6.05E—3 424E—5 6.09E—3 8.29E—2 470E—4 8.29E—2
66.25 428E—3 3.05E—5 4.32E—-3 6.30E—2 357E—4 6.30E—2
68.25 298E—3 2.15E—5 3.00E—3 467E—2 2.65E—4 469E—2
70.25 201E—3 1.45E—5 2.02E—3 333E—2 1.87E—4 3.34E—2
72.25 125E—3 8.90E—6 1.26E—3 2.18E—2 121E—4 2.18E—2
74.25 6.11E—4 4.03E—6 443E—4 1.14dE—2 580E—5 1.15E—-2
75.25 347E—4 1.82E—6 349E—4 6.79E—3 267E—5 6.81E—3

a;Distance f rom the surface of spent fuel container through depleted uranium.
b; Read as 1.12X10**
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Table 7. Dose rates resulting from MCNP for depleted uranium.

Distance® MCNP-10G* Calculated MCNP-27G Calculated’
Lem] [merm/h] Uncertainty [merm/h] Uncertainty
0 9.76E + 1¢ 3 9.88E+1 3
-5 512E+1 3 523E+1 3
10 259E+1 4 2.55E+1 4
15 127E+1 4 1.26E+1 4
20 6.28E+0 5 5.71E+0 5
25 3.00E+0 6 263E+0 6
30 147E+1 7 1.34E+0 8
35 712E—-1 9 717E—1 9
40 284E—1 14 328E—1 12
45 1.38E—1 13 161E—1 18
50 527E—1 19 721E—2 20
95 3.12E—2 18 340E—2 18
60 1.16E—2 16 2.26E—2 16
65 517E—3 16 1.36E—2 16
70 1.50E—3 16 5.36E—3 16
75 293E—4 19 1.15E—3 18
“ Distance from the surface of spent fuel container through depleted uranium.
"MCNP caculation using 10 neutron energy spectra from XSDRN,
“MCNP caculation using 27 neutron energy spectra from ONEDANT.
“One standard deviation as a percent of the calculated response.
“Read as 9.76 10"
Table 8. Dose rates resulting from MCNP for steel.
Distance® MCNP-10G" Calculated MCNP-27G* Calculated’
lem] [merm/h] | Uncertainty [merm/h] Uncertainty
0 1.01E+2¢ 5 1.07E+2 5
5 6.77E+1 ( 6 6.80E+1 6
10 4.29E+1 6 4.00E+1 6
15 254E+1 l 6 2.75E+1 10

(continued)
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Table 8. (continued)

TR B et | H14% 1% 1989F

20 1.59E+1 7 1.52E+1 7
25 1.04E+1 8 985E+0 8
30 6.61E+0 9 6.09E+0 8
35 402E+0 9 391E+0 9
40 263E+0 9 248E+0 10
45 1.66E+0 11 151E+0 10
50 1.02E+0 11 781E—1 11
55 644E—1 12 459E—1 12
60 368E—-1 12 277E—-1 13
65 2.14E—1 12 1.56E—1 15
70 1.15E—-1 13 6.87E —2 15
75 252E—2 15 1.72E—2 20

“Distance from the surface of spent fuel container through depleted uranium.

"MCNP caculation using 10 neutron energy spectra from XSDRN.

¢ MCNP caculation using 27 neutron energy spectra from ONEDANT.

“One standard deviation as a percent of the calculated response.

“Read as 1.01X10%*

Table 9. Dose rates resulting from MCNP for lead.

Distance* MCNP-10G" Calculated MCNP-27G* Calculated*
fem] [merm/h] Uncertainty [merm/h] Uncertainty
0 1.20E+2¢ 8 1.27E+2 9
5 1.03E+2 9 1.16E+2 12

10 855E+1 9 898E+1 9
15 714E+1 10 703E+1 9
20 551E+1 11 573E+1 10
25 462E+1 11 474E+1 10
30 380E+1 12 382E+1 11
35 280E+1 11 307E+1 11
40 2.18E+1 11 242E+1 11
45 1.71E+1 11 192E+1 11
50 142E+1 11 152E+1 1
55 1.05E+1 11 1.20E+1 11
60 8.08E+0 11 8.67E+0 12
65 550E+0 11 590E+0 11
70 3.28E+0 11 358E+0 1
75 1.08E+0 12 1.18E+0 12

“ Distance from the surface of spent fuel container through depleted uranium.

"MCNP caculation using 10 neutron energy spectra from XSDRN.

“MCNP caculation using 27 neutron energy specta from ONEDANT.

¢ One standard deviation as a percent of the calculated response.

“Read as 1.20x 102
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ABSTRACTS

Neutron shielding for a spent fuel container was analized using the Monte Carlo code MCNP coupled
.with discrete ordinates codes, XSDRN and ONEDANT. The ORIGEN-S code was used to determine the fi-
xed neutron source, and the spectral source information for MCNP were obtained from a 10 group XSDRN
calculation and a 27 group ONEDANT calculation.

When the ‘depleted uranium shield was used, the results from ONEDANT and XSDRN calculations ag-
reed with the MCNP results within 10% and 20%, respectively. Depleted uranium appears more effective

than lead or steel as a neutron shield.
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