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Table A-3.5-2

Cask Body Temperatures and Pressures - 3-Hours Post-Fire

Maximum
Maximum Average
Average Temperature
Maximum Temperature Over the
Centerline Maximum Over the Active
Temperature Temperature Entire Surface Fuel Length
Casgk Laver (°F) (°F) (°F) (°F)
Inner Cavity
Surface 407 656 464 437
Outer Shell 397 761 563 N/A
Barrel 249 283 ’ 270 N/A
Parameter, units Value
Ambient Air Temperature, °F 130
Maximum Cask Cavity Heat Load, Btu/hr 40,000
Maximum Inner Cavity Pressure
Due to Argon and Residual Water, psig 242
Maximum Pressure Rise From All the
Fuel Rods Rupture, psi 53
Maximum Total Accident Pressure in
the Cask Cavity, psig 295
Maximum Fuel Rod Cladding Temperature, °F 769
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Table A-3.5-3

Cask Body Temperature and Pressures

Post -Accident Steady State

Parametexr, units

Ambient Air Temperature, °F

Maximum Cask Cavity Heat Load, Btu/hr

Maximum Centerline Barrel Surface Temperature,

Maximum Centerline Outer Shell Temperature, °F

Maximum Centerline Inner Cavity Surface
Temperature, °F

Maximum Fuel Rod Cladding Temperature, °F

Maximum Inner Cavity Pressure
Due to Argon and Residual Water, psig

Maximum Pressure Rise from All the Fuel Rods
Rupture, psi

Maximum Total Accident Pressure in the Cask
Cavity, psig
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Value

130

40,000

215

319

327

769

242

53

295
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A-3.6.3 Input /Output Listings

1. HTAS1 Input and Output Files For Normal and
Accident Cases

1IF-300 TRANSFER CASK HTAS1 MODEL RUN 10, 4 CASES, NEW K FOR URANIUM AND
EMISSIVITY

CAVITY 18.75 3 90.125 7 40000

INNER SHELL 0.5 2 1 2 1.25 2
SHIELDING 4 S 3 5 3.75 5

MATERIAL 0

DURANIUM

100.0 14.3 300.0 15.9 500.0 17.4 800.0 19.6 1200.0 22.5
200.0 1190.0

32.0 0.0275 662.0 0.035 1225.0 0.048
OUTER SHELL 1.5 2 1.5 2

EMISSIVITY 0.84 0.84 0.84 0.84 0.84
FINS 01

9.62982 0.5625 0.5625 1.5 0

NEUTRON SHIELD 6.16 5 60.75 77.5
DELETE PREFIRE 0 0.6 0.83

WATER JACKET 0.125 1

EMISSIVITY 0.488 0.488 0.830 0.830 0.830
PREFIRE 130 0.363

FIRE

POSTFIRE O 130 0.363 0 0 0 123

FINAL 130 0.363 0 0 0 123

%
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19-300 TRANSTFER CASE ETAS1 NODEL RUX 10, 4 CASES, WEW K -- PRITIRE §§

STEADY STATE TEMPERATURE DISTRISUTION AFTER 11 ITERATIONS. TIME « 0.0
1

2 L)
1 b3 I
2 | 4 L] * 10 1 12

18.7% 19.35 21.65 a2.48 31.28 34.00
158.52 158.38 187 .49 157.0? 156.58 156.08
160.13 160.19 189.24 158.7% 1590 .25 157 68
162.20 163.0% 161.07 160.60 160.00 199 .2)
163.31 161.16 163.19 161.75 161.28 160.60
164 .47 164.1) 163.26 163.9¢ 162.8%) 161 48
165.67 165.54 164.58 164 .20 161.7 163 13
166.9) 166.82 165 04 183 43 16%.01 164 .18
160.2) 168.20 167 1) 166 48 166 .24 165 56
170.1% 16971 166.22 167 7} 167.27 166 56
172.19 171.28 169 .31 168 M 168.29 167 $S
191.30 190.14 187 .36 106.59 185.00 e
190.6% 197.53 194 .60 193.72 192.69 191 .50
202.73 201.57 198.61 197 71 196 .45 195 $0O
108.09 203.92 200.96 200.0% 199.18 197 20
206.42 205.3¢ 202 .29 201.39 200.30 199 12
307.09 205.9) 202.96¢ 102 oS 201 .17 199 78
207.27 206.13 20).14 202.22 201.34 199 9%
206.99 208.0) 202.06 301.93% 301.07 199 68
206.30 30%.0) 202.07 301.18 200 28 198 .09
204 .67 203.52 300.58 199.64 198.77 197 40
202.02 200.86 197.91 197.01 196.1% 194 80
197.54 196.37 19) .45 192.%7 191.7¢ 190 44
109.49 188.3) 108.92 104.7) 14).9% 182 a8
171.04 170.14 168.110 167.63 167.17 166 .43
169%.37 168.39 167.1) 166.83 166 .37 168 €6
167.7% 167.70 166 .48 166.01 16%.56 164 .87
166.72 166 .59 163 .47 168.02 164 .58 163 %0
163.69 165.53 164 .47 164.03 161.9%9 162 91
164.70 164 .53 161.49 161.08 162.5% 161 %0
1631.78 161 .60 162.558 162.08 161.57 160.8%
162.04 163.6% 161.64 161.18 160.52 189.72
160.92 160.78 189.77 15%.130 158.74 15815
159.0¢ 158.92 157.90 187.54¢ 157.0) 156.3%2

IP-300 TRANSYER CAST ETAS1 MODEL RUN 10, 4 CASES, WEW K -- PREFIRE S8

STEADY STATE TENPERATURE DISTRIBUTION AFTSR 12 ITERATIONS. TIME « 0.0
[1 ?

1s 16 17
37.21 20.43 29.60
0.0 0.9 6.0
0.0 0.0 9.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.9 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 a.0 6.0
102.34 . 180.93
188.37 . 106.66
192.16 . 190.38
194 .42 . 192.36
195.70 . 191.82
196 .15 . 194 .45
196:51 . 194.61
196.3% . 194.38
195 .48 . 193.60
194.02 . 192.17
191.48 . 109.68
10721 . 105.50
0.9 . 0.0
e.0 0.0 0.0
0.0 0.0 6.0
0.0 0.0 0.0
0.9 ¢.0 Q.0
0.0 6.0 0.0
0.0 6.0 0.0
0.0 0.0 0.0
0.0 9.0 0.0
0.0 9.0 0.0
0.0 0.0 0.0

1
19
1
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I9-300 TRAMSFER CASE ETASL MODEL RUN 10, 4 CASES. XTW K -- PIRE TR
TRANSIENT mm‘n::l DISTRIBSUTION APFTER 218 TIME STEPS, TIME = 3.00000D¢01

GROSS GRID 1 3 s
1 4 I
FINE GRID 1 2 3 3 ? ] ]
DISTANCE -6.3% €.23 12.50 19.25% 30.0§ 20.88 21.48
1 0.0 0.0 729.49 748.02 a1).70 837.00 464.25 196 5%
2 0.78 0.0 6)4.53 647.24 727.45  7%2.50 THL.74 016.38
3 1.50 9.0 $81.67 366.5% £$55.28 681.31 T11.26 745.38
4 2.28 0.0 . . €23.03 64%.11 §70.76 712.32
5 3.00 0.0 . . $9).07 §19.41 648.23 €80.45%
[ 3.78 0.0 . . $68.19 $92.6% 620.)1 6S1.22
" 4 .50 [ ] . 447, S46.54 $69.30 598.34¢ $34.9)
s s .25 0.0 . . 529 .95 54928 $73.27 §01.46
9 s.1 0.0 . al. $17.49  $)4.67 §56.77 583 .76
10 €.50 0.9 . . 508.11 $21.63  S41.67 567.45
11 . 0.0 00 . 438.02 447 .06 462.26 48).2¢
13 e.0 0.0 0.0 341.43 146.92 356.1% 163 .04
1) 0.0 00 6.0 3137.12 342.41 151.9) 3164.29
14 0.0 0.0 0.0 1)9.0% 344.32 183.42 316618
1s 0.0 0.0 0.0 340.38 348 .62 384.71 167 .46
16 0.0 0.0 0.0 341.00 346.27 158.37
1?7 0.0 9.0 0.0 141.18 346 .44 355.54
18 [ ] 0.0 0.0 140.9%0 346.17 358.27
19 0.0 9.0 9.0 340.1¢ 143 .41 354 .50
20 0.0 0.0 0.0 3is.0) 344.32 383 .42
21 0.0 9.9 9.0 344.70  330.18 189.44
22 9.0 9.0 0.0 442.90  451.86 466.97
23 0.0 9.0 0.0 497.49 508.20 $26.02
24 0.0 457.57 469.90 540.09 $82.3¢ 871.07
as 6.0 461.02 473.48 $50.07 564.08 $88.16
26 6.0 47).59  406.43 s61.83 $78.3¢ €00.23
7 6.0 406.32  498.36 $76.14 $95.92 619.7%
2e 0.0 $02.98 $516.00 $93.7M) 615.52 €41.090
29 6.0 $33.46 536.2)1 €14.09 637.18 663.97
10 0.0 547.6) 559.9%4 636.39 €60.7) 600.46
2% 0.0 $78.34 536.96 §61.80 685.98% 714.12
32 0.0 €3).50 661.56 732.48 786.00 78).47
33 0.0 T45.96 754.9¢ 817.9% 8)9.96¢ 266.08
IP-300 TRANSPER CASK NTASL MODEL 2UW 10, & CASES, ¥IW K -- FIRS TR
TRANSIENT TEMPERATURS DISTRIBUTION AFTER 218 TIME STEPS. TIME = 3.000000+01
GROSS GRID L] ?
I 4
FINE GRID 14 18 16 17 18 19
DISTANCE 5.9 ar.a1 28.43 29.48 30.9 1.0
1 0.0 9.0 0.0 6.0 0.0 0.0 0.0
2 9. 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 9.0 0.0 6.0
4 9.0 0.0 9.0 0.0 0.0 0.0
S 0.0 0.0 0.0 0.0 0.0 0.0
[ [ ] 0.0 0.0 0.0 0.0 0.0
T 0.0 0.0 ¢.0 0.0 Q.0 0.0
L) 0.0 0.0 6.0 0.0 0.0 0.0
9 [ ] 0.0 0.0 g.0 0.9 0.9
10 9.0 9.0 9.0 0.9 0.0 0.0
n 1303.81 1463.53 1470.66 1455.41 1309.08 1)14.54
12 €77.%50 043 .50 997.20 1140.62 1378.54 1201.08
13 661.60 826.47 $82.32 1131.69 1275.04 1200.60
14 664.76 427.1) $82.67 1131.07 1275.15 1280.71
15 €63.69 337.81 983.16 1132.1% 1375.23 1280.78
16 666.16 81819 983.40 1132.3% 127%.27 1280.M2
17 666.29 $28.20 983.47 1132.33 12375.28 1200.0)
18 §66.09 8328.14 983.37 1132.27 1275.26¢ 1280.81
19 665.54 827.73 963.09 1132.11 1275.21 1280.77
20 664.90 027.51 983.08 1132.10 1278.1% 1380.71
21 §79.82 24%.30 990.46 1141.29 1378.73 1381.27
22 1304.31 1463.59 1470.67 1455.43 1310.2¢ 1114.9)
23 0.0 0.0 0.0 0.0 0.0 9.0
24 0.0 Q.0 0.9 0.0 9.0 0.0
28 0.0 9.0 6.9 ¢.0 0.0 0.0
26 0.0 6.0 0.0 0.0 0.0 0.0
27 0.0 0.0 9.0 0.0 9.0 0.0
28 6.0 0.0 0.0 0.0 0.9 6.0
29 0.0 0.0 g.0 9.0 0.9 0.0
30 0.0 0.0 0.0 2.0 0.0 9.0
3 0.0 0.0 0.0 0.9 0.0 0.0
32 0.0 0.0 0.0 0.0 0.0 0.0
3} 0.0 0.0 0.0 0.0 0.0 e.0
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1I7-300 TRANZFER CAST ETAS1 MODEL RUX 10, 4 CASES, NI¥ X - FOSTPIRE TR

TRANSIENT TEMPERATURE DISTRIBUTION APTER 147 TIME STEPS., TIME = 5.000000+01
GROSS GRID 1 2 3
1 1 4

FINE GRID 1 2 3 4 s 6 L] 9 10
-6.28 6.28 12.50 18.75 0 85 21.65 22.45
1 0.0 531 .67 60S.40 661.22 704 .98 724 .04 74%.83
2 0.0 $8s .21 606.63 §65.39% r00.12 714 .32 127.8¢
3 0.0 $80 38 602.9%¢ 663.60 €86 .50 695 10 102 40
4 0.0 7S 28 $99.80 650.74 €76.99 682 .64 686 6)
5 0.0 $69.09 $95.06 653.47 €66 .22 6693 .19 €70.7¢
(] 0.0 $64.55 $91.58 647.47 £54 .27 €55 .91 €3S 2%
? 0.0 559 .65 $87.42 §41.30 643.11 6412.55 €40.29
(] 00 $55 52 $03.74 £15.90 €31.17 629.51 €35.97
9 (] $51 30 $79 .49 628 .67 622.26 618 97 614 .57
10 0.0 $50.74 $79.41 622.70 $1).00 608.8) €03 &7
11 9.0 6.0 0.0 $18.77 s11.7M $0%. 83 3507 .86
12 0.0 0.0 a0 415.17 413.21 412.74 412.20
13 0.0 0.0 0.0 402.45 400 .49 400.21 199 95
14 0.0 c.0 6.0 403.22 401.3¢ 401.08 400 &S
15 0.0 0.0 0.0 404 .51 402 52 402.26 402 03
16 0.0 0.0 0.0 40S.1¢ 403 .18 402 .28 402 €S
17 0.0 Q.0 0.0 408.21 40) .32 403 .05 402 .01
1 9.0 9.0 0.0 405.0S 40) .06 402 73 402 .56
19 0.0 0.0 9.0 404 .37 402.19 402 .12 401 89
20 6.0 0.0 0.0 404.29 401.3) 402.04 401.77
a1 g.0 ¢.0 0.0 418.14 46.17 415.69 415.1)
2 6.0 g.0 0.0 516.9) $12.79 $10.96 508.78
23 0.0 6.0 0.0 §75.27 569 .24 $66.03 561.9)
24 0.0 €00.)¢ 620.47 £36.41 646.58 642.06 436.40
2% 0.0 €07.94 620.02 660.18 §52.9% 64%.40 €44.60
26 0.0 €00.79 628.66 $64.28 659 .54 €57.00 €53 .14
27 0.0 609.00 629.42 667.14 €6T 44 666 .34 663.01
28 9.0 611.01 630.24 670.18 €75.2) £73 .02 674.07
29 2.0 612.27 €30.9%4 €73.9¢ 602.76 €05.26 686 .23
30 2.0 613 .42 £31.3% 678.16 £8%.70 €94 .45 697.73
b3 Y 0.0 614.28 §31.22 §76.48 695.97 703 .04 709 .06
12 0.0 614 .03 628.9) §78.79 T06.48 L9 .46 731.93
33 6.0 €12.23 €21.94 €63.06 708.3%1 127.18 747.89%

IP-300 TRAMSFER CASE NTAS1 MODEL RUN 10, 4 CASES, WEW K -- POSIFIRE TR
TRANSIENT TEMPERATURE DISTRIBUTION AFTER 147 TINE STEPS, TIME = $.00000D«01
ki

GROSS GRID ¢
b ¢ X
FINE GRID 14 1 16 17 18 19
DISTANCE 25.98 7.1 28.45 29.6¢8 30.9 11.03
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 c.0 6.0 Q.0 0.0 9.0 9.0
3 0.0 0.0 0.0 9.0 e.0 0.0
4 0.0 0.0 9.0 ¢.0 0.0 0.0
S 0.0 0.0 0.0 6.0 0.9 6.0
] 0.0 9.0 0.0 0.0 . 0.0 [ ]
7 0.0 0.0 0.0 0.0 0.0 0.0
) 0.0 0.0 0.0 0.0 0.0 0.0
9 0.0 8.0 0.9 0.0 0.0 0.0
10 0.0 8.0 0.0 0.0 9.0 0.0
11 329.320 26)1.76 ael.61 346.9%¢ 202.3) 204.0%
12 3176 .80 3147.38 119.9% 294.08  269.S50 269.14
13 3169.1% 342.22 316.28 191.14 266.76 266.42
14 169 .91 342.81 116.713 391.54 267 .11 266 .77
1s 370.82 343.60 317.37  292.04 267.47 267.12
16 171.)9 344.03 J17.72 392.20 267 .66 267.01
17 371.%2 344.14 117.0 292.)7 267.7 267.36 .
18 171.11 341.97 317.67 292.3¢6 267.63 267.28
19 37077 343.52 3117.31 an.n 367.432 267.00
20 370.64 343.46 317.326 391.91 3€7.31  266.9¢
21 379.21 349.33 331.44 298.29 270.42 270.05
22 329.9%0 264.16 241.9% 247.41 20).11 281.658
23 0.0 0.0 0.0 Q.0 8.0 8.0
24 [ ] 0.0 0.0 9.0 0.0 6.0
2s 6.0 0.0 6.0 2.0 0.0 0.0
26 0.0 0.0 9.0 0.0 9.0 0.0
27 0.0 0.0 0.0 6.0 0.0 0.0
28 0.0 9.0 9.0 0.0 a.0 0.0
29 0.0 0.0 0.0 0.0 0.0 0.0
30 0.0 0.0 0.0 0.0 0.0 9.0
3 0.9 0.0 0.0 0.0 0.0 0.0
32 0.9 0.0 0.0 9.0 0.0 0.0
33 0.0 0.0 0.0 0.0 0.0 0.0
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GROSS GRID
FINE GAID
DISTANCE
1 0.0
2 0.78
) 1.50
4 2.2%
s 1.00
[ 178
k4 4.50
) §.35
9 s.08
10 6.%0
11 19.38
12 32.35
13 45.13
14 $3.00
15
16
17
18
19
20
21
22
22
24
23
26
27
28
29
30
3
32
33
GROSS GRID
FINE GRID
DISTANCE
1 0.0
3 0.75
3 1.50
4 2.2%
S 3.00
€ 3.718
7 4.5%0
s 5.28
9 5.88
10 €.50
11 12.38
12 32.28
13 4%.13
14 58.00
15 70.88
16 83.78
17 96 .61
Y} 109 .50
19
20
21
22
2]
24
s
26
27
28
29
30
31
12
13
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TRANSIENT TENPERATURE DISTRIBUTION AFTER 134 TIME STEPS., TIME « 6.00000D+01
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IP-300 TREANSPER CASK STAS1 MODSL RUW 10, 4 CASES, NIW R

b 4

4
18.7%
€17
€30.09%
€14.23
634.26
£32.93
€10.69
€217.%6

S
19.00
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€)6.0)
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IP-300 TRANSFER CASX ETAS1 WODEL RUN 10, 4 CASES, WEW R -- POSTFIRR TR

v TRANSIENT TEMPSRATURE DISTRIBUTION AFTER 206 TIME STEPS., TIME = 2.10000D+02
GROSS GRID 1 2 3 4 s
b 4 b 4 z T 4
FINE GRID 1 2 b} 4 [ 7 L] ? 10 11 12 13
DISTAN -6.2% L]
1 Q. 9.0 183
2 0.75 0.0 364
3 1.%0 0.0 374
4 2.2% 0.0 37
5 3.00 0.0 1831
[ 3.78 0.0 7
? 4.%0 0.0 31%0
[ 4 5.29 ¢.0 3%
9 5.48 o0 196
10 6.50 0.0 39
11 . 0.0 0.
12 0.0 [}
13 0.0 0.
14 0.0 0.
15 0.0 0.
16 0.0 0.
17 0.0 [
13 0.0 0.
19 0.0 0.
20 0.0 Q.
1 0.0 Q.
22 0.0 0.
23 0.0 0.
24 0.0 isl.
s 0.0 31%¢0
26 0.0 m?
27 0.0 pLH
23 0.0 303
a9 a.0 e
30 6.0 37
n g.0 174
32 0.0 368
33 0.0 3154
17-300 TRANSPER CASE NTAS1 NODEL RUN 10, 4 CASES, NEW K -- POSTFIRE TR
TRANSIENT TEMPSRATURE DISTRIBUTION AFTER 206 TIME STEPS, TIME e 2.10000D+02
GROSS GRID ¢ 7
I | §
FINE GRID 14 15 16 17 18 19
DISTANCE 25.9 27.21 28 .45 29 .60 30.91 1.0
1 0.0 0.0 0.0 0.0 6.0 0.0 0.0
2 0. 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0 9.0 0.0
4 0.0 0.0 0.0 0.0 0.0 0.0
H ¢.0 0.0 9.0 g.0 0.0 0.0
1] 0.0 0.0 0.0 e.0 0.0 0.0
‘ ? 0.0 Q.0 9.0 0.0 0.0 6.0
[ ] 0.¢ 0.0 0.0 0.0 0.0 0.0
9 0.0 0.0 0.0 0.0 0.0 0.0
10 0.0 0.0 0.0 0.0 0.0 0.0
11 288 . 240.07 221.9% 219.86 . 232.322
12 368 131.9) 300.02 m.” 4 344.09
13 3156 325.58 29%.06 167.38 2)9.76
14 s 321.64 292.61 264.78 237.10
i$ 1% 320.86 2191.9%¢ 264 .37 2317.43
16 ast. 320.93 2%2.02 264.13 2317.49
17 151 321.04 292.11 264 .40 237.%4
13 3s1. 321.20 292.24 264 .50 2317.60
19 3s2. 3212.20 193.07 265.18 218.07
20 157. 326.11 2% .20 267.74 240.0%
21 364. 331.9 300.4% 271.%0 . 24).88
2 4. 239.58 221.57 21%.41 . 231.48
23 0. 0.0 0.0 0 . 0.9
24 0.0 0.0 0.0 9.0 0.0 0.0
28 0.0 0.0 0.0 0.0 0.0 0.0
26 0.0 0.0 0.0 0.0 0.0 0.0
27 0.0 0.0 0.0 0.0 0.0 0.0
28 0.0 0.0 8.0 0.0 0.0 0.0
29 9.0 0.0 0.0 0.0 8.0 8.0
30 0.0 0.0 0.0 6.0 0.0 0.0
n 0.9 [N ] 0.0 0.0 0.0 0.0
32 0.0 0.0 0.0 0.0 0.0 0.0
BB 0.0 0.0 0.0 0.0 0.0 8.0
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GROSS GRID

FINE GRID
|28

STANCE
0.9
0.78
1.50
2.2%
1.00
1.7
4.50
$.28
S.88
6.50

19.38
3a.28
45.13
$8.00
70.88
$3.7%
96.63

109.50

122.37

138.28

148.12

)
4
23
26
27
28
29
i0
in
32
33
GROSS GRID
FINE GRID
DISTANCE
1 0.9
2 0.7%
3 1.50
4 2.35
S 3.00
[ 31.7%8
? 1
[ $.2%
9 s.a8
10 .50
11 19.38
12 32.28
1 45.13
14 $8.00
15 70.88
16 23.75
17 96.63
10 109.50
19 122.37
20 138.28
21 148 .12
22 161.00
2) .
24
s
26
2?
s
19
30
i1
33
13

-

0000000000000 0000000000C00COBOOAON

00O 0000O0ODB000000000000000000OON

14

WMRNNMNNNONNSM
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VMWOVAVNNEINBSAOQOOO000000W
LY LYY YTyl

00000 D0000
0o000000coD

STEADY STATE TEMPERATURS DISTAIBUTION AFTER
2 3

STEADY STATE TEIMPIRATURE DISTRIBUTION AFTER
6
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IF-300 TRANSFER CASE KTASL NODEL RUN 10, 4 CASES, N¥W K

-
"an
-eo
-no
-

-
on
“n
~o
-

184.18
183.18
102.14
103.07
178.68
176.2%

1IP-300 TRANSFER CASK ETASL MODBL RUN 10, 4 CASIS, NIW K

18

a7

occoomooooON

00000000000
-X-2-X-X-F-X-T-X-)

-

~
oco®
T e
coe

“w

000000000
- X-Y-X-X-F-X-X-¥-%.)

17
9.
]

0000000000
0000000000

b
18

-
0000000 C000
0000000000

Y
~o0w
NBNO

0c00oOeO0000

-

"]

[

CRAOOOOODQOMN
-

A A NN B b

DD OEE OO0

whAONEOANS NSO
- cCouvouUUvLBOoOVOO
-

cocoo0o0cOoOOCO
000000000060
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-~ PINAL 88

- 21.68
101 .41
104 .40
107 50
139.38
191.)7
193 .44
195.59
197.02
199 .74
101 &8
262.87
279.0)
100.16
313.61
319 .29
332.38
123.72
330.49
3115. 80
304 .64
206 .42
295.49
237.18
195 .12
19).78
193.46
190.9%
189.18
187.88
106.41
108.02
182.18
179.1%

11 ITERATIONS. TIMR = 2.10000D+02

11 ITERATIONS, TIME « 2.10000D+02




ATATINGS Input for Argon Pilled Cask During LONC

2.

e

NEDO-10084-4
March 1994

WRATINGS Input File Listings

SOPTION MAXBDCaT,NDIMEN=2,MAXGGL=4S, MAXPBTel, MAXPRS«17,
SMAXPTS=1000, MAXREG =108, MAXRPG3S , MAXSUR=1000 , MAXTPG=50,
SMAXANA =1, MRXHGN =1, MAXMAT =S .
SMAXZFGel, MWIDTHe1000, DIRECT T, LAOUND=T, 6END

17 ELEM IF-)00 BASKET, ARGON. TSHELL 228.0. LOMC, INITIAL, RUN 1

300 7100000010

00000000 200

REGIORS

FUEL REGIONS

11 0.000
3 1 2000

2 1 0.000
3 1 2000
3 0.000
3 1 2000

« 1 0.000
3 1 2000

s 1 0.000
3 1 2000

6 1t ..581
3 1 0000
Lt 650
3 1 oooo
1 4501
3 1 0000

s 1 4581
3 1 06000

10 1 11.206
31 1 00

i 11.306
3 1 00

.

. POISON REGIONS
.

w2 1.485
2 o 00122

15 2 10.455
2 o 0012

.

. CHANNEL REGIONS
.

16 3 0.000
2 6 2000

17 3 2.639
2 o ooocw

18 3 0.000
2 0o 2000

19 3 0.000
2 o 2000

20 3 2.639
2 0 0000

21 3 0.000
2 0o 2000

22 3 0.000
2 o 2000

3 3 2.639
2 o 0000

24 3 0.000
2 0 2000

s 2 0.000
2 o 2000

26 3 2.639
2 0 0000

27 3 0.000
2 0 2000

21 13 0.000
2 o 2000

29 3 2.639
2 0 0000

30 3 0.000
2 0o 2000

n 3 4.501
2 o o000

12 3 450
2 o o000

313 ) 9. a5
2 0o o000

¢ 3 4581
1 o0 ocoo0

s 3 4.501
2 o Bsoo0¢e

16 3 e.50
2 0 0000

317 3 s.8%9
2 0 0000

s 2 458
2 0 0000

19 3 4.502
2 o o000

0 3 .50
2 0o ooo00
a3 s 859
2 0o o000

a2 ) 4501
2 o o000
a3 4 so1
2 o 0000

“ 3 a5
2 0 0000

as 3 ».859
2 o 0000

4 2 4 sa
2 o 0000
LA 11226
2 0 o000

@ 11 306
2 o 0000

4 16 08
2 o0 o000

0 3 11.306
2 o 0000

639

.639

639
639
619
952

11.578

4
-1

.800
.970

.T40 -

-15.515 -

L]
1
-8

.19

.410

-12.131 -

16.584 1.418

16.504

31.735 -15.595

10.708

2
2
2
2
2
2
2
2
2
2
2
2
2
2.
2
4
9
9
s
4
]
9
9
4
9
9
]

619
.719

(23]

.6)9
.719
.619
.619
.719
.39
639
.719
639
.69

719
(1]
S8l
ERE]

.939
.9%9
.581
.859
.939
.59
.881
859
939
. 889

581
159
939
[ 1]

-12.213

11.495

11.49%

16.9%3

L)
4

.720
.720

10.078

-2.
050

308

830
020

.462

-15.593%

-15.59%

-10.237

.11
-11)
.11

1).471

.33
.33

430
48
438
(1]

-12.213

-12.213

-12.21)

11.306 1.338

16 S04 1.310

16 664 1.338

16.58¢ ¢ 6936

16.8%)
10.078
3.308
3.462
10.23?
13.471
6.6%¢
0.080
6.858
6.69¢
0.080

16.91)
13.5%1

11.875
16.93)
16.923
4.000
10.158
10.158
-1.970
3.308
3.3a8
-8.740
-3.302
-3.382
-15.518
-10.157
-10.1%7
11.851
6.193
13.58%1
13.581
€.776
1.410
§.776
$.776
0.000
-5.3858
0.000
0.000
-6.778
-12.113
-6.778
-6.771%
€.77¢

1.410

.176
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51 ) 11.226 11.306 -5.438 9.000
2 -] o000

52 3 11.306 16.%84 -5.438 -5.188
2 [} 000GC

53 3 16.504 16.664 -5 418 0.000
2 0 0000

sS4 3 11.306 16.584 -0.080 0.000
2 [} 0000

.

. OUTSIDE GAP REGIONS

. .

101 4 0.000 2.71% 16.%33 1%.680
3 0 234 4

102 4 3 73S 11 236 11.551 16.%)3
1 ) ¢ € 4 ¢

103 ¢ 10.70% 11.306 1) 471 11.5%51
b3 ] € 6§00

104 & 10.70% 16.584 8$.113 13 471
1 Q €6 %S

108 ¢ 10.708 18.750 €. 776 8.113

1 () ¢ 677

106 ¢ 16.664 18.750 1 )38 £.776

1 Q 4400

107 & 16.664 18.750 -%.438 0.000

1 0 4400

100 ¢ 10.70% 18.7%0 -€.77S -S.418

1 ] €677

109 ¢ 10.70% 16.584 -12.13) -6.77S
1§ ] [ 3 3% 1 1

110 4 10.70% 11.306 -12.213 -12.1)}
1 0 6600

111 4 3.73% 11.226 -15.59%% -12.21)
1 ] [ 3 1

112 4 0.000 2.71% -17.820 -15.59S
1 [} 212 4

. INSIDE GAP REGIONS

201 4 2.71% 3.405 11.495 16.%1)
2 ] 4402

202 4 @.000 3.405 10.158 11.49S
2 [ 2013113

20) 4 2.719 3.405 4.720 10.158
2 (] 4400

204 ¢ - 31.7138 4.501 0.11) 13.551
2 L] 4400

08 ¢ 3.738 4.501 1.3 €.776
2 Q ss400

206 ¢ 0.000 3 483 1.388 4.720
2 0 201313

207 4 9.919 10.45S $.113 13.851
2 0 4400

200 4 3.738 10.458 §.776 $.113
2 ] €613

209 & 9.93% 10.45% 1.300 €.77¢
3 o 4400

210 4 10.70% 11.236 1.319 €.776
2 ] 4400

211 ¢ 2.71% 3.485 -2.080 3.308
2 0 4400

212 ¢ 3.738 10.455 0.000 1.138
2 o ¢ 6 |

213 4 10.705 18.750 0.000 1.338
a o €613

214 & 31.738 4.%501 -5.4238 0.000
2 0 4400

21% 4 0.000 3.48% -3.283 -2.080
2 0 201313

216 4 1.7119 3.485 -8 820 -3.302
2 Q 4400

217 4 9.93% 10.4%5 -5.438 0.000
2 0 4400

219 4 10.705 11.226 -$.438 0.000
2 0 4400

219 4 3.738 10.45% -6.773 -S5.430
2 Q 661

220 4 0.000 3.488 -10.157 -8.820
2 [ 20113

2 4 1.738 4.501 -12.213 -6.778
2 0 4400

222 ¢ 2.7119 3.485 -15.598 -10.187
2 ] 4420

223 4 9. 939 10.455 -12.213 -6.778
2 [} 4400
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. SHELL REGIONS

018 0.000 21.719 19.680 20.180
1 0 2201

02 s 4501 11.33¢ 16.913 17.43)
1 0 2201

303 s 11.226 11.306 13.551 16.933
1 0 0122

304 S 11.106 16 S84 13.471  13.851
1 0 21301

105 8 16.584 16.664 8.113  13.4M1
1 0 o122

306 3§ 18.7%0 19.350 -6.778  8.113
1 0 @122

107 § 16 S84 16 664 -12.13) -6.77S
1 9 01212

308 S 11.306 16.584 -12.213 -12.133
1 0 2210

309 § 12,226 11.)06 -15.598 -12.21)
1 0 o122

310§ 4.801  11.326 -16.095 -15.59%
1 06 21310

1S 0.000 2.71% -18.320 -17.830
1 o 2210

.

.

.

MATERIALS

.

. SPECIFIC HEAT AND DENSITY VALUES ARE NOT REQUIRED
. FOR A STEADY STATE ANALYSIS

.

1 FUSL 0 0 0 -6

2 NSORB 0 0 © -2

.

. NSORB ASSUMED TO MAVE THE SAME PROPERTIES AS §S30¢
.

3 ZIRCALOY 0 0 0 -3

.

. PROPERTIES OF ZIRCALOY-2 ARE USED FOR TIRCALOY-4

.

4 ARGON 0 0 0 -1

$ 55304 000 -2

H

.

INITIAL TEMPERATURES

1 2%0.0

2 400.0

3 %00.0

.
.

HEAT GENERATIONS
1 $.776D-)

.

.
BOUNDARY CONDITIONS

. CONSTANT TEMPERATURE CONDITION ON SHELL
.

1222%.0

-

. INSULATED SURFACE

.

20

¢.0000.00.00.00

.

. MADIATION BETWEEN ZIRCALOY AND ZIRCALOY
.

13

0.0 $.00$D-34 0.0 0.0 0.0 0

.

. RADIATION BETWEEN ZIRCALOY AND STERL
.

4

0.0 6.246D-24 0.0 0.0 0.0 0

.

. RADIATION BETWEEN STEEL AND GAS

.

s

0.0 1.175D-13 0.0 0.0 0.0 0

.

. RADIATION SETWEEN STESL AND STEXL

.

(%)

0.0 B.308D-14 0.0 0.00.00
RADIATION BETWERN IIRCALOY AND GAS

e e

)
0.0 8.008D-14 0.0 0.0 0.0
.

.
XGRID

0.0 2.63% 2.719 3.48S ).735 4.501 4.301 9.0%9 9 919
#10.455 10.70S 11.236 11.306 16.584 16.664 19.750 19.250
314141112111312111
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YGRID
-18.320 -17.020 -16.095 -15.59S -13.51S% -12.213 -12.13)
©-10.237 -10.187 -8.820 -8.740 -6.855 -6.775 -S -5.358

-3 .462 -3.382 -2.050 -1.970 -0.080 0.000 1.338 1.410 ) 308
3.308 4.720 4.000 6.696 €.776 0.11) 8.19) 10.070 10.138
®11.495 11.S7S 13.471 13.$51 16.0S3 16.93) 17.433 19.680 20.180
11:212:11112321112313112121121111

e1 1111111131121 111

.

.
ANALYTICAL FUNCTIONS
TABULAR FUNCTIONS

. K OF PURE ARGON, REF. LIENHARD
.
16
100 1.461D-5 300 1 669D-5 300 1 864D-$
@ 400 2 049D-§5 500 2.224D-S 1000 2 981D-$
.
. X OF S5104 AND NSORB, REF: ORNL/CSD/TH-149
.
217
100 0.0121 150 0.012% 200 0.0129 250 0.0133
300 0.0136 350 0.01¢ 400 0.0144 450 0.0147 300 0 C181
@550 0.0154 €00 0.0157 650 0.0161 700 0.0164 750 0.0164
800 0.016% 850 0.0174 900 0.0176

. K OF ZIRCALOY-2, REF: RUST
.
18

100.00 0.009472 200.00 0.00956$ 400.00 0.00987S
@ €00.00 0.01024 800.00 0.01061
.
. X SFFECTIVE OF FUEL REGION, REF: ENAD PG 133
.
7

400.00 2.223D-3 $00.00 ).056D-3 600.00 3.611D-3
@ 700.00 4.444D-3 80000 5.278D-3 900.00 §.3890-3
® 1000.0 7.639D-1
.

»
STEADY STATE PARAMETERS
-30 0.002

s
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WEATING6 Input for Argon Replaced Dy Steel Case Durimg LONC

&OPTION MAXBDCs?,NDIMENe3,MAXGGLedS, MAXPET), MAXPRS=17,
SHAXPTS=80S, MAXAEG=10% , MAXRPG=2S, MAXSUR=1000, MAXTFG=50,

SMAXANA =1, MAXHGN=L , MAXMATsS,
SMAXZFGal, MWIDTH=250, DIRECT T, LBOUND=T, 4END

17 ELEM IF-100 BASKET, STEEL, TSHELL 229.0. LOMC, INITIAL, RUN 2
300 710.00.00.010
00000000200

RESIONS

.

«  FUEL REGIONS

.

11 o 000
1 1 2000

2 1 8.000
3 1 2000
F 0.000
3 1 2000
T 0.000
3 1 2000

s 1 0.000
3 1 2000

€ 1 .50
3 1 0000
LY 450
3 1 0000

¢ 1 4.
3 1 0000

s 1 4.5
3 1 o000
101 11.306
3 1 0000
FTREY 11.306
3 1 0000

.

. POISON REGIONS
4 2 3.488
2 o o0

18 2 10.455
2 o 0022

.

. CHANNEL REGIONS
N

16 3 0.000
2 0 2000

17 2 2.639
2 0 0000
PR 0.000
2 0 2000

19 2 0.000
2 0o 2000

20 3 2.639
2 0 0000

21 3 0.000
2 0o 2000

22 3 0.000
2 0o 2000

23 3 2.639
2 o ooo00

4 2 0.000
2 0o 2000

25 3 0.000
2 0o 2000

26 3 2.639
2 o o000

27 3 0.000
2 0 2000

28 3 0.000
2 o 2000

22 3 2.639
2 o o000

0 3 0.000
2 0o 2000
113 4.501
2 o o000

32 3 4581
2 o0 0000
13 9.859
2 0 0000

34 3 a.581
2 o 0000
TR 4.501
2 0 0000

% 3 4501
2 6 0000

37 3 s.059
2 o 0000

ST .50
2 o0 o000

19 3 4.501
2 o0 o000

@ 3 6581
2 o0 o000

a3 9.659
2 o o000

42 3 e.s01
2 0 ooco0o

4 3 e.s01
2 o 0000

“ 3 ..581
2 0 0000

s ) [ ¥ 11)
2 o 0000

% 2 450
2 0 0g8o00

7 3 11.236
2 o o000
TR 11 306
2 o o000

9 1 16 S84
2 o o000

s0 3 11.306
2 0 0000

51 12 11.236
2 o 0000

IR B VR VO A Y

€19
€39
639
(23
(X3
s

11.578
4.3200
-1.970
-0.740
-15.8518
8.19
1.410
~5.158
-12.13)

16.584 1.418

16.584

3.738 -1%5.598

10.70S

11.306
16 384
1€ 664
16 S84
11 lﬂ“-i.‘ll

W W W e e W W AW W W s WY W s NN N NN NN NNNN NN NN

639
719
619
€19
e
(23]
€39

.719
618
619
.719
.6319
-639
.79
.39

81
[} 2]
339
[11]

.801
-89
.939

.581

ase
9
[11]
501
[ 23]
£2 1)

16.953
10.078
3.100
-3.463
-10.237
13.4M
¢.69¢
-0.080
-§.05S
6.69%6
-0.080

16.93)

-12.313 13.5%1

11.498
11.495
16.853
4.720

4.720

10.073
-2.050

-2.050

3.308

-9.820

-8.220

-3.462

-15.595
-15.39%
-10.237
.13

$.113

$.113

11.471
1.339

1.33¢

1.338

€.69¢

-$.438

-5.438

-$.438

-0.000

-12.213
-12.213
-12.213
-6.838

1.3

1.338

1.338

6 696

11.578
1€.93)
16.93)
4.800
10.158
10.158
-1.970
3.388
3.388
-8.740
-3.392
-3.382
-15.518
-10.1%7
-10.187
13.581
9.193
13.5852
1).881
£.776
1.4180
€.77¢
€.776
0.000
-5.358
8.000
0.000
-6.77%
-12.133
-6.77%
-6.778

.776

1.418
€.776
6.776
0.000
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| 11.306 16.584
0 o000

3 16.584 16.664
0 0000

3 11.306 16.584
9 0oo0o00o

OUTSICE GAF REGICNS

] 0.000 2.719
0 2200

S 3.7 11.226
0 0000

s 10.705 11.306
° 0000

s 10.705 16 S84
o 000

s 10.70S 18.750
Q 0000

s 16.664 18.750
0 0000

5 16.664 18.750
[] co0oo0

S 10.70% 10.7S50C
0 Q000

s 10.70% 16.584¢
o o000

H 10.708 11.306
] o000

s 3.735 11.32¢
0 0000

5 0.000 2.719
(] 2200

-5.438
-0.0%30

16.93)
11.582
13.47
8113
6.776
1.338
-5.400

.000

19.680
16.91)
1).851
13.471
8.113
€.77¢

0.000

-6.775 -5.430

-12.13)

-12.23) -12.13)
-1%.595 -12.21)

-17.820

-6.778

-15.595
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\\,/

201
2
202
2
203
2
204
2
205
2
206
2
207
2
208
2
209
2
210
2
an
2
212
2
213
2
214
2
218

INSIDE GAP REGIONS
.79

3
o
H

© @ @ M © 06 0 O » 0 0 o O B 0O O O W O O o N O

o o & © © o o @6 o O O © ©

o o © © © ©6 © 6 o o

o M © © 0O 6 0 6 6 © O @ 6 O 0O 0 0 © O O o o o

o N
® W W 0O w w NN O W

3

© . 20u%e%0%w®%.%,%0%.%..%.°,,° © @6 0o 0o 6 o o

s.

® 8 « o

.000
.79

738

.18

ooo
939

.738

939

10.70%

719

.13S
10.70%
L7358
.000
.719

939

10.708
.738

.718
.79
.939

4
3

10 455 8.
10.455 6.
10.455 1.
11.22¢ 1.
1 48s -2.
10.438 0.
18.7%0 0.
4.501 -5.

3
3

10.45% -S.438
11.22¢
10.45%

3
4
3

10.455 -12.213 -6.778

> w W =

488

408
.$01

$01

.405

488
.801
.408

11.498
10.158
4.
L
1

3.

-3.
-0.

-$.438
-6.778
-10.187
-12.21) -6.775
~15.595 -10.157

730
113
138
B 1)
113
176
338
330
0s0
0oo
000
430
s
820

16.933
11.493
10.158
11.581

..

1}.551

0.
€.
6.
3.
1.
1.
0.

-1.
-3.
9.
0.

-5.438
-4.020

776
720

113
776
776
p11)
P21
13
000
050
382
o000
Qoo

NEDO-10084-4
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. SHELL REGIONS

.

s 0.000 2.71% 19.680 20.180
1 0 21201

302 e.301  11.2236 16.933 17.433
1 0 2201

01 8 11.336 11 306 13.S51  16.92)
1 0 01212

104 s 11.306 16.584 13.471  11.351
1 o 2201

308 s 16.584 16 664 $.113  13.471
1 o o122

106 S 18.750 19.250 -6.77S 8 113
1 0 0122

107 s 16.564 16664 -12.13) -6.77%
1 0 0122

308 S 11.306 16.S8¢ -12.213 -12.113
1 o 31210

309 S 11.226 11.306 -18.59S -12.21)
1 o 0122

310 S 4 501 11.226 -16.095 -15.59%
1 0 2210

s 0.000 32.713 -18.320 -17.820
1 0 2210

.

.

-

MATERIALS

SPECIFIC HEAT AND DENSITY VALUES ARE NOT REQUIRXD
FOR A STEADY STATE ANALYSIS

FUSL 0 0 0 -4
NSORB 0 0 0 -2

NSORS ASSUMED TO HAVE TRE SAME PROPSRTIES AS 55304
ZIRCALOY 0 0 0 -3

PROPERTIES OF ZIRCALQOY-2 ARE USKD FOR TIRCALOY-4
ARGON 0 0 0 -1
§s)os 0 0 0 -2

NITIAL TEMPERATURES
2%0.0
400.0
$00.0

S PWMEI S IS S W IR

HEAT GENERATIONS
1 9.776D-3
.

BOUNDARY CONDITIONS
.

. CONSTANT TEMPERATURE CONDITION ON SHELL
.

13 22%.0

.

. INSULATED SURFACE

-

20

0.00.00.0000.00

.

. RADIATION BETWEEN ZIRCALOY AND ZIRCALOY
.

1)

0.0 5.005D-14 0.0 0.0 0.0 0

.

. RADIATION BETWEEM ZIRCALOY AND STESL
.

43

0.0 §.246D-14 0.0 0.0 0.0 0

.

. RADIATION BETWERN STEEL AND GAS

.

$)

0.0 1.1750-13 0.0 0.0 0.0 0

.

. RADIATION BETWEEN STEEL AND STRIL

.

62

0.0 8.308D-214 0.0 0.0 0.0 0
RADIATION BETWEEN ZIRCALOY AND GAS

FREN )

3
0.0 5.008D-14 0.0 0.0 0.0 0

.
.

XGRID

0.0 2.639 2.719 3.48% 3.73% ¢.3501 4.581 9.859 3.9)9

910 455 10.708 11.226 11.306 16.584 16.664 15.750 19.250
31111121111121312

March 1994
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.
YGRID

<18.320 -17.820 -16.095 -15.595 -15.515 -12.213 -12.133
0-10.237 -10.187 -8.830 -8.740 -6.938 -€.775 -S.439 -5.158
€-3.462 -3.382 -2.050 -1.970 -0.080 0.000 1.1238 1.418 1.308
©1.388 4.720 4.000 6.6%6 6.776 §.113 §.19) 10.078 10.158
©11.495 11.578 13.471 13.551 16.05) 16.933 17.433 19.680 20.180
111121111111131213111123111
#11111111:111321111

.

-

.
ANALYTICAL FUNCTIONS

TABULAR FUNCTIONS

.

. K OF PURE ARGON. REF: LIENHARD

[
100 1.461D-S 200 1.6695D-S 300 1.864D-5

@ 400 2.049D-5 $00 3.224D-5 1000 2.981D-S
.
. K OF 55304 AND NSORB. REF: ORNL/CSD/TM-14%
.
217

100 0 0121 150 0.013% 200 0.0129 230 0.013)
2300 0.0136 350 0.014 400 O 0144 450 0.0147 500 0.01S1
@550 0 0154 600 0.0157 630 0.0161 700 ©.0164 750 0.0164
€200 0.0169 850 0.0174 300 0.0176
.
. X OF ZIRCALOY-2. REF: RUST
.
s

100.00 0.009472 200.00 0.009569 400.00 0.00987$
® 600.00 0.01024  800.00 0.01061
.
. X EFFECTIVE OF FUSL REGION. REF: EMAD PG 119
.
4?7

400.00 2.222D-3 $00.00 3.056D-3 600.00 3.611D-3
® 700.00 4.444D-3 800.00 5.378D-3 900.00 6.3450D-)
® 1000.0 7.639D-3
.
.
STEADY STATE PARAMETERS
-20 0.001
)
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HEATINGS Input for Argon Filled Cask During PFE

&OPTION MAXBDC=7,NDIMEN=2, MAXGGL=45,MAXPBT=1, MAXPRS=17,
@MAXPTS=950, MAXREG=98, MAXRFG=25, MAXSUR=1000, MAXTFG=50,
@MAXANA=1,MAXHGN=1,MAXMAT=S,
@MAXZFG=1,MWIDTH=250, DIRECT=T, LBOUND=T, &END

17 ELEM IF-300 BASKET, ARGON, TSHELL 453.7, PFE,FIRST ITERATION

300 710.00.00.010

000O0O0O0O0O0 200

REGIONS
*
*
*
1 1
3 1l
2 1l
3 1l
3 1
3 1
4 1
3 1
5 1
3 1
6 1l
3 1
7 1
3 1l
8 1
3 1
9 1
3 1
10 1
3 i
11 1
3 1

*
*

16

17

18

19

FUEL REGIONS

0.000
2000
0.000
2000
0.000
2000
0.000
2000
0.000
2000
4.581
0000
4,581
0000
4.581
0000
4.581
0000
11.306
0000
11.306
0000

POISON REGIONS

2

2

0

0

3.485
0022

10.455
0022

CHANNEL REGIONS

0.000
2000
2.639
0000
0.000
2000
0.000
2000

2.639 11.575 16.853
2.639 4.800 10.078
2.639 -1.970 3.308
2.639 -8.740 -3.462
2.639 -15.515 -10.237
9.859 8.193 13.471
9.859 1.418 6.696
9.859 -5.358 -0.080
9.859 -12.133 -6.855
16.584 1.418 6.696

16.584 -5.358 -0.080

3.735 -15.595 16.933

10.705 -12.213 13.551

2.639 11.495 11.575
2.719 11.495 16.933
2.639 16.853 16.933

2.639 4.720 4.800
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20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

2.639
0.000
0.000
2.639
0.000
0.000
2.639
0.000
0.000
2.639
0.000
4.501
4.581
9.859
4.581
4.501
4.581
9.859
4.581
4.501
4.581
9.859
4.581
4.501
4.581
9.859

4.581

NEDO-10084-4

March 1994
2.719 4.720
2.639 10.078
2.639 -2.050
2.719 -2.050
2.639 3.308
2.639 -8.820
2.719 -8.820
2.639 -3.462
2.639 -15.595
2.719 -15.595
2.639 -10.237
4,581 8.113
9.859 8.113
9.939 8.113
9.859 13.471
4.581 1.338
9.859 1.338
9.939 1.338
9.859 6.696
4.581 -5.438
9.859 -5.438
9.939 -5.438
9.859 -0.080
4.581 -12.213
9.859 -12.213
9.939 -12.213
9.859 -6.855

A-3-63

10.158
10.158
-1.970
3.388
3.388
-8.740
-3.382
-3.382
-15.515
-10.157
-10.157
13.551
8.193
13.551
13.551
6.776
1.418
6.776
6.776
0.000
-5.358
0.000
0.000
-6.775
-12.133
-6.775

-6.775



NEDO-10084-4

March 1994

47 3 11.226 11.306 1.338 6.776
2 0 0000

48 3 11.306 16.584 1.338 1.418
2 0 0000

49 3 16.584 16.664 1.338 6.776
2 0 0000

50 3 11.306 16.584 6.696 6.776
2 0 0 000

51 3 11.226 11.306 -5.438 0.000
2 0 0000

52 3 11.306 16.584 -5.438 -5.358
2 0 0000

53 3 16.584 16.664 -5.438 0.000
2 0 0000

54 3 11.306 16.584 -0.080 0.000
2 0 0000

*

* QUTSIDE GAP REGIONS

*

101 4 0.000 2.719 16.933 19.680
1l 0 22 4 4

102 4 3.735 11.226 13.551 16.933
1 0 6 6 4 4

103 4 10.705 11.306 13.471 13.551
1l 0 6 6 00

104 4 10.705 16.584 8.113 13.471
1 0 6 6 55

105 4 10.705 18.750 6.776 8.113
1 0 6 6 77

106 4 16.664 18.750 1.338 6.776
1 0 4 4 00

107 4 16.664 18.750 -5.438 0.000
1 0 4 4 00

108 4 10.705 18.750 -6.775 -5.438
1 0 6 6 7 7

109 4 10.705 16.584 -12.133 -6.775
1 0 6 6 55

110 4 10.705 11.306 -12.213 -12.133
1 0 6 6 00

111 4 3.735 11.226 -15.595 -12.213
1 0 6 6 4 4

112 4 0.000 2.719 -17.820 -15.595

1 0 2244
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*
\_/ *+ INSIDE GAP REGIONS
*
201 4 2.719 3.485 11.495 16.933
2 0 4402
202 4 0.000 3.485 10.158 11.495
2 0 2033
203 4 2.719 3.485 4.720 10.158
2 0 4400
204 4 3.735 4.501 8.113 13.551
2 0 4400
205 4 3.735 4.501 1.338 6.776
2 0 4400
206 4 0.000 3.485 3.388 4.720
2 0 2033
207 4 9.939 10.455 8.113  13.551
2 0 4400
208 4 3.735 10.455 6.776  8.113
2 0 6633
209 4 9.939 10.455 1.338 6.776
2 0 4400
210 4 10.705 11.226 1.338 6.776
2 0 4400
211 4 2.719 3.485 -2.050 3.388
2 0 4400
’ 212 4 3.735 10.455 0.000 1.338
\_/ 2 0 6633
213 4 10.705 18.750 0.000 1.338
2 0 6633
214 4 3.735 4.501 -5.438 0.000
2 0 4400
- 215 4 0.000 3.485 -3.382 -2.050
2 0 20233
216 4 2.719 3.485 -8.820 -3.382
2 0 4400
217 4 9.939 10.455 -5.438 0.000
2 0 4400
218 4 10.705 11.226 -5.438 0.000
2 0 4400
219 4 3.735 10.455 -6.775 -5.438
2 0 6633
220 4 0.000 3.485 -10.157 -8.820
2 0 2033
221 4 3.735 4.501 -12.213 -6.775
2 0 4400 '
222 4 2.719 3.485 -15.595 -10.157
2 0 4420
223 4 9.939 10.455 -12.213 -6.775

2 0 4 400
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*

* SHELL REGIONS

¥*

301 5 0.000 2.719 19.680 20.180
1 0 2201

302 5 4.501 11.226 16.933 17.433
1 0 2201

303 5 11.226 11.306 13.551 16.933
1 0 0122

304 S 11.306 16.584 13.471 13.551
1 0 2201

305 5 16.584 16.664 8.113 13.471
1 0 012 2

306 5 18.750 19.250,. -6.775 8.113
1l 0 0122

307 5 16.584 16.664 -12.133 -6.775
1 0 012 2

308 5 11.306 16.584 -12.213 -12.133
1 0 2210

309 S 11.226 11.306 -15.595 -12.213
1 0 0122

310 5 4.501 11.226 -16.095 -15.595
1 0 2210

311 S 0.000 2.719 -18.320 -17.820
1 0 2210

%*

*

*

MATERIALS

%*

* SPECIFIC HEAT AND DENSITY VALUES ARE NOT REQUIRED

4+ FOR A STEADY STATE ANALYSIS

*

1 FUEL 0 0 0 -4

2 NSORB 0 0 0 -2

*

* NSORB ASSUMED TO HAVE THE SAME PROPERTIES AS SS304

*

3 ZIRCALOY 0 0 0 -3

*

* PROPERTIES OF ZIRCALOY-2 ARE USED FOR ZIRCALOY-4
*

4 ARGON 0 0 0 -1

5 88304 0 0 0 -2

*

*

INITIAL TEMPERATURES

1 250.0

2 400.0

3 500.0

*
*

HEAT GENERATIONS
1 9.776D-3
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OUNDARY CONDITIONS

*
*
B
*
* CONSTANT TEMPERATURE CONDITION ON SHELL
*

1

INSULATED SURFACE

N *» * »

0
0.0 0.0 0.0 0.0 0.0 0

RADIATION BETWEEN ZIRCALOY AND ZIRCALOY

(VSN I R

3
0.0 5.005D-14 0.0 0.0 0.0 O
*

*+ RADIATION BETWEEN ZIRCALOY AND STEEL

*

S

3
0.0 6.246D-14 0.0 0.0 0.0 O

RADIATION BETWEEN STEEL AND GAS

N * % *

3
0.0 1.175D-13 0.0 0.0 0.0 O

RADIATION BETWEEN STEEL AND STEEL

O * * *

3
0.0 8.308D-14 0.0 0.0 0.0 0

RADIATION BETWEEN ZIRCALOY AND GAS

CNE I S

3
0.0 8.008D-14 0.0 0.0 0.0 O

*

*

XGRID '

0.0 2.639 2.719 3.485 3.735 4.501 4.581 9.859 9.939
@10.455 10.705 11.226 11.306 16.584 16.664 18.750 19.250
3111112111112111

*
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*

YGRID

-18.320 -17.820 -16.095 -15.595 -15.515 -12.213 -12.133
@-10.237 -10.157 -8.820 -8.740 -6.855 -6.775 -5.438 -5.358
@-3.462 -3.382 -2.050 -1.970 -0.080 0.000 1.338 1.418 3.308
@3.388 4.720 4.800 6.696 6.776 8.113 8.133 10.078 10.158
@11.495 11.575 13.471 13.551 16.853 16.933 17.433 19.680 20.180
111121111111111111112111 1

@ 111111111121111

*
*

ANALYTICAL FUNCTIONS

TABULAR FUNCTIONS

*

* K OF PURE ARGON, REF: LIENHARD
*
16

100 1.461D-5 200 1.669D-5 300 1.864D-5
@ 400 2.049D-5 500 2.224D-5 1000 2.981D-5
*
* K OF SS304 AND NSORB, REF: ORNL/CSD/TM-149
*
2 17

100 0.0121 150 0.0125 200 0.0129 250 0.0133
@300 0.0136 350 0.014 400 0.0144 450 0.0147 500 0.0151
@550 0.0154 600 0.0157 650 0.0161 700 0.0164 750 0.0164

@800 0.0169 850 0.0174 900 0.0176
*

* K OF ZIRCALOY-2, REF: RUST
*
35
100.00 0.009472 200.00 0.009569 400.00 0.009875
@ 600.00 0.01024 800.00 0.01061
*
* K EFFECTIVE OF FUEL REGION, REF: RUN 3
*
4 10

601.18 0.002636 650.92 0.002137 650.97 0.002136
@655.70 0.002969 656.01 0.002980 721.83 0.004982
@721.84 0.004986 741.77 0.006393 741.85 0.006405
@766.60 0.014849
*

*

STEADY STATE PARAMETERS
-20 0.001

3
END
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3. Effective Fuel Thermal Conductivities
Evaluation

Keff of Fuel During LOMC for Argon Filled Cask

ASSEMBLY 1

Taax 566.29 °F

Tierer 566.29 °F Tavg §52.66 °F

Troe 566.29 °F AT 13.63 °F

Tazant 562.86 °F Kott 0.002498 Btu/min- in: °F
Tyorrom 515.2 °F ’

ASSEMBLY 2

Thaax 661.35 °F

Tierr 661.35 °F Tavg 655.3175 °F

Trop 661.35 °F AT 6.0325 °F

Tricur €57.23 °F Keee 0.005643 Btu/min- in- *F
Taorron 641.34 °F .
ASSEMBLY 3

Taax 686.49 °F

Tiaer 686.49 °F Tovg 683.8525 °F

Troe 683.97 °F AT 2.6375 °F

Tricur €80.96 °F Keee 0.012907 Btu/min in' °F
Taorron 683.99 °F .
ASSEMBLY 4

Tuax 661.22 °F

Tieer 661.22 °F Tavg €55.1675 °F

Tros 6€41.13 °F aT 6€.0525 °F

Tazour €57.1 °F Koee 0.005624 Btu/min- in- °F
Tactrom €61.22 °F

ASSEMBLY 5

Taax $65.74 °F

Tiarr 565.74 °F Tuvg §52.0375 °F

Tros $14.33 °F AT 13.7025 °F .

Tarowr 562.34 °F Kot 0.002484 Btu/min-in- *F
Tyorrom 565.74 °F

ASSEMBLY 6

Taax 561.66 °F

Togrr 561.66 °F Tavg §42.8875 °F

Trop 561.66 °F AT 18.7725 °F

Tasour 540.85 °F Koet 0.001813 Btu/min-in- °*F
Tacrrom 507.38 °F

ASSEMBLY 7

Toax €37.18 °F

Tier 637.18 °F Tavg 629.21 °F

Troe €37.18 °F AT 7.97 °F

Trranz 619.27 °F Keore 0.004271 Btu/min: in- *F
Taorrm 623.21 °F
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ASSEMBLY 8

Tlu:
Tier:
TTO'
‘rl 16MT
BOTTOM

ASSEMBLY 9

T-nu
TLZR
TTD.
TIXGN‘I'
BOTTOM

ASSEMBLY 10

T‘“
Tierr
Trop
Tricur
‘soTTOM

ASSEMBLY 11
Tllll

Trerr

Tror

Tllmﬂ‘
BOTTOM

637.16 °F
637.16 °F
623.17 °F
619.25 °F
637.16 °F

561.57 °F
561.57 °F
507.28 °F
540.79 °F
S61.57 °F

489.46 °F
489 .46 °F
489.46 °F
451.54 °F
464.07 °F

489.46 °F
489.46 °F
464.06 °F
451.54 °*F
489.46 °F

EFFECTIVE CONDUCTIVITIES

ASSY

el
WNEYUDHFUAVOK

T

473.63
473.63
542.80
542.89
552.04
552.66
629.19
629.21
655.17
655.32
683.85

K

0.0021S0
0.002151
0.001814
0.001813
0.002484
0.002498
0.004269
0.004271
0.005624
0.005643
0.012907

AT
k-l(

avy

AT
k-u

AT
kot!
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629.185 °F
7.975 °F
0.004269 Btu/min-in: °F

542.8025 °F
18.7675 °F
0.001814 Btu/min- in- °F

473.6325 °F
15.8275 °*F
0.002151 Btu/min‘in- *F

473.63 °F
15.83 °*F
0.00215 Btu/min‘ in: *F
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Keff of Fuel During FPFE for Argon Filled Cask

ASSEMBLY 1
Toax 667.43 °F
o 667.43 °F
2P 667.43 °F
Tyronr 664.76 °F
Tacrrom 624 .41 °F
ASSEMBLY 2
T... 747.16 °F
Teerr 747.16 °F
Trop 747.16 °F
Tazonr 743.8 °F
Taorrom 729.26 °F
ASSEMBLY 2
Taax 768.89 °F
Teerr 768.89 °F
Trop 766 .66 °F
Tricur 764.17 °F
Teorron 766 .67 °F
ASSEMBLY 4
Taax 747.09 °F
Tierr 747.09 °F
Tror 729.15 °F
Tryaur 743.73 °F
Taorron 747.09 °F
ASSEMBLY S
Taax 667.16 °F
Teer: 667.16 °F
Tror §23.96 °F
Tareur 664.5 °F
Tyomron 667.16 °F
ASSEMBLY 6
Tasx €66.9 °F
Toerr €66.9 °F
Troe 666.9 *F
Tasour 649.39 °F
Taorron 6€20.67 °*F
ASSEMBLY 7
Taax 728.67 °F
Tierr 728.67 °F
Trop 728.67 °F
Tazanr 713.64 °F
Taorrom 716 .39 °F

avg

AT
k-t!

AT
ko!!

avyg

AT
k-!f

avg

F e ]
5]

off

avg
AT

kott

AT
ko“

avy

AT
k-l!

656.0075 °F
11.4225 °F
0.00298 Btu/min- in' *F

741.845 °F
5.315 °F
0.006405 Btu/min- in- *F

766.5975 °F
2.2925 °F
0.014849 Btu/min- in‘ *F

741.765 °F
5.325 °F
0.006393 Btu/min- in- °F

6€55.695 °F
11.465 °F
0.002969 Btu/min- in- °F

650.965 °F
15.935 °F
0.002136 Btu/min- in- *F

721.8425 °F
6.8275 °F
0.004986 Btu/min‘in’ *F
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ASSEMBLY 8

Tnu
TLRH
TTOD
Tl IGHT
Tm

ASSEMBLY 9

T-.-
Togrr
TTO'

TI IGHT
Tloﬂoﬂ

ASSEMBLY 10

T“l
Teerr
Trop
Taionr
‘soTTOM

ASSEMBLY 11

Taax
Tearr
Tror
Trraur
soTTON

728
728
716
713
728

666.
666.
620.
649.
666.

61
614
614
583
593

614
614
593
583
614

.66 °F
.66 °F
.36 °F
.63 °F
.66 °F

8S °F
85 °F

36 *F
85 °F

4.1 °F
.1 °F
.1 °F
.42 °F
.11 °F

.09 °*F
.09 °F
.11 °F
.42 °F
.09 °F

EFFECTIVE CONDUCTIVITIES

ASSY

[
%]

[}
WNSEJIDH+HONAMODO

T

601.18
601.18
650.92
650.97
655.70
656.01
721.83
721.84
741.77
741.85
766.60

K

0.002636
0.002635
0.002137
0.002136
0.002969
0.002980
0.004982
0.004986
0.0061393
0.006405
0.014849

AT
k-!!

T

kc“
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721.8275 °F
6.8325 °F
0.004982 Btu/min' in- °F

650.92 °F
15.93 °F
0.002137 Btu/min-in- °F

601.1825 °F
12.9175 °F
0.002635 Btu/min‘ in- *F

601.1775 °F
12.9125 °F
0.002636 Btu/min: in- °F
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HEATING6 Output - Basket Spacer Disk
Temperature Distribution During Normal
Condition of Transport

Texperature Distribution of Argom ?111ed Cask During LOMC

DISTANCE

-18.

-17.
-16.
-15.
-18.
-13.
-12.
-12.
-10.
-10.

DISTANCE

-18.
-17.
-16.
-18.
-15.
-13.
-12.
-12.
-10.
-10.

-8.

-8.
-6.
-6.
-5.
-5.
-3,
-3.
-2.
-1.
-0.

BBANS S W00

0.00
229.00
230.64
450.71
507.68
508.0)
541.03
561.81
5$62.61
577.44
5§77.58
648.06
648.21

Q.88
229.00
230.63
450.42
507.20
507.54
539.86
$61.08
561.85%
$76.90
$77.04
647.37
647.52
654 .50
654.76
658.41
658.59
€61.57
661.62
683.79
§83.84
684.61
684.62
684.68
684.62
§84.61
663 .45
683.79
661.69
661.64
658.68
658.51
654.08
654.62
647.67
§47.52
577.40
§77.26
562.29
561.49
540.76
508.51
508.17
462.11
210.62
229.00

11.23
0.00
.00
229.00
229.29
229.24
229.26
229.37
272.03
374.83
377.48
400.57
401.07
3g3.08
3176.48
466.00
467.SS
487.34
407.99
496.51
496.06
499.98
$00.04
509.01
$00.04
499.99
496.07
496.51
408.00
487.35
467.56
466.09
376.4%
383.07
401.10
400.60
177.50
174.85
272.03
229 .17
229 .27
229 .24
229.29
229.00

4.00

0.00

1.76
229.00
230.62
449.6%
505.93
$06.27
$36.30
$58.63
$59.44
$75.34
$75.48
645.24
645.39
652.606
65).14
657.26
657.45
660.82
660.87
683.12
683.17
684.00
684.02
634.07
684.02
684.00
683.18
681.12
660.9S
660.90
657.5S
657.36
651.2¢
652.99
645.54
645.39
575.84
$78.70
559.08
559.08
§37.16
$07.21
$06.87
461.40
230.61
229.00

11.31
0.00
0.00
0.00
229.00
229.00
229.00
229.00
229.2)
368.95
371.97
396.16
396.59
372.13
363.78
467.27
467.49
487.26
487.91
496.42
496.78
499.89
499.88
$05.55
499.09
499.9%0
496.79
496.43
407.92
487.27
467.49
467.27
363.7¢%
372.14
3196.62
3196.19
372.00
368.97
229.2)
229.00
22%.00
22%9.00
229.00

0.00

0.00

0.00

23.64
229.00
210.61
449.00
$04.55
504.88
$30.12
$54.07
554.96
572.95
$73.15
641.36
641.54
€50.08
650.39
€55.19
655.43
659.6S
65%.72
681.94
682.02
683.01
683.03
683.08
€83.03
€83.01
682.0)
681.95
€59.60
€59.73
655.53
655.29
650.53
€50.20
641.70
641.51
5§73.51
$73.31
$55.42
$54.54
$30.08
$05.77
505.44
460.02
230.60
229.00

2.72
229.00
230.61
449.07
$04.48
504.8)

1.48 3.1}

0.00 0.00

0.00 0.00

0.00 0.00
453.57 453.23
453.59  453.14
465.00 - 464.50
495.85 - 495.36
497.04  497.66
$39.80 S53%.72
$41.3) $41.29
566.02 §65.96
$67.57 567.18
$91.78 - 591.54
$92.59 592.18
608.79 608.42
609.94 609.02
629.10 6€29.04
€29.61 629.60
637.20 €37.17
637.66 6)7.SS
€19.4%  639.29
€39.26 633.94
€30.16 637.73
€19.27 638.95
€39.4% €39.30
€37.69 637.58
€37.23 637.20
629.66 639.65
€29.1% €29.10
€10.03 609.90
608.87 608.51
$92.70 592.29
$91.89 591.65
567.7) 567.54
$66.18 566.12
541.54 S41.5%0
$40.00 $39.93
498.11  497.93
496.1) 495.64
465.3) 464.8)
45).94 451.49
453.92 45).58

0.00 0.00

0.00 0.00

0.00 0.00

16.66 18.75

0.00 0.00
.00 94.90
0.00 0.00
0.00 .00
¢.00 0.00
g.00 0.00
0.00 0.00
229.00 0.00
229.00 0.00
229.00 0.00
229.00 0.00
229.00 Q.00
229.00 .00
229.00 230.57
408.42 220.44
411.77 230.2}
435.70 230.07
436.5) 230.08
446.00 230.15
446.43 23025
452.14 230.50
452.06 230.M
442.94 al.al
452.07 230.M1
452.15 2)0.%0
446 .4¢ 230.15%
446.01  210.18
436.53 230.08
435.78  230.07
411.77  230.2)
408.42 2)0.44
229.00 2)0.5?7
229.00 0.00
229.00 0.00
329.00 0.00
239.00 0.00
229.00 0.00
229.00 0.00
0.00 0.00
0.00 0.00
Q.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

0.00

229

416
503

$42
$59
$60
574
574
629.
629.
€36.
636.
639

619.
€39.
€36,
636.
629

629.

$74
574
560

542
541
503
503
416
P11

]

.58
0.
0.

1]
00

.00
231.
247,
Al
503.

10
90

34

.7
S541.

05

.48
.57
.39
.61
.14

11
9?2
&7
[ 34

.19
639.
641.
€41.
640.
641.
641,

b2
1$
14
59
16

16

9"
[ 3]
92
10

.85
72
.79
.67
.46
$S9.
.59
.16
.80
.4)
.95
.00
3.
229.
0.
.00

[ 1)

10
[+1:4
00

7.22

0.00
229.00
230.54
237.8%
375.94
499.47
499.79
$35.14
536.48
$54.66
$5S.40
$60.44
568.55
€27.47
€27.5%9
6€33.89
€34.09
636.70
636.81
€37.89
€37.89
€37.18
6€37.90
€37.91
636.43
€36.172
€)4.11
63).91
627.62
627.49
$68.59
568.48
$55.438
$54.70
536.%7
$35.22
499 .86
499.%)
375.99
237.85%
230.54
229.00

0.00

0.00

9.86

0.00

0.00
229.00
230.3)
235.10
330.67
402.87
483.20
$12.11
s13.31
$30.09
$31.03
§50.47
$50.60
€12.0%
612.22
620.04
620.30
€23.70
62).8%
625.15
625.25
611.37
£§25.36
615.136
621.97
623.72
620.32
6€20.06
612.2%
€12.12
$50.65
$50.52
$31.09
$30.15
$13.26
$12.16
483.24
402.92
330.70
235.11
230.3)
229.00

0.00

0.00



NEDO-10084-4
March 19954

Temperaturs Distridbutica of Argea 2eplaced by Stsel Case Durizng LOMC

DISTANCE
-18.32
-17.82
-16.09
-15.5%9
-15.51
-13.86
-12.21
-12.13
-10.24
-10.16

-9.82
-8.74
-6.85
-6.77
-5.44

0.00
229.00
230.37
215.04
236.22
236.60
252.28
262.77
263.12
271.11
271.16
272.91
273.1}
283.46
283.76
287.57
287.74
290.08
290.08
290.80
290.92
293.78
293.83
294.03
293.64

.88
229.00
230.28
235.08
236.35
136.62
151.59
161.99
262.31S
170.60
270.65
272.56
272.78
282.96
28).26
287.07
287.24
289.78
289.76
290.5%
290.66
293.42
293.46
293.6S
293.47
293.42
290.69
290.58
289.79
289.79
287.30
287.13
283.34
283.05
272.94
372.72
270.82
270.77
262.60
262.2%
282.12
237.60
237.34
2)6.11
230.30
229.00

11.23
0.00
.00
229.00
229.06
229.04
229.15
229.42
229.79
237.69
238.21
243.18
243.48
250.3S
250.62
255.24
255.66
265.91
266.22
269.91
270.0%
270.64
270.56
270.31
270.56
370.64
270.06
269.92
266.23
265.92
295.60
258.23
250.65
150.37
243.49
243.20
238.22
237.90
229.79%
229.42
229.1%
229.04
229.06
229.00

0.00

0.00

1.76
229.00
210.41
235.2%
236.55
236.80
249.37
259.14
259.60
264.99
269.07
271.64
271.86
281.38
281.66
288.46
285.64
280.84
280.86
289.02
289.93
292.20
292.32
292.47
292.32
292.28
289.96
289.85
288.90
288.80
285.71
285.52
201.7%
281.47

2.64
229.00
230.45
235.58
137.44
237.74
245.09
2%3.50
253.98
265.04
266.26
270.64
270.88
278.40
278.66
282.41

2.712
229.00
230.45
215.58
337.65
337.83
244.94
153.32
283.77
265.61
266.03
270.61
270.868

219.00
229.01
229.12
229.13
229.21
229.22

229. ‘l
232.01

3.48 31.7)
0.00 0.00
0.00 0.00
0.00 0.00

237.69 237.14
317N 237.16
243.76 24).28
251.83 251.24
252.28 151.69
264.25 263.96
264.67 264.38
270.36 270.32
270.67 270.6S
277.5S 277.40
277.79 277.63
2081.26 280.94
2081.47 201.1%

16.66 18.78

¢.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
.00 0.00
0.00 0.00
229.00 0.00
229.00 Q.00
229.00 ¢.00
229.00 0.00
229.00 0.00
229.00 0.00

229.00 ¢.00
229.00 0.00
229.00 0.00
229.00 g.00
229.00 0.00
229.00 0.00
0.00 0.00
0.00 0.900
0.00 9.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

A-3-74

19.28

229.00

229.00
229.00
229.00
329.00
229.00
229.00
229.00
229.00
229.00
229.00
229.00
229.00
229.00
229.Q00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

9.06

0.00

0.00
229.00
229.57
229.67
2)1.54
23).47
233.57
241.12
241.45
246.06
47.21
256.17
256.45
299.47
259.60
267.73
268.0)
271.69
271.88
273.7
273.76
273.91
27).76
27137
271.06
271.70
260.04
267.74
259.62
259.49
256.47
256.19
247.23
246.88
241 .46
241.14
231.59
233.49
231.56
229.67
229.56¢
229.00

0.00

a0.00

9.94
0.00

229.00
229 .54
229.6)
231.41
233.2%
233 .41
240.07
241.19
246.59
246.93
255.68
156.03
2%9.2)
259.40
267.52
267.80
271.47
271.63
273.44
273.52
273.68
23731.52
273.44
271.64
271.48
267.82
267.54
259.41
259.2%
256.0%
255.70
246.95
246.61
241.21
240.8%
33.42
233.11
131.42
229.63
229.5%
229.00

0.00

0.00

10.4S

0.00
229.00
229.34
229.40
230.53
232.09
232.27
239.68
219.99
245.23
245.57
25).45
253.74
257.60
258.08
266.66
266.94
27061
270.76
272.22
272.24
272.30
272.24
272.22
270.77
270.61
266.96
266.68
258.10
287.82
233.7S
253.46
245.59
243.26
240.01
219.69
232.28
232.10
210.54
229.40
229.34
229.00
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Spacer Disk Tesperaturs Distribution for LONC

DISTAN
-18.32

-17.
-16.
-15.
-15.
-13.
-12.
-12.
-10.
-10.
-8.
-8.
-6.
-6.
-S.
-5.
-3.

DISTANCE
-18.32

-17.
-16.
-15.
-15.
-13.
-12.
-12.
-10.
-10.
-8.
-8.
-6.
-6.

0.00

230.51
J42.08
372.00

424.137
460.49

475.96
487.41

487.42
476.02

460.64
424 .64

373.00
3149.25
230.47

10.70

229.48
230.53
252.76
315.689
316.28
327.16
327.70
337.91
338.61
357 .48
3158.45
375.49%
376.67
396.61
397.20
404.19
404.45
405.5)
405.20
404.57
405.30
405.53
404 .46
404.20
3197.22
396.63
3176.69
375.51
358.47
357.51
338.63
337.94
327.7)
327.17
316.30
315.91
282.77
230.54
229. 40

230.51
342.78%
371.78

423.684
459.97

475.69
437.17

487.19
475.74

460.12
424.11

372.76
349.11
230.46

11.23

1.76

230.52
342.47
371.24

423.28
4568.44

474.07
406.47

406.49
474.93

458.59
422.5%

372.16
Jas.01
230.47

1.3

229.38
303.34
305.00
319.57
319.92
311.09
307.08
361.09

385.12
7.0
385.12

361.10
307.06
311.10
319.98
319.59
308.02
303.38
229.38

2.64

230.53
342.33
371.400

419.71
456.00

473.54
485.37

485.38
473.60

456.1S
419.97

371.76
340.63
230.47

13.94

370.09
369.82
370.09

NEDO-10084-4

2.72

230.5)
342.31
371.07
3711.33
3807.47
403.63
404.30
419.3%
419.83
455.51
456.11
464.09
464.38
468.65
468.688
473.33
473.53
485.11
485.33
486.50
446.52
486.59
486.52
406.50
485.35
485.13
4731.%59
473.39
468.97
466.74
464.49
464.20
456.26
455.66
420.09
419.51
404.64
403.97
3108.00
372.06
371.81
348.62
230.47

16.50

229.04
229.15
229.16
229.21
229.22
129.40
230.92
321.08

345.59
342.91
345.59

321.488
230.92
239.40
229.22
39.21
23%.16
229.1%
229.04

March 1994
.48 3.1} 4.%0
345.63 345.19 232.951
345.65 345.15 247.16
354.38 381.89 331.09
3713.84 373.30 3175.46
375.06 174.68 376.6)
402.03 401.84 402.28
403.00 402.64 403.21
418.19% 418.14 418% .00
. 419.02 41%.59
434 .47 42%.9)
4)4.51 426.33
s 444 .68 454.51
. 445.49 454.95
. 457.60 461.10
. 457.96 461.49
. 462.66 463.54
. 462.%0 464.04
464 .42 464.24 464.9%3
464.33 464.07 464.92
463.01 46€3.40 464 .51
464.34 464.08 464.93
464 .42 464.2% 464.94
463.0) 462.93 464 .06
462.76 462.70 463.96
458.0% 458.00 461.5)
457.76 457.6% 461.102
445.79 445.56 455.00
445.10 4. 454.55%
435.29 426.40
434.77 434.%7 426.00
419.27 419.16 415.68
418.34 418.29 41S.10
403.18 403.02 403 .34
402.21 402.02 402.41
375.29 174.91 176.76
3174.08 173.54 375.59
3154.68 1%4.18 3131.27
346.01 345 .47 247. 24
345.99 345.51 332.56
16.66 18.78 19.2%
229.00 229.09
320.33 230.00
321.97 229.90
33%.24 230.08
335.66 230.09
341.07 230.27
341.0) 230.27
345.19 a30.62
345.19 230.73
340.7% 231.00
345.20 30.7M
345.20 230.62
341.34 230.27
341.08 230.27
335.66 230.09
33S5.24 230:08
321.87 229.90
320.1) 230.00
229.00 229.89

A-3-75

232.05
240.76
329.07
3176.08

426.03
454.72

464.8%
464.56
464.90

454.77
426.09

3176.18
329.24
240.82
232.09

230.5%
234.37
305.92
369.97

419.99
450.20

461.01
460.57
461.02

450.23
420.03

370.04
305.98
234.38
230.60

329.
232.

18
iss

403 .
.18

43$

449.
442,
.56

449

438.
.56

403

358,

229

.06

95
39

.11
.17

L2

56

"

.94

10

.45



Temperature Distributioa of Argoa im the Cask for LOMC

DISTANCE
19.2%
-18.32
-17.82
-16.09
-15.59
-15.51
-13.86
-12.21
-12.13
~10.24
-10.16
-8.82
-8.74
-6.95
-6.77
-5.44
-§.36
-3.46
-3.38
-2.08
-1.97
-0.08
0.00
0.67
1.34
1.42
3.1l
3.39
4.72
4.80
6.70
6.78
8.11
8.19
10.00
10.16
11.49
11.57
13.47
13.55
15.20
16.8S
16.93
17.43
19.€8
20.18

DISTANCE
-18.32
-17.82
-16.09
-15.59

.-15.51

“7.13.86
-12.21
-12.13
-10.24
-10.16

-8.82
-8.74
-6.85
-6.77
-5.44
-5.36
-1.46
-3.38
-2.08
-1.97
-0.08
0.00
c.67
1.24
1.42
3.3
3.39
4.72
4.80
6.70
6.78
8.11
8.19
10.08
10.16
11.49
11.57
13.47
13.58
15.20
16.8S
16.9)
17.43
19.68
20.18

0.00

210.64
450.71
S07.68

577.58
648.06

661.87
664.01

€84.01
661.98

648.21
577.94

508.66
462.41
230.63

10.70

229.71
231.78
27S5.42
400.42
401.00
415.21
415.99
431.24
432.31
462.54
464.19
493.94
495.986
526.88
527.717
538.07
530.44
5$39.30
538.92
$17.47
$38.92
5§39.18
$18.45
$38.00
$27.79
526.89
496.01
493.97
464.22
462.58
432.24
431.27
416.03
415.24
401.0)
400.4%
275.43
231.78
229.71

S.

0.a8

230.63
450.42
507.20

577.04
€47.137

661.62
683.79

683.79
€61.69

647.52
$77.40

$08.17
462.11
2)0.62

11.23

229.29
229.24
229.26
229.37
272.03
374.83
3177.48
400.57
401.07
383.08
376.48
466.88
467.58
487.34
487.99
496.51
496.86
499.98
500.04
$09.01
$00.04
499.98
496.87
496.51
488.00
487.38
467.56
466.09
376.49
383.07
401.10
400.60
377.50
3174.85%
272.03
229.37
219.27
229.24
229.29

1.76

230.62
449 .69
$05.9)

575.48
645.24

660.87
683.12

€83.12
660.93

645.19
575.84

506.87
461.40
230.61

1.3

229.00
229.23
368.9%
371.97
396.16
396.59
372.13
36).78
467.27

499.08
508.53
499.0%

467.27
363.79
372.14
3196.62
396.19
372.00
368.97
229.23
229.00

HEATING6 Output - Average Argon Temperature

NEDO-10084-4
March 1994

During Normal Conditions of Transport

2.64

230.61
449.08
$04.59

§73.18
641.36

6€59.72
681.94

601.9%
659.00

641.51
$73.51

S0S5.44
460.682
210.60

13.94

229.14
93.49
285.30
310.30
J11.68
341.24
343.32
449.58

482.13
481.60
402.14

449.58
343.32
341.24
311.68
310.30
185.31
203.50
229.14

129.07
3129.18
229.19
229.21
229.21
229.38
232.28
411.7%

452.42
446.77
452.42

411.78
232.38
229.18
229.21
229.21
229.19
229.10
229.07

451.57
453.59
465.00
495.8%
497.04
$39.80
$41.02
566.02
567.57
591.78
5$92.59
608.79
609.954
€29.10
629.61
637.20
637.66
639.4%
639.26
638.16
619.27
619.4S
637.69
637.2)
629.66
629.15
610.03
608.07
$92.70
591.69
567.73
566.18
541.54
$40.00
498.11
496.11
465.1)
45).94
453.92

16.66

229.00
408.42
411.77
415.78
436.53
446.00
446.43
452.14
452.06
442.94
452.07
452.18
446.44
446.01
436.53
435.78
411.77?
400.42
229.00

453.23
453.14
464.50
495.36
497.66
$39.72
541.29
565.96
567.38
5$91.54
$92.18
600.42

629.60
637.17

18.7§

230.97
230.44
230.23
230.07
230.08
230.18
2)0.15
230.5¢0
230.71
231.21
230.73
230.50
230.18
230.15%
2)0.00
210.07
210.23
230.44
230.57

A-3-76

4.50

231.51
260.44
420.64
$01.85%
$03.69
$41.04
542.46

574.66
575.31

an.
247.
416.
.34

503

574.
629.

641.
640.
641.

629.
$74.

503,
416.
248
231.

.58

10

77

74
69

14
16

72
79

43
95
o0
10

230.54
237.85
375.94
499.47

568.55
627.47

637.89
€37.18
637.90

627.49
568.59

459.53
375.99
217.8S
230.54

230.1
235.10
330.67
482.87

550.60
612.09

625.35
611.37
625.136

612.12
§50.6S

482.92
330.70
235.11
210.33

210.28
234.04
326.)0
481.56
483.04
S11.92
S1).02
$39.89
$30.83
$50.26
$50.5)3
611.1)
611.9)
619.81
620.06
623.48
623.63
625.12
624.98
€03.74
625.00
625.14
631.65
62).50
620.08
619.0)
€11.9%
611.1%
5$50.58
§50.31
$30.89
529.95
$13.08
$11.97
483.09
401.61
326.40
234. 84
230.20

10.45

229.06
212.84
29} .64
401.16
401.44
415.68
416.47
431.78
432.02
46).15
464.95
494.64
496.39
517.21
$20.10
$38.19
S38.76
$19.75
$19.59
538.22
5$19.5%
$19.76
$38.70
$30.40
$20.12
$27.23
496.42
494.66
464.90
461.18
432.8%
431.78
416.50
415.71
401.47
401.39
293.65
232.04
229 .06

-/
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Averags Ractangle Texpsratures for LONC

DISTANCE

-18.
-17.
-16.
-15.
-15.
-13.
-12.
-12.
-10.
-10.
-8.
-8.
-6.
-6.
-5.
-5.
-3.
-3.
-2.
-1.
-0.

PBANS LW W OO

DISTANCE

-18.
-17?.
-16.
-1S.
-15.
-13.
-12.
-12.
-10.
-10.

-8.

-8.

-6.

0.00

340.60
479.00

612.51

672.82

672.06

612.77

485.34
346.44

10.70

230.00
241 .43
283.62
325.71
165.77
39s5.88
406.22
416.30
419.74
421.5%7
450.17
481.09
494.44
$07.50
$12.59
$17.47
$18.67
$19.58
$21.36
521.36
519.58
$18.67
517.48
512.%9
807.51
494.4S
481.11
450.)9%
421.59
419.77
416.13
406.135
395.91
365.79
328.72
201.63
241.43
230.00

340.
478.

611

672,

672.

611.

484

11.

239,

373.
186.
398.
388.
37,
418.

s03
$03

418.

3se.
398.
386.
373.
311.
239.

34
E B

.28

LH]

39

54

.64
246,

19

3

.62
.62

1.76

340.00
477.31

€08.81

671.41

671.46

609.06

483.63
345.86

11.32

277.70
327.4)
340.913
351.68
355.41
3155.12
405.99

492.34
492.38

40%.99
355.12
3158.42
353.70
340.95
327.48
2717.1

2.64

319.84
476.80

607.14

670.74

670.79

607.39

483.11
345.71

13.94

242.72
156.79
263.50
270.10
a77.88
206.57
359.25%

465.78
465.70

3159.25
206.57
277.88
270.10
261.50
156.79
42.72

NEDO-10084-4

479.12
486.35
§11.19
525.61
$41.34
556.91
$80.35
603.83
612.6S
€21.13
626 .67
632.27
630.48
€44.52
652.03
659.56
660.47
661.12
660.82
660.82
661.13
660.48
6€59.58
652.07
644.59
638.56
632.37
626.77
$21.2%
612.79
€03.99
560.5%57
$57.19
541.66
$25.99
511.65
488.91
479.73

16.58

320.30

448.55
448.5%

320.38

March 1994
3.48 3.7 4.50
349.58 242.76
399.68 336.46
470.59 460.65
499.64
$20.5)
$41.13
$52.32
$63.3)
5713.50
$8).42
601.25% 602.21
€19.27
626.32
633.04
€15.86
618.60
€319.47
640.13
639.56 §40.02
€19.56 €40.83
640.14
€39.49
638.68)
€15.89
633.08
626.37
6€19.33
601.313 $02.25%
$83.51
§73.%9
56).44
$82.46
541.29
$20.70
49%.03
470.81 460.79
399.91 336.57
349.77 42.70
16 .66 180.7% 19.23S
274.61
320.22
326.96
333.12
335.69
338.18
319.81
341.35%
33%.23
339.23
341.36
3139.83%
330.19
335.69
333.12
326.96
320.22
274 .61

A-3-77

236.
119.
.48

448

600

639
6319

600.

448
319
2316

.58

[ ]
64

.11

.20
.21

15

.98
.70
.87

F3 3]
422

509.

627
627

422
F 23]

At (0.0,-17.82), T,
230.63+450.71+450.

.32

.46
294.
.24

.95
.95

n

.29
154,
.46

2)2.64
201.78%
405.37

581.09

616.36
616.137

581.13

405.41
281.76
232.64

9.94 10.45

231.08
2568.42
342.66

342.68
250.42
231.05

a (230.64 «
(3174 = 340.60 °F



Rectangle Aress for LOMC

DISTANCE
-18.32
-17.
-16.
-1S.
-1§.

3

DISTANCE

-18.
-17.
-16.
-1§.
-15.
-13.
-12.
-12.
-10.
-10.
-8.
-8.
-6.
-6.
-5.
-5.
-3.
-3.
-2.
-1.
-0.

BRANS DWW OO

32

0.00

1.52
0.44

1.17

10.70

0.04
0.87
Q.87
0.04
1.00
0.04
0.7%
0.0¢
1.00
0.04
0.70
0.0¢
1.0

0.70
0.04
1.00
0.04
0.36
0.36
0.04
1.00
0.04
0.70
Q.04
1.0
0.04
0.70
.04
1.00
0.04
0.70
0.04
1.01
0.04
0.87

0.04

0.88

1.92
0.44

11.23

¢.01
0.1%
0.01

0.01
0.15
0.01
0.11

1.76

1.82
0.44

1.17

1.98

1.3

4.97
0.21
3.52

4.97
0.1
3.50

2.64

0.14
¢.04

13.94

4.99

3.5
0.21
4.99

3.51
0.21
§.02

NEDO-10084-4

16.58

March 1994

16.66 18.75

A-3-78

4.50

0.01
0.13
0.13

19.25

L ¥-1

.81

17
17

.17
.17

-

for

.01

CR-X-1

.13

.11

.08
.0s

.11

.13

[-X-X-]

.Q1

.86 9

(0.00, -17.
A s (.00-0)(-16.09-(-17.82))

1.52 in®

.94

02,

10.48

0.02
0.41
0.41

0.41
0.41
.02

4 ™~
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NEDO-10084-4

March 1994

Product of Ractangle Area and Averags fectangle Temperature Por LOMC

AVEZAGE ARGON TEMPERATURE: T,,, =

DISTANCE
.32

-18

-17.
-16.
-15.
-1%.
-13.
-12.
-12.
-10.
-10.
-8.
-8.
-6.
-6.
-5,
-5.

DISTANCE
-18.32

-17.
-16.
-1S.
-1S.
-13.
-12.
-12.
-10.
-10.
-8.
-8.
-6.
-6.

-5.
-5.
-3.

-2.
-1.
-0.

BRANEE W W00

0.00
0.00
518.53
210.76

0.00

0.88
0.00
$18.13
210.46

430.32 ¥

1.76 1.64
.00 0.00
517.62 47.03
210.02 19.07
0.00 0.00
0.00 Q.00
0.00 0.00
.00 0.00
0.00 0.00
0.00 0.00
717.91 65.08
0.00 0.00
0.00 0.00
¢.00 .00
0.00 0.00
9.00 0.00
0.00 0.00
g.00 0.00
785.82 71.37
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
¢.00 0.00
Q.00 0.00
0.00 0.00
785.87 7n.37
0.00 0.00
¢.00 0.00
0.00 ¢.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
712.85 64.63
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
212.80 19.32
€84.80 61.2)
0.00 g.00
0.00 0.00
11.31 13.94
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 ¢.00
0.00 0.00
.00 0.00
1380.38 1211.08
68.89% $4.23
1201.51  932.1€
74.41 $7.08
1766.64 1386.50
74.72 60.52
1420.10 1261.40
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 ¢.00
0.00 0.00
0.00 0.00
867.58 823.87
067.%56¢ 823.88
0.00 0.00
0.00 0.00
0.00 0.00
¢.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
1420.11 1261.40
74.72 €0.52
1766.69% 1385.50
74.42 $7.08
1192.61 925.21
68.89 $4.24
1387.72 1217.50
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 Q.00
0.00 0.00
0.00 0.00
0.00 0.00

3.48 3.73
Q.00 0.00
0.00 0.00
Q.00 0.00

0.00 21.5)
0.00 507.79
0.00 597.88
0.00 30.78
¢.00 7$7.52
0.90 311.3)
0.00 569.48
0.00 34.70
0.00 8)4.61
0.00 35.94
0.00 615.74
0.00 38.15
9.00 916.30
Q.00 39.00
4.00 651.18

0.00 g.00
16.66 18.78
0.00 0.00
0.400 0.00
.00 9.00
9.00 9.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 g.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
763.33 0.00
$3.54 .00
1298.27 0.00
$5.70 0.00
93).12 0.00
56.54 0.00
1342.26 0.00
$7.07 0.00
475.02 0.00
475.03 90.00
$7.07 ¢.00
1342.20 0.00
$6.54 0.00
933,12 0.00
$5,70 0.00
1398.37 0.00
$3.54 0,00
761.3) 0.00
0.00 0.00
9.00 ¢.00
¢.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
.00 0.00
0.00 .00
0.00 0.00
0.00 0.00
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NEDO-10084-4
March 1994

6. HEATING6 Output - Basket Spacer Disk
Temperature Distribution During Accident
Conditions

Tampsrature Distribution of Argom Filled Cask During FB

DISTANCE 0.00 0.68 1.76 2.64 1.72 3.48 3.7} 4.50 4.58 7.22 9.06
-18.32 453.70 453.70 453.70 453.70 453.70 0.00 0.00 0.00 0.00 0.00
-17.602 455.14 455.13 455.12 455.11 455.11 0.00 0.00 0.00 0.00 0.00
-16.09 563.29 582.98 5$82.20 $61.49 581.48 0.00 0.00 453.70 453.70 453.70

-15.59 618.94 618.44 617.08 615.40 615.32 $76.49 $76.22 455.89 455.54 455.09
-15.51 619.28 618.77 617.40 618.72 615.6S $76.50 $76.10 470.82 464.19 459.09%
-13.06 646.4S 645.33 641.99 €36.74 6€36.61 S85.63 585.16 $62.13 560.12 $38.1%
-12.22 664.68 664.07 662.10 6S8.04 €57.90 611.69 611.21 616.39 617.86 §15.39
-12.13 665.38 664.77 662.78 6€58.0) 658.70 613.43 613.26 618.19 616.2) 615. 71
-10.24 678.44 6§78.00 676.72 £74.79 674.71 649.41  €649.)4 650.47 650.48 645.65
-10.16 678.58 678.14 €76.06 674.99 675.49 650.70 €50.66 6€S1.70 651.7) 646.03
-8.82 736.45 735.84 73).98 730.46 729.54 §71.38  671.29 66S.02 665.01  661.27
-8.74 736.60 736.00 734.10 730.66 730.44 €72.67 6§72.49 666.51 666.50 661.91
-6.85 742.7% 742.34 740.91  738.47 738.31 6€92.20 691.96 678.75 €78.71 673.23
-6.77 743.01 742.57 741.17 738.76 710.60 6§92.83 692.42 679.41 678.8) 673,34

-5.44 745.80 744.83  743.12 742.99 706.43 706.06 732.60 723.1% 721.33

-5.3¢ 745.96 745.01  743.34 743.21 707.45 707.33 723.26 723.33 721.46

-31.46 748.63 748.03 747.11 747.04 724.07 724.02 729.42 729.45  727.04

-3.18 740.68 748.08 747.18  747.30 724.50 724.4% 729.62 729.64 727.21

-2.08 267.65 767.08 766.07 765.64 730.95 130.93 732.22 732.22 729.54

-1.97 767.71  767.14 766.16 766.02 731.)¢ 731.26 732.32 732.3) 729.6)

-0.08 768.40 767.88 767.03 766.90 732.)9 732.234 73).42 733.43 7)0.6)

a.00 768.41  767.09 767.04 766.92 732.19 731.87 733.42  7)3.4) 730.62

0.67 768.46 767.94 767.09 766.96 731.02 730.60 732.02 732.96 730.0%

1.34 768.41 767.89 767,08 766.92 732.1% 731.88 7311. 42 733.4) 730.63

1.42 768.40 767.88 767.03 766.91  732.39 733.24 733.4) 733.43 730.63

3.1 767.71 767.14 766.16 766.02  731.37  731.27 732.33 T732.34 729.64

3.2% 767.65 767.08 766.08 765.6S  730.97 730.94 7132.22 733.23 729 .54

4.72 740.71 48.12 747.22  747.33  724.52 724.S1 729.€3 729.6€5 127.22

4.60 740.66 748.06 747.14 T47.07 724.09 724.04 729.4) 729.46 727.04

€.70 745.99 745.05  743.38 743.2% 707.40 707.36 723.27 733.34 731.47

6.78 745.84 744.87 743.16 741,04 706.46 706.10 722.61 723.21 721.34

8.11 742.62 741.22 738.81 738.65 692.87 692.46 679.43 678.86 673.33

8.19 742.139 740.96 738.52 738.37 692.2¢ 692.01 678.78 678.73 673.24

10.08 736.06 734.26 730.72 730.51  672.73  672.55 666.354 666.53 661.9] .
10.16 735.90 734.01  730.53 729.60 671.41 671.36 665.85 663.04 661.29 640.67
11.49 670.28 6€77.00 675.12 675.61 650.79 630.7%5 651.7% 651.77 646.87 626.54
11.57 678.13 676.8S 674.92 649.50 649.43 6350.52 650.53 645.68 625.62
13.47 664.93 662.94 659.01 613.56 6€1).38 618.2) 618.26 615.74 601.71
13.58 664.23 662.26 658.24 611.82 611.34 616.4) §17.90 615.42 601.40
15.20 645.86 642.50 617.16 $85.00 585.)) £62.22 $60.20 $30.322 $10.35
16.85 619.30 €17.92 616.20 $76.68 576.27 470.04 464.40 459.09 457.43
16.93 618.97 617.5% 615.60 576.67 §76.19 455.89 455.54 453,09 454.08
17.43 590.10 589 .34 $80.67 588.67 0.00 0.00 453.70 453.70 433.70 453.70
19.68 455.13  455.132 455.10 455.10 0.00 g.00 0.00 0.00 0.00 0.00
20.18 453.70 453.70 453.70 453.70 0.00 0.00 0.00 0.00 0.00 0.00

DISTANCE 10.70 11.2) 1.3 11.94

-18.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00
-17.82 Q.00 0.00 0.00 0.00 0.00 0.00 ¢.00
-16.09 451.70 453.70 0.00 0.00 0.00 0.00 0.00
-15.59 454.32 451.95 453.70 0.00 ¢.00 0.00 0.00
-15.51  455.40 45).91 453.70 0.00 0.00 0.00 0.00
-13.86 470.63 453.93 451.70 0.00 0.00 Q.00 0.00
-12.21 $43.30 454.02 453.70 453.70 0.00 0.00 0.00
-12.13 543.75 481.57 451.90 453.03 453.70 0.00 0.00
-10.24 §54.19 $32.04 520.79 402.11 453.70 0.00 0.00
-10.16 5$54.77 §13.54 $30.52 403.07 4%3.70 0.00 0.00
-8.82 566.31 547.91 545.28 496.3S 453.70 0.00 .00
-8.74 $67.13 548.24 545.55 497.00 453.70 0.00 .00
-6.8S $91.11 538.10 $30.67 . 512.1% 453.70 0 00 0.00

-6.77 §92.47 534.02 $35.04¢ 513.12
-5.44 617.33 596.22 596.6) $82.52
-5.36 619.14 596.92 $96.48 S82. M
-3.46 645.10 6€14.1%5 614.06 598.81
-3.38  645.8) 614.71 €14.6) 599.34
-2.05 654.01 622.09 §22.00 606.24
+1.97  654.29 6€22.3% 622.31 606.54
-0.09 653.84 635.07 €24.9% 609.69
0.00 653.34 6€25.12 €24.90 609.68
0.6? €51.74 631,37 628.09 609.42

1.34 65).34 625.12 614.98 609.69 CS! 1 4%53.70
1.42 653.84 625.07 624.99 609.69 455.10 483.70
3.3 654.30 €22.40 622.31 606.54 454.78 453.70
3.39 654.02 €22.09 €22.00 606.24 §79.68 454.74 453.70
4.72 6€45.84 614.72 614.63 599.34 $72.12 454.67 45).70
4.80 6€45.10 614.13 614.07 590.01 $71.52 454.67 45).70
6.70 619.15 $96.92 596.86 582.72 §52.07 454.81 453.70
6.70 617.34 596.23 596.63 502.52 540.99 455.0) 453.70
8.11 $97.49 S)4.84¢ 325.0% S51).22 453.70 455.16 45).70
6.19 S91.12 $38.11 S30.68 512.25 45).70 0.00 0.00
10.08 S567.1S 548.29 545.56 497.08 453.70 0.00 0.00
10.16 566.32 547.92 $45.29 4956.18 453.7¢ 0.00 0.00
11.49 5§54.79 533.55 530.53 48).07 453.70 0.00 Q.00
11.57 $54.20 532.08 520.80 483.12 453.70 0.00 0.00
131.47 $43.76  481.57 435).90 4%3.03 4583.70 0.00 0.00
13.5S $43.31 4%54.02 453).70 453.70 0.00 0.00 0.00
15.20 478.63  45).93 4%5).70 0.00 0.00 0.00 0.00
16.85 455.40 453.91 453.70 0.00 ¢.00 0.00 0.00
16.93  454.32 453.9% 453.70 ¢.00 0.00 0.00 9.00
17.43 453.70  45).70 0.00 Q.00 Q.00 0.00 0.00
19.68 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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NEDO-10084-4
March 1994

Temperaturs Distribution of Argos Raplaced by Stesl Case Duriag X
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DISTANCE
-18.
-17.
-16.
-18.
-15.
-13.
-12.
-12.
-10.
-10.

-8.
-8.
-6.
-6.
-5.
-S.
-3.
-3.
-2.
-1.
-Q.

0.00
453.70
454.93
459.12
460.28
460.55
474.09
4831 .24
481.56
490.00
490.85
492.48
492.69
$01.22
501.47
504.67
S04.81
$06.82
$06.83
507.54
507.64
509.77
509.81
509.95
509.02
509.78
507.67
507.56
506.86
506.08S
504.96
$04.72
501.54
501.29
492.02
492.61
490.99
490.94
4631.085
483.95)
474.60
461.44
461.18
460.06
454.06
453.70

10.70
0.00
0.00
453.70
453.92
453.95
454.68
455.61
455.99
462.70
462.98
467.5S
467.93
474.44
474.69
478.54
479.82
406.71
486 .96
490.17
490.20
491.132
491.13
491.11
491.133
491.32
490.31
490.18
404.97
406.72
478.84
478.56
474.71
474.45
467.804
467.9%7
462.99
462.71
456.00
455.82
454.69
453.96
453.92
453.70

0.00

0.00

0.488
453.70
454.94
45%.16
460.30
460.57
473.51
482.55
482.85
490.37
490.42
492.17
492.39
$00.02
$01.07
504.28
504.42
$06.58
506.59
$07.3)
507.44
509.51
$09.54
$09.68
$09.5%5
$09.51

461.90
461.62
454.41
454.08
453.0)
453.74
453.7%
453.70

0.00

0.00

1.76
453.70
454.96
459.30
460.46
460.71
471.63
400.21
480.61
468.97
489.06
491.35
491.57
499.54
499.78
503.01
503.17
$05.685
$05.87
$06.74
$06.8S
$08.67
$08.70

$06.71
508.68
506.87
$06.76
505.9¢0
505.08
$03.22
$03.06
499.85
499.61
491.70
491.48
489.20
489.11
480.06
480.47
472.04
461.50
461.26
460.16
454.08
451.70

11.31

0.00

0.00
453.70
453.70
451.70
453.70
454.17
461.46
461.74
466.11
466.37
472.38
472.59
476.66
477.03
406.22
486.51
499.77
499.88
450.2%
490.18
489.91
490.13
490.2%
489.09
489.77
486.952
486.2)
477.04
476.67
472.61
472.36
466.38
466.12
461.7¢
461.46
454.17
4%51.70
453.70
4531.70
483.70

0.00
0.00

2.64
453.70
454.99
459.57
461.21
461.49
468.00
475.43
475.03
486.23
446.60
490.43
490.66
497.15
497.37
500.58
500.76
$04.55
504.67
505.69
$05.96
$07.14
§07.16
507.24
507.17
507.15
$05.98
§05.91
$04.70
$04.58
$00.81
500.6)
497.44
497.22
490.78
490.55
406.74
486.36
476.02
475.63
468.29
462.04
461.79
460.34
454.89
453.70

13.94
0.00
0.00

2.72
453.70
454.99
459.57
461.41
461.57
467.085

'478.25

478.68
486.01
486.19
490.40
490.64
497.02
497.24
$00.42
$00.61
504.43
504.57
$05.83
$05.89
$07.02
$07.04
$07.12
$07.0S
507,03
508.91
50S.05
504.60
5$04.46
$00.66
$00.49
497.31
457.09
490.76

l.48

0.00

0.00

Q.00
461.43
461.44
466.00
473.9)
474.32
484.082
485.18
490.15
490.43
496.37
496 .58
499.56
499.74
$01.77
$03.90
505.41
$505.47
506.38
506.39
506.44
%06.139
$06.38
505.49
$05.43
503.9)
503.681
499.79
499.62
496.6%
496.44
490.54
450.26
465.31
484.95
474.50
474.11
467.02
461.77
461.76

¢.00

6.00

0.00

16.66
0.00
0.00
0.00
0.00
0.90
¢.00
0.00

45).70
453.70
453.70
453.70
453.70
453.70
453.70
456.2%
456.36
458.01
458.%0
460.10
460.17
461.89
461.97
462.25
461.97
461.89
460.17
460.10
456.30
458.81
456.36
456.25
4%2.70
451.70
451.70
453.70
453.70
481.70
4331.70

0.00
6.00

9.00
0.00
0.00

3.7}

0.00

0.00

0.00
460.9)
460.95
466.17
473.41
473.01
484.55
484.92
490.11
490.40
496.23
496.43
499.28
499.46
$03.6}
$03.76
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p Disk Tesp

DISTANCE 0.00 0.88
-18.32

-17.82 455.04 455.04

-16.09 521.20 811.07

-15.59 §39.61 $39.37
-15.51
-13.86
-12.21
-12.13
-10.24

-10.16 584.72 584.28

-8.02 614.47 €14.01
-8.74
-6.485
-6.77
-5.44
-5.36
-3.46

-3,38 627.86 627.64

-2.0%8 637.69 637.49
-1.97
-0.08
0.00
0.67
1.34
1.42
3.3

3.39 637.70 637.50

4.72 €27.89 617.67
4.80
€.70
€.78
8.11
§8.19%
10.08

10.16 614.56 614.10

11.49 S84.86 584.42
11.57
1).47
1).58%
15.20
16.8%

16.93 540.33 $40.07

17.43 528.24 525.09

19.68 45%5.00 455.00
20.18

DISTANCE 10.70 11.2)
-18.32
-17.82
-16.09

-15.59 454.12 4513.85

-15.51 454.68 451.8)

-1).86 466.66 45).88

-12.21 499.56 454.08

-12.13 499.87 467.99

-10.24 508.45 496.683

-10.16 508.88 497.72

. $07.11

507.40

505.36

503.88

$36.59

$37.14

550.21

$50.63

$55.98

§56.16

557.7%

§57.74

560.78

557.74

557.7S

$56.17

555.98

550.64

$50.32

$37.18

$36.61

503.087

$05.38

507.41

5$07.12

497.72

496.84

467.9%%

454.05

451.108

4531.83

453.85

1.7¢

455.04
$20.7%
538.77

502.96
612.68

626.97
€36.91

636.92
627.01

612.78
$83.10

$39.43
$24.78
455.00

1.1

454.04
495.13
496.13
$05.70
508.96
501.51
498.62
536.65

557.57
$59.40
$87.87

$16.65

495.1)
454.04

Distriduticn for PIE

2.64

455.0%
$20.53
§38.21

$680.80
610.45

625.93
635.98

€16.00
625.96

610.54
$80.93

530.84
$24.51
455.00

13.94

544.47
544.29
544.47

470.33
469.70
453.84
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2.72

455.08
$20.53
$38.37
$38.61
5§52.2)
$66.58
567.142
580.36
580.94
609.97

16.50

453.13
4S3.04
45).84
453.09
453.99
454.0%
488.32
504.22

$23.53
522.03
$23.53

504.23
458.32
454.05
483.89
453.0%
453.84
453.04
453.73

March 1994

.48 3.73 4.50

$18.96 518.87 456.79

$18.97 518.53

$26.21 $25.77 .

542.81 $42.31 543.94

543.88 543.54 $45.07

$67.12 $66.9% $67.32

567.94 567.79 $68.13

$80.75 580.70 $78.01

581.58 581.43 578.50

$94.29 $94.10 587.39

$94.71 $594.43 587.79

603.00 602.67 610.50

603.59 603.40 610.94

613.92 6€13.93 €16.41

614.20 614.1) 616.59

618.10 618.1) €18.72

€18.41 619.1) 616.61

£19.39 6€19.22 619.61

619.29 619.04 619.59

610.73 618.42 619.26

€19.29 619.08% .

619.39 €19.22

618.43 €18.34

6€18.20 6€16.14

614.22 614.15

613.9% 613.8%

603,64 603.44 €10.97

£03.04 §02.72 €10.53

$94.76 594.40 587.83

594.34 $94.16 587.44

581.64 $81.53 £78.3%6

$80.83 500.79 578.07

$68.0% 567.91 568.21

$67.22 567.06 $67.40

544.0) 543.68 545.17

542.96 542.46 544.04

$26.41 525.96 $13.60

519.22 510.74 464.49

$19.22 $10.80 456.84
16.66 18.78 19.2%

45%3.70 454 .52

502.62 454.62

504.22 454.52

$1%5.17 454.67

$15.51 454.68

519.89 454 .84

$20.10 454.085

$23.16 455.18

523.18 455.28

$20.62 45%.54

$23.18 45%.28

$23.16 455.18

$20.10 4154.8%

$19.89% 454.84

515.51 454.68

515.17 454.67

504.22 454.52

502.62 454.62

453.70 454.52
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456.39

_461.06

$12.40
544.5)

587.49
§10.72

619.57
619.29
619.57

610.76
587.53

544.64
$12.51
461.11
456.4)

4$5.13
457.24
499.0)
539.68

582.23
606.92

616.27
615.91
616.27

€06.94
$82.26

$39.72
499.07
457.2%
453.13

454

$29

568.
594.

606.
606.

594

.88
.27
40).
.58

32
40

62
62

.42
$68.

34

.94

10.45

454.23
455.04
471.9)
500.16
500.38
$08.92
509.36
517.47
$18.01
$33.52
$3l4.41
548.62
549.50
§66.21
566.7T1
$72.19
§72.59
$7).00
$72.92
$72.23
573.92
$73.01
$72.59
$72.39
566.71
$66.22
$49.52
548.64
534.43
$33.54
518.0%
$17.49
509.37
508.94
$00.239
500.17
471.94
4%%.05
454.23
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March 1994
7. HEATING6 Output - Average Argon Temperature
\_/ ' Distribution During Accident Conditions
Tenperature Distribution of Argon in ths Cask for "
DISTANCE 0.00 0.88 1.76 2.64 2.72 3.4 31.mn 4.50 4.58 7.2 9.06 9.94 10.45

-18.132

-17.82 455.14 455.13 455.12 455.11 455.11

-16.09 581.29 $82.98 582.20 $81.49 581.48

-15.59 618.94 €18 .44 617.08 €15.40 615.32 576.49 576.22 455.89 455 .54 455.09 454.08 454.84 454 .45

-15.51 615.6S $76.50 $76.10 470.82 464.19 459.09 457.4) 457.27 456.03
-13.86 616.62 585.63 $85.16 $62.13 560.12 $38.19 510.34 $07.01 489.7%
-12.21 €57.90 611.69 611.21 616.19 617.86 €1%.39 601.18 €00.16 $43.0%
-12.13 €58.70 613.43 613.26 618.19 601.53 544.12
-10.24 €74.71 649.41 649.34 €50.47 615.40 554.63
-10.16 678.58 €78.14 6€76.86 674.9% 675.48 650.70 650.66 651.70 €26.12 §55.22
-8.82 736.45 735.84 733.95% 730.46 729.54 671.3% €71.29 665.82 €40.44¢ 566.80
-8.74 730.44 672.67 €72.49 666.51 ’ 641.24 567.6)
-6.85 738.01 692.20 691.9¢ €78.75 654.30 $91.70
-6.77 738.60 692.8) €92.42 6€79.41 676.63 €73.34 656.64 658.62 $93.2)
-5.44 742.99 706.43 706.06 722.60 723.1% 721.0} 708.12 707.22 618.03
-5.36 743.21 707.45 707.3) 723.26 707.97 $19.54
-31.46 747.04 734.07 724.02 729 .42 715.14 645 .41
-3.38 746,99 748.68 748.08 747.18 747.30 724.50 724 .49 729.62 . 646.15
-2.08 767.04 767.65 767.08 766.07 765.64  730.95 710.92 732.22 654.32
-1.97 766.02 731.36 731.26 732.32 €54.60
-0.08 766.90 732.39 732.24 733.42 . €54.20
0.00 766.92 732.19 731.87 733.42 713.4) 730.62 720.07 719.74 £54.01
0.67 731.02 730.60 732.82 732.9¢ 730.0% 709.19 703.23 652.59
1.34 732.19 731.88 733.42 733.43 730.63 720.07 719.74 654.01
1.42 732.39 732.24 733.43 719.86 654.21
3. 731.37  7131.27 732.33 718.59 €54.60
3.39 767.84 767.65 767.08 766.08 730.97 730.94 732.22 ‘ 718.46 654.32
4.72 748.92 748.71 748.12 747.22 724.52 724.51 729.6) 715.38 646.16
4.80 09 724.04 729.4) 715.18 €4S .42
6.70 707.36 72).27 707.98 619.55
6.78 706.10 722.61 72).31 721.34 708.1) 707.23 618.04
9.11 692.46 §79.4) 678.06 €73.38 €58.66 658.64 $93.24
.19 692.01 678.78 €58.32 $91.72
10.08 672.55 666.54 €41.27 567.64
10.16 736.351 735.90 734.01 730.53 €71.41  €71.36 665.85 640.47 $66.91
11.49 678.72 €78.28 €77.00 €75.12 630.79 650.7%  €51.75 €26.35 §55.323
11.57 649.50 649.43 $50.52 625.43 $54.64
13.47 611 .56 613.18 618.23 601.55 $44.13
11.5% 611.82 611.34 616.4) 617.90 €15.42 §01.40 600.18 $43.06
15.20 $85.80 585.33 $62.22 $60.20 $38.22 510.28 507.82 488.80
16.85 $76.68 576.27 470.84 464.40  459.09 457.27 456.04
16.93 619.49 618.97 617.59 615.08 $76.67 $76.39  455.89 455.54  455.09 454.04 454.45
17.4) $90.41 590.10 589.34 $88.67
19.68 455.13 455.13 455.12 455.10
20.18

DISTANCE 10.70 11.23 11.31 13.94 16.58 16.66 18.75 19.25

-18.32

-17.602

-16.09

-15.59 454.)32 451.95

-15.51 455 .40 453.91

-13.86 479.61 453.93

-12.21 $43.30 454.02 453.70
-12.13 $43.75 481.57 453.90 453.83 453.76
-10.24 $54.19 532.04 528.79 482.11 495).86¢
-10.16 554.77 $33.54 $30.52 481.07 4%5).86

-8.82 $66.31 547.91 545.28 496.)5  4%5).89

-8.74 $67.13 $48.24 $45.55 497.08 45).89

-6.85 $91.11 $38.10 $30.67 512.2%5 454.04

-6.77 §92.47 $34.62 $25.04 513.32 456.5) 453.70 455.16
-5.44 €17.33 $96.22 596.63 $82.52 $52.05 548.9% 435.03

-5.36 619.14 $96.92 $52.07 454.81
-3.46 €45.10 614.15 $71.52 454.67
-3.38 645.81 614.71 572.12 454.67
-2.0% €54.01 €22.09 $79.60 454.74
-1.97 654.29 622.39 $80.02 454.75
-0.08 653 .84 6€25.07 $84.4) 455.10

0.00 653.34 €25.12 624.98 609.68 5804.70 S84.38 455.11
.67 651.74 631.37 6€28.89 609.42 S81.44 578.99 455.7%
134 653.34  625.12  624.98 609.69 S84.70 S84.30 455.31

.42 653.84 €25.07 $84.4) 455.10
.31 654.30 €22.40 580.02 454.78
.39 654.02 622.09 579.68 454.74¢
.72 645.04 614.72 $72.12  454.67

645.10 614.15 $71.52 454.67
.70 619.18 896.92 $52.07 454.081

.78 617.34 $96.23 $96.63 582.%2 $52.0% 548.99 455.0)
11 $92.49 534.04 525.0% S513.32 456.51 4S1.70  45S.16
.19 $91.12 $38.11 $30.68 512.2%  454.04

10.08 $67.15 $48.2% 545.56 497.08  4353.89

10.16 $66.32 $47.92 545.29 496.1% 4953.89

11.49 §54.79 $)1.55 $30.5) 483.07  45).86

11.57 554.20 §32.05 S20.80 482.12 45).86

13.47 £543.76 401.57 45).90 453.83) 453.76

13.5% $43.31 454.02 453.70

15.20 478.63 451.93

16.85 455.40 453.91

16.93 454.32 453.95
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Averags Rectangle Tsspsraturss for PR

DISTANCE
-18.32
-17.82
-16.09
-15.59%
-15.51
-13.86
-12.21
-12.13
-10.24
-10.16

-8.82
-8.74
-6.085
-6.277

20.19

DISTANCE
-18.32
-17.82
-16.09
-15.59
-15.51
-11.86
-12.21
-12.11
-10.24
-10.16

0.00

$19.14
600.91

707.25%

758.27

756.28

707.38

604.74
522.69

10.70

454.40
460.47
482.47
505.66
$27.89
543.64
$50.63
557.40
$61.15
564.13
$85.21
607.40
613.82
629.95
614.16
638.20
638.90
639.34
640.39
640.19
639.34
638.50
638.20
6)4.17
€29.95
€18.83
607.42
58%.23
564.14
561.16
$57.41
$50.65
5413.68
$27.90
505.67
482.47
460.47
454.40

Q.08

518.86
600.18

706.20

757.87

757.0%

706.30

604.00
522.42

11.23

460.80
499.08
531.22
539.31
546.75
540.64
$32.16
$61.18

627.59
627.59

563.19
$32.17
540.6S
546.76
$39.12
$31.23
499.08
460.80

1.7¢

518.42
599.04

704.07

7$7.10

787.13

704.17

602.87
§22.06

11.31

479.66
$06.12
$13.81
$321.07
$21.19
$20.32
554.38

618.24
618.2%

554.38
$20.33
$31.1%
$21.07
s13.81
$06.13
479.66

2.64

$18.230
$58.42

702.62

756.55

766.57

702.72

602.26
5$31.89

1).94

460.89
468.23
471.79
47%.30
479.22
404.03
§26.10

$96.31
$96.31
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$95.99
603.60
622.96
635.43
649.06
662.57
681.77
701.00
708.41
715.49
720.21
725.02
730.44
735.73
742.10
740.49
749.17
749.60
749.27
749.27
749.60
749.17
748.50
742.12
735.78
730.47
725.06
720.26
718.53
708.46
701.06
681.85
662.69
649.20
€15.59
623.19
603.91
$96.32

16.58

$02.01

$82.38
582.38

502.82
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1.48 3.73 4
519.76 461 .
548.5S 514.
$93.72 509.
614.76
6€32.82
650.54
659.87
6§69.03
677.43
635.6)
700.12 701
714.01
721.01
726.89
729.32
731.68
732.31
732.74
732.180 7).
732.18 733,
701
589.
514
461.
16 .66 18.7% 19.
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66
13

.01

16
16

.03

19

.41

€7

a5

458.5)
505.45
$82.89

699.17

731.77
7.

699.19

582.94
505.48
456.53

€90.

722.
.49

72

690

566
491
456

.22

.62
491.
566.

3

1€

48

.37

.33
.37
.62

456.11
483).21
5§54.92

€83.15

713.06
713.06

683.17

554.94
483.22
456.11

45S.
477,
538.
$72.
S81.

597.
604.
614
62S.
644.
661).

680
68).

686.
686 .

¢86.
€83.
680.

663.
44
€2s.

604.
597.
590.
581.
572.

477.
455.

.94

10.45

455.08
469.72
51).64

$13.69
469.72
455.08
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Ractangle Azess for PIT

DISTANCE

-18.
-17.
-16.
-1S.
-18.
-13.
-12.
-12.
-10.
-10.
-8.
-8.
-6.
-6.
-5.
-5.
-3.
-3.
-2.
-1.
-0.
0.
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DISTANCE
-18.132

-17.
-16.
-1S.
-18.
-13.
-12.
-12.
-10.
-10.
-8.
-8.
-6.
-6.
-5.
-5.
-3.
-3.
-2.
-1.
-0.
0.
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0.00

1.52
0.44

10.70

11.

00000000

-F-¥-¥-X-F-X-%-]

.52
.44

.18

.17

.17

.17

.44
.98

23

.08
.08

11.31

4.97
0.21
3.82

4.97

0.21
3.50

1.7¢

MOWOSOW
oONARNeNA
SHOFJY=O

2.64

0.14
0.04

11.94
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2.72

16.58
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3.48 3.7}

0.06

1.27

1.27

0.06

1.46

0.06

1.03

0.06

1.46

0.06

1.02

0.06

1.46

0.06

1.02

0.06

1.46

Q.06

Q.52

0.%2

0.06

1.46

0.06

1.02

0.06

1.46

0.06

1.02

0.06

1.46

Q.06

1.02

0.06

1.46

0.08

1.27

1.27

0.08

16.66 18.7%
2.78
0.17
3.9
0.17
2.78
0.17
3.95
0.17
1.40
1.40
0.17
3.9%
0.17
2.7
0.17
31.97
0.17
.78
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0.01
0.13

19.25

.21
13

7.22

0.21
4.36
4.36

1.51

3.51

00

.02
.13

.11

.05
.08

.11

.13
.01

OOOQO°°QOOQQOOODOOOOOOOOOOOOQOOOOODOQQ
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ONTAINMENT

The containment evaluation of the IF-300 shipping cask is
provided in Chapter 10.3.2 of Volume 1 (A-4.5.1-1]. The
use of the Channelled BWR Fuel Basket has no physical
effect on the cask containment boundary. However, the
contents of the cask, 17 channelled BWR fuel assemblies,
are different from the contents described in Volumes 1
and 2 [A-4.5.1-1]. This chapter documents the
determination of the releasable source term within the
IF-300 cask containing 17 irradiated BWR fuel assemblies
with channels for the normal conditions of transport and
the hypothetical accident conditions. These values are
then compared to the source terms used to determine the
leakage limits in Volumes 1 and 2 (A-4.5.1-1] and the
effects of the revised source terms are assessed.

Containment Boundary

The IF-300 Cask containment boundary is its internal
pressure retention boundary; that is, the inner shell

_assembly, head seal, drain and vent lines, drain and vent

valves, and the cavity rupture disk. For purposes of
this safety analysis, the containment boundary is
identical to that described in Volumes 1 and 2
[A-4.5.1-1].

Requirements for Normal Conditions of Transport

- The shipment of channeled BWR fuel assemblies presents a

somewhat different radioactive source term for contain-
ment evaluation purposes than that of the Volume 1 and 2
analysis [A-4.5.1-1]. However, the structural evaluation
and thermal evaluation of the IF-300 cask containment
boundary documented in Volumes 1 and 2 (A-4.5.1-1] are
still applicable.

Containment of Radiocactive Material

1. Source Term

For both the normal conditions of transport and
hypothetical accident conditions it is necessary to
determine the releasable source term from
activation products ("crud") adhering to the
exterior surfaces of the fuel assemblies. The
Volume 1 and 2 source term [A-4.5.1-1] is for PWR
fuel assemblies, thus it is necessary to establish
a new source term for channelled BWR fuel
assemblies.

Based on recent DOE-sponsored source term work
[A-4.5.1-3 & 6], fuel rod cladding crud data has
been developed for two-year cooled BWR fuel. The
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DOE work consisted of measurements of crud activity
densities on PWR and BWR fuel rods from a number of
reactors. The maximum measured spot values were
‘then corrected to reflect the activity that would
have been present at time of fuel discharge from
the reactor for each of the measured radionuclides.
The values reported in [A-4.5.1-3 and 6] for Zr-95
and Zn-65 are too low to be of concern and are not
included in the evaluation. The maximum activity
density for all measured BWR fuel assemblies for
each remaining isotope is used to construct a
"worst case" activity density, adjusted for a two
year cooling time. This worst case density is
conservatively assumed to occur on the entire BWR
fuel assembly. In addition to the BWR fuel crud
radionuclides included in {A-4.5.1-3] and
[A-4.5.1-6]), activity densities for Fe-55 and Ni-63
are obtained from [(A-4.5.1-4]. The activity values
reported in (A-4.5.1-4] are for PWR fuel
assemblies. These values are divided by the area
of a PWR fuel assembly, ignoring the hardware, to
determine the activity densities. The activity
density of Ni-63 on BWR fuel is assumed to be the
same as on PWR fuel. For Fe-55, the crud activity
density ratio of BWR to PWR fuel of Fe-59 is used
(A-4.5.1-3], as both are elemental iron activation
products. These activity densities are also
adjusted for a two year cooling time.

The formation of crud deposits is associated with
heated surfaces [A-4.5.1-7]. The fuel rod surface
is heated to a much greater extent than the fuel
channel, therefore it is expected that crud buildup
on the channel will be minimal. Nonetheless it is
conservatively assumed that the channel surfaces
are crud contaminated to the same extent as the
fuel rods. This assumption represents a 45%
increase in the crud source term over the case
where crud is assumed only on the fuel.

The results indicate that for 17 channeled BWR fuel
assemblies the total crud inventory is 5,455 curies
compared to 7,518 curies for 7 PWR assemblies as
reported in [A-4.5.1-1].

A, Determination

The A, value for the crud mixture is calculated
using the method based on the unity-rule
[A-4.5.1-5]. The calculated A, equivalent for the
channelled BWR fuel is 14.50 curies after 2 years
cooling. This value is significantly less than the
A, value of 162 curies calculated for the existing
PWR basket in Volumes 1 and 2 (A-4.5.1-1].

A-4-2
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PWR basket in Volumes 1 and 2 (A-4.5.1-1].
Therefore the leakage limits calculated in Volumes
1 and 2 are bounding for the 17 element Channelled
BWR Fuel Basket. Table A-4.2-1 shows the A,
calculations.

ssurjization o ontainment Vesse

The pressure levels within the cask cavity under the
normal conditions of transport and hypothetical accident
conditions are determined in Sections A-3.4.4 and
A-3.5.4, respectively. As discussed in Chapter A-3.0,
the maximum pressures are below the rupture disk pressure
of 350 psig. Therefore, the evaluation of the
containment boundary for pressure documented in Volumes
1 and 2 [A-4.5.1-1] is unaffected.

me e

Ae discussed in Section A-4.2.1 above, the calculated
source term for the IF-300 shipping cask with 17
channelled BWR fuel elements is significantly less than
the source term used to determine the leakage limits in
Volumes 1 and 2 [A-4.5.1-1). The test limits associated
with those leakage limits are provided in Volumes 1 and
2 [A-4.5.1-1].

Table A-4.2-1

2 t atio
Act. Fraction € 2 yrs.

A4S Crud mixture, £’ £r/n,
600 1.3E-10 ’ 2.1E-13
20 5.88E-2 2.9E-3

1000 4,.84E-1 4.8E~-4
20 2.5E-5 1.3E-6
10 5.6E-7 5.6E-8

7 4.58E-1 ' 6.54E-2
100 $.9E-4 . ' 5.9E-6
6.88E~2

MA-equivalent = 1/6.88E-2
= 14.50 ci
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Containment R irements for othetica
Accident Conditions

Fission Gas Products

A two-year cooled BWR fuel assembly contains 727 curies
of Kr-85 [A-4.5.1-1]. Assuming that the Kr-85 from all
17 assemblies is released into the cask cavity free
volume, the releasable inventory of this gas is 12,359
curies. The cavity pressure from fission gas release is
evaluated in the thermal analysis described in Chapter
A-3.0. The releasable inventory of Kr-85 used in the
IF-300 cask leakage analysis documented in Volumes 1 and
2 [A-4.5.1-1] is 13,086 curies, which is greater than the

" available inventory when using the 17 element basket.

Containment of Radioactive Material

As discussed in Sections A-4.2.1 and A-4.3.1, the amount
of radioactive material available for release using the
17 element Channelled BWR Fuel Basket is less than the
quantities used to determine the cask containment
criteria in Volumes 1 and 2 [A-4.5.1-1]. Therefore, the
cask containment criteria of Volumes 1 and 2 is
unaffected.

Containment Criterion

As discussed in Section A-4.3.2 above, the containment
criteria for the IF-300 shipping cask documented in
vVolumes 1 and 2 [A-4.5.1-1] is bounding for the IF-300
cask with 17 channelled BWR fuel elements. The test
limits associated with those leakage limits are provided
in Volumes 1 and 2 [A-4.5.1-1].

Special Requirementsg

This section is not applicable to the IF-300 Cask.
Appendix
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HIELDING ALUATION

The shielding analysis of the IF-300 Cask with the
Channelled BWR Fuel Basket is described in this chapter.
The Channelled BWR Fuel Basket contains 17 BWR intact
fuel assemblies with a maximum burnup of 35,000 megawatt
days per metric ton of initial heavy metal (MWD /MTIHM)
(A-5.5.1-1]. The minimum cooling time for the fuel
assemblies is three years. The initial U-235 enrichment
range considered for 35,000 MWD/MTIHM is from 2.65% by
weight (w/o0) to 4.0 w/o. The results of the source term
analysis show that the 2.65 w/o initial U-235 enrichment
fuel with 35,000 MWD/MTIHM burnup and 3 year cooling time
produced the neutron and gamma source strengths which
enveloped all the BWR spent fuel assemblies considered in
the aforementioned range. However, the Channelled BWR
Fuel Basket design and associated shielding analysis is
applicable to all BWR fuel with initial enrichments,
burn-ups, and cooling times which result in source terms
less than or equal to those documented in Section A-5.2.
The design basis neutron and gamma source strengths and
energy spectrums are given in Section A-5.2.

The IF-300 Cask with the Channelled BWR Fuel Basket
provides adequate shielding to ensure compliance with the
external dose rate requirements specified in Sections 47
and 51 of 10CFR Part 71 (A-5.5.1-2] and also 49CFR173.441
(A-5.5.1-3] for the fuel parameters stated above.

on a esults

The IF-300 cask provides gamma and neutron radiation
shielding. Gamma shielding in the IF-300 Cask body is
provided by a depleted uranium shield and the stainless
steel inner and outer shells which make up the cask wall.
Neutron shielding is provided by a 50/50 volume percent
ethylene glycol/water mixture contained within a
stainless steel jacket surrounding the cylindrical
portion of the cask body. Depleted uranium and stainless
steel in the cask top and bottom ends also provide gamma
shielding. 1In addition to the cask body shielding, the
Channelled BWR Fuel Basket has depleted uranium shield
blocks located at the top portion of basket to provide
additional gamma shielding for activation products in the
fuel assembly nozzle region. The IF-300 Cask has a
corrugated surface on the cask side and axial fins at the
cask ends which are conservatively neglected in the
shielding evaluation.

The shielding requirements for the package for normal

conditions of transport and hypothetical accident
condition are determined by the following criteria:

A-5-1
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Normal Conditions

of Transport: Maximum dose rate of 200 mrem
per hour at any peoint in
contact with the package, and
10 mrem/ hour at any point two
(2) meters from the package
(10CFR71.47(a) and (c)
respectively) (A-5.5.1-2].

Hypothetical Acci-

dent Conditions: Maximum dose rate of 1.0
rem/hour at any point one (1)
meter from the cask

(lOCFR?l.Sl(a)(2)) [A-5.5.1-2].

10CFR71.47 allows a contact dose rate on the package of
1000 millirem/hour during normal conditions of transport
if the following conditions are met:

a) The shipment is made in a closed transport vehicle;

b) Provisions are made to secure the package so that
its position within the vehicle remains fixed
during transportation; and,

c) There are no loading and unloading operations
between the beginning and end of transportation.

The IF-300 Cask satisfies all the above requirements per
the Certificate of Compliance ([A-5.5.1-1]. Therefore,
the dose criteria for the IF-300 Cask with the Channelled
BWR Fuel Basket is 1000 millirem/hour during normal
conditions of transport on the surface of the IF-300 Cask
and 200 millirem/hour on the surface of the closed
transport vehicle. Also, the dose rate limit at 2 meters
from the vertical planes represented by the outer lateral
surfaces of the closed transport vehicle is 10.0
millirem/hour.

According to the Certificate of Compliance {A-5.5.1-1],
the cask content shall be so limited that under normal
conditions prior to transport, 62 times the neutron dose
rate plus 6.3 times the gamma dose rate will not exceed
560 millirem/hour at a distance of 6 ft. from the side of
the cask (10 ft. from the cask centerline).

During the hypothetical accident conditions defined in
10CFR71.73 (c), the cask is assumed to be separated from
" the skid. The corrugated barrel surrounding the neutron
shielding cavity is assumed to be in place but ruptured
due to the postulated cask drop. The cask cavity remains
gsealed due to the integrity of the closure, valves and
rupture disk as documented. in Volumes 1 and 2
(A-5.5.1-4].
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For the shielding analysis during the hypothetical
accident condition, neutron shielding (water) and the
corrugated barrel surrounding the neutron shielding
cavity is assumed to be lost.

Table A-5.1-1 summarizes the dose rates at the indicated
dose points for IF-300 Cask with 17 BWR fuel assemblies
in the Channelled BWR Fuel Basket. The IF-300 Cask with
the Channelled BWR Fuel Basket meets all the above dose
rate criteria for the design basis parameters as
documented in this chapter.
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Table A-S5.1-1
Summary of Maximum Dose Rates

(mrem/hr)
Normal Package Surface'? 2 Meters from
Conditions (Peak) Vertical Plane of Vehicle
of Transport Side'Y Top Bottom Side'V Top Bottom

Gamma 674.6 13.7 4.0 8.5 2.8 1.0

Neutron 44.9 44.9 74.1 0.9 1.8 3.0

Total 719.5 58.6 78.1 9.4 4.6 4.0

10CFR Part 71

Limit 1000 1000 1000 10 10 10

Hypothetical Package Surface 1 Meter from

Accident (Peak) Surface of Package
Conditions Side Top Bottom Side Top Bottom

Gamma 674.6 13.7 4. 18.1 13.7 4.0

Neutron 44.9 44.9 74.1 163.1 44.9 74 .1

Total 719.5 58.6 78.1 181.2 58.6 78.1

10CFR Part 71

Limit ---- ---- ---- 1000 1000 1000

Notes:

1. The maximum side surface dose rates during normal
conditions of transport correspond to the cask upper head
region (dose point R,’ in Figure A-5.3-1). The surface
dose on the side surface of the cask at cask mid-plane is
3.0 and 9.8 millirem/hour neutron and gamma, respectively
(dose point R, in Figure A-5.3-1).

2. The IF-300 cask is shipped within an aluminum enclosure

which remains in place on the transport vehicle for the
duration of transport. The maximum total dose rate on
the surface of the aluminum enclosure is 142 mrem/hr.
This meets the requirement of 200 mrem/hr on the
accessible surface of the package.
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Source Specification

The neutron and gamma radiological source strengths and
gamma source spectrum were determined for the design
basis channelled BWR fuel assembly using the ORIGEN2
computer code [A-5.5.1-5]. It is assumed that all the 17
BWR fuel assemblies have the maximum design basis neutron
and gamma source strengths to calculate the maximum
neutron and gamma source strength in the IF-300 Cask
cavity with the Channelled BWR Fuel Basket. )

To determine the material mass distribution of the design
basis BWR fuel assembly, composite fuel assembly data is
used. The assumed composite fuel assembly structural
material mass distribution is given in Table A-5.2-1.
The composition and impurity content of materials listed
in Table A-5.2-1 are given in the ORIGEN2 input listing
included in Section A-5.5.4.1. These composition and
impurity contents are taken from the OCRWM data base
[A-5.5.1-8]. The elemental compositions in Reference
A-5.5.1-8 are determined from the American Society for
Testing and Materials (ASTM) specifications and generally
an upper limit for an impurity is used. The material
weights for structural components of the composite fuel
assembly are chosen such that they are bounding for the
7x7 and 8x8 General Electric (GE) BWR fuel assemblies
[A-5.5.1-6], and the generic BWR fuel assembly structural
material weights [A-5.5.1-7] which were used to calculate
the neutron and gamma source strength in the OCRWM data
base (DOE/RW-0184 [A-5.5.1-8]).

The weight of the fuel (U0,) is based on the heavy metal
(uranium) weight of 0.198 MTIHM per assembly (A-5.5.1-1].
This corresponds to a weight of 221.6 Kg of U0, in the
fuel assembly which is considerably higher than the UO,
weight given in References A-5.5.1-6, 7, and 9. The use

of this higher weight of heavy metal is conservative

since it will result in higher fission products in the
fuel assembly.

Weights of the top and bottom end fittings include the
weight of the tie plates and estimated weight of
compression springs and fuel rod end caps. It is
conservatively assumed that the compression springs and
fuel rod end caps weight is not included in the top and
bottom tie plate weights given in References A-5.5.1-6,
7, and 9. This assumption increases the activation
product source terms in the fuel assembly nozzle regions.

The weight of the fuel assembly channels used in
calculating the neutron and gamma source strengths is
45.5 Kg. This is also considerably higher than the
nominal channel weight of 29.94 Kg given in Reference
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A-5.5.1-9, and therefore increases the source term, which
is conservative.

Gamma_Source

The gamma source strength and energy spectrum for the
design basis fuel assembly are calculated using the
ORIGEN2 computer code [A-5.5.1-5]. The ORIGEN2 code
computes the concentrations and radiocactivity of fuel
assemblies which undergo irradiation in a nuclear reactor
and subsequent decay after removal from the reactor core.
It has the ability to compute the isotopic fractions,
radioactivity, decay thermal power, toxicity, neutron
absorption, neutron emission, and photon emission for
various isotopes in the fuel assembly.

ORIGEN2 is applicable to spent fuel shipping package
analysis for developing neutron and gamma radioactive
decay source strengths to be used in shielding analysis,
and to provide thermal energy generation rates for use in
thermal analysis. ORIGEN2 is an industry standard code
which is supplied by Oak Ridge National Laboratory’s
Radiation Shielding Information Center (ORNL/RSIC).

The assumed fuel assembly structural material mass
distribution input to the ORIGEN2 code analytical model
is taken from Table A-5.2-1. In ORIGEN2, the power
irradiation is performed for the fuel assembly materials
in the active fuel region. The flux irradiation is
performed for the fuel assembly materials in the top and
bottom nozzle regions and gas plenum region. During
power and flux irradiation cycles, 112.61 days per burnup
cycle is used for incrementing burnups to keep the
irradiation history smooth and reduce any oscillations in
the ORIGEN2 code. The ORIGEN2 code produces
computational errors if large burnup increments are used.
A typical four region core with a typical 106 days of
outage period is assumed similar to Reference A-5.5.1-8.

The flux factors for the top end fitting, bottom end
fitting and gas plenum regions are taken from Reference
A-5.5.1-10. The material composition including
impurities is taken from Reference A-5.5.1-8. The cross-
gsection library set for BWR fuel in ORIGEN2 is limited to
27,500 MWD/MTIHM burnup fuel [A-5.5.1-5}. Since there is
no published cross-section library data set available for
BWR fuel at 35,000 MWD/MTIHM burnup, the 27,500 MWD/MTIHM
burnup library data set is also used for the 35,000
MWD/MTIHM burnup.

The Certificate of Compliance [A-5.5.1-1] specifies
maximum initial U-235 enrichment for BWR fuel assemblies
of 4.0 w/o. However, for the shielding analysis of the
IF-300 Cask with the Channelled BWR Fuel Basket, a
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conservative value of 2.65 w/o initial U-235 enrichment
with 35,000 MWD/MTIHM burnup is used in calculating the
neutron and gamma source terms. This is conservative
since lower initial enrichment of U-235 in the fuel
produces higher neutron source terms for the same burnup.
Lower initial enrichment tends to increase the total
neutron flux to maintain the same specific power.
Increased neutron flux also causes an increase in the
generation of activation products such as Co-60.
However, generation of fission products (e.g., CS-137 and
Ba 137m) is proportional to the fuel burnup, and is
insensitive to the changes in enrichment. Use of minimum
initial enrichment at 2.65 w/o with 35,000 MWD/MTIHM
burnup generates conservative values for neutron source
terms and activation product gamma sources in the nozzles
and plenum region of the fuel assembly and has a
negligible impact on the fission product source strength
in the active fuel region of the fuel assembly.

It is assumed that the channels on the BWR fuel
assemblies stay with the assemblies for their life, i.e.,
the channels are not reused. So the irradiation period
and cycles for the channels are the same as that for the
fuel assemblies. Hydrogen getters and burnable poison
materials are not included in the source term
calculations in the ORIGEN2 models and their shielding
contribution is also neglected. This has a negligible
impact on the overall dose rate results because of their
relatively small weights compared to the other materials
of the fuel assembly.

The ORIGEN2 input file for the design basis BWR fuel
assembly is included in Section A-5.5.4. The fuel
assembly is divided into TOP ZONE, PLENUM ZONE, IN-CORE
ZONE, and BOTTOM ZONE during power and flux irradiation.
After irradiation, these regions are decayed separately
to give neutron and gamma source terms in all these
regions separately. The WHOLE region in the ORIGEN2
analytical model is the sum of all the zones of the fuel
assembly. The gamma source terms are calculated at the
time of discharge from the. core and then for decay

periods of 2, 3, 4 and S5 years. For the analysis
documented herein, a decay period of 3 years is used to
calculate the design basis gamma source terms for the
shielding analysis. Section A-5.5.4 contains the results
of the ORIGEN2 analysis for a 3 year decay pericd.

Table A-5.2-2 shows the gamma source strength and the
energy spectrum for the TOP ZONE, PLENUM ZONE, IN-CORE
ZONE, BOTTOM ZONE, and WHOLE regions of the fuel
assembly. These values are reported per BWR fuel
assembly. To calculate the total gamma source in the
cask internal cavity, these values are multiplied by 17
to account for the 17 fuel assemblies in the Channelled
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BWR Fuel Basket. The total gamma source strength in the
cask internal cavity is 7.9E+16 photons/sec (2.6E16
Mev/sec) with the energy spectrum shown in Tables A-5.2~-2
and A-5.2-3. The end point energies for the gamma groups
listed in Tables A-5.2-2 and A-5.2-3 are the same. These
end point energies are the same as those of the ORIGEN2
code [A-5.5.1-5] and are listed in Table A-5.2-5.

The energy spectrum given in Table A-5.2-2 corresponds to
the ORIGEN2 output. The energy ranges for the energy
groups in the CASK cross-section 1library (A-5.5.1-11]
used in the ANISN computer code [A-5.5.1-12] are slightly
different. The shielding analysis is performed using the
computer codes QAD-CGGP and ANISN with the CASK 18g-22n
cross-section data set [A-5.5.1-13, 12, and 11,
respectively]. ANISN/CASK is used to calculate gamma
dose rates in the cask radial direction. QAD-CGGP is used
to calculate the gamma dose rate in the cask axial
direction. The ORIGEN2 gamma energy spectra is mapped in
to the CASK gamma energy spectra in order to perform
shielding analysis. The energy spectra from ORIGEN2 is
directly used in QAD-CGGP models. Although both the CASK
and ORIGEN2 energy spectra have 18 gamma energy groups,
there is no 1-1 correspondence in energies. Mapping is
done in such a way that the total gamma power (Mev/sec)
is similar in both the energy spectra. Therefore the
mapping process has minimal impact. on the total
calculated gamma dose rates. Table A-5.2-6 provides the
CASK 18 gamma energy group structures used in ANISN/CASK
calculations.

Neutron Source

The neutron source strength for the design basis fuel
assembly is calculated in the same ORIGEN2 code
analytical model used to calculate the gamma source
strength as described in Section A-5.2.1. The
assumptions are the same as those described in Section
A-5.2.1.

The ORIGEN2 input file for the design basis BWR fuel
assembly which is included in Section A-5.5.4 for the
gamma source is also used for calculating the neutron
source. The neutron source terms are calculated at the
time of discharge from the core and then for decay
periods of 2, 3, 4 and 5 years. For the analysis
documented herein, a decay period of 3 years is used to
calculate the design basis neutron source terms for
shielding analysis. Section A-5.5.4 contains the results
of the ORIGEN2 code for a 3 year decay period.
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The isotope that forms the primary neutron source in
35,000 MWD/MTIHM burned fuel is Curium 244. This isotope
decays by spontaneous fission and (a,n) reaction
producing neutrons. Based on the results of the ORIGEN2
code, 96% of the neutrons are from spontaneous fission
and the remaining 4% are from (a,n) reaction. Reference
A-5.5.1-11 provides a typical AF(E) spectrum for fission
neutrons, where AF(E) is the fraction of the fission
neutrons generated in the E*" energy group. This fission
spectrum is used for the neutrons in this analysis.
Table A-5.2-4 shows the neutron source strength and the
spectrum for the design basis fuel assembly. Since there
are no neutron sources in the nozzles and plenum regions
of the fuel assembly, all the neutrons are contained in
the active fuel (IN-CORE) region of the fuel assembly.
To calculate the total neutron sources in the cask
internal cavity, these values are multiplied by 17 to
account for 17 fuel assemblies in the Channelled BWR Fuel
Basket. The total neutron source strength in the cask
cavity is 1.9E+09 neutrons/sec with the energy spectrum
given in Table A-5.2-4.

Neutron and Gamma Sources with Axial Peaking Factor

Figure A-5.2-1 shows the various instantaneous peaking
factors for a typical fuel assembly [A-5.5.1-4]. As can
be seen, the peak traverses the bundle as control rods
are withdrawn (or the control blades inserted in the case
of a BWR fuel assembly). This yields an end-of-life peak
to average power (flux) ratio of just under 1.1. For a
fuel assembly with a burnup of 35,000 MWD/MTIHM, the
length of time a BWR fuel assembly is expected to be
irradiated in the core will be greater than 930 days.
For the radial (side) dose calculations, the assumption
is made that the neutron and gamma source terms in each
fuel assembly will be 1.2 times the average to account
for axial peaking. This assumption is reascnable since
the distribution of fission product sources three years
after removal from the core will be influenced
principally by the power (flux) distribution present at
the end-of-life. This assumption is also conservative
since an end-of-life peak to average ratio of just under
1.1 is predicted for a fuel assembly operating for 930
days which is smaller than the value of 1.2 used in this
analysis. o

To account for this axial peaking, the dose rates for
radial (side) calculations given in Section A-5.4 are
multiplied by 1.2, and the resulting values reported in
Tables A-5.1-1 and A-5.4-5 for neutron and gamma dose
rates for dose points R,, R,, and R, in Figure A-5.3-1.
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Table A-5.2-1

2l Assembly Materia

Model for Neutro

We ts Use
and Gamma Source

S

o)
e

Fuel Assembly
Zone/Component

Fuel Zone
(Active Fuel
Region)

Weight Per Fuel

Cladding

Fuel Channels
Grid Spacers
Grid Spacer
Springs
Fuel

Fuel Gas
Plenum Zone

Cladding
Fuel Channel
Plenum Springs

Nozzle Zone

Top End Fitting
Including
Compression
Springs and
End Caps

Bottom Nozzle Zona

Bottom End
Fitting
Including End

Caps

Expansidn
Spring

Material _Assembly (kq)
Zircaloy-2 51.20
Zircaloy-4 41.70
Zircaloy-4 1.96
Inconel X~-750 0.36
Uranium 198.00
Zircaloy-2 4.70
Zircaloy-4 3.80
§§=-302 1.10
SS-304 3.21
S$S-304 6.01
Inconel X-750 0.40

A-5-10
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Table A-5.2-2

Design Basis Gamma Source Strength and Energy Spectrum
(Photon/sec)

GAMMA SOURCE ACTIV PROD+ACTINIDE+FISSION PROD, 3 YEAR DECAY

E MEAN TOP PLENUM IN-CORE BOTTOM WHOLE TOTAL
(MeV) _ (PER FA) _(PER FA) (PER FA) (PER FA) (PER FA) (PER CASK)
0.010 | s.oE+10 | 5.7E+10 | 1.2E+15 | 2.1E+11 | 1.2E+1s 2.0E+16
0.03 7.6E409 | 1.8E+11 | 2.9E+14 | 3.3E+10 | 2.9E+14 4.9E+15 |}
0.04 4.3E409 | 4.1E+10 | 2.9E+14 | 1.9E+10 | 2.9E+14 4.9E+15
0.06 4.8E409 | 4.9E+09 | 2.4E+14 | 2.1E+10 | 2.4E+l4 4.1E+15
0.09 1.9E409 | 2.0E+09 | 1.7E+14 | 8.2E+09 | 1.7E+14 2.8E+15
0.13 7.38408 | 1.6E+09 | 1.8E+14 | 3.2E+09 | 1.8E+14 3.0E+15
0.23 2.4E+08 | 1.3E+10 | 1.4E+14 | 1.0E+09 | 1.4E+14 2.SE+15
0.38 6.7E+07 | 7.8E+10 | 8.7E+13 | 2.9E+08 | 8.7E+13 1.5E+15
0.58 9.1E+06 | 1.0E+11 | 1.5E+15 | 3.8E+07 | 1.SE+15 2.5E+16

\_/ 0.85 4.2E+10 | 3.0E+10 | 4.4E+14 | 1.2E+11 | 4.4E+14 7.5E+15
1.25 1.66412 | 1.28+12 | 1.0E+14 | 7.1E+12 | 1.1E+14 1.9E+15
1.75 9.7E+04 | 6.5E+04 | 4.1E+12 | 4.0E+05 | 4.1E+12 7.0E+13 |
2.25 8.7E+06 | 6.5E+06 | 3.7E+12 | 3.8E+07 | 3.7E+12 6.3E+13
2.75 2.7E404 | 2.0E+0¢ | 1.1E+11 | 1.2E+05 | 1.1E+11 1.8E+12
3.50 1.1E-22 | 3.36-125 | 1.3E+10 | 1.1E-13 | 1.3E+10 2.3E+11
5.00 0.0E+00 | 0.0E+00 | 4.7E+06 | 0.0E+00 | 4.7E+06 8.1E+07
7.00 0.0E+00 | 0.0E+00 | 5.5E+05 | 0.0E+00 | 5.SE+05 9.3E+06
| 9.50 0.0E+00 | 0.0E+00 | 6.3E+04 | 0.0E+00 | 6.3E+04 1.1E+06
l SUM 1.8E+12 | 1.7E+12 l 4.6E+15 | 7.5E+12 | 4.6E+15 7.9E+16
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Table A-5.2-3

Design Basis Gamma_ Source Strength and Energy Spectrum (Mev/sec)

GAMMA SOURCE ACTIV PROD+ACTINIDE+FISSION PROD, 3 YEAR DECAY

E MEAN TOP PLENUM IN-CORE BOTTOM WHOLE TOTAL
(Mev)  (PER FA) (PER FA) _ (PER FA) _(PER FA) (PER FA) _ (PER CASK)

r 0.01 5.0B+08 | 5.78+08 | 1.2E+13 | 2.1E+09 | 1.2E+13 2.0E+14 |
0.03 1.98+08 | 4.58+09 | 7.2E+12 | 8.1E+08 | 7.2E+12 | 1.2E+14 “
0.04 1.6E+08 | 1.5E+09 | 1.1E+13 | 6.9E+08 | 1.1E+13 1.8E+14
0.06 2.8E+08 | 2.8E+408 | 1.4E+13 | 1.2B+09 | 1.4E+13 2.4E+14 “
0.09 1.6E+408 | 1.7E+08 | 1.4E+13 | 7.0E+08 | 1.4E+13 2.4E424 |
0.13 9.1E+07 | 2.0B+08 | 2.2E+13 | 3.9E+08 | 2.2E+13 3.8E+14
0.23 5.4E+07 | 3.0B+09 | 3.38+13 | 2.3E+08 | 3.3E+13 5.5E+14
0.38 2.58+07 | 2.9E+10 | 3.3B+13 | 1.1E+08 | 3.3E+13 5.6E+14
0.58 5.2E+06 | 5.7E+10 | 8.6E+14 | 2.2E+07 | 8.6E+14 1.5E+16 |

l o.ss 3.58+410 | 2.5E+10 | 3.7E+14 | 1.0E+11 | 3.7E+14 6.4E+15 |
1.25 2.1E+12 | 1.5B+12 | 1.3E+14 | 8.8E+12 | 1.4E+14 2.4E+15 "
1.75 1.7E+05 | 1.1E+05 | 7.2B+12 | 7.1E+05 | 7.2E+12 1.2E+14
2.25 2.0E+07 | 1.5E+07 | 8.3E+12 | 8.4E+07 | 8.3E+12 1.4E+14 “
2.75 7.4E+04 | 5.5E+04 | 2.9E+11 | 3.2E+05 | 2.9E+11 4.98+12 |
3.50 3.98-22 | 1.1E-14 | 4.7E+10 | 3.8E-13 | 4.7E+10 8.0E+11
5.00 | 0.0E+00 | 0.0E+00 | 2.4E+07 | 0.0E+00 | 2.4E+07 4.0E+08

|l .00 0.0E+00 | 0.0E+00 | 3.8E+06 | 0.0E+00 | 3.8E+06 6.5E+07

“ 9.50 0.0E+00 | 0.0E+00 | 6.0E+05 | 0.0E+00 | 6.0E+05 1.0E+07

l SUM 2.1E+12 | 1.78+12 | 1.5E+15 | 9.0E+12 | 1.SE+15 2.6E+16
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Table A-S.

2-4

Desian Basis Neutron Source Strength and Eneray Spectrum

CASK CASK NEUTRON NEUTRON FUEL ASSEM CASK CAVITY
NEUTRON  GROUP UPPER SOURCE NEUTRON SOURCE NEUTRON SOURCE
GROUP # ENERGY SPECTRUM STRENGTH STRENGTH

(Mev) (N/SEC/ASSEM) (N/SEC/CASK)
(3 YEAR DECAY) (3 YEAR DECAY)

1 1.492E+01 4.653E-04 5.114E+04 8.693E+0S

2 1.220E+01 1.883E-03 2.069E+05 3.518E+06

3 1.000E+01 5.756E-03 6.326E+0S 1.07SE+07

4 .180E+00 1.924E-02 2.114E+06 3.595E+07 |

5 6.360E+00 4.000E-02 4.396E+06 7.473E+07

6 4.960E+00 5.174E-02 5.686E+06 9.667E+07 44J

7 4.060E+00 1.094E-01 1.202E+07 2.044E+08 n
| 8 3.010E+00 8.804E-02 9.676E+06 1.64SE+08 |
r 9 2.460E+00 2.088E-02 2.295E+06 3.901E+07

10 2.350E+00 1.156E-01 1.270E+07 2.160E+08

11 1.830E+00 2.089E-01 2.296E+07 3.903E+08

12 1.110E+00 1.920E-01 2.110E+07 3.587E+08 |

13 5.500E-01 1.327E-01 1.458E+07 2.479E+08

14 1.110E-01 1.345E-02 1.478E+06 2.513E+07

15 3.350E-03 0.000E+00 0.000E+00 0.000E+00

16 5.830E-04 0.000E+00" 0.000E+00 0.000E+00 ‘
| 17 1.010E-04 0.000E+00 0.000E+00 0.000E+00 41

18 2.900E-05 0.000E+00 0.000E+00 0.000E+00

19 1.010E-05 0.000E+00 0.000E+00 0.000E+00

20 3.060E-06 0.000E+00 0.000E+00 0.000E+00
“ 21 1.120E-06 0.000E+00 0.000E+00 0.000E+00
| 22 4.140E-07 0.000E+00 0.000E+00 0.000E+00
| SUM 1.000E+00 1.099E+08 1.868E+09
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Table A-5.2-5

End Point Energies from ORIGENZ

E mean End pointl End point
ORIGEN2 Energies Lower Energies Upper

| (Mev) Boundary (Mev) Boundary (Mev)
0.010 0.0 0.020
0.025 0.02 0.030
0.0375 0.03 0.045
0.0575 0.045 0.070

“ 0.085 0.070 0.100
0.125 0.10 0.150
0.225 0.15 0.300
0.375 0.30 0.450 {
0.57S 0.45 0.700
0.850 0.70 1.000
1.250 1.00 1.500
1.750 1.50 2.000
2,250 2.00 2.500
2.750 2.50 3.000
3.500 3.00 4.000
5.000 4,00 6.000
7.000 §.00 8.000 “
9.500 8.00 11.00 u

§
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Table A-5.2-6

End Point Energies from CASK

E mean CASK End point End point
(Mev) Energies Lower Energies Upper
Boundary (Mev) Boundary (Mev)

0.025 0.00 0.0S

0.075 0.0S 0.10

0.15 0.10 0.20

0.25 0.20 0.30

0.35 0.30 0.40

0.50 0.40 0.60

0.70 0.60 0.80

0.90 0.80 1.00

1.25 1.00 1.33

1.50 1.33 1.66

1.83 1.66 2.00 {
2.25 2.00 2.50

2.75 2.50 3.00

3.50 3.00 4.00

4.50 4.00 5.00

5.75 5.00 6.50 “
7.25 6.50 8.00 “
9.00 €.00 10.00 n

| S U e
—_—-:—-
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Model Specification

A shielding analysis is performed to confirm that the
Channelled BWR Fuel Basket in the IF-300 Cask cavity with
17 design basis BWR fuel assemblies meets the shielding
criteria specified in 10CFR71 [A-5.5.1-2], 49CFR173
[A-5.5.1-3], and the Certificate of Compliance of the IF-
300 Cask [A-5.5.1-1]. Analytical models of the IF-300
Cask with the Channelled BWR Fuel Basket were developed
to determine the dose rates at the critical locations
around the IF-300 Cask. Computer codes ANISN
[A-5.5.1-12] and OQAD-CGGP ([A-5.5.1-13] were used to
determine the neutron and gamma dose rates as described
in Section A-5.4.

Description of Radial and Axial Shieldina Configquration

The radial and axial shielding configuration of the
IF-300 Cask is the same as that described in the
Certificate of Compliance [A-5.5.1-1] and Consolidated
Safety Analysis Report [A-5.5.1-4]. The depleted uranium
shield blocks on the top portion of the Channelled BWR
Fuel Basket have the same thickness (one inch) as the
existing design documented in Volumes 1 and 2
[A-5.5.1-4]. The arrangement of these shield blocks is
such that streaming from the top nozzle region activation
product sources is minimized.

Figure A-5.3-1 shows the axial and radial shielding
configuration of the IF-300 Cask with the Channelled BWR
Fuel Basket, including the depleted uranium shield blocks
on the top portion of the basket. The portion of the
IF-300 BWR Cask top head which is not covered by the
depleted uranium shield blocks in the basket has the
maximum dose on the cask surface (dose point R," in
Figure A-5.3-1) during normal conditions of transport.
This is because of the activation product sources in the
nozzle region, the contribution from sources in the
active fuel region, and the comparatively less shielding
provided by cask head in that region. The results of the
shielding analysis documented in Table A-5.2-1 show that
the dose rates at this location on the cask surface are
still below the 1,000 millirem per hour limit imposed by
10CFR71 [A-5.5.1-2]. Figure A-5.3-1 also shows the dose
point locations considered to confirm that the applicable
dose rate requirements [A-5.5.1-1, 2, and 3] are
satisfied.

During the hypothetical accident conditions, the water in
the neutron shield cavity is assumed to be lost and the
corrugated barrel (water jacket) surrounding the neutron
shielding cavity is assumed to be in place but ruptured
due to the postulated cask drop. The cask cavity remains
sealed due to the integrity of the closure, valves, and
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rupture disk [A-5.5.1-4]. For the hypothetical accident
conditions, water in the neutron shield cavity and
corrugated barrel are removed from the analytical models.
All the other shielding materials and cask surfaces are
not affected by the accident conditions. The dose rates
for the hypothetical accident conditions are within the
limits imposed by 10CFR71 as shown in Table A-5.2-1.

Shield Regional Densities

This section gives the material densities (g/cm®) and the
atomic number densities (atoms/barn-cm) for constituent
nuclides of all shielding materials used in the
calculational models for the normal and accident
conditions. Since the shielding contribution of the
Channelled BWR Fuel Basket (specifically the basket
spacer disks) is different for the cask radial and axial
directions, two sets of densities are calculated. The
first set is applicable for the radial (side) dose rate
calculations in which shielding by the basket spacer
disks is neglected. The second set is applicable for the
axial dose rate calculations in which shielding by the
basket spacer disks are included.

Shield regional densities for the fuel assembly active
fuel, top nozzle and bottom nozzle regions are calculated
based on conservative material weights in these regions.
For dose rate calculations lighter material weights
provide less shielding giving conservative dose rates.
ORNL/TM-10902 [A-5.5.1-6] lists the material weights for
various 7x7 and 8x8 GE BWR fuel assemblies. A review of
this material weight data shows that the GE 8x8 retrofit
pressurized assembly has relatively less shielding
material in the active fuel zone and other parts of the
assembly compared with other BWR fuel types. The
material data for this assembly type is used to calculate
the shield regional density of the active fuel, top
nozzle and bottom nozzle regions of the design basis fuel
assembly. Any shielding by the inconel (springs, etc.),
burnable poisons and hydrogen getters in the fuel
assembly is conservatively neglected. Also, any
shielding provided by the neutron poison plates and
support rods in the Channelled BWR Fuel Basket is
conservatively neglected. Any impurities in the fuel,

cladding or stainless steel is not included in

calculating shield regional densities. Note that the
material weights for fuel assembly components used for
calculating neutron and gamma source strengths described
in Sections A-5.2.1 and A-5.2.2 are higher than those
used for calculating shield regional densities, providing
a conservative basis for calculating source strengths.

The material weights in the various regions of the fuel
assembly are homogenized using the diameter of the cask
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inner cavity. The top nozzle region of the fuel assembly
includes the portion of the fuel assembly above the
active fuel length (i.e., upper gas plenum plus the top
end fitting) including the channel. The bottom nozzle
region of the fuel assembly includes the portion of the
fuel assembly below the active fuel length of the fuel
assembly including the channel.

1. Shield Regional Densities - Radial Direction

The shield regional densities for calculating dose
rates in the cask radial direction are calculated
assuming no shielding contribution from the basket
spacer disks. These densities are ‘given in Table
A-5.3-1.

2. Shield Regional Densities - Axial Direction

The shield regional densities for calculating dose
rates in the cask top and bottom axial directions
are calculated using the shielding contribution of
the basket spacer disks. There are seven 2 inch
thick spacer disks in the active fuel region, one 2
inch thick spacer disk in the bottom nozzle region
and one 2 inch thick spacer disk and a 0.75 inch
thick top plate in the top nozzle region of the
fuel assembly (Section A-1.3.2). Adding these
weights in the respective regions, the shield
regional densities used in the cask top and bottom
axial direction dose rate calculations are given in
Table A-5.3-2.
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Table A-5.3-1

Radial Direction - Shield Regional Dengities

Element Weight Material Atomic Number

1.

N/A means not applicable.
the outside regions of the cask inner cavity.

A-5-20

In Cask Cavity Density Density
Zone Elements (Kg) ‘Y _(g/cm®) (atoms/barn-cm)

Active Zircaloy 1243.6 0.458 3.027E-03

Fuel Oxygen 418.2 0.154 5.792E-03

U-235 122.2 0.045 1.159E-04

U-238 2967.9 1.093 2.766E-03

Top Zircaloy 94.5 0.278 1.832E-03

Nozzle Iron 24.5 0.072 7.745E-04

Region Chromium 6.5 0.019 2.203E-04

Nickel 3.1 0.009 9.501E-05

Bottom Zircaloy 6.9 0.052 3.448E-04

Nozzle Iron 57.1 0.427 4.600E-03

Region Chromium 15.1 0.113 1.308E-03

Nickel 7.4 0.055 5.642E-04

Depleted U-235 N/A 0.041 1.061E-04

Uranium U-238 N/A 18.780 4.753E-02
(Gamma
Shield)

" Cask Chromium N/A 1.525 1.767E-02
Inner Iron N/A 5.761 6.213E-02
and Nickel N/A 0.743 7.620E-03
Outer
Shell
Neutron Hydrogen N/A 0.112 6.687E-02
Shield Oxygen N/A 0.888 3.343E-02
(Water)

Air Nitrogen N/A 0.00046 1.980E-05
(Sur- Oxygen N/A 0.00014 5.28E0-06
rounding

Cask)

Note:

These elements are present in




NEDO-10084-4
March 1995

Table A-5.3-2

Axial Direction - Shield Regional Densities

Element Weight Material Atomic Number

In Cask Cavity Density Density
Zone Elements (Kq) V' _la/cm?)) (atoms/barn-cm)

Active Zircaloy 1243.6 0.458 3.027E-03

Fuel Oxygen 418.2 0.154 5.792E-03

U-235 122.2 0.045 1.159E-04

U-238 2967.9 1.093 2.766E-03

Iron 646.3 0.238 2.570E-03

Chromium 171.1 0.063 7.306E-04

Nickel 84.2 0.031 3.150E-04

Top Zircaloy 94.5 0.278 1.832E-03

Nozzle Iron 151.6 0.446 4.807E-03

Region Chromium 40.1 0.118 1.367E-03

Nickel 19.7 0.058 S.895E-04

Bottom Zircaloy 6.9 0.052 3.448E-04

Nozzle Iron 149.4 1.118 1.206E-02

Region Chromium 39.6 0.296 3.429E-03

Nickel 19.2 0.144 1.479E-03

Depleted U-235 N/A 0.041 1.061E-04

Uranium U-238 N/A 18.78 4 .753E-02

Cask Chromium N/A 1.525 1.767E-02

Inner Iron N/A 5.761 6.213E-02

and Nickel N/A 0.743 7.620E-03
Outer
Shell
Note:

1.

N/A means not applicable.
the outside regions of the cask inner cavity.
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NOTE: THE DISTANCES FROM CASK ACTIVE FUEL REGION AND CASK TOP
NOZZLE REGION SURFACES TO THE CASK ENCLOSURE CAN BE
OBTAINED BY USING FIGURES 5.4—1 AND 5.4-2. .

Figure A-5.3-2

Cask Enclosure Location'
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Shielding Evaluation

The neutron dose rates for the IF-300 Cask with
Channelled BWR Fuel Basket were determined using the
computer code ANISN/PC [A-5.5.1-12]. The gamma dose
rates (primary and secondary gamma) were determined using
the computer codes ANISN/PC and QAD-CGGP [A-5.5.1-13].
These codes are described below.

Dose Rates Using ANISN

The ANISN code [A-5.5.1-12] solves the one-dimensional
Boltzmann transport equations for neutrons and/or gamma
rays in a slab, spherical, or cylindrical geometry. The
source may be fixed, fission, or a subcritical
combination of the two. Cross-sections may be weighted
using the space and energy dependent flux generated in
solving the transport equation.

The ANISN code was designed to solve deep penetration
problems in which angle-dependent spectra are calculated

in detail. ANISN includes a technique for handling
general anisotropic scattering, point-wise convergence
criteria, and alternate step function difference

equations that effectively remove the oscillating flux
distributions sometimes found in discrete ordinates
solutions. ANISN is an industry standard code available
through ORNL/RSIC.

The cask geometry in the radial direction is cylindrical
so radial shielding calculations are based on the
cylindrical geometry model in ANISN. The radial dose
rates from neutrons and gammas (both primary and
secondary gamma) were determined at the locations shown
in Figure A-5.3-1. To calculate the radial dose rates
from the activation products in the top nozzle region,
the cylindrical geometry model in ANISN is used. Since
there are no neutron sources in the top nozzle region,
only the gamma source is considered for calculating the
radial dose rate from the activation products in the top
nozzle region. The contribution from neutron and gamma
sources in the active fuel region is then added to this
dose rate to obtain the total dose rate on the side
surface of the cask top head.

For the top and bottom axial directions of the IF-300
Cask with the Channelled BWR Fuel Basket, the slab
geometry model in ANISN is used to calculate the neutron
and secondary gamma (from (n,y) reaction) dose rates.

The "CASK" 22 neutron - 18 gamma energy group coupled
cross-section library data set [A-5.5.1-11] is used to
supply microscopic cross-section data to the ANISN code.
This cross-section data was designed for use in shipping
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cask analysis by Oak Ridge National Laboratory. Since
neutron and gamma energy groups are a coupled data set,
both primary and secondary gamma dose rates are included
in the results when this data set is used. The secondary
fission sources in the fuel and uranium shield blocks are
also included in the results. Third order scattering is
used for both radial and axial models (i.e. P;). S,
angular quadrature set in cylindrical geometry is used in
the ANISN radial models and S, angular quadrature set in
the slab geometry is used in the axial ANISN models
[A-5.5.1-12]. These quadrature data sets are shown in
Tables A-5.4-1 and A-5.4-2.

The material inside the active fuel region of the fuel
assembly is homogenized to calculate the homogenized
source region. The cask inner cavity diameter and the
active fuel length of the fuel assembly are used to
calculate the homogenized source region in the active
fuel length of the fuel assembly. The material and the
sources due to activation products inside the upper fuel
gas plenum and upper end fitting and basket are combined
together in a composite zone called "TOP NOZZLE REGION",
to determine the dose on the cask surfaces due to
activation products in the nozzle region. The "BOTTOM
NOZZLE REGION" includes the bottom nozzle region of the
fuel assembly and the portion of the basket below the
active fuel region in the ANISN axial models.

In the ANISN models for the radial and axial direction of
cask, the source and shield dimensions are input as zones
divided into mesh intervals. Particle leakage due to
finite transverse dimensions for planar and cylindrical
geometries in ANISN [A-5.5.1-12] can be modeled by using
buckling factors. In this shielding evaluation buckling
correction is modeled by use of the ANISN input
parameters BF, DY, and DZ in the 16* array. A particle
flux is determined at each mesh interval for each neutron
and gamma energy group. These fluxes are converted to
dose rates using the flux-to-dose conversion factors
[A-5.5.1-14] shown in Tables A-5.4-3 and A-5.4-4 for
neutrons and gamma energy groups, respectively. The fuel
assembly dimensions are from ORNL/TM-10902 [A-5.5.1-6]
and the cask dimensions are from the IF-300 Cask
Certificate of Compliance [A-5.5.1-1] and Volumes 1 and
2 [A-5.5.1-4].

The model shown in Figure A-5.4-1 is used to calculate
the neutron and gamma dose rate on the surface of the
cask and two meters from the surface in the cask radial
direction at cask mid-plane. This corresponds to dose
points R,” and R, in Figure A-5.3-1. The model consists
of concentric cylinders with dimensions from the
Certificate of Compliance [A-5.5.1-1] and Volumes 1 and
2 [A-5.5.1-4]. The model consists of seven =zones
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describing the homogenized active fuel region inside the
cask cavity and various cask shielding layers. In the
ANISN model the height of the source region is used as
the value of the ANISN parameter DY for buckling
correction. This corresponds to 381 cm (the height of
active fuel region in Figure A-5.4-1). This model is
used to calculate the dose rates during normal conditions
of transport.

During the hypothetical accident conditions, water in the
neutron shield cavity is lost and the neutron shielding
jacket (barrel) is ruptured due to a postulated cask
drop. To calculate the dose rate on the cask surface and
one meter from the cask surface, the same model as Figure
A-5.4-1 is used except the neutron shield and shield
jacket (barrel) are replaced by air. The one meter
distance is taken from the outer surface of the cask
structural shell.

The ANISN analytical model input files for the normal
conditions of transport and hypothetical accident
conditions are included in Section A-5.5.4. The dose
rates for each mesh interval are included in Section
A-5.5.4. The reported dose rates are without the axial
peaking factor described in Section A-5.2.3. These dose
rates are multiplied by the axial peaking factor of 1.2
to account for the variation in axial burnup. The final
dose rate values are reported in Table A-5.4-5.

The gamma dose rate on the surface of the cask upper head
region due to activation product sources in the TOP
NOZZLE REGION of the cask are calculated using the ANISN
model shown in Figure A-5.4-2. This corresponds to dose
point R, in Figure A-5.3-1. The ANISN model contains
Zone 1 as the TOP NOZZLE REGION which includes the
activation product sources in the gas plenum and top end
fitting regions of the fuel assembly. In the ANISN model
the height of the cask top head region above the shield
block is used as the value of the ANISN parameter DY for
buckling correction. This corresponds to 23.14 cm. Zone
2 is the air gap between the IF-300 BWR cask upper head
and the top nozzle region. 2Zones 3, 4, and 5 are the
shield layers in the BWR cask upper head. The
contribution from the neutron sources in the active fuel
region is calculated using an analytical model similar to
that used for the cask top axial direction described in
Section A-5.4.1.2. The contribution due to gamma sources
in the active fuel region is calculated using the
computer code QAD-CGGP as described in Section A-5.4.2.
These dose rates are added to the dose rate due to
activation products in the TOP NOZZLE REGION to calculate
the total dose at dose point R, in Figure A-5.3-1.
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To calculate the dose at six feet from the upper head
surface and two meters from the transport vehicle outer
edge at this location, attenuation factors are developed
as described in Section A-5.5.2. These attenuation
factors are used to confirm that the 10CFR71 dose rate
limits are satisfied. The results are summarized in
Table A-5.4-5.

1.

ANISN Models for Axial Dose Rate Calculation

Figures A-5.4-3 and A-5.4-4 show the ANISN models
used for the axial dose rates due to neutrons and
secondary gammas on the cask surface in the top and
bottom axial directions respectively. These models
are used to calculate the neutron dose rates on the
cask surfaces in the axial directions. These
models are also used to calculate the secondary
gamma dose rates in the cask axial directions. 1In
the ANISN models used to calculate neutron dose
rates in the cask axial directions (Figures A-5.4-3
and A-5.4-4), the width of the source region is
used for the value of parameters DY and DZ for
buckling correction. This corresponds to 95.25 cm
(the diameter of cask inner cavity in Figures &A-
5.4-1 and A-5.4-2). The primary gamma dose rates
in the cask axial directions are calculated
separately using computer code QAD-CGGP
[A-5.5.1-12) as described in Section A-5.4.2. The
total dose on the cask surfaces in the axial
direction is then the sum of primary gamma,
secondary gamma, and neutron dose rates at these
locations.

The ANISN analytical model input files for
calculating the top and bottom axial dose on the
cask surfaces are included in Section A-5.5.4. The
dose rates for each mesh interval are also included
in Section A-5.5.4.

Figure A-5.3-2 shows the dimensions and location of
the aluminum enclosure relative to the cask and
conveyance bed. . The attenuation factors for the
dose point on the surface of the aluminum enclosure
due to sources in the top nozzle and active fuel
region of the fuel assembly are calculated using
the same method as that of Section A-5.5.3.1.

 These attenuation factors are used to confirm that

the 10CFR71 dose rate limits are satisfied. The
results show that the dose rate at the surface of
the aluminum enclosure does not exceed 200 mrem/hr.
The results are summarized in Table A-5.4-5.

To calculate the dose at two meters from the outer

,edge of transport vehicle, attenuation factors are

A-5-27



A-5.4.2

NEDO-10084-4
March 1995

developed as described in Section A-5.5.3. These
attenuation factors are used to confirm that the
10CFR71 dose rate 1limits are satisfied. The
results are summarized in Table A-5.4-5.

The neutron sources in the active fuel region
contribute to the total dose rate on the side
surface of cask upper head region (dose point Ry’ in
Figure A-5.3-1). This neutron dose rate is
calculated using an analytical model similar to
Figure A-5.4-3 with the CASK TOP HEAD zones
replaced by zones 3, 4, and 5 in Figure A-5.4-2.
The results show that the neutron dose at dose
point R, is bounded by the neutron dose at dose
point T, in Figure A-5.3-1. Therefore, the neutron
dose at dose point T, is used for the dose at point

Ry’ -
Dose Rates Using QAD=CGGP

Computer code QAD-CGGP [A-=5.5.1-13] is used to calculate
the gamma dose rates (primary gamma’s only) in the top
and bottom axial directions of the IF-300 Cask with
Cchannelled BWR Fuel Basket.

QAD-CGGP (A-5.5.1-13] is a point-kernel shielding code
that uses three dimensional geometry to define the source
and shielding configurations. The code allows the
combination of geometric shapes by "AND/OR" operators
into zones which can then be assigned an amalgamation of
elemental densities. Mass attenuation and buildup
factors are obtained from QAD-CGGP’s internal library.
Since the majority of the gamma shielding is provided by
depleted uranium, uranium Geometric-Progression (G-P)
buildup factors are selected. The gamma energy spectrun
obtained from the results of ORIGEN2 [A-5.5.1-5] codes
(Section A-5.2.1) is used to determine the gamma dose
rates.

The QAD-CGGP model for the axial dose calculations
consists of eight zones made up of eight bodies. The
origin of the coordinate systen is chosen to be the
center of the active fuel region with the 2 axis directed
toward the cask top. The bodies making up the IF-300

cask models are all right circular cylinders (RCC), while

the body defining the "universe" is a rectangular
parallel-piped (RPP). The QAD-CGGP bodies making up the
IF-300 Cask model are shown in Figure A-5.4-5.

The following bodies make up the IF-300 Cask QAD-CGGP
model:
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1. Active Fuel Region: The active fuel region is
assumed to be 150 inches long [A-5.5.1-6], and
homogenized using the inside diameter of the IF-300
Cask inner cavity.

2. Top Nozzle Region: The top nozzle region is
assumed to be 18.775 inches long [A-5.5.1-6] and
homogenized using the inside diameter of the cask
inner cavity. The top nozzle region includes the
upper gas plenum and top end fitting regions of the
fuel assembly.

3. Air Gap Region: The air gap region length is equal
to the cask cavity length less the fuel assembly
length. The cask cavity length is 180.25 inches
(A-5.5.1-1) and the fuel assembly length is 176.16
inches [A-5.5.1-6].°

4. Bottom Nozzle Region: The bottom nozzle region is
assumed to be 7.385 inches long [A-5.5.1-6] and
homogenized using the inside diameter of the cask
cavity.

5. Inner Shell Region: Body S5 defines the outer
surface of the cask inner shell. The inner shell
is stainless steel 304, 0.5 inch thick in the cask
radial direction, 1.0 inch thick at the top and
1.25 inch thick at the cask bottom direction
[A-5.5.1-1].

6. Gamma Shield Region: Body 6 defines the outer
surface of the cask gamma shield. The gamma shield
is depleted uranium, 4.0 inches thick in the cask
radial direction, 3.0 inches thick at the cask top
?nd 3.75 inches thick at the cask bottom direction

A-5.5.1-1].

7. Outer Shell: Body 7 defines the outer surface of
the cask outer shell. The shell is stainless steel
304, 1.5 inch thick in the cask radial direction
and at the top and bottom direction of the cask

[A-5.5.1-1].
8. Universe: Body 8 defines the ambient air surround-
ing the cask in which dose points are located.
The OQAD-CGGP zones are defined as follows: Zone 1
(active fuel) includes all of Body 1.. 2one 2 (top
‘nozzle) includes all of Body 2. Zone 3 (air gap)

includes all of Body 3. 2Zone 4 (bottom nozzle) includes
all of Body 4. Zone 5 (inner shell) includes everything
inside Body S5 that is outside of Bodies 1 through 4.
Zone 6 (gamma shield) includes everything inside Body 6
that is outside of Body 5. 2Zone 7 (outer shell) includes
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everything inside Body 7 that is outside of Body 6. Zone
8 (universe) includes everything inside Body 8 that is
outside of Body 7. The QAD-CGGP zones are shown in
Figure A-5.4-6.

Three QAD-CGGP runs are made assuming sources in the top
nozzle region, sources in active fuel region and sources
in the bottom nozzle region. The results of these runs
are then summed to give a total gamma dose rate due to
primary gammas at each dose point locations. The dose
point locations are shown in Table A-5.1-1 and Figure
A-5.3-1. The secondary gamma dose rates are calculated
in Section A-5.4.1. :

The flux-to-dose conversion factors are the same as those
used in Section A-5.4.1. The gamma sources in the active
fuel region and activation product sources in the top and
bottom nozzle regions are taken from Section A-5.2.1.
The top nozzle region source includes the sources due to
the upper gas plenum and the top end fitting (top nozzle)
regions. The source strengths due to gamma energy groups
between the range of 0.37 to 3.5 Mev mean energies were
considered in this analysis. The contribution to the
total gamma dose rate due to gamma’s outside of this
energy range were found to be negligible.

The gamma source strengths for the sources in the active
fuel, top nozzle and bottom nozzle regions along with the
corresponding flux-to-dose conversion factors are shown
in Table A-5.4-6.

The QAD-CGGP analytical model input files with the
sources in these regions are included in Section A-5.5.4.
The results of the QAD-CGGP computer runs for the
detector locations shown in Table A-5.1-1 and Figure
A-5.3-1 are also included in Section A-5.5.4 for the
sources in the top and bottom nozzle regions. Table
A-5.4-7 gives the results of the QAD-CGGP runs.

The gamma sources in active fuel region contribute to the
total dose rate on the side surface of cask upper head
region (dose point Ry’ in Figure A-5.3-1). This gamma
dose rate is calculated using a QAD-CGGP analytical model
similar to Figure A-5.4-5 with the inner shell, gamma
shield and outer shell regions at the cask top axial
directions replaced by zones 3, 4, and 5 in Figure A-5.4-
2. The air gap region is deleted from the model and iron
buildup factors are used. The results show that the
gamma dose rate at dose point Ry’ from sources in the
active fuel region is 144 millirem/hour.
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Table A-5.4-1

Cylindrical Geometry S, uadrature_ Set
[A-5.5.1-12]

Direction Direction
Quadrature Cosine Weight
Order — (pm) — (Wm)
S, 1. -.975900 .00
2. -.9511897 .0604938
3. -.7867958 .0453704
4. -.5773503 .0453704
S. -.2182179 .0604938
6. +.2182179 .0604938
7. +.5773503 .0453704
8. +.7867958 .0453704
9. +.9511897 .0604938
10. -.8164965 .00
11. -.7867958 .0453704
12. -.5773503 .0462962
13. -.2182179 .0453704
14. +.2182179 .0453704
15. +.5773503 .0462962
16. +.7867958 .0453704
17. -.6172134 .00
18. -.5773503 .0453704
19. -.2182179 .0453704
20. +.2182179 .0453704
21. +.5773503 .0453704
22. -.3086067 .00
23. -.2182179 .0604938
24. +.2182179 .0604938
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Table A-5.4-2

[A-5.5.1-12]

Direction

(gm)

Cosine

.9902984
.9805009
.9092855
.8319966
. 7467506
.6504264
.5370966
.3922893
.1389568
.1389568
.3922893
.5370966
.6504264
.7467506
.8319966
.9092855
.9805009
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unadrature Set

Direction
Weight
{(Wm)

.00

.0244936
.0413296
.0392569
.0400796
.0643754
.0442097
.1090850
.1371702
.1371702
.1090850
.0442097
.0643754
.0400796
.0392569
.0413296
.0244936
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Table A-5.4-3
Neutron Flux-to-Dose Conversion Factors

Upper Flux-to-Dose
Energy LevelWS3iHl Conversion Factor(35i14

(MeV) {mrem/hr per neutron/cm’-sec)
1.49 E+1 1.944%9 E-1
1.00 E+1 1.4706 E-1
8.18 E+0 1.4773 E-1
6.36 E+0 1.5339 E-1
4.96 E+0 1.5062 E-1
4.06 E+0 1.3892 E-1
3.01 E+O 1.2843 E-1
2.46 E+0 1.2527 E-1
2.35 E+4+0 1.2632 E-1
1.83 E+O 1.28%94 E-1
1.11 E+O 1.1685 E-1
5.50 E-1 6.5209 E-2
1.11 E-1 9.1878 E-3
3.35 E-3 3.7134 E-3
5.83 E~4 4.0086 E~3
1.01 E-4 4.2946 E-3
2.90 E-4 4.4761 E-3
1.01 E-5 4.5673 E-3
3.06 E-6 4.5355 E-3
1.12 E-6 4.3701 E-3
4.14 E-7 3.7142 E-3
1.00 E-8 -
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Table A-5.4-4

ux-to-Dose Conversio

1ASS2-11)

10.00
8.00
6.50
5.00
4.00
'3.00
2.50
2.00
1.66
1.33
'1.00
0.80
0.60
0.40
0.30
0.20
0.10
0.05
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m

Flux-to-Dose

Conversion Factor!A331-4
e hoto

en

8.7716
7.4785
6.3748
5.4136
4.6221
3.9596
3.4686
3.0142
2.6276
2.2051
1.8326
1.5228
1.1725
8.7594
6.3061
3.8338
2.6693
9.3477

E-3
E-3
E-3
E-3
E-3
E-3
E-3
E-3
E-3
E-3
E-3
E-3
E-3
E-4
E-4
E-4
E-4
E-4

cm’-sec
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Table A-5.4-5

Neutron and Secondary Gamma Dose Rates

Using ANISN (mrem/hour)

Dose Point

Distance
from
Surface
Cask Location {m)
Radial 0.0
Cask Centerline 1.83
(Normal Condition) 2.0
Radial Cask 0.0
Top Nozzle - Act. 1.83
Prod. Sources in 2.0 ¥
Nozzle
Radial cCask 0.0
Top Nozzle - 1.83
Sources in Active 2.0
Fuel
Radial Cask 0.0
Top Nozzle - 1.83
Total Due to All 2.0
Sources
Radial Cask 0.0
Aluminum Enclosure
Top Noz Contribution
Radial Cask 0.0
Aluminum Enclosure
Act.Fuel Contribution
Radial Cask 0.0
Aluminum Enclosure
Total due to all
Sources
Axial - Top* 0.0
. 2_0(2)
Axial - Bottom‘Y 0.0
. 2.0(2)
Radial Cask'® 0.0

Centerline Location
Total due to all sources

Radial Cask'®
Top Nozzle Location
Total due to all sources

0.0

Radial Cask'®
Centerline Location
Act.Fuel Contribution

1.0

Total
Gamma
(Primary
Secondary +
Neutron Gamma Secondary)
Dose Dose Dose
Rate Rate Rate
3.03 (1) - 9.77
"0.76 (1) 2.50
0.71 (1) 2.33
0.0 0.0 530.80
0.0 0.0 11.27
0.0 0.0 5.53
44.93 (1) 143.60
1.77% (1) 5.69¢
0.92"® (1) 2.97%
44.93 (1) 674.60
1.77 (1) 16.96
0.92 (1) 8.50
9.84 (1) 126.78
1.36 (1) 4.41
11.20 (1) 131.19
44.93 0.10 13.70
1.80 0.10 2.82
74.11 0.13 3.96
2.97 0.13 0.95
448.80 (1) 13.63
44.93 (1) €74.60
162.07 (1) 5.37
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Total
(Neutron
+ Gamma)

Dose
—Rate

12.80
3.26
3.04

530.80

11.27
$.53

188.73
7.46
3.89

719.53
18.73
9.42

136.62

142.39

78.07

462.43

719.53

167.44
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Table A-5.4-5

Neutron and Secondary Gamma Dose Rates

sin ] mrem
(Concluded)
Total
Gamma
Dose Point (Primary Total
Distance Saecondary + (Neutron
from Nautron Gamma Secondary) + Gamma)
Surface Dose Dosea Dose Dosa
Cask Locatien —(m) Rate =~ _Rate = _Rate = _Rate
Radial cask® 1.0 0.99 (1) 12.73 13.72
Caentaerline Location
Top Noz Contribution
Radial cask® 1.0 163.06 (1) 18.10 181.16
Centerline Location
Total dus to all
Sources
Radial cask® 1.0 4.04 (1) 52.11 56.15
Top Nozzle Location
Top Noz Contribution
Radial cask® 1.0 110.40 (1) 3.36 113.76
Top Nozzle Location
Act.Fual Contribution
Radial Cask® 1.0 114.44 (1) 55.47 169.91
Top Nozzle Location
Total due to all
Sources
Noteg:
1. Calculated internally by ANISN and included in the total gamma doss
rate. .
2. The 2 meter distance is from the edge of the transport vahicla.
3. The primary gamma dose rate values are from Table A-5.4-7.
4. This includas a contribution due to the active fuel portion of cask
surface.
5. This includes a contribution dus to the active fuel portion of the
cask surface. :
6. Accident condition dose rates.
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Table A-5.4-6

Gamma Source Strength, Energy Spectrum and Flux-to-Dose

Conversion Factors Used in OAD-CGGP Models

Gamma Source Strength

(photong/sec-cm” Flux-to-Dose
Conversion
Active Fuel Top Nozzle Bottom Nozzle Factors
E mean Region Sources Region Sources Region Sources mrem/hr per
{Mev) (1) (2) (3 Photons/arv~sec
0.37 S.5E+8 3.9E+6 3.7E+4 0.0008759
0.57 9.4E+9 S$.0E+6 4.9E+3 0.0011725
0.85 2.8E+9 3.9E+6 1.5E+7 0.001833
1.2 6.4E+8 1.4E+8 9.0E+8 0.002205
1.8 2.6E+7 8.1E+0 S.1E+1 0.00301%
2.2 2.3E+7 7.6E+2 4.8E+3 0.003469
2.8 6.6E+5 2.4E+0 1.5E+1 0.003960
3.8 8.4E+4 ~0.0 ~0.0 0.004622
Notes:
1. The volume of active fuel region used to calculate the source
strength = nR’h = w(47.63)% x (381) = 2.715E+6 cm’
2. The volume of top nozzle region used to calculate the source
strength = nR*h = w(47.63)% x (47.69) = 3.399E+5 cm’
3. The volume of bottom nozzle region used to calculate the source

strength = nR’h = 7(47.63)% x (18.76) = 1.337E+5 cm’
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Table A-5.4-7

Primary Gamma Dose Rates in IF-300 Cask
Axial Directions Using QAD-CGGP_(Mrem/hour)

Dose
Due To
Dose Point Sources
Distance - in
Cask From Teop
Axial Surface Nozzle
Location (m) Region
Top 0.0 6.9
2.0 1.4
Bottom 0.0 0.0
2.0 0.0

Dose
Due To
Sources

in
Active

Fuel

Region
6.7

1.3

A-5-38

Dose
Due To
Sources -
in Total
Bottom Dose
Nozzle At Dose
Region Point
0.0 13.6
0.0 2.7
2.0 3.8
0.4 0.8
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Consolidated Safety Analysis Report for IF-300 Shipping
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Company, Docket No. 71-9001, May 1985.
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Generation and Depletion Code - Matrix Exponential Method
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the ORIGEN Computer Code," ORNL/TM-6051, Oak Ridge
National Laboratory, September 1978.
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Dose Rate Factors, ANSI/ANS-6.1.1-1977, American Nuclear
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Reference Calculations

IF-300 Shipping Cask BWR Basket Shielding Material
Densities Calculation, PNFSI Calculation No. 420-11.0202,
Revigion 1. : :

IF-300 Shipping Cask BWR Basket Axial Gamma Dose
Calculation, PNFSI Calculation No. 420-11.0209,
Revision 1.

Neutron Dose in the Radial and Axial Directions and Gamma
Dose in the Radial Direction of IF-300 Cask with BWR Fuel
Basket, PNFSI Calculation No. 420-11.0210, Revision 1.

IF-300 Shipping Cask Channelled BWR Fuel Basket, Dose
Rate on the Cask Surface Near the Depleted Uranium Shield
Blocks, PNFSI Calculation No. 420-11.0211, Revision 1.

Calculation of Attenuation Factors

1. ‘Calculation of Attenuation Factors at 1 Meter, 6

Ft. From Cask Top Nozzle Region and 2 Meters From
an Vehi a

The gamma dose rate results from ANISN on the
surface of the cask at the top nozzle region are
used to calculate the dose rate at 6 ft. from the
cask surface and 2 meters from the transport
vehicle surface. To estimate these dose rates, the
attenuation factors for gamma’s are calculated in
this section. '

The method used here is based on treating the top
nozzle portion of the cask as an equivalent disk
source. It is assumed that the surface flux is
semi-isotropic (100% outwardly directed) and no
credit is taken for attenuation or buildup in air.
The dose rates on the surface of the cask are
calculated by multiplying the interval midpoint
fluxes from the ANISN results with the flux-to-dose
conversation factors. The interval midpoint fluxes
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from ANISN used in calculating the dose rates are
the same as the right boundary fluxes at the
location of interval midpoints. The assumption of
semi-isotropic surface flux forces all the particle
to be emitted in the 0 to 27 steradians (i.e. 100%
outwardly directed). This assumption is reasonable
and conservative for the sources behind thick

shield material layers. This assumption is
reasonable and conservative for the sources behind
thick shield material layers. Only spatial

attenuation is considered.

The top nozzle source cylinder has the following
dimensions as shown in the Figure below:

zmin: = 0 Extent of Top Nozzle Region
zmax: = 18.775"
rs: = 24.75" Cask Outer Radius

Dose Point P Coordinates (x=0):

Distance from cylinder centerline to dose point P -
Py = rs + 108.49 Py = 133.24

Similarly, the values of Py for dose points at 1

meter and 6 ft from the cask surface are 64.12",
and 99.25" respectively.
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Use same origin as zmin, 2zmax above

Pz = =2 Pz = 9.387
2

Calculate Dose Attenuation Factor (DAF):
For Surface Source S and dose point P,

dpp/Davg = dA/(27R"2)
= (rs*d®) (dz) / ((2m) (R"2)])

The term dDp is the dose rate at point P due to the
surface source with area dA, and the term Davg is
the average dose rate on the surface due to surface
source S shown in the Figure above. Note that the
average dose rate on the surface S |is
conservatively assumed to be the maximum dose rate
calculated by the computer code ANISN as described
in Section A-5.4.1.

R"2 = (rs cos ¥s)°2 + (rs sin?s - Py)~2 +
(zs - Pz)"2

Integrate only over "visible" angle 3.
n rs
drax = [3] + acos[-?}-,] = 2.955

boin = [%] - acos[%-;] = 0.187

zmax Pmax

1 rs
DAF = L. dd
2% x:!ini (rscos($))? + (rssin(d) -Py)? + (z-Pz)? bz

The values for DAF were calculated by substituting
the above inputs into the equation for DAF, and
then the integral for DAF was evaluated using
numerical integration techniques.

DAF = 0.015 and 1 = 66.075
DAF

Using the same method as described above, the dose
attenuation factors at 1 meter and 6 feet from the
top nozzle surface for sources on the surface of
cask top nozzle region are 0.09, and 0.03,
respectively.
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The neutrons and gammas on the top nozzle portion
of the cask side surface (dose point R,. in Figure
A-5.3-1) also contribute to the dose at 1 meter
(dose point R, in Figure A-5.3-1), and 6 feet from
the cask centerline surface and 2 meters from the
edge of the transport vehicle (dose point R, in
Figure A-5.3-1). The dose attenuation factors for
these dose points are 0.022, 0.015 and 0.01
respectively. These attenuation factors are
calculated using the same methodology as described
above except the input parameter P, used in the
equation for DAF is: -75".

The neutrons and gamma’s on the active fuel portion
'of the cask side surface (dose point R, in Figure A-
5.3-1) also contribute to the dose at 1 meter (dose
point R,’ in Figure A-5.3-1), 6 feet from the top
nozzle surface and 2 meters from the edge of
transport vehicle {(dose point R,’ in Figure A-

5.3-1). The dose attenuation factors for these
dose points ~are 0.246, 0.129 and 0.081,
respectively. These attenuation factors are

calculated using the same methodology as described
above for the sources in the top nozzle portion of
the cask. The following inputs are used in the
equation for DAF to calculate these values:

Cpin = 0.187 (same as top nozzle sources),

2.955 (same as top nozzle sources),

)
]
x

"

Zpin = 0.0" (note the origin is now at the
bottom ofactive fuel region),

Zoax = 150.0",

rs = 24.75",

P, = 150.0 + 9.387 = -159.387",

P = 64.12", 99.25", and 133.24" for dose
points at 1 meter, and 6 ft from the cask
surfaces and 2 meter from the edge of
transport vehicle respectively.

The values for DAF were again calculated by

substituting the above inputs into the equation for

DAF, and then the integral for DAF was evaluated
using numerical integration techniques.
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Spo Vehicle Su e
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The attenuation factors for neutrons in the cask
top and bottom axial directions at 2 meters from
the edge of the transport vehicle are calculated
for the IF-300 Cask on the transport vehicle. The
2 meter distance from the edge of the vehicle is
conservatively assumed to be 9 ft. (274.3 cm) from
the cask top or bottom axial surface ([A-5.5.1-4].
The methodology is as follows:

A. Attenuation Factors Based on Analytical Method

The top of the bottom surface of the cask can
bae treated as a plate source with radius equal
to the outside radius of the cask. Note that
this assumption is conservative since the
sources are only located in the cask inner
cavity region which has a smaller radius than
the cask (i.e., 78.83 cm vs. 47.625 cm).

Therefora the flux at a distance X cm from the
center of a plate of radius R emitting S
fission neutrons per cm?/sec is given by:

R .
3(X) = 21:3[ G (y) 242 . . . (EQ. 10.63 of "

o) [A=5.5.1-15]
\\

\\
~3
\\
—
\\
\\
—

X?+2? = 4? and 2dZ = ydy then

Xsech
¥(X) = 27uS ! G(y) v dy
X

A-5-50



NEDO-10084-4
March 1995

where: &(X) = flux at distance X
(neutrons/ cm’-sec)

Neglecting any attenuation by air between the
plate and the dose point P, and considering
spatial attenuation, G(y) is given by the
following:

G(y) = 1/2ny* (Eq. 10.64 (A-5.5.1-15]
neglecting air attenuation and
assuming semi-isotopic source)

Xsect
LE(X) =S I 1/v dy
X

¢(X) = S (ln (x secf) - 1n X)

For this analysis, X = 274 cm (2 meters from
edge of transport vehicle surface) and R =
78.83 cm. are used to calculate the axial dose
attenuation.

;.6 = tan! 78.83 = 16.05° = 0.28 Radius
274

C.eecl = 1.041
S 8(274 em) = S (ln 274 x 1.041 - ln 274)
$(274 cm) = 0.040 S

Since the dose rate is directly proportional
to the flux, the dose rate at point P will
also be reduced by 0.040.

Bounding Attenuation Factors

Based on the above results for calculating the
attenuation of neutrons at 2 meters from the
transport vehicle surface, the bounding
attenuation factors are as follows:

1. For the cask top axial direction, the
attenuation factor is 0.04 at 2 meters
from the edge of the transport vehicle.

2. For the cask bottom axial direction the
bounding attenuation factor is 0.04 at 2
meters from the edge of transport
vehicle.
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Calculation of Attenuation Factors at t Cas
Enclosure

From Figure A-5.3-2 the distance between the
outermost fins of the cask to the aluminum
enclosure is 16.125", and the distance between the
aluminum enclosure and the conveyance bed edge is

15". The distance between the cask top head region
and the surface of the aluminum enclosure in the
cask radial direction is 22.41". In calculating

attenuation factors, distances of 15.75", 14" and
22.033", instead of 16.125", 15", and 22.41",
respectively, are conservatively used. The
attenuation factors for the dose point on the
surface of the aluminum enclosure due to sources in
the top nozzle and active fuel region of the fuel
assembly are calculated using the same method as
that of Section A-5.5.3.1.

The following input parameters are used to evaluate
the integral for the dose attenuation factor (DAF).

For sources in the top nozzle region:

Qpin = 0.187 (same as Section A-5.5.3.1),
Prax = 2.955 (same as Section A-5.5.3.1),
Zpin = 0.0 (same as Section A-5.5.3.1),

Zrax = 18.775" (same as Section A-5.5.3.1),
rs = 24.75" (same as Section A-5.5.3.1),

P, = 9.387" (same as Section A-5.5.3.1),

P = 22.033 + 24.75 = 46.78"
for dose points on the surface of the
aluminum enclosure .

The value for DAF was calculated by substituting
the above inputs into the equation for DAF and then
the integral for DAF was evaluated using numerical
integration techniques. The results show that the
value of DAF for sources in the top nozzle region
is 0.219.

Similarly for sources in the active fuel region:
Ppin = 0.187 (same as top nozzle sources),

Prax = 2.955 (same as top nozzle sources),
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Zoin = 0.0" (note the origin is now at the
bottom of active fuel region),
Zoax = 150.0",
rs = 24.75",
P, = 150.0 + 9.387 = 159.387",
P = 15.75 + 24.75 = 40.50"

for dose points on the surface of the
aluminum enclosure

Solving as discussed above, the value of DAF for
sources in the active fuel region is 0.451.

These attenuation factors are used to calculate the
dose on the surface of aluminum enclosure due to

sources in the active fuel and the top nozzle
regions of the fuel assemblies.

A-5.5.4 Input/Output Listings
1. ORIGEN2 Input and Partial Output Listings
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220000 2.49E+01
270000 6.49E+00
0 0.00E+00
70000 1.30E+00

240000 1.80E+02
280000 8.92E+01

70000 1.30E+00
240000 1.90E+02
280000 B.92€+01

220000 1.00E+00
270000 1.00E+00
480000 2.50€+01
820000 1.00E+00

60000 1.20€-01

0.00E+00

60000 1.20€-01
160000 3.50€-02
250000 2.00E-02

2 00E-02
1.60E+01
D 0.00E+00

0000 8.00E+00
240000 1.

0 0.00E+00
140000 1.00€+01

250000 2.00E+01
410000 1.00E-01

140000 1.00€+01
250000 2.00E+01
410000 1.00E-01

240000 3.00E+00
290000 1.00E+00
490000 2.00E+00
830000 4.00E-01

70000 8.00E-02

260000 2. 25E+00
400000 9 805002
720000 7.80E-02

0 0 00E+00

70000 8.00E-02
220000 2.00E-02
260000 1.50E+00
400000 9 80E+02
720000 7.80E-02

0 0.00E+00

14000
25000
29000

1500
2600

(=3~

1500
260

et Bt g et

VOVDDD VDDV

PORSRIRIRINY bbb
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6S-5-Y

* SOURCE CHARACTERISTICS OF 2.65%.35.0 GWD/MTIHM FUEL AFTER 3 Y
POWER= 1.00000E+00 M4, BURNUP= 1. OOOOOE*Og MVITQ%B EI;UBSEBOBA%CH**Z -SEC
BASIS= ONE GEBX8 FUEL ASSEMBLY

TOP  PLEMM  IN-CORE BOTTOM  WHOLE
TIME, SEC  0.00E+00 0.00E+00 0.00E+00 0.00E+00 9. 47E+07
NEUT. FLUX 0.00E+00 0.00E+00 0.00E+00 0.00;00 0.00E+00
SPPOA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
BURNUP.MAD  0.00E+00 0.00E+00 000E+00 0.00E+00 0.00E+00
K lNFlNlTY . 0000( J000( .00000 . 0000 .807
NEUT PRODN 0.00£+00 0. 00E+00 0.00E+00 0.00E+00 1.43E+03
NEUT DESTN 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.77E+03
TOT BURNUP 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
AVG N FLUX 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
AVG SP POW 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

#'876 MAX-Z f-432 MAX= 3 #=142 MAX=4 #= 50 MAX=5 #= B5 MAX-6 #- 58
8 # 0 9 # MAX=10 #- 0 PNAX-II##' 0 MAX-IZ# = 0 !

)

6

THE NUMBER OF NON-ZERO ERMS IN_A=6466

THE_NUMBER OF NON-ZERO FISSION PRODUCT YIELDS=3242
ILITE= 688 JACT= 129 [FP= 879 1T0T=1696
THE NUMBER OF NON-ZERO NATURAL ABUNDANCES= 437

THE NUMBER OF NON-ZERO PI’K)TON YIELDS= 7903

THE MAXIMUM NUMBER OF TERMS IN AP- 308

SOURCE CHARACTERISTICS OF 2.65%.35.0 GWD/MTIHM FUEL AFTER 3 YRS
(ALPHA.N) NEUTRON SOURCE. NEUTRONS/SEC
BASIS= ONE G(EJBXB FUEL A%S&PPL

£ BOTTOM  WHOLE
PU238 0.000E+00 0.000E+00 6. 391E+05 0.000E+00 6.391€+05
PU239 0.000E+00 0.000E+00 4.446€+04 0. 000E+00 4.446E+04
PU240 0. OOOE*OO 0 000E*00 8.457E+04 0.000E+00 8.457E+04
AM241 0.000E+00 0.000E+00 1.578E+05 0.000E+00 1.578E+05
M242 0. 0005000 0 -000E+00 1.866E+05 0.000E+00 1.866E+05
001244 0.000E+00 0.000E+00 B8.767E+05 0.000E+00 8.767€+05

TABLE 0.000E+00
lACTUAI. 0.000€+00

OO

.000E+00 2.004E+06 0.000E+00 2.004E+06
.000E+00 2 004E+06 0.000E+00 2.004E+06
T UNIT = 11 PAGE 65

OUTP!
SOlRCE CHARACTERISTICS OF 2.65%.35.0 GWD/MTIHM FUEL AFTER 3 YRS
ANEOUS FISSION NEUTRON SOURCE NEUTRONS/SEC
100 BASlS- ONE GEBX8 FUEL ASSEMBLY

PLENUM ~ IN-CORE  BOTTOM  WHOLE
M244 0.000£+00 0 OOOEOOO 1. 056E+08 0.000E+00 1.056E+08

T 0.000E+00 0.000E+00 1.079€+08 0.000E+00 1.079E+08
Aé%%l. 0. OOOEIOO 0.000E+00 1.079€+08 0.000E+00 1.079E+08

$66T YOI1BNW
?-¥800T-0OQaN
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EMEAN

mmrmmrammrn
oo o
OOoOOoOOOO0
st Pt ot 3t et N N

[l =)
+

L=

(=1

0.000E+00 0.000E+00 1.099E+08 (.000E+00 1.099E+08
0.000E+00 0.000E+00 1.099E+08 0.000E+00 1.099E+08

PHOTON SPECTRUM FOR ACTIVATION PRODUCTS

QUTPUT UNIT = 11

T
SOURCE CHARACTERISTICS OF 2.65%.35.0 GWD/MTIHM FUEL AF
POWER= 1.00 M4 B MaD 100 woe

- 1. . BURNUP= 1.
18 .GROUP PHOTON RELEASE RATES. PHOTONS/SE
BASIS= ONE GEBX8 FUEL ASSEMBLY

Top PLENUM  IN-CORE  BOTTOM ~ WHOLE

4.988E+10 5.701E+10 1.677E+12 2.063E+11 1.991E+12
7.5516+09 1.793E+11 9.684E+12 3.255E+10 9.904E+12
4.299E+09 4.077E+10 2.124E+12 1.853E+10 2.188E+12
4.843E+09 4.893E+09 1.321E+11 2.088E+10 1.627E+11
1.904E+09 1.973E+09 2.462E+ 0 8.208E+09 6.671E+10
7.3136+08 1.626E+09 6.883E+10 3.152E+09 7.434E+10
2.406E+08 1.329E+10 7.257E+11 1.037E+09 7.403E+]11
6.750E+07 7.782E+10 4.286E+12 2.909E+08 4.364E+12
9.088E+06 9.997E+10 5.509E+12 3.845+07 5.609E+12
4.170E+10 2.9B4E+10 5.325E+10 1.181E+1]1 2.429E+1]
1.641E6+12 1.225E+12 2.076E+13 7.075E+12 3.071E+13
9.66/E+04 6.531E+04 2.270E+06 4.032E+05 2.835E+06
8.699E+06 6.494E+06 1.100E+08 3.750E+07 1.627E+08
2.602E+04 2.009E+04 3.403E+05 1.160E+05 5.033E+05
1.109€-22 3.264E-15 1.940E-04 1.077E-13 1.940€-04
0.000E+00 0.000E+00 5.775E-05 0.000E+00 5.775E-05
0.000E+00 0.000E+00 3.747E-06 0.000E+00 3.747E-06
0.000E+00 0.000E+00 2.370E-07 0.000E+00 2.370E-07
1.753E+12 1.732E+12 4.508E+13 7.484E+12 5.605E+13
2.0B9E+12 1.654E+12 3.130E+13 8 950E+12 4 399E+13

PHOTON SPECTRUM FOR ACTINIDES + TERS

T
POWER= 1.00 M4

FLUX= 1.00E+00 N/CM**2-SEC

COND

R
SOURCE CHARACTERISTICS OF 2.65%.35.0 GWO/MTIHM FUEL AFTER 3 YRS
0 8 MAD, FLUX= 1.00E+00 N/CM**2-SEC

._BURNUP= 1.
18 GROUP PHOTON RELEASE RATES. PHOTONS/SECOND

BASIS= ONE GEBXB FUEL ASSEMBLY
N-C

TOP PLENUM  IN-CORE  BOTTOM  WHOLE
0.000E+00 0.000E+00 1.205E+13 0.000E+00 1.205€+13
0.000E+00 0.000E+00 1.592E+11 0.000E+00 1.592E+11
0.000E+00 0.000E+00 5.224E+10 0.000E+00 5.224E+10

" 0 000E+00 O 000E+00 3.842E+07 0.000E+00 3.842€+07

0 000E+00 0.000E+00 1.109E+07 0:000E+00 1.109E+07
0 000E+00 0. 000E+00 4.745E+06 0.000E+00 4.745E+06

PAGE
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7.000E+00
9.500E+00

0 TOTAL
OMEV/SEC

b)N

\lU‘!
NO!
[=1=]

[pal

.
OQ
[2¢1

[$a0%a]
[={=]
mm
o
oo
prmrtont

Cad NN = 1= CD LN L3 N+ CO U
SN IR NS SN~
gnournon
[=]
lag
'
(=4
—

OHEV/SEC

0.000€+00 0.000E+00 5.471E+05 0.000E+00 5.471E+05
0.000E+00 0,000£+00 6.286E+04 0.000E+00 6.286E+04
0.000€+00 0.000E+00 1.514E+13 0.000€+00 1.514E+13
0.000E+00 0.000E+00 3. 429E+11 0 OOOE*OO 3.429E+11

PHOTON SPECTRUM FOR
SOUR

18 GR
BASIS= ONE GEBXB FUEL ASSEMB

ToP IN-CORE E

0.000€+00 0 000E+00 1.179E+15 0. 000E+00 1.179E+15
0.000£+00 0.000E+00 2.772E+14 0.000E+00 2.772E+ 4
0.000E+00 0.000E+00 2.854E+14 0.000E+00 2.854€+14
0.000E+00 0.000E+00 2.416E+14 0.000E+00 2.416E+14
0.000E+00 0.000E+00 1.660E+14 0.000E+00 1.660€+14
0.000E+00 0.000E+00 1.782E+14 0.000E+00 1.782E+14
0.000E+00 0.000E+00 1.438E+14 0.000E+00 1.438E+14
0.000E+00 0.0C0E+00 8.310E+13 0.000E+00 8.310E+13
0.000E+00 0.000E+00 1.491E+15 0.000E+00 1.491E+15
0.000E+00 0.000E+00 4.394E+14 0.000E+Q0 4.394E+14
0.000E+00 0.000E+00 8.138E+13 0.000€+00 8.138E+13
0.000E+00 0.000E+00 4.108E+12 0.000E+00 4.108E+12
0.000E+00 0.000E+00 3.691E+12 0.000E+00 3.691E+12
0.000E+00 0.000E+00 1.050€+11 0.000E+Q0 1.050E+11
0.000E+00 0.000E+00 1.337E+10 0.000E+00 1.337E+10
0.000E+00 0.000E+00 1.208E-05 0.000E+00 1.208E-05
0.000£+00 0.000E+00 7.837E-07 0.000E+00 7.837E-07
0.000E+00 0.000E+00 4.956€-08 0.000E+00 4.956E-08
0-000E+00 0.000E+00 4.574E+15 0.000E+00 4.574E+15
0.000E+00 0.000E+00 1.492E+15 0.000E+00 1.492E+15

PRODUCTS
CgARAC{E%&STICSBOF 2.65%.35.0 GWD/MTIHM FUEL AFTER 3 YRS

URNUP= 1. MAD, FLUX= 1.00E+00 N/CM**2-SEC
OUP PHOTON RELEASE RATES PHOTONS/SECOND

66T UOIBNW
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C

5.54.2 ANISN Radial Input and Dose Rate Output
JFRAD2]1F3,17 BWR_ASSEM.35K BUP,2.65WX ENR
ES“ } : . 5 X 2. Sul 3 lCH 3YR DgCAY .CASK RADIAL

3
3 4 43 B 36 0 56
g 8 0 0 0 0 O g 8

0 1 0
16#*  2R0.0  0.0001 1.420892 381. 00
%R0.0 0.5000 0.0002 F0.0

14*
0 +30165- 9 0+, 0+ 0 0 +73389- § 0 451569 63R: 020 0 +31936- 9

cross sectlons su ressed Ak
-41762- 4 0 -80478- 53/R+ 5- 4 0 -27670- + +
0T+18099 4 0 -15392- 436R+ 0* MIR 0+ 0
17% 23R0.3201 67R0.0
23R1.295 57R0.0
.960 57R0.0
23R13.24 57R0.0
R27 .52 5IR0.0
23R35.59 57R0.0
23R75.26 57R0.0
23R60.56 57R0.0
23R14.36 S7R0.0
23R79.52 57R0.0
23R143.7 57R0.0
23R132.1 57R0.0
23R91.28 57R0.0
.252 S7R0.0
640R0.0
23R0.390 §57R0.0
23R3.400 57R0.0
23R0 00 57R0.0
00 57R0.0
R8 400E004 §7R0.0
23R6 600E+05 SIR0.0
23R2 . 300E+07 67R0.0
23R2 600E+07 §7R0.0
23R0.0 57R0.0
23R6 400E+08 57R0.0
23R2.800E+09 57R0.0
23R0.0 57R0.0
23R9 400€+09 57R0.0
23R5.500E+08 57R0.0
23R9.100E+08 57R0.0
23R]1.100E+09 57/R0.0
23R2.600E+09 §57R0.0
23R1.100E+10 §7R0.0 T
%:: go 4 1.0 57R0.0 39080 T
4> 2210.0 3147.625 9148.895 5159.055 19162.865 2178.511
- %{78 829 11180.099 278.829
o** 0.0 .0604938 0453704 0453704 0604938 .0604938 .0453704
-0453704 .0604938 0 10453704 .0462362 .0453704 .0453704
.0462962 0453704 0. 00 0453704 .0453704 .0453704 .0453704

.0604938
7%* - 9759000 -.9511897 -.7867958 -.5773503 -.2182179 +.2182179
'£773503 +. 7867958 +.9511897 - 8164965 -.7867958 -.5773503
- 2182179 + 2182179 +.5773503 +.7867958 -.6172134 - .5773503
-12182179 + 2182179 + 5773503 -.3086067 -.2182179 «2182

v661T ydsxen
Vv-¥800T-0O0EN
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/WATER
53
53

—
mal .l
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gﬂ
-

/ STt

P M1 LN

/ AIR-
5

—-\lw"— LHOUND

23R1 4R2 10R3
37 a1 49

1=-H
5=N
9=0
13 = CR
17 = FE
21 = NI
25 = IR

29 = U235
33 = v238

IXTURE 37 = FUEL-RADIAL
XTURE 4] = STgEL

CACINI =
AR

6R4
4]

20R5
53

3R6
41

14R7
45
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/ D-U238
29
33 3435 36
/HATE?
9

12%*
/ FUEL-RADIAL

ER
4R6.687E -2
4R3.343t-2
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Results for ZONE 6. ANISN output file IFRADZ.AO

NEDO-10084-4
March 1994

COONION O ot et et =4 O\ =t =t =t = O CD) CDETI CD O DD O et oD
RN v V. v v " " RN T AT v e "
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
—OD MU OO OO NNLONO T NI NI O P = DN D VN [¥¢]
71391111513434898687722521\11266745622218

PRODUCT

—_HOJI DM I NN I I I AN M I T T I T <
000Oo_oo.ooo.n.vn.uo.n.vo.oo.n.uo.ﬂ.vo.onﬂo.o.o.o0.0.000.0.A.U000.00.0
L} 1] 1 . 1 1] L] 1 L} L] L] L] . . . 1
_.t..r_.L..tEEEEEEEEEEEE%EEEEEEEEE_.L_.trr_Err_ﬁEEEEEEEE
e e e O R T IR R M DO M DO T NN NS NN CONNIO T D
4977&088 OO 81097%&7‘17771266120327503%4
D= T UIND M NN LD = O N I < IO TV OO O = A DA D
O ) < < T L L L N OO T MOt rt 1 QO IO T
(=
[ ]
<C
[
e
F?.lllnulmo.l.oooooooooooo.ll11111222222222212
[—]=1=]—1={=] 000000000000000000000000000000000
R R R J .+0++++++0+++4+++++#++0+00+0060 '
XE"x.tEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
SO OO WDt N O NP = T O M T 26“2319638224049205
TR OICS et O =17 o LD Q0 et € P L) SO N DD M ANt DA I MU NN T N NO T e
D oS R Mol M OB GORC T O O OO T et MO NN MNP M T T IO~

O = O TFTUNOMCOTH

a.
m1234567aq
(X}

A-5-65

8.136E+00 mrem/hr gamma.

The total dose outside zone 6 is 2.526E+00 mrem/hr neutron.

1.0666+01 mrem/hr total
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C

IFRAD4. [F3.17BWR FA,35K BUP.2.65WS ENRI.3YR DECAY,
1588 1 0 3 8 2 1 0 b RA%&AL NOSHLD Los3
0 3 4 43 5 3% 0 5% 0 0
S N L
16#*  2R0.0  0.0001 1.420892 381.00

%R0.0 0.5000 0.0002 F0.0

14*
0 +30165- 90 + 0+ 0 0 +73389- 5 0 +51569- 639R+ 0+ 0 0 +31936- 9

cross sectlons sul bdababelaloluialed
-41762- 4 0 -80478- 53/R+ 0+ Bgs 4 0 -27670- 441R+ +
0T+18099 4 0 -15392- 438R+ 0+ 670- 0+ 0
179> 23R0.3201 57R0.0
23R] . 295 57R0.0
R3.960 5/R0.0
23R13.24 5/R0.0
R27.52 57R0.0
23R35.59 5/R0.0
23R75.26 57R0.0
60.56 57R0.0
23R14.36 5R0.0
23R79 .52 57R0.0
23R143.7 S7/R0.0
23R132.1 5/R0.0
23R91.28 57R0.0
23R9.252 S/R0.0
640R0.0
23R0.390 57R0.0
23R3.400 57R0.0
.00 5/R0.0
23R30.00 57R0.0
23R8.400E+04 57/R0.0
23R6.600E+05 S7R0.0
23R2.300E+07 57R0.0
23R2. 600E+07 §5/R0.0
23 RO.0 57R0.0
23R6.400€+08 57R0.0
23R2 BOOE 09 57R0.0
23R0 5/R0.0
23R9. 400E+09 S57R0.0
23R5.500E+08 57R0.0
23R9.100E+08 57R0.0
23R1.100€E+09 57R0.0
23R2.600E+09 SIR0.0
23Rl 100E+10 57R0.0
K il 23Rl 0 57R0 0 39080 T

0.0
4= 2210 0 3147.625 9148.895 5159.055 19162.865 2178.511
1178 829 11i80.099 278.829

1.0

(ald 0 0 _.0604938 0453704 .0453704 .0604938 .0604938 0453704

-0453704 0604938 0.00 .0453704 .0462962 .0453704 0453704

. 0462962 0453704 0. 00 0453704 .0453704 .0453704 .0453704

0 00 0604938 .0604938

Pk .9759000 - 9511897 .7867958 -.5773503 -.2182179 +.2182179
+ 5773503 +.7867958 + 9511897 .8164965 -.7867958 - 5773503
- 2182179 +.2182179 +.5773503 +.7867958 - 6172134 - 5773503
-.2182179 +.2182179 + 5773503 .3086067 -.2182179 +.2182179

(
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23R1 4R2 10R3 6R4 37R5
KY) 4] 49 41 45

75 =
MAT 29 = U235
33 = U238

[XTURE 37 = FUEL-RADIAL
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49 51

49 50 51 52

/WATER
53
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1188
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9 10
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13
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14 16
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/ D-U23

-U
29
33

/WATER

/D-U238

/WATER

1983

8
30 31 32
Y 3 3

4R1.061]
4R4.7528E -

4R6.687E -2
4R3.343t-2
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Results for ZONE 4, ANISN output file IFRAD4.AD

GROUP FLUX F-D FACT PRODUCT

1 2.208E-01 .945€ -0 4.295E-02
2 6.626t - 597E-0 1.058E-01
3 1.821E+00 .471E-0 2.678E-01
4 5.264E+00 .477€-0 7.776E-01
5 1.003E+01 .534E-0 1.539E+00
6 1.134E+01 .506E-0 1.708€+00
7 2.378E+01 .389€-0 3.304E+00
8 2.515E+01 .2BAE-0 3.230€+00
9 7.212E+00 .253E-0 9.110E-01
0 4.026E+01 - 1.263E-0 5.085E+00
1 1.311E+02 .289t-0 1.691E+01
2 9.629E+02 . 169E-0 1.125E+02
3 3.371£+03 6.521€-02 2.198€+02
4 8.109E+02 9.188E-03 1.450E+00
5 7.558E+01 3.713€-03 2.806E-01
6 1.110€+01 4.009¢-03 4 45]E-02
7 1.493E+00 4.295¢-03 6.412£-03
8 2.258E-01 4.476E-03 1.011E-03
19 4.775E-02 4,567E-03 2.181E-04
20 8.000€E-03 4,535E-03 3.629E-05
21 1.542€-03 4_370E-03 6.741E-06
22 1.574¢-04 3.714€-03 5.847E-07
23 4.917E+00 8.772¢-03 4.313t-02
24 6.255E+00 7.478E-03 4.678E-02
25 3.813E+00 6.375E-03 2.431£-02
26 4.733E+00 5.414£-03 2.562E-02
27 1.439E+01 4.622E-03 6.649E-02
28 3.015E+01 3.960€-03 1.194E-01
29 3.958E+02 3.469E-03 1.373E+00
30 4.235E+02 3.019E-03 1.279€+00
31 4.379E+02 2.628E-03 ° 1.151E+00
32 9.849E +02 2.205¢-03 2.172E+00
3 7.319£+02 1.833E-03 1.341€+00
K] 7.939E+02 1.523€-03 1.209E+00
35 1.134E+03 1.172E-03 1.330E+00
36 6.442E+02 8.759E-04 5.643E-01
37 6.884E+02 6.306E-04 4.341E-01
38 4.587E+02 3.834E-04 1.759¢-01
39 1.000E+0] 2.669E-04 2.670£-03
40 3.628E-02 9.348¢-04 3.391E-05

The tota) dose outside zone 4 is 3.740E+02 mrem/hr neutron.
1.136E+01 mrem/hr gamma,

3.854E+02 mrem/hr total
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¥-¥800T-0O0aN



0L-S-¥

{FHEADI IF3. 17BHR FA 355 BUP22 65% ENRICH, SER TN% SOg%CE .CASK TOP HEAD

1
4 43 4 3k 0 5 0
0 0 20 0 0 0 0 5 8
0 0 1 0

0 1
164  2R0.0  0.0001 1.420892 24.13
%R0.0 0.5000 0.0002 FO0.0

4*
0 +30165- 90+ O+ 0 0 +73389- 5 0 +51569- 639R+ 0+ 0 0 +31936- 9
0 -41762- 4 0 -B0478- SITRY 58“(1)‘)353538?5?3 27670- 441R+ 0+ 0
- . - . - +
0+18099- 4 0 -15392- 438Rs 0+ 0 '

T
17+ 23R 1.185€-04  57R0.0
1680R0.0

23R0.000E+00  57R0.0
23R0.000E+00  57R0.0
23R0.000E+00  57R0.0
23R0.000E+00  57R0.0
23R1.896E - 19 57R0.0
23R2.845E+0

23R9. 008E*02 57R0.0
23R9.600E-01  5/R0.0
23R0.000E+00  -57R0.0
23R1.659E+08  57R0.0

2 .
23R8.060E+05  57R0.0
23R1.422E+05  57R0.0
23R8.060E+05  5/R0.0
23R2.003E+07-  5/R0.0

T
%:: ggRl .0 57R0.0  39Q80 T
4 22i0.0 5143.750 4147.630 9148.90 21151.44
- %{65 .87 11164.14 262.87
6** 0.0 .0604938 .0453704 .0453704 .0604938 .0604938 .0453/04
'0453704 .0604938 0.00 0453704 .0462962 .0453704 0453704
-0462962 0453704 0. 00 .0453704 0453704 0453704 .0453704
0.00 0604938 0604938
Ul -.9759000 -.9511897 - .7867958 -.5773503 -.2182179 +.2182179
+.5773503 + 7867958 +.9511897 -.B164965 -.7867958 -.5773503
-.2182179 +.2182179 +. 73503 +.7867958 -.6172134 -.5773503
-'5182179 +.2182179 +.5773503 -.3086067 -.2182179 +.2182179
83s 23R1 6R2 5R3 10R4 22R5  14R6
9s$ 37 45 41 4] 45

v66T yoxen
¥-v800T-003N
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29 = U235

MAT 33 = U238

XXX

XTURE

S S N T T T S T S N S St S
=~

37 = TOP NOZ- RADIAL
STEEL

45 = AIR

49 - D-U238

1038
/TOP NQZ-RADIAL
37 38 139

37
37
37
/STEEL -
4]
a1
a1
/AIR-
45
a3
/D-U238
19
49

o b
—
=2

/ STE

POt s P NI bttt
[ 17~ Lo U""—‘\J@s
B

/ AIR-
5
9
/ D-u238
29
KX]

~N

TN N bt et 1

a8
38
38

42
42
42

£albe
(a1,

e
£ OO b oo

[
NCD &

6
10

30
34

39
39
39

O 1t
2N

—
[FXIV=14 )

g
F

32
36
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ZL-S-Y

/ STEEL

/ AIR
4R1.98E-5
4R5.28E-6

/0-U238 1 0613E-4
4R4_ 7528 -2

19¢8 F3
T T

veeT Yoaen
¥-¥800T-OQdEN




€L-S-¥Y

Results for ZONE 5. ANISN output file ifheadl.ao

GROUP swﬁﬁm%mmjlmm
? 3.677E-06 '597E-0 7.469E-07
3 1.033€-06 “A71E-0 1.519€-07
2 1.702E-06 “477€-0 2 514€-07
5 3.093E-06 "534€-0 4.784E-07
8 3.542€-06 "506€-0 5'334-07
7 8.113€-06 389 -0 1.127€-06
8 7.973¢-06 "284E-0 1.024E-06
9 2.297E-06 1253€-0 2.878€-07
10 1.483E-05 126360 1.823€-06

1 4. 368E-05 1289 -0 5.633E-06

2 1.012E-04 "169E-0 1.183E-05
3 1.491€-04 6521 - 02 9.720€-06

3 2.721€-05 9.188€-03 3 500€-07
5 4.933€-06 3.713-03 1.832€-08

6 1.930E - 06 4.009€-03 7.737€-09

7 6.610-07 4.295€-03 2.839E-09
8 2'313€-07 4 4766-03 1.035€-09
9 1.143€-07 4.567E- 5 22%€-10
20 3.570€-08 4.535E-03 1.619E-10
2 1.104E - 08 4.370-03 482511
57 1.382€-09 3.714€-03 5 131E-12
23 8 BAIE-07 B 772E-03 7,756 -09
24 3.210€-06 7.4786-03 2400 08
%5 43486 -06 6.375E-03 5.772¢.08
%% 5 270E-06 £ 414€-03 9 B53E-08
27 8. 326E-06 3.622€-03 5. B4BE-08
28 1.568E-02 3.960E-03 6. 208 -05
99 3 829E+00 3 269€-03 1.259E-02
30 2 063€+400 3. 019E -03 6. 528E-03
31 9. 375E+00 9. 628E-03 6.40€-03
32 6. 655€+04 5. 205E-03 1.4676+02
33 5. 042E+04 1.833-03 9. 240E+01
3 £ 444E+04 1.623¢-03 9.813£+01
35 8.577€+04 1.172%- 17 006€+02
3% 5 136€+04 8. 759€-04 4499 +01
37 B 437E+04 6.306E-04 37429€+0]
18 3. 498E+04 3 B34E-04 1. 341E+01
39 9 591£+02 2. 669€-04 2 B60E-01
0 2" 052E+00 §' 348E-04 1.918E-03

The total dose outside zone 5 is 4.532E-05 mrem/hr neutron,
5.308€+02 mrem/hr gamma.

6.308€+02 mrem/hr total

$661 YoIBNW
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VL-S-XY

{ggéX122N.SEC GAM DOSE SSMHD/MTIHM 2.65W.3YR DECAY CASK T8P AXIAL

0 i6 1 0 i13
3 4 43 ea 36 0 60 0 0
8 0 20 0 0 0 0 5 0

0 0 1 0
164  2R0.0  0.0001 1.420892 2R95.25
o %R0.0 0.5000 0.0002 F0.0

—

14*
0 +30165- 9 0 + 0+ 0 0 +73389- 5 0 +51569- 639R+ 0+ 0 0 +31936- 9
wideiinkk Cpogg sectlons suggges ed *wirinkak
-41762- 4 0 -80478- 53/R+ 0+ 0 0 +53 4 0 -27670- 441R+ 0+ 0
0T018099 4 0 -15392- 438R+ 0+ 0

179 41R0.3201 72R0.0
41R].2950 72R0.0
41R3.960 72R0.0
4]1R13.24 72R0.0
41R27.52 72R0.0
4]1R35.59 72R0.0
41R75.26 J2R0.0
4]1R60.56 72R0.0
41R14.36 72R0.0
41R79.52 12R0.0
4]1R143.7 72R0.0
4]1R132.1 72R0.0
41R91 .28 72R0.0
41R9.252 72R0.0
904R0.0
41R0.000 2R0.0
I 1921R0.0
K 41R1.0 F0.O T
1> F0.0
4 4010.0 191190.50 91238.19 41248.58 191251.12 61258.74
- ?{282.55 462.55
6** 0.0 .0244936 .0413296 .0392569 .0400796 .0643754 .0442097
.1090850 . 1371702 1371702 .1090850 .0442097 0643754
.0400796 0392569 -041329% .0244936

7** 79902984 -.9805009 -.9092855 -.8319966 -.7467506 -.6504264
-.5370966 - 3922893 .1389568 +.1389568 + 3922893 +.5370966
+ 6504264 +.7467506 +.8313966 +.9092855 +.98050
813 41 20R2 10R3 5R4 20R5 R6 10R7
98s 53 45 41 49 4] 45

ve6T USI®BKW
v-¥800T-Od3N




MAT 1=H
MAT 5=N
MAT 9=0
MAT 13 = CR
MAT 17 = FE
MAT 21 = NI
MAT 25 = ZR
MAT 29 = U235
33 = U238

37 = FUEL-AXIAL
4] = STEEL

45 = AIR

49 = D-U2

38
53 = TOP-NOZZLE
57 = BOTTOM-NOZZLE

—— N T, S S S S T T S Sy T S, S
=

38 39 40 37 38
37 38 139 40 37 38
37 38 39 40
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60

12
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36

16
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49
53
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17

KX
17

17

42
46
50
54

58

18
10

I8

18

47
51

56

59

[T
~Non

11
35
19

19

44
48
52
56

60

20
12
36
20

20

4]

53

51

21

21

42

22

22

43

55

59

L
— 0
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23

56

60

20
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24

24
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9L-5-Y

12%%

1983

4R5.792€ -3
4R3.150€ -4
4R2.766E -3
4R1.767€-2
4R1.98E-5

4R1.0613E-4

4R].367E-3
4R1.832E-3

4R3.429E-3
4R3.448t-4

F3 T

4R7 .306E -4
4R3.027€-3

4R6.213E-2
4R5.28E-6

4R4.7528€ -2
4R4.807E-3

4R1.206E-2

T

4R2 .570E-3
4R1.159€-4

4R7.620€ -2

4R5.895E-4

4R1.479E-3

¥66T YOIEKW
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LL-S-Y

C

Results for ZONE 6, ANISN output file ifaxi2.ao

GROUP FLUX F-D FACT
1 2.095E-02 .945E -0
2 6.421E-02 .597€-0
3 1.600E-01 -471€-0
4 4.063E-01 A77E-0
] 7.594€-01 .53t -

6 8.215¢-01 .506E-0

7 1.862E+00 .389¢ -0

8 2.296E£+00 .284E-0

9 7.376E-01 253E-0

10 5.011E+00 .263E-0

11 1.930E+01 .289E-0

12 1.440£+02 .169E-0

13 3.573E+02 6.521€-02
14 6.587E+01 9.188E-03
15 1.530E+01 3.713t-03
16 6.047€+00 4.009€-03
17 1.823£+00 4.295E-03
18 4.332¢-01 4.476€-03
19 1.975¢-01 4.567E-03
20 6.142€-02 4.535E-03
21 1.850€-02 4,370E-03
22 2.460E-03 3.714E-03
23 1.571E+00 8.772E-03
24 1.196£+00 7.478E-03
25 6.731E-01 6.375E-03
26 5.420£-0 5.414€-03
27 1.005E+00 4.622E-03
28 1.020E+00 3.960E-03
29 1.385£+00 3.469E-03
30 1.356E+00 3.019¢-03
3l 1.788E+00 2.628E-03
32 2.391E+00 2.205E-03
33 1.952€+00 1.833€-03
34 2.378E+00 1.523E-03
3 5.015€+00 1.172€-03
36 2.715E+00 B8.759E-04
3 3.297E+00 6.306E-04
38 2.128£+00 3.834E-04
39 8.303E-02 2.669E-04
40 4.672E-04 9,348E-04

4

3E+0
2E-0

DD I O
A DN
k|
mi
1]
[ =4
N

NILINY
O
mr'n
o0
a0

et I O
~JLI OO
[Velo]
v
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[=J=1
G"U’lg

ADNIO
wgwob
P o [o -]

Y m

' .

(=4 [=1

(7] N

SN O
(X1, ]
rr
- Vo
o000
[FAFCIN I

NN DD

The total dose outside zone 6 s 4.493E+01 mrem/hr neutron.
7.588t-02 mrem/hr gamma,

4.501E+01 mrem/hr total
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8L-S-Y

1F3AX14.N.SEC GAM DOSE,35MWD/MTIHM,2.65W8.3YR DECAY,CASK BOTT
1588 2 0 3 6 1 1 0 6 113 Bo O AXIAL
40 3 4 43 88 3% 0 60 0 0
1 3 3 20 0 0 0 0 5 0

0 1 1 0
16~  2R0.0  0.0001 1.420892 2R95.25
%R0.0 0.5000 0.0002 F0.0

14*

0 +30165- 90+ O+ 0 0 +73389- 5 0 +51569- 639R+ 0+ 0 0 +31936- 9
0 41762 4 0 -B0478. EaTRSSS SECHAODS BBREeSTE] T760- aa1Re s 0
0 +18055° 4 0 ‘135" dsgke  0e O

17+ 4]1R0.3201 72R0.0
41R1.2950 12R0.0
41R3.960 12R0.0
41R13.24 72R0.0
41R27 .52 72R0.0
41R35.59 72R0.0
41R75.26 12R0.0
41R60.56 72R0.0
41R14.36 72R0.0
41R79.52 12R0.0
4]R143.7 12R
4]1R132.1 12R0.0
4]R91 .28 72R0.0
41R9.252 12R
904R0.0
41R0.000
T 1921R0.0
Jux 41R1.0 F0.0 T
Yool F0.0
4>* 29%079 191190.50 91209.26 241212.43 61221.96 91225.77
ix F1.0
or* 0.0 .0244936 .0413296 .0392569 .0400796 .0643754 0442097
/1090850 .1371702 .1371702  .1090850 0442097 .0643754
10400796 .0392569 .0413296 0244936
7> 29902984 -.9805009 -.9092855 -.8319966 -.7467506 - .6504264
-'5370966 -.3922893 -.1389568 +.1389568 +. 3922893 +.5370966
+ 6504264 +.7467506 +. 8319966 +.9092855 +.9805009
822 4iR1 20k 12?3 25R4 72? 10R6
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6L-S-Y

33 - U238

\\\\\\\\\\\\\\\\\
=

MIXTURE 37 = FUEL-AXIAL
MIXTURE 41 = STEEL
MIXTURE 45 = AIR
MIXTURE 49 = D-U238
MIXTURE 53 = TOP-NOZZLE
MIXTURE 57 = BOTTOM-NOZZLE
1088
37 38 39 40 37 38
37 38 39 40 37 38
37 38 39 40
41 42 43 44 4 42
45 46 47 48 45 46
49 50 51 52 49 50
53 54 55 56 53 54
53 54 55 56
57 58 59 60 57 58
57 58 59 60
1188

910 11 12 13 14
2 22324 B2
333 3B 3
13 14 15 16 17 18

s 6 7 8 910

29 30 31 32 33 3

13 14 15 16 17 18
25 26 27 28
13 14 15 16 17 18
25 26 27 28
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08-s-VY

12%*

1988

4R5.792€ -3
4R3.150E -4
4R2.766E-3
4R]1.767E-2
4R1.98E-5

4R1.0613E-4

4R1.367E-3
4R1.832E-3

4R3.429€-3
4R3.448E-4

F3

T

4R7.306E-4
4R3.027€-3

4R6.213t-2
4R5.28E-6
4R4.7528E-2
4R4.807€-3

4R1.206E -2

T

4R2.570E-3
4R1.159E-4

4R7.620E-2

4R5.895E-4

4R1.479E-3
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18-S-¥

Results for ZONE 5. ANISN output
GROUP

FLUX

1 2.428E-02
2 . 1.079£-02
3 1.725E-01
4 4.281€-01
5 7.833E-01
6 8.330E-01
7 1.874e+00
8 2.334£+00
9 7.568E-01
0 5.281E+00
1 2.173E+01
2 2.113E+02
3 6.686E+02
4 1.270E+02
5 2.973E+01
6 1.177€+01
! 3.548€+00
8 B8.436E-01
9 3.8468-01
20 1.235€-01
21 3.935¢-02
22 5.374¢-03
23 2.947E+00
24 2.278E+00
25 1.246E+00
26 9.727¢-01
27 1.749E+00
28 1.780£+00
29 2.438E+00
30 2.339E+00
3l 2.715€+00
Y4 3.775£+00
33 3.096£+00
34 3.762E+00
35 8.317€+00
36 4.429E+00
37 5.306E+00
a8 3.408E+00
39 1.251E-01
40 7.421€-04

The total dose outside zone 5 is

file d:ifaxid4.ao
F-D FACT

PRODUCT
945¢-0 4.721E-03
.597E-0 1.131E-02
J471E-0 2.537E-02
.477t-0 6.325£-02
.534E-0 1.201E-01
.506E-0 1.255¢-01
.389E-0 2.603€-01
.2BAE-0 2.998E-01
.253t-0 9.48]E-02
.263E-0 6.670E-01
.289E-0 2.802e+00

. 169£-0 2.469E+01
6.521E-02 4.360E+01
9.18BE-03 1.167E+00
3.713E-03 1.104E-01
4.009€-03 4.717€-02
4.295E-03 1.524E-02
4 476E-03 3.776£-03
4.567€-03 1.756E-03
4.535E-03 5.601E-04
4.370E-03 1.720E-04
3.714E-03 1.996€-05
8.772E-03 2.585E-02
7.478E-03 1.703E-02
6.375E-03 7.946E-03
5.414£-03 5.266¢-03
4.622E-03 8.083t-03
3.960E-03 7.047€-03
3.469E-03 8.458-03
3.019€E-03 7.062E-03
2.628E-03 7.145E-03
2.205E-03 8.323e-03
1.833E-03 5.6/13E-03
1.523£-03 5.729E-03
1.172E-03 9.751E-03
8.759¢-04 3.880£-03
6.306E-04 3.346E-03
3.834E-04 1.306€-03
2.669E-04 3.340€-05
9.348E-04 6.937€-07

7.411E+01 mrem/hr neutron.
1.319€-01 mrem/hr gamma.

7.4246+01 mrem/hr total

v66T YSIBH
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QAD-CGGP Input Deck for the Top Nozzle Model With 3 Year Fuel

NEDO-10084-4

March 1994
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¥8-S-¥

QAD-CG IF-300 CASK 3YR FUEL TOP NOZZLE U GP BURNUP.ANSI F-T0-D
RECEIVER NUMBER 1 COORDINATES -

X 0.0000E-01 Y  0.0000£-01 1 2.6260E+02
GRP MEAN ENERGY DIRECT BEAM PEAN BUILDUP DOSE RATE HEATING RATES IN
NO ENERGY  GROUP LIMITS FLUX FACTORS DIRECT BEAM WITH BUILOUP  DIRECT BEAM WITH ILDUP
MEV MEV /%TONS/SEC MREM/HR W/G
TOTAL 1.2501 0.3 - 3.0 8.4621€+02  3.6836E+00 1.86606+00 6.87376+00  0.0000E-01  0.0000E-01
W/BU 1.2501
1 0.3750 0.3-0.4 1.9050E-16  2.0427E+00 1.6686E-19  3.4084E-19 0.0000E-01  0.0000E-01
2 05750 0.4 - 0.6 1.2602E-05 2.6181E+00 1.7121E-08 4.4825E-08  0.0000E-01  0.0000E-01
3 0.8500 0.8 -1.0 1.6599E-01  3.2187E+00 3.0426E-04 9.7931E-04 0.0000E-01  0-000QE-01
4 1.2500 1.0 -1.3 8.4591€+02  3.6836E+00 1.86526+00  6.8707E+00 0.0000E-01  0.0000E-01
5 1.7500 1.7 - 2.0 5.6104E-04  4.0649E+00 1.6938E-06  6.8850E-0 0.0000E-01  0.0000E-01
b 22500 2.0-2.5 1.3650E-01  4.3445E+00 4.7351E-04 2.0571E-03 0.0000E-01  0.0000E-01
7 2.7500 2.5 - 3.0 7.1834E-04  4.4169E+00 2.8466E-06 1.2573E-05 0.0000E-01  0.000OE-01
RECEIVER NUMBER 2  COORDINATES -
CEl X 0.0000E-01 Y  0.0000E-01 z 4 6260E 02
GRP MEAN ENERGY DIRECT BEAM MEAN BUILDUP DOSE "RATE TING RATES IN IRON
NO ENERGY  GROUP LIMITS FLUX ACTORS DIRECT BEAM WITH BUILDUP DIRECT scm WITH BUILDUP
MEV MEV /Ena HOTONS/SEC MREM/HR
TOTAL 1.2501 0.3 - 3.0 1.7706E+02  3.5811E+00 3.9044E-01  1.3982E+00 0.0000E-01  0.000OCE-01
W/BU  1.2500
375 0.3-0.4 8.9199E-17  2.0396E+00 7.8129E-20  1.5935E-19 0.0000£-01 o.oobo.;-ol
% 8%730 0.3 - 0.6 4.7965E-06  2.6047E+00 5.6239€-09 1.4648E-08 0.0000E-01  0-0000E-01
3 0850 0.8-1.0 4.2545€-02  3.1704E+00 7.7985€-056  2.4724£-04 0.0000E-01  0.0000E-01
] 1.2600 1.0 - 1.3 1.7700E+02  3.5811E+00 3°9028E-01  1.3976E+00 0.0000€-01  0-000OE-01
s AR 1og0 uem dhm GMRE ISR puew femed
- + - . - . | g . -
9 22717500 2.5-3.0 1.1883E-04 4.1382E+00 4.7058E-07 1.9474E-06 0.0000€-01  0.0000E-01

v66T Yo
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L8-S-Y

QAD-CG 1F-300 CASK 3 YR ACTIVE FUEL AXIAL U GP BUILDUP,ANSI F-TO-D
RECEIVER NUMBER 1  COORDINATES -

X 0.0000E-01 Y __0.0000E-01 .
T ol e b R e R
MEV MEV /%TONS/SEC MREM/HR DIRECT El%ﬂ WITH BUILDP
TOTAL 1.9462 0.3 - 4.0 4.6299£+02  4.7388E+00 1.417 . - -
oL 1-208 BBE+ 4175€+00  6.7171E+00 0.0000E-01  ©0.0000E-01
1 0.3750 0.3-0.4 5.9275€-17  2.0629£+00 5.1919£-20 1.0710E-19 0.0000E-01  0.0000E-
2 0.5750 0.4 - 0.6 2.0530E-04 2.7068E+00 2.4071E-07  6.5155¢-07 0.0000€ -01 0.89J65-8{
3 0.8500 0.8 -1.0 2.2402E+00  3.4536E+00 4.1063E-03 1.4182E-02 0.0000E-01  0.0000E-01
4 1.2500 1.0-1.3 1.2355€+02  4.0552E+00 2.7243E-01  1.1048E+00 0.0000E-01  0.0DOOE-01
5 1.7%00 1.7 - 2.0 B.4701E+01  4.5804E+00 2.5571€-01 1.1713E+00 0.0000E-01  0.0000E-01
6 2.2500 %.0 - 2.5 2.3704E+02  4.9897E+00 8.2230E-01  4.1030E+00 0.0000E-01  0.0000E-01
7 2.7500 .5-3.0 1.2849E401  5.1362£+00 5.0882£-02 2.6134E-01 0.0000E-01  0.0000E-01
8 3.5000 3.0 - 4.0 2.6084E+00  5.1904E+00 1.2056¢ - 6.2575¢-02 0.0000£-01  0.0000E-01

RECEIVER NUMBER 2  COORDINATES -

GRP MEAN ENERG
NO

0.0000€-01 Y 0.0000€-01 b4
ERGY E RATE
ENERGY  GROUP_LIMITS
MEV MEV

_DIRECT BEAM MEAN BUILDUP
FLUX FACTORS
PHOTONS/SEC

-2.2580E+02

HEATING RATES IN

DIRECT BEAM WITH BUILDUP  DIRECT BEAM WITH BUILDUP
MREM/HR W/G

/M3
TOTAL 2.0437 0.3 - 4.0 1.1026E+02 5.3384E+00 3.51126-01  1.8744E+00 0.0000E-01  0.0000€-01
W/BU 2.0045
1 0.3750 0.3-04 4.5082E-21 2.1843E+00 3.9488E-24 B.6252E-24 0.0000E-01  0.0000E-01
2 05750 0.4-0.6 1.8218E-06 2.8049E+00 2.1361E-09 5.9915E-09 0.0000E-01  0.0000E-01
3 0.8500 0.8-1.0 1.43036-01  3.6473E+00 2.6217E-04  9.5621E-04 0.0000E-01  0.0000E-01
4 1.2500 1.0-1.3 1.9560E+01  4.3455€+00 4.3129E-02 1.8742t-01 0.0000E-01  0.0000E-01
5 1.7500 1.7 - 2.0 2.0403E+01  5.0049E+00 6.1596E-02  3.0828f-01 0.0000E-01  0.0000E-01
6 2.2500 2.0-25 6.5565E+01  5.5737€+00 2.2745E-01 1.2677E+00 0.0000E-01  0.0000t-01
7 2.7500 2.5 - 3.0 3.7900E+00  5.8445€+00 1.5008€-02 8.7716€-02 0.0000E-01  0.0000E-01
8 3.5000 3.0 -4.0 7.9577€-01  6.0719E+00 3.6781E-03 2.2333t-02 0.0000€-01  0.0000€-01

Y661 UDIBRW
v-¥800T~-OQ3IN



g8-S-¥

RECEIVER NUMBER 3  COORDINATES -

X 0.0000€-01 Y  0.0000E-01 7 4.6260E+02
B s N MO T e R B
MEV MEV /%TONS/SEC MREM/HR W/G
TOTAL 1.9130 0.3 - 4.0 . 9.1166E+01  4.5664E+00 2.7539E-01 1.2575E+00 0.0000E-01  0.0000E-01
W/BU 1.8731
1 0.37%0. 0.3-0.4 3.0562E-17  2.0605£+00 2.6769E-20  5.5158E-20 0.0000E-01  0.0000E-01
2 0.5750 0.4 - 0.6 7.2607E-05 2.6915E+00 8.5132E-08 2.2914E-07 0.0000E-01  0.0000£-01
3 0.8500 0.8 - 1.0 5.94976-01  3.4031E+00 1.0906E-03 3.7113E-03 0.0000E-01  0.0000E-01
4 1.2500 1.0-1.3 2.6996E+01  3.9655E+00 5.9527E-02  2.3606E-01 0.0000E-01  0.0000E-01
5 1.7500 1.7 - 2.0 1.6555E+01  4.4489E+00 4.9981E-02 2.2236E-01 0.0000E-01  0.0000E-01
6 2.2500 2.0 - 2.5 4.4219E+01  4.8181E+00 1.5330E-01 7.3907E-01 0.0000E-01  0.0000E-01
7 2.7500 2.5-3.0 2.3357E+00  4.9389E+00 9.2494E-03  4.5682E-02 0.0000E-01  0.0000E-01
8 3.5000 3.0 - 4.0 4.6526E-01  4.9625E+00 2.1504E-03  1.0672E-02 0.0000E-01  0.0000€-01
RECEIVER NUMBER 4  COORDINATES -
Ve 0.0000€ -01 Y  0.0000€-01 7 -4.2580E+02
GRP MEAN ENERGY DIRECT BEAM MEAN BUILOUP DOSE RATE HEATING RATES IN IRON
NO ENERGY  GROUP LIMITS FLUX FACTORS DIRECT BEAM WITH BUILDUP  DIRECT BEAM WITH BUILDUP
MEV v /%TONS/SEC MREM/HR WG
TOTAL 2.0094 0.3 - 4.0 2.4805£+01  5.0860E+00 7.7990E-02  3.9665€-01 0.0000£-01  0.0000E-01
WU 1.9714
0.37%0 03-04 1.3184E-21  2.1541E+00 1.1548E-24  2.4874E-24 0.0000E-01  0.0000€-01
% 0.5720 0.4 -06 7.0756E-07  2.7963E+00 8.2962E-10 2.3198E-09 0.0000E-01  0.0000E-01
3 0.8500 0.8 -1.0 4.5134E-02  3.6107E+00 8.2731E-05 2.9871E-04 0.0000E-01  0.0000E-01
4 1.2500 1.0-1.3 5.1099E+00  4.2524E+00 1.1267€-02 4.7914E-02 0.0000E-01  0.0000E-01
5 1.7500 1.7 - 2.0 4.6575E+00 4.8323E+00 1.4061E-02  6.7946E-02 0.0000E-01  0.0000E-01
P ogm socfn LEEW PAAM mew fRd REEY LEEY
- E - . F+ . - . - . - .0000C -
g 35000 3.0-4.0 1.5992€-01  5.6616E+00 7.3913E-04  4.1846E-03 0.0000£-01  0.0000€-01

v66T YOIEBRW
v-¥800T1-0OQ0EN




68-S-¥Y

RECEIVER NUMBER 5  COORDINATES -

X 0.0000E-01 Y  0.0000E-01 Z 7.6260E+
GRP MEAN ENERGY DIRECT BEAM MEAN BUILDUP DOSE RATE HEATING R?\%ES IN IRON
NO ENERGY  GROUP LIMITS - FLUX FACTORS DIRECT BEAM WITH BUILDUP  DIRECT BEAM WITH BUILDUP
MEV MEV I%TONSISEC MREM/HR W/G
a%lAjL %g%g; 0.3-4.0 2.3090E+01  4.5561E+00 6.9680E-02  3.1747E-01 0.0000E-01  0.0000E-01
1 0.3750 0.3-40.4 9.3887E-18  2.0593€+00 8.2235E-21 1.6934E-20 0.0000E-01  0.0000E-01
2 0.5750 0.4 - 0.6 1.9792E-05 2.6883£+00 2.3206E-08 6.2384E-08 0.0000E-01  0.0000E-01
3 0.8500 0.8-1.0 1.5494E-01  3.3966E+00 2.8400E-04 9.6466E-04 0.0000E-01  0.0000E-01
4 1.2500 1.0-1.3 6.8871E+00  3.9577E+00 1.5186E-02  6.0102E-02 0.0000E-01  0.0000€-01
5 1.7500 1.7 - 2.0 4.1877E+00  4.4404E+00 1.2643E-02 5.6139E-02 0.0000E-01  0.0000E-01
6 2.2500 2.0 -2.% 1.1155€+01  4.8092E+00 3.8695E-02 1.8609E-01 0.0000E-01  0.0000E-01
7 2.7500 2.5-3.0 5.8847E-01  4.9304E+00 2.3303-03  1.1489£-02 0.0000E-01  0.0000E-01
8 3.5000 3.0 - 4.0 1.1713E-01  4.9544E+00 5.4139E-04  2.6823E-03 0.0000E-01  0.0000E-01

RECEIVER NUMBER 6  COORDINATES -
0.0000E-01 Y  0.0000E-01 7 -7.2580E+02
HEATING RATES 1

GRP MEAN ENERGY DIRECT BEAM MEAN BUILDUP DOSE 'RATE N IRON
NO ENERGY  GROUP_LIMITS FLUX FACTORS DIRECT BEAM WITH BUILDUP  DIRECT BEAM WITH BUILDUP
MEV MEV %Touszssc MREM/HR W/G
TOTAL 2.0062 0.3 - 4.0 5.6164E+00 5.0660E+00 1.7634E-02  8.9334E-02 0.0000£-01  0.0000E-01
W/BU  1.9679
i 0.3-0.4 4.0799€-22  2.1583E+00 3.5736E-25 7.7131E-25 0.0000E-01  0.0000E-01
5 83;28 04-0.6 1.81836-07 2.791BE+00 2.1320E-10 5.9520€-10 0.0000E-01  0.0000E-01
3 08500 0.8 -1.0 1.0750E-02  3.6012E+00 1.9705E-05 7.0961E-05 0.0000E-01  0.0000E-01
)] 1.2500 1.0 -1.3 1.17486+00  4.2394E+00 2.5904€-03  1.0982E-02 0.0000E-01  0-0000E-01
5 1.7500 1.7 - 2.0 1.0544E+00 4.8167E+00 3.1834E-03  1.5333E-02 0.0000E-01  0.0000E-01
foggm p0cfn (RN cemd LBEE GBER RES cued
. - . - . + . - .0 C - . L~ . L -
é % 5000 3.0 - 4.0 3.6878E-02  5.6405E+00 -658 9.3536E-04 0.0000€-01 0.0000E-01

¥66T UYSIBNW
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26-S-Y

QAD-CG IF-300 CASK 3YR FUEL BOT NOZZLE U GP BUILDUP.ANSI F-T0-D
RECEIVER NUMBER 1  COORDINATES -

X 0.0000€-01 Y  0.0000€-01 7 -2.2580E+02
GRP MEAN ENERGY DIRECT BEAM MEAN BUILDUP DOSE 'RATE HEATING RATES IN IRON
NO ENERGY  GROUP LIMITS FLUX FACTORS DIRECT BEAM WITH BUILOUP  DIRECT BEAM WITH BUILDUP
MEV MEV E“%TONS/SEC MREM/HR W/G
TOTAL 1.2503 0.3 - 3.0 2.1869E+02  4.0531E+00 4.8228E-01  1.9547€+00 0.0000E-01  0.0000E-01
W/BU  1.2503
1 0.3750 0.3 - 0.4 3.8550E-24  2.1076E+00 3.3766E-27  7.1165E-27 0.0000E-01  0.000CE-01
2 05750 0.4 -0.6 1.9472E-11  2.7649E+00 2.2831E-14 6.3124E-14 0.0000€-01  0.0000E-01
3 0.8500 0.8 - 1.0 9.7699E-03  3.5024E+00 1.79086-05 6.2722E-05 0.0000E-01  0.0000E-01
4 1.2500 1.0 - 1.3 2.1861£+02  4.0527E+00 4.8204E-01 1.9535E+00 0.0000€-01  0.0000E-01
5 1.7500 1.7 - 2.0 2.2543E-04  4.5380E+00 6.8057E-07  3.0885E-06 0.0000E-01  0.0000E-0}
6 22500 2.0-2.5 6.4175E-02  4.9385E+00 2.2262€-04  1.0994E-03 0.0000E-01  0.0000E-01
7 2.7500 2.5 - 3.0 3.5082E-04  5.0926E+00 1.42496-06 7.2563E-06 0.0000E-01  0.0000E-01
VER NUMBER COORDINATES -
RECEIVE 2 X 0.0000E-01 Y  0.0000€-01 7 -4,2580E+02
GRP MEAN ENERGY DIRECT BEAM MEAN BUILOUP DOSE RATE HEATING RATES IN IRON
NO ENERGY  GROUP LIMITS FLUX FACTORS DIRECT BEAM WITH BUILDUP  DIRECT BEAM WITH BUILOUP
MEV MEV /EngTONS/SEC MREM/HR W/G
TOTAL 1.2503 0.3 - 3.0 4.8513E+01  3.9607E+00 1.0698E-01 4.2373E-01 0.0000E-01  0.0000E-01
w/Bl  1.2502
0.375 0.3 -0.4 3.7641€-24  2.0956E+00 3.2970E-27  6.9090E-27 0.0000E-01  0.0000E-01
% 0.3750 04-0.6 7.8393E-12  2.7429E+00 9.1916E-15 2.5211E-14 0.0000E-01  0.0000E-01
3 08500 0.8 - 1.0 2 6877E-03  3.4495E+00 4.9266E-06 1.6994E-05 0.0000€-01  0.0000E-01
4 1.2500 1.0 -1.3 4.8498E+01  3.9604E+00 1.0694E-01 4.2352E-01 0.0000E-01  0.0000E-01
s LS Litan sEh Lmmm LR PRRE Smw ol
- + . . . . . - . t-
9 giggoo 256 -30 6.4768E-05 2.5648E-07 1.2389E-06 0.0000E-01  0.0000E-01

4.8302€+00
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A-6.0 ITICALT LUATION

— This chapter describes the engineering/physics design
elements of the IF-300 Channelled BWR Fuel Basket which
are important to safety and necessary to comply with
the performance requirements specified in Sections
71.55 and 71.57 of 10 CFR Part 71 [A-6.6.1l-1]).

The results of detailed analyses are presented which
demonstrate that the IF-300 Channelled BWR Fuel Basket
is critically safe under normal and accident
conditions, considering a variety of mechanical
uncertainties. Sufficient detail has been included
herein to permit reviewers to accomplish an independent
evaluation of the criticality analyses. Much of this
detail is available in Section A-6.6.3 in which
computer inputs and outputs have been provided for

revievw. ‘
A=-6.1 Discussion and Results
A-6.1.1 - nelle WR_Fu aske e e es

The IF-300 Channelled BWR Fuel Basket is designed to
provide criticality control through a combination of
mechanical and neutronic isolation of fuel assemblies.
A support structure composed of four axially oriented
\\,/ support rods and nine spacer disks provides positive
_location for the fuel assemblies under both normal and
accident conditions. The basket assembly utilizes
fixed neutron absorbers which effectively isolate pairs
of fuel assemblies.

After performing a study of the available neutron
absorbers, NeutroSorb Plus 1 was chosen due to its
desirable neutron attenuation, homogeneity, corrosion
resistance, strength, and toughness. Commercial
experience with NeutroSorb Plus includes a wide range
of applications including the TN-REG and TN-ERP
transport/storage casks, Indian Point fuel storage
racks, and scram balls in British Magnox reactors.

NeutroSorb Plus™ is a modified Type 304 austenitic
chrome-nickel stainless steel which can be ‘supplied
with boron additions up to 2% to provide thermal
neutron absorbtion. A standard specification for
borated stainless steels denoted ASTM A887-88
(A-6.6.1-2] has been approved by the American Society
for Testing and Materials (ASTM). Neutrosorb Plus™ is

\\// INeutroSorb Plus™, is manufactured by Carpenter Technology
Corporation, Reading, Pennsylvania.
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manufactured to the ASTM A887 specification using
powder metallurgy techniques which have been shown to
exhibit better mechanical properties and homogeneity
than convegtional cast/wrought products (such as
NeutroSorb ), B,C/Al aggregate products (such as
Boral’), or coatings. Experimental analysis of the
boride distribution in NeutroSorb Plus" has shown
boride lengths in the 2 um range with corresponding
mean boride spacings in the 10 um range.

The material is available with either natural boron or
isotopically enriched B-10. An isotopically enriched
alloy was chosen for the IF-300 Channelled BWR Fuel
Basket for two advantages. The isotopically enriched
NeutroSorb Plus” has better absorption qualities which
allows for fewer plates in the basket. Fewer plates
results in less potential for crud traps and a
corresponding decrease in occupational exposure.
Specifying enriched boron also allows the plates to
have a lower boron content, significantly improving the
mechanical properties.

Although this material would be an effective load
bearing component in the basket assembly, the IF-300
channelled BWR Fuel Basket has been designed such that
the neutron absorbers are in no way loaded by other
package components. The absorber sheets are supported
in stainless steel channels which are conventionally
welded to the spacer disks. As a result, the sheets
are captured such that no welding or bending is
performed on then.

The material properties assumed for the criticality
analysis are:

Finished plate thickness 0.250", +0.045"/-0.010"
$s304 "skin" thickness 0.007" maximum, each side
Boron content 1.0 w/o minimunm

B-10 enrichment 94% (by atoms) B-10, min
Plate density 7.76 g/cc minimum

The principal performance features of the IF-300
channelled BWR Fuel Basket as they relate to
criticality control are:

e  The package is designed such that it would be
subcritical if water were to leak into or out of
the containment system.

L The criticality analyses have been performed with
consideration for
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- the most reactive credible configuration
consistent with the chemical and physical
form of the fuel,

- moderation by water to the most reactive
credible extent,

- close reflection by water on all sides,

] Any number of undamaged, or damaged (10CFR71.73)
packages will remain subcritical in any
arrangement with close water reflection and
optimum interspersed hydrogenous moderation.

Criticality Analysis Summary and Results

The calculated maximum k., for the IF-300 Channelled
BWR Fuel Basket is 0.922 including all biases and
uncertainties applicable to the calculational
methodology and the design.

The criticality analysis was pérformed in accordance
with the requirements of: :

J ANSI/ANS-8.1-1983, "Nuclear Criticality Safety in
Operations with Fissionable Materials Outside
Reactors" [A-6.6.1-3].

e  ANSI/ANS-8.17-1984, "Criticality Safety Criteria
for the Handling, Storage, and Transportation of
LWR Fuel Outside Reactors" [A-6.6.1-4].

. USNRC Regulatory Guide 3.41, Validation of
calculational Methods for Nuclear Criticality
safety," Revision 1, May, 1977 ' (A-6.6.1-5].

] ANSI N16.9-1975, "Validation of Calculational
Methods for Nuclear Criticality Ssafety"
[A-G.GQI-G] .

-Guidance has beenftakén from USNRC Regulatory Guide

1.13, "Spent Fuel Storage Facility Design Basis,"
Proposed Revision 2, December 1981 [A-6.6.1-7], as it
applies to the calculation of k, for a transportation
cask.

Eacgggé'zggl Loading
Maximum Loading

Prior to 1991, the IF-300 Cask was licensed for
transport of up to seven PWR or eighteen BWR irradiated
fuel assemblies (A-6.6.1-8].

A-6-3
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The IF-300 channelled BWR Fuel Basket is designed to
accommodate up to seventeen irradiated BWR fuel  J
assemblies, with the flow channels, spacers, and

fasteners intact.

The maximum fuel enrichment is 4.0 w/o U235 which is
unchanged from the Certificate of Compliance for the
existing dechannelled BWR fuel basket (A-6.6.1-8].
Since no credit for burnup or burnable poisons is
assumed in the criticality calculations, unirradiated
fuel is qualified for shipment.

The maximum fuel loading parameters as they relate to
criticality are summarized in Table A-6.2-1.

A-6.2.2 ualifie

The current spectrum of GE BWR fuel designs spans six
BWR reactor designs, three classes of reactor core
configurations, and nine major fuel design evolutions
[(A-6.6.1-9 and 10). At least 26 unique fuel designs
are in service; many with their own variants. In order
to maximize the number of specific fuel designs which
may be demonstrated to be safely shipped in the IF=-300
channelled BWR Fuel Basket, the criticality analyses
are performed using a bounding reference fuel assembly.

The reference BWR fuel design for criticality is chosen N
based on a criticality analysis of several candidate
BWR fuel types. The results of the analysis indicate
that, while all fuel designs examined were equivalent
within the 95% confidence levels of the KENO-IV
{A-6.6.1-11] runs, the General Electric fuel design
designated GE-3, V2b [A-6.6.1-9] (commonly referred to
as GE 7x7) is slightly more reactive at the
representative assembly pitch of 6.77" than the other
designs. This assembly is therefore chosen as the
reference assembly.

The list of fuel types qualified for shipment is shown
in Table A-6.2-2. These fuel designs are bounded by or
equivalent to the reference fuel design in terms of
their reactivity. There is therefore no restriction on
mixing different fuel designs within a single shipment.

Fuels which have peak enrichments higher than the
design basis, or fuels which are not included in the
list of qualified fuel types may be acceptable for
shipment pending qualification calculations and a
license amendment.

The design properties of the reference fuel are given

A-6-4
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Table A-6.2-1

Maximum Fuel ILoading Parameters

[ Parameter Value
Number of Assemblies < 17
Enrichment, w/o U235 <4.0%
Minimum Burnup 0

I Fuel Design See Table A-6.2-2

“ Fuel Channels Intact

Table A-6.2-2

Qualified Fuel Designs

T:?é.??ifg? Reactor Class
|GE 7x7 GE-3, V1 GE BWR/2,3
IIGE 7x7 GE-3, V2a GE BWR/4,5,6
l cE 7x7 GE-3, V2b GE BWR/4,5,6
GE 8x8 GE-4, V1 GE BWR/2,3
GE 8x8 GE-4, V2a GE BWR/4,5,6
GE 8x8 GE-4, V2b | GE BWR/4,5,6
GE 8x8 GE-5, V1 GE BWR/2,3 [
GE 8x8 GE-5, V2 GE BWR/4,5,6
GE 8x8 Press., V1 GE BWR/2,3
GE 8x8 Press., V2 GE BWR/4,5,6
GE 8x8 Barrier, V1 GE BWR/2,3
GE 8x8 Barrier, V2 GE BWR/4,5,6
GE 8x8 Barrier, Via GE BWR/2,3 j
‘GE 8x8 Barrier, V1b GE BWR/2,3
| GE 8xs Barrier, v2a GE BWR/4,5,6 |
GE 8x8 Barrier, V2b GE BWR/4,5,6
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Table A-6.2-3

Design Basis Fuel Parameters

for Criticality Analvysis

e

“ Parameter l Value l
||Fue1 Pellet Outside Diameter 0.477"
FFuel Clad Inside Diameter 0.489"
Fuel Clad Outside Diameter 0.563"
1|Fue1 Rod Pitch 0.738"
|lActive Fuel Height 146.0"
IFlow Channel Outside Diameter 5.454"
Flow Channel Thickness 0.080"
Enrichment, w/o U235 4.0%
U02 Density, %Theoretical Dens. 95.0%
Rod Array (N x N Rods) 7
Rod Locations 49
Fueled Rod Locations | 49
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ModeIISgecification

Description of Calculational Model

The nominal calculational model was generated using the
generalized geometry feature of KENO-IV [A-6.6.1-11]
and homogeneous fuel cross sections. The model is
described in detail below and in Section A-6.6.3.
Additional rod-by-rod (heterogeneous cross sections)
KENO models are used to calculate the effects of
various biases and uncertainties. Those models are
described in Section A-6.3.1.2 and in Section A-6.6.3.

1. Nominal Cask Model

The nominal cask model is quarter-symmetric and
surrounded on all six sides by 100% specular
albedo conditions, resulting in a representation
of an infinite square array of flooded, immersed
IF-300 casks containing infinitely long fuel
assemblies. It is assumed that this is
conservative since an array of infinitely long
casks is more reactive than layers of arrays of
finite length casks. This method is therefore
assumed to satisfy the requirements of 10CFR71.57
regarding subcriticality of an unlimited number of
packages.

The model is illustrated in Figure A-6.3-1 which
is a schematic diagram indicating the material
regions included in the model. The model
dimensions are available in the KENO-IV input
files located in Section A-6.6.3.1. Figure A-6.3-
2 is a more detailed diagram of the cask model.

It shows the various blocks, surfaces, and sectors
as an aid for reviewing the input files.

Several assumptions are necessary in order to
create the quarter-cask model. The items which
are explicitly included in the model are:
homogenized fuel assemblies with their surrounding
fuel channels, the IF-300 Cask walls, the basket
support rods, the poison plates, and a water
region surrounding the cask. Some items are not
jncluded in the model, and a discussion of these
omitted items follows..

The spacer disks are not included in the model.
This modeling approach is conservative since
spacer disks produce a localized region where the
interassembly moderator is significantly reduced.
It is assumed that this reduction would result in
a locally undermoderated situation that would have
‘a negative impact on K.¢. In parallel, steel has
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a higher absorbtion cross section than water and
therefore more neutrons are lost to absorbtion in
the real system than in the cask model. Beirman
[A-6.6.1-12] concluded that thick steel walls are
a better reflector than water alone, and that thin
sheets tended to act as a poison. Although these
conclusions are regarding full length reflecting
walls, not a spacer disk geometry, it is
reasonable to assume that the spacer disks, which
form a lattice in and around the assemblies, would
tend to poison the system.

The fuel assembly plenum, top and bottom fitting
regions, and the cask top and bottom regions are
not modeled in the quarter cask model. It is
agssumed that an infinitely long fuel assembly
provides better neutron reflection upon itself
than the real system will.

The IF-300 Channelled BWR Fuel Basket design does
not have neutron absorbers running continuously
along the axis of the cask. Channels fastened to
the spacer disks are employed to hold the absorber
panels in place. No poison runs through the
thickness of the spacer disk. The KENO model,
however, does not model the spacer disks and
therefore does not model the discontinuities in
the absorber sheets. The impact on cask
reactivity is difficult to estimate by observation
alone, although it should tend to offset the
favorable bias imposed by neglecting spacer disks.

Due to the difficulty in establishing whether the
cask modeling technique (particularly the
treatment of the discontinuous absorber sheets) is
conservative, infinite arrays are modeled with
continuous poison sheets and no spacer disks
(similar to the quarter cask model), and with
spacer disks, segmented poison sheets, and axial
reflectors (similar to the actual cask geometry).
The results are discussed below.

The channels which hold the absorber sheets in
place are not modeled. This should have
negligible impact on the results since the volume
of the channels is small, and since they should
have a negative effect on the reactivity similar
to the spacer disks as discussed above.
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Other Models

Three infinite array KENO models were created in
order to perform the required sensitivity
analyses. They are used for the moderator
temperature/density study, the spacer disk study,
and the rod pitch study respectively. The
moderator temperature/density study model is also
used for the neutron absorber sheet thickness
study and the baseline case.

The assembly cell pitch on all infinite array
calculations is specified as 6.77" by 7.22" which
is the assembly pitch of the most neutronically
important assembly in the basket geometry (central
assembly). In addition, two neutron absorber
plates are present in each infinite array model in
order to more closely simulate the basket.

The baseline case is run using the model shown in
Figure A-6.3-3. It is a straightforward infinite
array model which includes the reference assembly,
a water layer, the fuel channel, another water
layer, and a layer of neutron poison on two
opposing sides of the assembly. Details of the
model are included in Section A-6.6.3. The
conditions specified in this model are:

Moderator temperature 20°C
Moderator density 0.998230 g/cc
Rod Pitch 0.738 in
Absorber thickness 0.25 in

The spacer disk model is constructed from
alternating layers of the blocks shown in Figure
A-6.3-4 and Figure A-6.3-5. Blocks 1 through 20
represent the axial portion of the fuel which is
located in between the spacer disks. The
thickness of these blocks is 18.15". The
remaining blocks 21 through 40 represent the
spacer disks. Their height is 2 inches and the
materials are identical to blocks 1 through 20
except that the outermost blocks are steel. The
materials are indicated in Figure A-6.3-5. The
eight disks and seven inter-disk regions within
the active fuel region are modeled.

Axial reflector regions are specified above and
below the core in order to approximate the cask
and fuel end zones. From bottom to top, the
regions are: 3.75 inches of depleted uranium, 7.5
inches of end fitting (KENO mixture #7, modeled as
steel/water at a 50/50 volume ratio), the core, 24
. inches of end fitting (again, mixture #7), and 3

- A-6-9
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inches of depleted uranium. Specular albedo
conditions are specified on the top and bottom to
represent an infinite stack of casks. Details of
the model are included in Section A-6.6.3.

-/

Material

FUEL PELLET

atoms/b-cm

Comments

0 4.6551e-02
U235 9.3102e-04 l
| U238 2.2345e-02
|| CLADDING
| Nat. 2r 3.7349E-02 ISmeared over fuel-clad gap

A-6-10

A-6.3.2 package Regional Densities
Tables A-6.3-1 through A-6.3-3 summarize the calculated
atom densities unique to the homogeneous and
heterogeneous models, and those which are common to
both.
Table A-6.3-1
Homogeneous Model Fuel Atom Densities
Mixture/ Atom Density
Density | atoms/b-cm Comments
< —
FUEL
U235 3.0547E-04 Smeared over 7x7 rod cell array
U238 7.3314E-03 Smeared over 7x7 rod cell array
o] 3.3390E-02 Smeared over 7x7 rod cell array
H 3.6232E-02 Smeared over 7x7 rod cell array N
Zr 4.8171E-03 Smeared over 7x7 rod cell array
Table A-6.3-2
Heterogeneous Model Fuel Atom Densities
Mixture/ Atom Density
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Table A-6.3-3

Regional Atom Densities - All Models

[_‘ Atom
Mixture/ Density Comments
Nuclide (#/b-cm)
| WATER
H 6.6855e-02 4C water (maximum density)
“ 0 3.3427e-02 4C water (maximum density)
l H 6.6736e-02 | 20C water (nominal density) r
o] 3.3368e-02 20C water (nominal density)
H 6.4074e-02 100C water
0] 3.2037e-02 100C water
H 5.0052e-02 | 75% fog i
0 2.5026e-02 | 75% fog “
H 3.3368e-02 | 50% fog
0 1.6684e-02 | 50% fog |
H 1.6684e-02 | 25% fog |
o 8.3421e-03 | 25% fog _
| H 3.3368e-03 | S% fog
l o 1.6684€-03 | 5% fog _
| ss304 \
| Fe 6.2127e-02 |
I Cr 1.7670e-02 |
Ni 7.6201e-03 i
DEPLETED URANIUM %
i v23s 1.0613e-04
| u23s 4.7528e-02
| FUEL CHANNEL
Nat. Zr 4.2910e-02 Unsmeared
NEUTROSORB POISON
Fe 5.4808e-02 1.0 w/o 94% Enriched B-10
Cr 1.7076e-02 1.0 w/o 94% Enriched B-10
f Ni 1.0747e-02 | 1.0 w/o 94% Enriched B-10
I B-10 4.1467E-03 | 1.0 w/o 94% Enriched B-10 |
| Mn 8. 1.0 w/o 94% Enriched B-10 |

5061le-04
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Figure A-6.3-1

Quarter Cask KENO Model, Materials
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Infinite Array KENO Model IA1l
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Infinite Array KENO Model IA2
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Infinite Array KENO Model IA2 (Spacer Disks)
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Infinite Array KENO Model IA3
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criticality calculation

ulationa etho

Criticality calculations were performed using KENO-IV
[A-6.6.1-11) and a working cross section library. The
working library was created from the XSDRN 123 group
neutron cross section master library [A-6.6.1-11] using
the computer codes NITAWL [A-6.6.1-13] and XSDRNPM [A-
6.6.1-14].

NITAWL is used to perform resonance treatments on the
U238 nuclide in the fuel pellets and in the depleted
uranium used to fabricated the cask walls. The fuel
resonance treatments are performed using a Dancoff
Factor of 0.1675. Sauer’s Approximation for
cylindrical cells in a square lattice (A~6.6.1-15]) is
used for calculating the Dancoff factor. This method
treats the rods as infinitely long cylindrical lumps
and does not include cladding effects. Sauer’s method
is adequate for LWR rods since the cladding is neither
thick nor a strong absorber.

XSDRNPM is used to model a single fuel rod cell
including the fuel pellet, fuel rod cladding, and a
water layer whose radius is chosen to preserve the
fuel/moderator ratio. The purpose of the XSDRN run is
to generate cell weighted (homogenized) cross sections
which are subsequently used in KENO. The original 123
group energy structure is preserved during this
process. The homogenization process is summarized in
Figure A-6.4-1 and the input files are located in
Section A-6.6.3.1.

The homogenization process is necessary since KENO-IV
cannot efficiently model a large system, such as this
multi-element shipping cask, using discrete fuel rods.
Instead, fuel assemblies are modeled as homogeneous
cuboids having the dimensions of their heterogeneously
modeled equivalent. Each element is then surrounded by
a thin layer of water, then a layer of zirconium (fuel
channel) to represent a complete fuel assembly.

u oad

The IF-300 Channelled BWR Fuel Basket criticality
analysis is performed using the most reactive fuel
design of a list of candidate fuel designs (Table
A-6.2-2). In order to assure that the requirements of
10CFR71, Sections 71.55 and 71.57, are satisfied, the
licensing case KENO model is specified with 100%
specular albedo conditions on all six sides. The
result is a simulation of an infinite square array of

A-6-18



A-6.4.3

NEDO-10084-4
March 1995

infiniteiyslong casks. Further‘diécussion regarding
this model can be found in Section A-6.3.1.1.

Criticality Results

The nominal case is a KENO quarter-cask model with all
assemblies assumed to be centered in their basket
locations immersed in 20°C water moderator. The
calculated reactivity for this case is:

K, = 0.88990 + 0.0037¢ (10).

The safety requirements of ANSI/ANS-8.17 [A-6.6.1-4]
prescribe that all applicable biases and uncertainties
must be investigated and statistically attached to this
nominal case k.:. The following sections briefly
describe each case analyzed, and present the calculated
results.

1. Summary of Biases and Uncertainties
1. Method Biases

A. Benchmark Bias: The benchmark bias
represents the amount by which KENO-IV,
in conjunction with the XSDRN 123 group
master cross section library, deviates
from the results of critical experiments
at a 95% certainty with a 95% confidence
(95/95 confidence). It is calculated to
be 0.00840 + .00976 (non-conservative
direction, 20) for this application.
Details regarding the calculation of the
benchmark bias are provided in Section
A-6.5.

B. Modeling Biases: The modeling technique
used in the analysis of the IF-300
Channelled BWR Fuel Basket design
differs in some respects from the
methodology used in the KENO benchmark
analysis [A-6.6.1-16]. The bias
introduced by each of these differences
is estimated as described in (i) and
(ii) below.

(i) Homogenization Technique

The nominal quarter cask model

utilizes cell-weighted, or

homogenized, cross sections for the

fuel assemblies. Since the

benchmark calculations [A-6.6.1-16]
' ~ were performed using rod by rod

A-6-19
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(1i)

(heterogeneous) modeling, a
computational bias may be
introduced due to the cross section
generation procedure.

Two infinite array KENO models were
constructed to establish the
homogenization bias. The infinite
reactivity of a rod-by-rod
(heterogeneous) system is
calculated to be:

k, = 1.01886 + 0.00355 (1lo0)

The same array configuration, using
homogenized cross sections, is
calculated to be:

ke, = 1.03448 + 0.00405 (l10)

Infinite Length/No Spacer Disk
Assumption

In order to license the IF-300
Channelled BWR Fuel Basket as a
Fissile Class I package, it must be
shown that any number of packages
would remain subcritical
[A-6.6.1-1). This is interpreted
as being satisfied by modeling an
infinite square array of infinitely
long casks by using the albedo
boundary condition feature of KENO.

The nominal case model is
constructed with 100% specular
albedo conditions in all
directions. The resulting k.
corresponds to a 2-D infinite array
of casks containing infinitely long
fuel assemblies. The axial
reflecting regions in the fuel
assembly end fittings and cask lids
are not modelled.

The nominal case does not model the
spacer disks, nor does it account
for the fact that the poison in the
basket does not pass through the
thickness of the spacer disk.

In order to assess the impact of
this methodology, two infinite
array models are compared. Both
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.cases have specular albedo
conditions specified on all sides.
The reflector model includes
plenum/endfitting and cask lid
reflecting regions. The infinite
length model includes only fuel
rods.

The infinite reactivity of an
infinitely long system with no
spacer disks is calculated to be:

k, = 1.01886 ¢ 0.00355 (1l0)

The reflected system with spacer
disks and non-contiguous absorber
sheets is calculated to be:

k, = 1.01014 + 0.00429 (10)

This result substantiates the
assumption that the spacer disks
have a negative effect on the
system reactivity. For
conservatism, no credit is taken
for this bias.

Mechanical Uncertainties

ANSI/ANS-8.17-1984 [A-6.6.1-4] requires that
mechanical uncertainties be considered in the
criticality analysis and that those
uncertainties should be statistically
combined. The effects of variations in
moderator temperature/density, fuel assembly
location, fuel rod pitch, and neutron
absorber manufacturing tolerance are
evaluated as discussed in A through D below,
and are considered as uncorrelated
uncertainties [A-6.6.1-17] for this analysis.

A. Moderator Temperature/Density: A
parametric study is performed to
determine the behavior of k, as the
moderator temperature and density are
‘varied. Two temperature variations are
run assuming the moderator is liquid
water. These, combined with the nominal
case, provide three temperature/density
data points. Four additional cases are
run assuming the moderator is saturated
steam at various densities. The various
cases are summarized below.
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Case T(°C) Densit cc
4°C 4 1.000000
Nominal 20 0.998230
100°C 100 0.958400
75% Fog 100 0.748673
50% Fog 100 0.499115
25% Fog 100 0.249558
5% Fog 100 0.049912

The results of the moderator
temperature/density study are shown in
A-6.4-2. It is concluded that the
system is most reactive at the 4°C
condition (maximum water density). The
reactivity falls monotonically with
respect to moderator density which leads
to the observation that the system is
undermoderated with respect to overall
moderator density.

The infinite reactivity of the system
with 20°C water moderation is calculated
to be:

k, = 1.01886 + 0.00355 (10)

The reactivity of the system at maximum
water density is calculated to be:

k, = 1.02249 + 0.00461 (10)

Fuel Assembly Location: The nominal
case quarter-cask model is run with all
assemblies inward and with all assembles
positioned outward in their storage
locations. Dimensions of the IF-300
Channelled BWR Fuel Basket and the fuel
channels are used as a basis for
determining the amount of offset which
could be assumed to occur. A stack of
‘manufacturing tolerances is included in
the offset calculation. The total
effective fuel assembly offset is
calculated to be 0.268" applied
simultaneously in the X and Y model
directions. It is determined that the
system is most reactive when the
assemblies are in the most closely
packed configuration.

The reactivity of the system at nominal
spacing is calculated to be:

Ky = 0.88990 ¢ 0.00374 (10)
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The reactivity of the system at close-
packed spacing is calculated to be:

K. = 0.90752 & 0.00492 (10)

The reactivity of the system at far-
packed spacing is calculated to be:

K¢ = 0.88047 ¢ 0.00502 (10)

It can be concluded from these results
that the system is slightly
overmoderated with respect to the
assembly pitch. It is therefore true
that the system reactivity would
decrease from the nominal case for
payloads less than 17 assemblies?.

C. Fuel Rod Pitch: Since it is conceivable
‘that the fuel rod pitch may be distorted
in a drop event, it has been analyzed as
a mechanical uncertainty. This
distortion may only exist temporarily
during the drop, or it may be a
permanent deformation. It is noted that
this assumption is nonmechanistic and
that a fuel drop accident would most
likely result in decreased fuel rod
pitches only.

The model is run at four different rod
pitches which, when combined with the
baseline case, provide five data points.
The rod pitches are calculated assuming
that the minimum pitch is defined by
near rod contact in a square array and
by near contact with the fuel channel.
For the purpose of this analysis, it is
assumed that the rods remain in a square
array and that the array remains
centered in the flow channel. The fuel
rod pitches evaluated are:’

2Note that, as indicated by the rod pitch study and the
moderator density study, the assemblies themselves are
undermoderated such that no fuel with missing fuel rods should be
loaded. Such fuel would be acceptable if dummy rods were
inserted to retain the assembly’s fuel/moderator ratio.
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Min. rod pitch 0 1
Mid-min. rod pitch 0. 1.
Nom. rod pitch 0.7380 1.8745
Mid-max. rod pitch 0 1
Max. rod pitch 0 2

The sensitivity analysis results
demonstrate that the nominal design
pitch is nearly optimum since k, drops
by 0.28 at minimum pitch and rises by
0.07 at maximum pitch.

The results of the rod pitch study are
shown in Figure A-6.4-3. It is
concluded that the reference fuel
assembly, in this poisoned
configuration, is undermoderated with
respect to inter-rod moderation.

Assuming that a drop accident would

result in decreased rod pitch (due to

spacer grid and/or rod deformation) the
uncertainty in the cask k., due to the

effects of rod pitch variation would

therefore range from Ak = 0.00 to

Ak = -0.28 (conservative direction). N
The uncertainty in cask k. shall be
conservatively assumed zero.

Neutron Absorber Manufacturing
Tolerances: The IF-300 Channelled BWR
Fuel Basket design utilizes NeutroSorb
Plus as a fixed neutron absorber which
is required to achieve criticality
control for the design basis fuel.

Sensitivity calculations are performed
to determine the impact of absorber
plate thickness variations on the system
k.. All other parameters are considered
to be worst case (maximum skin
thickness, minimum boron content at
minimum B-10 enrichment, minimum plate
density). No parametric studies were
run for boron content or isotopic
enrichment since those parameters are
specified as minimums and since they do
not affect the overall fuel/moderator
volume ratio.
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It is determined that the minimum plate
thickness of 0.240" presented the worst
case for criticality. The infinite
reactivity of the system with nominal
thickness neutron absorber is calculated
to be:

k, = 1.01886 + 0.00355 (10)

The reactivity of the system with
minimum thickness poison is calculated
to be:

k., = 1.02851 + 0.00464 (10)
2. Calculation of Maximum k.

The calculated maximum k., for the IF-300
Channelled BWR Fuel Basket includes all biases and
uncertainties applicable to the calculational
methodology and the design. The following
relationship is used to combine the biases and
uncertainties to arrive at the 95/95 maximum k..

k, = Kyjon ¥ Bygo * Bhon ¥ Byisks t+

2 2 2 2 2 y 2
JUnom + Ua + Ukeno + Uham + Udiaks + Umech

e 0.88990 + 0.00840 -0.01562 + 0.00000 +

¢0.007482+0.00710""+0.0097624-0.008102+0.000002+0.035742

= 0.92198

Table A-6.4-1 provides a detailed breakdown of
each of the terms in the above equation.

It is concluded thét the IF?300 Channelled BWR

Fuel Basket is critically safe under the
conditions imposed by 10CFR71.
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Table A-6.4-1

Summary of Criticality Biases and Uncertainties

Reference
Cases

Quarter Cask
Reference Case

k ¢+ 10

0.88990 :+ 0.00374

I 9s/95 Uncertainty
keff + 20

0.88990 t 0.00748
(Kpon) (Uyen)

Infinite Array
Reference Case

KENO/XSDRN123
Bias

1.01886 x 0.00355

T —— — — — ——————— ——— ———— ——— — ———

Calculational Reference Case Sensitivity Case ;
- Bias k + 10 k + 1o

1.01886 ¢ 0.00710
(ktng) (Utn!)

S ——————————

95/95 Uncertainty
delta k + 20

0.00840 3 0.00976
(ani)

Homogenization | 1.01886 & 0.00355 |1.03448 + 0.00405] -0.01562 ¢ 0.00810
Technique {Bhow) (Unom)
No Disks, Inf. 1.01886 4+ 0.00355 |1.01014 = 0.00429T 0.00000 <+ 0.00000

L Assumption

—_—

(Bduk-) (Uauu-)

Mechanical Reference Case Sensitivity Case 95/95 Uncertainty
Uncertainty k + 10 k ¢ 10 delta k + 20
Moderator ' 1
Temp/Dens 1.01886 + 0.00355 |1.02249 ¢ 0.00461 0.01285
Poison Thk.
Tolerance 1.01886 s+ 0.0035S }1.02851 & 0.00464 0.01893
Fuel Assembly :
Position 0.88990 + 0.00374 |0.90752 + 0.00492 0.02746
Fuel Rod Pitch
IVariation 0.00000
H 0.03574
TOTAL MECHANICAL UNCERTAINTY ------ > ‘
) . (Umch)
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Figure A-6.4-1

Fuel Cross Section Homogenization Flowchart
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Hoderator Temperature/Density Study
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Figure A-6.4-2

Moderator Temperature/Density Study Results
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Figure A-6.4-3

Rod Pitch Study Results
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Critical Benchmark Experiments

A review of published critical benchmark experiments \_,/
indicated that the Babcock & Wilcox experiments

[A-6.6.1-16) are applicable to the IF-300 Channelled

BWR Fuel Basket geometry. This reference describes a

series of 21 critical experiments using simulated LWR

fuel and presents the results of KENO-IV calculations

modeling these configurations. The critical benchmark
calculations were performed using the same computer

codes and cross section library as are used in the

Channelled BWR Fuel Basket criticality analyses.

Benchmark Experiments and Applicability

The critical experiment arrangement consisted of a 3x3
array of fuel assemblies surrounded by light water in a
tank constructed of steel and aluminum. The fuel was
constructed of aluminum clad low-enriched UO, (2.459
w/o U-235) pellets in a 14x14 array. The core height
was approximately five feet. Twenty one configurations
were constructed to simulate a variety of close packed
storage arrangements with differing fuel assembly
spacing and neutron absorber material. The reactivity
control elements included stainless steel plates, B,C
rods, and borated aluminum plates. Table A-6.5-1 shows
the results of the criticality benchmark experiments.

Details of Benchmark Calculations

The KENO-IV code and XSDRN 123 group master cCross
section library [A-6.6.1-11] were used to model the
critical configurations. The modeling technique
incorporated a rod-by-rod representation of the fuel
assemblies with explicit models of the material
interspersed between assemblies. The cross sections
for these cases were prepared by NITAWL [A-6.6.1-13].
All pertinent data for each critical configuration are
documented in the B&W report [A-6.6.1-16] to permit use
of these data for validating calculational methods in
accordance with ANSI N16.9-1976 [A-6.6.1-6]. Table A-
6.5-1 contains the results of the KENO calculations.

Results of Benchmark Calculations

The benchmark results indicate a mean calculational

bias of Ak = 0.0033 : 0.00487 (10, non-conservative
direction) for the gross average of all cases analyzed.

This value is not justified for use as a benchmark

bias, however, since a statistical review reveals that

the data is not a single population. There is no sound
correlation between the KENO bias and the type of

material placed between the assemblies; nor is there a _ J
pronqunced dependence on the boron content of the
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absorbers. The only obvious bias correlation is with
the inter-assembly spacing.

By grouping the results according to the inter-assembly
spacing, it is possible to perform a linear regression
on the average bias for each spacing. The results are
provided in Table A-6.5-2. The bias from Core I at the
0.0 inch spacing has been excluded from the 0.0 inch
population average since that core was a cylindrical
geometry and is not applicable to the IF-300 basket.
Figure A-6.5-1 shows the relationship between KENO bias
and inter-assembly spacing.

Since the basket geometry has multiple inter-assembly
spacings, the weighted average of the individual inter-
assembly spacings must be used for establishing a
benchmark bias. Substituting the average inter-
assembly spacing of 1.731" into the equation derived by
the regression fit, the KENO bias may be calculated as

follows:
Bygyo = 0.00693 = Slinches] x 0.0088536
= 0.00693 - 1.731 x 0.00936

= 0.0084

The uncertainty in the KENO bias is given by the
following equation where U, iession 1S the standard error
of the regression fit and Upeenmarks +8 the mean
uncertainty of all the benchmark biases.

2 2
Uenvo = 2° JUregression + Ubenchmarks

= 2:4/0.00032% + 0.00487?
= 0.00976 (20)
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Table A-6.5-1

Critical Benchmark Results

Al O e ——

Spacing Core/Matexial

.000 I/H20

.000 II/H20

.644 III/H20

.644 IV/84 B4C Pins
.288 V/64 B4C Pins

.288 VI/64 B4C Pins
.932 VII/34 BAC Pins
.932 VIII/34 B4C Pins
.576 IX/H20

.932 X/H20

.644 XI/SS Plate

.288 XII/SS Plate

.644 XIII/1.6/Al Plate*
.644 XIV/1.3B/Al Plate
.644 XVvV/0.41B/Al Plate
.288 XVI/0.41B/Al Plate
.644 XVII/0.24B/Al Plate
.288 XVIII/0.24B/A1 Pl
.644 XIX/0.1B/Al Plate
.288 XX/0.1B/Al Plate
.932 XXI/0.1B/Al Plate

HHOHMOHFOOOFOKHNMNHRPEPHHFHOOOO

Mean
Standard Deviation
Variance

Calculated keff

.006
.004
.004
.007
.005
.004
.005
.005
.005
.004
.004
.005
.005
.004
.005
.005
.005
.005
.004
.005
.004

.998
.007
.999
.004
.005
.998
.994
.003
.987
.988
.015
.991
.008
.003
.995
.990
.993
.005
.991
.997
.981

COOHOOOHKFROROOHOOHHOMO
I+H-I+I+HH—H-0+I+I+H-I+HI+H-I+HI+I-§-I+I+

.99771
.1e-03
6.6e-05

w O
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.00476
.5e-04

5.6e-07

Measured keff

OHKRKHHHOFRHHEKRRPPHORFRHOKRHEE

NN

.0002
.0001
.0000
.9999
.0000
.0097
.9998
.0083
.0030
.0001
.0000
.0000
.0000
.0001
.9998
.0001
.0000
.0002
.0002
.0003
.9997

I+H-0+I+H-I+I+H‘I+H-I+H-I+I+I+I+H-i+H-H'H'

OOOOOOOOOOOOOOOOOOOOO

.0005
.0005
.0006
.0006
.0007
.0012
.0009
.0012
.0009
.0009
.0006
.0007
.0010
.0010
.0016
.0019
.0010
.0011
.0010
.0011
.0015

.00102 0.00098
.7e-03 3.6e-04
.2e-06 1.3e-07
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Table A-6.5-2

Spacing Core/Material KENO-Measured
(inch)
0.000 I/H20 -0.0022 +/- 0.0060
0.000 II1/H20 0.0069 +/- 0.0040
0.000" average--> 0.0069 +/- 0.0040
0.644 III/H20 -0.0010 +/- 0.0040
0.644 IV/84 B4C Pins 0.0041 +/- 0.0070
0.644 - XI/SS Plate 0.0150 +/- 0.0040
0.644 XIII/1.6/Al Plate* 0.0080 +/- 0.0051
0.644 XIv/1.3B/Al Plate 0.0029 +/- 0.0041
0.644 XIX/0.1B/Al Plate -0.0092 +/- 0.0041
0.644 XV/0.41B/Al Plate -0.0048 +/- 0.0052
0.644 XVII/0.24B/Al Plate -0.0070 +/- 0.0051
0.644" average--> 0.0010 +/- 0.0049
1.288 V/64 B4C Pins 0.0050 +/- 0.0050
1.288 V1/64 B4C Pins -0.0117 +/- 0.0042
1.288 XII/SS Plate -0.0090 +/- 0.0050
1.288 XVI/0.41B/Al Plate -0.0101 +/- 0.00S3
1.288 XVIII/0.24B/Al Plate 0.0048 +/- 0.0051
1.288 XX/0.1B/Al Plate -0.0033 +/- 0.0051
1.288" average--> -0.0041 +/- 0.0050
1.932 VII/34 B4C Pins -0.0058 +/- 0.0051
1.932 VIII/34 B4C Pins -0.0053 +/- 0.0051
1.932 X/H20 -0.0121 +/- 0.0041
1.932 XXI/0.1B/Al Plate -0.0187 +/- 0.0043
1.932" average--> -0.0105 +/- 0.0046
2.576 IX/H20 -0.0160 +/- 0.0051
2.576" average--> -0.0160 +/- 0.0051
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KENO Bias Regression
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A-6.6.3 Input/Output Listings

1.

Computer Inputs

Summary of Computer Inputs:

Case Description

Heterogeneous Cross Sectlon Preparatlon
Nominal Heterogeneous Case’ . .
Moderator Temperature Density Study
Neutron Absorber Thickness Study .
Spacer Disk Study . .

Rod Pitch Study

Homogeneous Cross Sectlon Preparatlon
Cross Section Homogenization
Benchmark Case . ..

Nominal Homogeneous Case

Assemblies Inward Case

Assemblies Outward Case

‘See Section A-6.6.3.2 for computer output.
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