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5.8.9 Cool-Time Tables

5.8.9.1 PWR

PWR system performance is evaluated for a cask heat load of 35.5 kW with preferential (1.2 kW

max) and uniform (959 W/assy) heat load patterns. Minimum cool times are summarized for the

uniform and preferential heat load patterns.

Allowed low bumup (up to 30,000 MWd/MTU) fuel loadings are shown in Table 5.8.9-1. Note

that the listed minimum cool times at each bumup step are bounding for all fuel types and initial

enrichments above the minimum enrichment specified. Collapsing the fuel type and initial.

enrichment-dependent minimum cool time matrix to a single value may result in a minimum cool

time longer than individual values presented for higher burnups in the detailed tables that follow.

The minimum cool time tables account for potential uncertainties in the source generation

abilities of SAS2H at burnups greater than 45 GWd/MTU by reducing allowed heat loads by

5 percent. Fuel assembly loading tables at greater than 45 GWd/MTU are, therefore,

generated for a cask heat load of 33. 725 kW with preferential (1. 14 kW max) and uniform

(911 W/assy) heat load patterns.

The 5% penalty adjusted three-zone preferential loading pattern is as follows.

Heat Load
Zone Description Designator [W/assy] # Assemblies

Inner Ring A 876 9
Middle Ring B 1,140 12
Outer Ring C 760 16

Table 5.8.9-2 contains the minimum cool times for a uniform heat load of 959 W/assy (•45

GWd/MTU) PWRfueL Greater than 45 GWd/MTU uniform heat load minimum cool times

are listed in Table 5.8.9-6. Table 5.8.9-3 through Table 5.8.9-5 contain the minimum cool

times for the preferential loading of • 45 GWd/MTU with higher burnup fuel cool times listed in

Table 5.8.9-7 through Table 5.8.9-9.

Decay heat associated with loading nonfuel components requires an increase in the minimum

fuel assembly cool time. Reductions in cask heat load did not change the incremental cool time

increase documented in Sections 5.8.5 and 5.8.6.
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Table 5.8.9-1 Low Burnup PWR Fuel Loading Table

Max. Assembly Avg.
Burnup

(MWd/MTU)

Min. Assembly Avg.
Initial Enrichment

(wt% 235U)1'
Minimum Cool Time

(Yrs)
Heat Load per Assy -- 959W 800W 922W 1,200W

10,000 1.3 4.0 4.0 4.0 4.0
15,000 1.5 4.0 4.0 4.0 4.0
20,000 1.7 4.0 4.0 4.0 4.0
25,000 1.9 4.0 4.3 4.0 4.0
30,000 2.1 4.4 5.2 4.5 4.0

0
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Table 5.8.9-2 Loading Table for PWR Fuel - 959 W/Assembly
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

30 < Assembly Average Burnup < 32.5 GWd/MTU
Minimum Cooling Time (years)

CE
1 4x1 4

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

4 + 4- 4 + + +

2.1 _E<2.3
2.3 < E < 2.5
2.5•< E < 2.7
2.7<E<2.9
2.9< E <3.1
3.1 •E< 3.3
3.3 < E < 3.5
3.5 < E < 3.7
3.7 < E < 3.9
3.9< E<4.1
4.1 <E<4.3
4.3 E < 4.5
4.5_E <<4.7
4.7<E<4.9

E>4.9

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.6
4.5
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1

4.7
4.7
4.6

.4.5

4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2

4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0

4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2

4.7
4.6
4.6
4.5
4.5
4.5
4,4
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2

Minimum Initial 32.5 < Assembly Average Burnup < 35 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE 1 WE J B&W CE WE 1 B&W
Wt% 235 U(E) 14x14 14x14 15x15 15x15 16x16 J 17x17 17x17

2.1 <E < 2.3
2.3<E<2.5
2.5 < E < 2.7
2.7<E <2.9
2.9< E<3.1
3.1 <E<3.3
3.3 E < 3.5
3.5 E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3 < E < 4.5
4.5<E<4.7
4.7<E<4.9

E>4.9

4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0

5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.6
4.5
4.5
4.5
4.4
4.4

5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5

4.7
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.3
4.2

5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5
4.5

5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6
4.5
4.5
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Table 5.8.9-2 Loading Table for PWR Fuel - 959 W/Assembly (continued)
Minimum Initial
Assembly Avg.

Enrichment
wt % 235 U (E)

35 < Assembly Average Burnup_< 37.5 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

'I + + +

2.1 < E < 2.3
2.3 < E < 2.5
2.5<E <2.7
2.7<E <2.9
2.95 <E < 3.1
3.1 E <•3.3
3.3 < E < 3.5
3.5 5 E < 3.7
3.7E <3.9
3.9<E <4.1
4.1 E <4.3
4.3:< E < 4.5
4.5 < E < 4.7
4.7•ýE < 4.9

E < 4.9

4.7
4.6
4.6
4.5
4.5
4,4
4,4
4.3
4.3
4.3
4.2
4.2
4.2
4.1

4.8
4.7
4.7
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.2

5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
.5.0

4.9
4.9
4.9
4.8
4.8

5.7

5.6
5.5
5.4
5,4
5.3
5.2
5.2
5.1
5.1
5.0
5.0
5.0
4.9

5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.5

5.6
5.5
5.4
5A4
5.3
5.2
5.2
5.1
5.1
5.0
5.0
5.0
4.9
4.9

5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.1
5.0
5.0
5.0
4.9
4.9

Minimum Initial 37.5 < Assembly Average Burnup< 40 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE. WET B&W [CE WE B&W
wt% 235 U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3 E < 2.5
2.5 <E<2.7
2.7 E < 2.9
2.9<E <3.1
3.1 <E <3.3
3.3:5 E < 3.5
3.5<E <3.7
3.7< E < 3.9
3.9<E <4.1
4.1 E < 4.3
4.3 E < 4.5
4.5<E <4.7
4.7<E <4.9

E_>4.9

5.0
5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4,5
4.5
4.5

5.2
5.1,
5.0'
4.9
4.9
4.8
4.8
4.8
4.7
4.7
4.6
4.6
4.5

5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2

6.1
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4

5.6
5.5
5.5
5.4
5.3
5.2
5.2
5.1
5.1
5.0
5.0
5.0
4.9

6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5,4
5.4
5.4

6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4
5.4
5.4

i
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Table 5.8.9-2 Loading Table for PWR Fuel - 959 W/Assembly (continued)
Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

40 < Assembly Average Burnup < 41 GWd/MTU
''Minimum Cooling Time (years)

r r --7 - 7 r

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

+ 4 + 4 4 4

2,1:5 E < 2.3
2,3:5 E < 2.5
2.5 5 E < 2.7
2.7:5 E < 2.9
2.95 E <3.1
3.15 E < 3.3
3.3 - E < 3.5
3,5•-< E < 3.7
3.7:5 E < 3.9
3.9 5 E < 4.1
4.1 <E <4.3
4,3!5 E < 4.5
4.5:5 E < 4.7
4.7:5 E < 4.9

E>4.9.

5.3
5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6

5.4
5.3
5.2
5.1
5.1
5.0
4.9
4.9
4.9
4.8
4.8
4.7
4.7

6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.5

6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6

5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.1

6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.6

6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.6

Minimum Initial 41 <Assembly Average Burnup•< 42 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE 1 WE J B&W
wt% 235U(E) 14x14 14x14 15x15 J 15x15 J 16x16 J 17x17 17x17
2.1 <E < 2.3
2.3:5 E < 2.5
2.5• E < 2.7
2.7:5 E < 2.9
2.9 EE<3.1
3.1 _E<3.3
3.3 5E <3.5
3.5:5E < 3.7
3.7•<E<3.9
3.9 5 E<4.1
4.1 :5E <4.3
4.3!5E<4.5
4.5:• E < 4.7
4.7f-E <4.9

E_>4.9

5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.7

5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.9

6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.7

6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0
6.0
5.9
5.9
5.9

6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3

6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8

6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8

NAC International 5.3•.9-5



MAGNASTOR System FSAR August 2010

Docket No. 72-1031 Revision IOB

Table 5.8.9-2 Loading Table for PWR Fuel - 959 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

42 < Assembly Average Burnup < 43 GWd/MTU
Minimum Coolinq Time (years)

CE
14x14

WE
14x14

'WE
15x15

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3•5 E < 2.5
2.5<E<2.7
2.7<E <2.9
2.9<E <3.1
3.1 <E<3.3-
3.3 < E < 3.5
3.5<_ E < 3*7
3.7<E<3.9
3.9<E <4.1
4.1 <E< 4.3
4.3•5 E < 4.5
4.5<E<4.7
4.7•5 E < 4.9

E_>4.9

5.7
5.6
5.5
5.4
5.3
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9

5.8
5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.0
5.0

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2
6.2
6.1
6.0

6.3
6.2
6.0
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0
6.0
6.0

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9

Minimum Initial 43 < Assembly Average Burnup _44 GWdlMTU
Assembly Avg. Minimum Cooling Time (years,,)

Enrichment CE] WE, WE B&W CE WE 1 B&W
wt%z2 3 U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 •E< 2.3
2.3<E <2.5
2.5_<E < 2.7
2.7<E<2.9
2.9<E<3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5< E<3.7
3.7<E<3.9
3.9_<E<4.1
4.1 <E<4.3
4.3 < E < 4.5
4.5_<E <4.7
4.7_<E <4.9

E>4.9

5.9
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.1
5.1
5.0

6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.3
5.3
5.2

7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0

7.4
7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4
6.3

6.6
6.5
6.4
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7

7.2
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.2

7.2
7.0
6.9
6.8
6.7
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.2
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Table 5.8.9-2 Loading Table for PWR Fuel - 959 W/Assembly (continued)
Minimum Initial
Assembly Avg.

Enrichment
wt % 2 35 U (E)

44 < Assembly Average Burnup <45 GWd/MTU
Minimum Cooling Time (years)

CE
.14x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

r -~ + + +

2.1 <_. E < 2.3
2.3! E < 2.5
2.5 ! E <2.7
2.7!< E < 2.9
2,9!E<3.1
3.1 :E <3.3
3.3 ! E < 3.5
3.5!E<3.7
3.7 ! E < 3.9
3.9__ E < 4.1
4.1 •E < 4.3
4,3!E<4.5
4.5_<E <4.7
4.7_E <4.9

E_>4.9

6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2

6.2
6.0
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.5
5.4

7.3
7.2
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4
6.3

7.7
7.6
7.4
7.3
7.2
7.0
7.0
6.9
6.8
6.7
6.7
6.6

6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1
6.0
6.0
5.9
5.9

7.4
7.3
7.2
7.0
6.9
6.9
6.8
6.7
6.7
6.6
6.5
6.5

7.4
7.3
7.1
7.0
6.9
6.9
6.8
6.7
6.6
6.6
6.5
6.5

Note: Burnups greater than 45 GWd/MTU have been deleted from this table.
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly
Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

30 < Assembly Average Burnup•< 32.5 GWd/MTU
Minimum Coolinq Time (years)

- -r ~ V - r

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.15 E < 2.3
2.35 <E < 2.5
2.575 E < 2.7
2-7:5E <2.9
2.9_5E<3.1
3.1 _E<3.3
3.3 5 E < 3.5
3.5:E<3.7
3.7 5 E < 3.9
3.9<E<4.1
4.1 E<E<4.3
4.3 _ E < 4.5
4.5_. E < 4.7
4.7 . E < 4.9

E>ý!4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0.
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

Minimum Initial 32.5 < Assembly Average Burnup < 35 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt%2 35U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.15 E <2.3
2.3s E <2.5
2.5 5 E <2.7
2.7:s E < 2.9
2.9 5E <3.1
3.1 s E<3.3
3.3 5E <3.5
3.5 5E <3.7
3-7:5E <3.9
3.9 5E <4.1
4.1 s E <4.3
4.3 sE <4.5
4.5 5E <4.7
4.7 5 E <4.9

E Ž!4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

0
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)
Minimum Initial 35 < Assembly Average Burnup_< 37.5 GWd/MTU
Assembly Avg.

Enrichment
wt % 235U (E)

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x15
B&W

15x1 5
CE

16x16
WE

17x17
B&W

17x17
2.1 <E <2.3
2.3<E <2.5
2.5<E <2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 E <3.3
3.3• E < 3.5
3,5 < E < 3.7
3.7<E<3.9
3.9<E <4.1
4.1 <E< 4.3
4.3<E < 4.5
4.5•< E < 4.7
4.7<E<4.9

E_>4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0

4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

,4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0

Minimum Initial 37.5 < Assembly Average Burnup < 40 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 •E <2.3
2.3 E < 2.5
2.5 < E < 2.7
2.7 < E < 2.9
2.9<E <3.1
3.1 E < 3.3
3.3 E < 3.5
3.5 E < 3.7
3.7 _< E < 3.9
3.9<E<4.1
4.1 •E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7_<E<4.9

E>4.9

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.6
4.6
4.5
4.5
4.4
4,4
4.3
4.3
4.2
4.2
4.2
4.1
4.1

4.8
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.3
4.2

4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0

4.7
4.7
4.6
4.5
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.3
4.2

4.7
4.7
4.6
4.5
4.5
4.4
4.4
4,4
4.3
4.3
4.3
4.3
4.2
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

40 < Assembly Average Burnup_< 41 GWd/MTU
Minimum Coolinq Time (Nears)

r 7 ~ r 7 .-

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 •<E <2.3
2.3<E<2.5
2.5<E< 2.7
2.7 < E < 2.9
2.9<E <3.1
3.1 <E<3.3
3.3:< E < 3.5
3.5<E <3.7
3.7_<E<3.9
3.9<E <4.1
4.1 <E<4.3
4.3<E<4.5
4.5< E <4.7
4.7< E<4.9

E_>4.9

4.2
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.8
4.7
4.7
4.6
4.5
4.5
4.4
4.4
,4.4

4.3
4.3
4.3
4.2

4.9
4.8
4.8
4.7
4.7
4.6
4.5
4,5
4.5
4.4
4.4
4.4
4.3

4.5
4.5
4.4
4.4
4.4
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0

4.9
4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.4

4.9
4.8
4.7

- 4.7
4.6
4.6
4.5
4:5
4.5
4.4
4.4
4.4
4.3

Minimum Initial 41 < Assembly Average Burnup•_ 42 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE. B&W
wt% 235U(E) 14x14 14x14 15x15 . 15x15 16x16 17x17 J 17x17
2.1 <E <2.3
2.3:_< E < 2.5
2.5 _< E < 2.7
2.7 <E <2.9
2.9<E<3.1
3.1 •E<3.3
3.3 < E < 3.5
3.5 < E < 3.7
3.7:_< E < 3.9
3.9< E<4.1
4.1 <E <4.3

`4.3 _< E < 4.5
4.5•_ E < 4.7
4.7•< E < 4.9

E>4.9

4.3
4.2
4.2
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.4
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0

4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.4
4.3

5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.6
4.6
4.6
4.5
4.5
4.5

4.7
4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2

5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5

5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial 42 < Assembly Average Burnup < 43 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 2 35 U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.15 E <2.3 - -

2.3<E<2.5 - - - - - - -

2.5 < E < 2.7 4.4 4.5 5.1 5.3 4.9 5.2 5.2
2.7 < E < 2.9 4.4 4.4 5.0 5.2 4.8 5.1 5.1
2.9•< E < 3.1 4.3 4.4 5.0 5.1 4.7 5.0 5.0
3.1 < E< 3.3 4.2 4.3 4.9 5.0 4.7 5.0 5.0
3.3 < E < 3.5 4.2 4.3 4.8 5.0 4.6 4.9 4.9

3.5 < E < 3.7 4.1 4.2 4.8 4.9 4.5 4.9 4.9
3.7 < E < 3.9 4.1 4.2 4.7 4.9 4.5 4.8 4.8
3.9 < E < 4.1 4.0 4.1 4.7 4.8 4.4 4.8 4.8
4.1 < E < 4.3 4.0 4.1 4.6 4.8 4.4 4.7 4.7
4.3 < E <4.5 4.0 4.0 4.6 4.7 4.4 4.7 4.7
4.5 < E < 4.7 4.0 4.0 4.5 4.7 4.3 4.7 4.6
4.7 _ E < 4.9 4.0 4.0 4.5 4.6 4.3 4.6 4.6

E _> 4.9 4.0 4.0 4.4 4.6 4.3 4.6 4.5

Minimum Initial 43 < Assembly Average Burnup < 44 GWd/MTU
Assembly Avg. . Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235 U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1•E <2.3 -

2.3•E<2.5 - - - - - - -

2.5 • E < 2.7 4.5 4.6 5.3 5.5 5.0 5.4 5.4
2.7 • E < 2.9 4.5 4.6 5.2 5.4 4.9 5.3 5.3
2.9s E <3.1 4.4 4.5 5.1 5.3 4.9 5.2 5.2
3.1 : E < 3.3 4.4 4.4 5.0 5.2 4.8 5.2 5.2
3.3• E <3.5 4.3 4.4 5.0 5.1 4.7 5.1 5.1
3.5 E < 3.7 4.2 4.3 4.9 5.1 4.7 5.0 5.0
3.7• E <3.9 4.2 4.3 4.9 5.0 4.6 5.0 5.0
3.9:5 E <4.1 4.1 4.3 4.8 5.0 4.6 4.9 4.9
4.1• E <4.3 4.1 4.2 4.8 4.9 4.5 4.9 4.9
4.3 : E <4.5 4.1 4.2 4.7 4.9 4.5 4.8 4.8
4.5 • E <4.7 4.0 4.2 4.7 4.8 4.5 4.8 4.8
4.7 • E <4.9 4.0 4.1 4.6 4.8 4.4 4.8 4.7

E ý 4.9 4.0 4.1 4.6 4.8 4.4 4.7 4.7
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Table 5.8.9-3 Loading Table for PWR Fuel - 1,200 W/Assembly (continued)

Minimum Initial 44 < Assembly Average Burnup_• 45 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt%235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _< E < 2.3
2.3E< E < 2.5
2.5 < E <2.7 - ' - - -

2.7 < E < 2.9 4.6 4.7 5.4 5.6 5.1 5.5 5.5
2.9 < E < 3.1 4.5 4.6 5.3 5.5 5.0 5.4 5.4
3.1 _< E < 3.3 4.5 4.6 5.2 5.4 4.9 5.4 5.4
3.3 < E < 3.5 4.4 4.5 5.2 5.4 4.9 5.3 5.3.
3.5 < E < 3.7 4.4 4.5 15.1 5.3 4.8 5.2 5.2
3.7 < E < 3.9 4.3 4.4 5.0 5.2 4.8 5.1 5.1
3.9•< E < 4.1 4.3 4.4 5.0 5.1 4.7 5.1 5.1
4.1 _< E < 4.3 4.2 4.3 4.9 5.1 4.7 5.0 5.0
4.3 < E < 4.5 4.2 4.3 4.9 5.0 4.6 5.0 5.0
4.5 < E < 4.7 4.1 4.2 4.8 5.0 4.6 4.9 4.9
4.7 < E < 4.9 4.1 4.2 4.8 4.9 4.5 4.9 4.9

E > 4.9 4.0 4.2 4.7 4.9 4.5 4.9 4.8

Note: Burnups greater than 45 GWd/MTU have been deleted from this table.
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Table 5.8.9-4 Loading Table for PWR Fuel - 922 W/Assembly
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

30 < Assembly Average Burnup< 32.5 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

+

2.1 <E <2.3
2.3 < E < 2.5
2.5•< E < 2.7
2.7<E <2.9
2.9<E<3.1
3.1 <E<3.3
3.3• E < 3.5
3.5 E < 3.7
3.7<E <3.9
3.9< E<4.1
4.1 <E<4.3
4.3< E<4.5
4.5•< E < 4.7
4.7<E<4.9

E>4.9

4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

.4.0

4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.3

4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5
4.4
4.4
4.4
4.4

4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.2
4.1
4.1
4.1

4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.4
4.4

4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.4
4.4

Minimum Initial 32.5 < Assembly Average Burnup < 35 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 ] 15x15 16x16 17x17 17517
2.1 <E <2.3
2.3 _< E < 2.5
2.5<E <2.7
2.7•5 E < 2.9
2.9<E <3.1
3.1 <E <3.3
3.3 E < 3.5
3.5 E < 3.7
3.7 < E < 3.9
3.9<E <4.1
4.1 <E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7 EE<4.9

E>4.9

4.5
4.4
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0

4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1

5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.7
4.7
4.7
4.6
4.6

5.3
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.8
4.7

4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5
4.4
4.4

5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.8
4.7
4.7

5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.8
4.7
4.7
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Table 5.8.9-4 Loading Table for PWR Fuel - 922 W/Assembly (continued)
Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

35 < Assembly Average Burnup•< 37.5 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E<2.3
2.3•5 E < 2.5
2.5!•E <2.7.
2.7<E<2.9
2.9< E<3.1
3.1 <E<3.3
3.3:5E < 3.5
3.5<E <3.7
3.7 < E < 3.9
3.9< E<4.1
4.1 <E < 4.3
4.3<E <4.5
4.5<E<4.7
4.7 _E<4.9

E_>4.9

4.9
4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.5
4,4
4.4
4.4
4.3
4.3

5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.6
4.5
4.5
4.5
4.4
4.4

5.7
5.7
5.6
5.5
5.4
5,4
5.3
5.3
5.2
5.2
5.1
5.1
5.0
5.0

5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5,4
5.3
5.3
5.2
5.2

5.4
5.3
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.8

5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.2
5.1

5.8
5.7
5.7
5.6
5.5
5.5
5.4
5,4
5.3
5.3
5.2
5.2
5.2
5.1

Minimum Initial. 37.5 < Assembly Average Burnup < 40 GWdlMTU
Assembly Avg.. Minimum Cooling Time (years)

Enrichment CE WE WE B&W [ CE WE *B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 ] 17x17 17x17
2.1 <E< 2.3
2.3<E<2.5
2.5<E < 2.7
2.7 < E < 2.9
2.9< E<3.1
3.1 <E < 3.3
3.3 < E < 3.5
3.5<E <E3.7
3.7 < E < 3.9
3.9<E <4.1
4.1 E <4.3
4.3 E<4.5
4.5 E <4.7
4.7!< E < 4.9

E>4.9

5.3
5.2
5.1
5.0
5.0

4.9
4.9
4.8
4.8
4.8
4.7
4.7
4.6

5.4
5.3
5.3
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8
4.8

6.2
6.1
6.0
6.0
5.9
5,9
5.8
5.7
5.7
5.7
5.6
5.6
5,5

6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
5.7

5.9
5.8
5.7
5.6
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2

6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
5.7
5.7
5.6

6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.7
5.6

0
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Table 5.8.9-4 Loading Table for PWR Fuel - 922 W/Assembly (continued)
Minimum Initial 40 < Assembly Average Burnup_< 41 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 <E<2,3 E <
2.3•E E < 2.5 ... .
2.5 < E < 2.7 5.5 5.6 6.6 6.8 6.0 6.6 6.6
2.7 < E < 2.9 5.4 5.6 6.4 6.7 6.0 6.5 6.5
2.9 5 E < 3.1 5.3 5.5 6.3 6.6 5.9 6.4 6.4
3.1 < E < 3.3 5.3 5.4 6.2 6.5 5.8 6.3 6.3
3.3 _< E < 3.5 5.2 5.3 6.1 6.4 5.8 6.3 6.2
3.5 _ E < 3.7 5.1 5.3 6.1 6.3 5.7 6.2 6.2
3.7 _< E < 3.9 5.0 5.2 6.0 6.2 5.7 6.1 6.1
3.9 < E < 4.1 5.0 5.1 5.9 6.2 5.6 6.0 6.0
4.1 < E < 4.3 5.0 5.1 5.9 6.1 5.6 6.0 6.0
4.3 _< E < 4.5 4.9 5.0 5.9 6.0 5.5 5.9 5.9
4.5 5 E < 4.7 4.9 5.0 5.8 6.0 5.5 5.9 5.9
4.7 • E < 4.9 4.8 5.0 5.8 6.0 5.4 5.9 5.9

E > 4.9 4.8 4.9 5.7 5.9 5.4 5.8 5.8
Minimum Initial 41 < Assembly Average Burnup < 42 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt%2 35U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 <E <2.3 - -

2.3<E<2.5 - - - - - -

2.5 < E < 2.7 5.7 5.9 6.9 7.1 6.4 6.9 6.9
2.7 < E < 2.9 5.6 5.8 6.7 7.0 6.2 6.8 6.8
2.9 < E < 3.1 5.6 5.7 6.6 6.9 6.1 6.7 6.7
3.1 5 E < 3.3 5.5 5.6 6.5 6.8 6.0 6.6 6.6
3.3 < E < 3.5 5.4 5.5 6.4 6.7 6.0 6.6 6.5
3.5 < E < 3.7 5.3 5.5 6.4 6.6 5.9 6.5 6.5
3.7 < E < 3.9 5.3 5.4 6.3 6.6 5.9 6.4 6.4
3.9 5 E < 4,1 5.2 5.4 6.2 6.5 5.8 6.3 6.3

4,1 < E < 43 5.1 5.3 6.1 6.4 5.8 6.3 6.2
4.3 < E < 4.5 5,1 5.2 6.0 6.3 5.7 6.2 6.2
4.5 < E < 4.7 5.0 5.2 6.0 6.3 5.7 6.1 6.1
4.7 • E < 4.9 5.0 5.1 6.0 6.2 5.6 6.1 6.1

E > 4.9 4.9 5.1 5.9 6.2 5.6 6.0 6.0
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Table 5.8.9-4 Loading Table for PWR Fuel - 922 W/Assembly (continued)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

42 < Assembly Average Burnup <43 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x1 7

+ 4 + 4 +

2.1 <E <2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9:! E <3.1
3.1 <E <3.3
3.3 < E < 3.5
3.5 E < 3.7
3.7 E < 3.9
3.9<E<4.1
4.1 •E<4.3
4.3•< E < 4.5
4.57• E < 4.7
47•E_<4.9

E Ž:4.9

5.9
5.8
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1

6.1
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.5
5.4
5.3
5.3

7.2
7.0
6.9
6.8
6.7
6.7
6.6
6.5

('6.4
6.4
6.3
6.2
6.2

7.5
7.4
7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.6
6.5
6.5

6.7
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9
5.9
5.8
5.8

7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4
6.4
6.3

7.3
7.1
7.0
6.9
6.8
6.7
6.7
6.6
6.5
6.5
6.4
6.4
6.3

Minimum Initial 43 < Assembly Average Burnup < 44 GWdlMTU
Assembly Avg. Minimum Cooling Time (years) ,

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 j 16x16 17x17 17x17

2.1 <E <2.3
2.3 < E < 2.5
2.5<E <2.7
2.7 < E < 2.9
2.9 E <3.1
3.1 E <3.3
3.3:5 E < 3.5
3.55 <E < 3.7
3.7:5 E < 3.9
3.9<E<4.1
4.1 <E< 4.3
4.3 E < 4.5
4.5 E < 4.7
4.7 E < 4.9

E>4.9

6.2
6.0
6.0
5.9
5.8
5.8
5.7
5.6
5.5
5.5
5.4
5,4
5.3

6.4
6.2
6.1
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5

7.6
7.4
7.3
7.2
7.0
6.9
6.9
6.8
6.7
6.7
6.6
6.5
6.5

8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.9
6.8
6.8

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1
6.0
6.0
6.0

7.7
7.5
7.4
7.3
7.1
7.0
7.0
6.9
6.8
6.8
6.7
6.6
6.6

7.7
7.5
7.4
7.3
7.1
7.0
7.0
6.9
6.8
6.8
6.7
6.6
6.6
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Table 5.8.9-4 Loading Table for PWR Fuel - 922 W/Assembly (continued)

Minimum Initial 44 < Assembly Average Burnup < 45 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3•< E < 2.5
2.5<E<2.7 - - - - - - -

2.7 _ E < 2.9 6.3 6.6 7.8 8.3 7.1 7.9 7.9
2.9<• E <3.1 6.2 6.4 7.7 8.1 7.0 7.8 7.8
3.1 < E < 3.3 6.1 6.3 7.6 7.9 6.9 7.7 7.7
3.3 < E < 3.5 6.0 6.2 7.4 7.8 6.8 7.5 7.5
3.5 < E < 3.7 5.9 6.1 7.3 7.7 6.7 7.4 7.4
3.7 < E < 3.9 5.9 6.0 7.2 7.6 6.6 7.3 7.3
3.9 < E < 4.1 5.8 6.0 7.1 7.5 6.6 7.2 7.2
4.1 < E < 4.3 5.7 5.9 7.0 7.4 6.5 7.1 7.1
4.3 < E < 4.5 5.7 5.9 6.9 7.3 6.4 7.0 7.0
4.5 < E < 4.7 5.6 5.8 6.9 7.2 6.3 7.0 7.0
4.7 _< E < 4.9 5.6 5.8 6.8 7.1 6.3 6.9 6.9

E > 4.9 5.5 5.7 6.7 7.0 6.2 6.9 6.9

Note: Burnups greater than 45 GWd/MTU have been deleted from this table.
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Table 5.8.9-5 Loading Table for PWR Fuel - 800 W/Assembly
Minimum Initial
Assembly Avg.

Enrichment
Wt % 2 3 5 U (E)

30 < Assembly Average Burnup< 32.5 GWd/MTU
Minimum Cooling Time (years)
7 r r a.. r

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3 < E < 2.5
2.5 < E < 2.7
2.7<E <2.9
2.9<E<3.1
3.1< E<3.3
3.3•_ E < 3.5
3.5:5 E < 3.7
3.7<E <3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E <4.5
4.5<E <4.7
4.7<E <4.9

E>4.9

4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3
4.3
4.3

4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.4
4.3

5.6
5.5
5.4
5.4
5.3
5.3
5.2
5.1
5.1
5.0
5.0
5.0
5.0
4.9
4.9

5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1
5.1
5.1
5.0

5.2
5.2
5.1
5.0
5.0
5.0
4.9
4.9
4.8
4.8
4.8
4.8
4.7
4.7
4.7

5.6
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.2
5.1
5.1
5.0
5.0
5.0

5.6
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.1
5.1
5.0
5.0
5.0

Minimum Initial 32.5 < Assembly Average Burnup < 35 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _<E < 2.3
2.3 < E < 2.5
2.5 < E < 2.7
2.7<E <2.9
2.9<E<3.1
3.1 <E <3.3

3.5<E<3.7
3.7<E<3.9
3.9•!ýE <4.1
4.1 _<E <4.3
4.3 < E < 4.5
4.5<E <4.7
4.7<E<4.9

E>4.9

5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6

5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.8
4.7
4.7

6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5,5
5.4

6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
5.7
5.7
5.7
5.6

5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.2
5.1
5,1

6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
5.7
5.7
5.6
5.6
5.6
5.5

6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.8
5.7
5.7
5.6
5.6
5.6
5.5

0
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Table5.8.9-5
Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 800 W/Assembly (cont'd)
35 < Assembly Average Burnup< 37.5 GWd/MTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x15
B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

4 4 4 4

2.1 !E <2.3
2.3 • E < 2.5
2.5 ! E < 2.7
2.7 ! E < 2.9
2.9_<E<3.1
3.1 !_ E < 3.3
3.3_<E<3.5
3.5__E E < 3.7
3.7.! E < 3.9
3.95;E<4.1
4.1 !E < 4.3
4.3 ! E < 4.5
4.5_<E<4.7
4.7_<E<4.9

E_>4.9

5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.1
,5.0
5.0

5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1
6.1
6.0
6.0
6.0

7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4
6.4
6.3
6.3
6.2

6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.7
5.6

6.9
6.8
6.7
6.7
6.6
6.5
6.5
6.4
6.3
6.3
6.2
6.2
6.1
6.1

6.9
6.8
6.7
6.7
6.6
6.5
6.4
6.4
6.3
6.3
6.2
6.2
6.1
6.1

Minimum Initial 37.5 < Assembly Average Burnup_< 40 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W

wt% 235U(E) 14x14 14x14 . 15x15 15x15 16x16 17x17 17x17
2.1 -;E <2.3
2.3!<E<2.5
2.5 • E < 2.7
2.7:s; E < 2.9
2.9_ E <3.1
3.1 !E < 3.3
3.3_<E<3.5
3.5•<E<3.7
3.7 !_ E < 3.9
3.9_<E<4.1
4.1 <E<4.3
4.3 E < 4.5
4.5•E<4.7
4.7 __ E < 4.9

E_>4.9

6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6
5.5

6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7

7.7
7.6
7.5
7.4
7.2
7.1
7.1
7.0
6.9
6.9
6.8
6.8
6.7

8.1
8.0
7.8
7.7
7.6
7.5
7.4
7.4
7.3
7.2
7.1
7.1
7.0

7.0
6.9
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.4
6.3
6.3
6.2

7.8
7.7
7.6
7.4
7.3
7.3
7.2
7.1
7.0
7.0
6.9
6.9
6.8

7.8
7.7
7.6
7.4
7.3
7.2
7.1
7.1
7.0
7.0
6.9
6.9
6.8
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Table 5.8.9-5
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 800 W/Assembly (cont'd)
40 < Assembly Average Burnup_< 41 GWd/MTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x15
B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1, E <2.3
2.3<E<2.5
2.5 < E < 2.7
2.7<E <2.9
2.9<E <3.1
3.1 <E<3.3
3.3<E<3.5
3.5 < E < 3.7
3.7<E < 3.9
3.9 <E<4.1
4.1 E <E4.3
4.3<E<4.5
4.5 <E<4.7
4.7<E<4.9

E_4.9

6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9
5.9

,8.2

8.0
7.9

7.8
7.7
7.6
7.5
7.4

7.3
7.2
7.1
7.1
7•70

8.7
8.5
8.3
8.2
8.0
8.0
7.9
7.8
7.7
7.6
7.6
7.5
7.4

7.4
7.3
7.2
7.1
7.0
6.9
6.8
6.8
6.7
6.7
6.6
6.6
6.5

8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.4
7.3
7.2
7.2

8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.3
7.2
7.2

Minimum Initial 41 < Assembly Average Burnup•< 42 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 j15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3 < E < 2.5
2.5•< E < 2.7
2.7• E < 2.9
2.9 E <3.1
3.1 <E<3.3
3.3 < E < 3.5
3.5<E<3.7
3.7•5 E < 3.9
3.9!< E < 4.1
4.1< E<4.3
4.3•< E < 4.5
4.5•_< E < 4.7
4.7< E<4.9

E>_4.9

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.1
6.0
6.0
5.9

7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.3
6.2
6.1

8.7
8.6
8.4
8.2
8.1
8.0
7.9
7.8
7.7
7.6
7.6
7.5
7.4

9.3
9.0
8.9
8.7
8.6
8.5
8.3
8.2
8.1
8.0
8.0
7.9
7.8

7.8
7.7
7.6
7.5
7.3
7.2
7.1
7.1
7.0
6.9
6.9
6.8
6.8

8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8
7.8
7.7
7.6
7.6

8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8
7.7
7.7
7.6
7.6

0
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Table 5.8.9-5
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 800 W/Assembly (cont'd)
42 < Assembly Average Burnup < 43 GWd/MTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x1 5
B&W

15x15
CE

16x16
WE

17x17
B&W
17x17

2.1 _<E<2.3
2.3•5 E < 2.5
2.5<E <2.7
2.7!< E < 2.9
2.9<E<3.1
3.1 <E<3.3
3:3•< E < 3.5
3.5 < E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5<E<4.7
4.7 < E < 4.9

E>4.9

7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2
6.2

7.5
7.4
7.2
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.6
6.5
6.4

9.3
9.1
8.9
8.8
8.6
8.5
8.4
8.2
8.1
8.0
8.0
7.9
7.8

9.9
9.7
9.5
9.3
9.2
9.0
8.9
8.8
8.7
8.6
8.5
8.4
8.3

8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.2
7.1

9.4
9.2
9.0
8.9
8.7
8.6
8.5
8.4
8.3
8.2
8.1
8.0
8.0

9.4
9.2
9.0
8.8
8.7
8.6
8.5
8.4
8.3
8.2
8.1
8.0
8.0

Minimum Initial 43 < Assembly Average Burnup _44 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,,)

Enrichment CE WE 1 WE ý B&W CE WET B&W
wt% 2 35U(E) 14x14 14x14 15x515 15x15 16x16 j17x17 17x17
2.1 <E <2.3
2.3 E < 2,5
2.5<E <2.7
2.7<E<2.9
2.9 < E< c3.1
3.1 <E< 3.3
3.3 < E < 3.5
3.5 < E < 3.7
3.7 < E < 3.9
3.9<E <4.1
4.1 E <4.3
4.3•< E < 4.5
4.5 < E < 4.7
4,7•< E < 4.9

E>4.9

7.7
7.5
7.4
7.2
7.1
7.1
6.9
6.8
6.7
6.7
6.6
6.6
6.5

8.0
7.8
7.7
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.9
6.8
6.8

10.0
9.7
9.5
9.3
9.2
9.0
8.9
8.8
8.7
8.5
8.5
8.4
8.3

10.8
10.5
10.2
10.0
9.8
9.7
9.5
9.4
9.2
9.1
9.0
8.9
8.9

8.8
8.7
8.5
8.3
8.2
8.0
8.0
7.9
7.8
7.7
7.6
7.6
7.5

10.0
9.9
9.7
9.5
9.3
9.1
9.0
8.9
8.8
8.7
8.6
8.5
8.5

10.1
9.8
9.6
9.4
9.3
9.1
9.0
8.9
8.8
8.7
8.6
8.5
8.4
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Table 5.8.9-5
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 800 W/Assembly (cont'd)
44 < Assembly Average Burnup <45 GWd/MTU

Minimum Cooling Time (years)
CE

14x14
I WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x171 r -~ -~ t. I - -~

2.1 <E <2.3
2.3< E<2.5
2.5<E <2.7
2.7 < E < 2.9
2.9< E<3.1
3.1 <E <3.3
3.3!5E <3.5
3,35< E < 3.7
3.75 <E < 3.9
3.9< E<4.1
4.1 <E <4.3
4.3 < E < 4.5
4.5 < E < 4.7
4.7_<E<4.9

E>4.9

7.9
7.8
7.6
7.5
7.3
7.2
7.1
7.0
7.0
6.9
6.8
6.8

8.2
8.1
7.9
7.8
7.7
7.6
7.5
7,4
7.3
7.2
7.1
7.0

10.5
10.2
10.0
9.8
9.6
9.5
9.3
9.2
9.1
9.0
8.9
8.8

11.4
11.1
10.8
10.6
10.4
10.2
10.0
9.9
9.8
9.7
9.6
9.5

9.2
9.0
8.8
8.7
8.6
8.4
8.3
8.2
8.1
8.0
7.9
7.9

10.6
10.4
10.1
9.9
9.8
9.6
9.5
9.4
9.2
9.1
9.0
9.0

10.6
10.4
10.1
9.9
9.8
9.6
9.5
9.3
9.2
9.1
9.0
8.9

Note: Burnups greater than 45 GWd/MTU have been deletedfrom this table.
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Table 5.8.9-6
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 911 W/Assembly
45 < Assembly Average Burnup • 46 GWdlMTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x15
B&W
15x15

CE
16x16

WE
17x1 7

B&W
17x17

+ + 4 + 4

2.1 <E < 2.3
2.3 < E < 2.5
2.5!< E < 2.7
2.7<E <2.9
2.9__< E <3.1
3.1 <E <3.3
3.3:5 E < 3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9<E <4.1
4.1 E <4.3
4.3 <E < 4.5
4.5< E < 4.7
4.7 E<4.9

E >__4.9

6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2

"6.2

6.1
6.0
6.0

8.5
8.3
8.1
8.0
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.2

9.0
8.8
8.6
8.5
8.3
8.2
8.0
7.9
7.8
7.8
7.7
7.6

7.7
7.5
7.4
7.3
7.1
7.0
6.9
6.9
6.8
6.7
6.7
6.6

8.6
8.4
8.2
8.1
8.0
7.8
7.7
7.7
7.6
7.5
7.4
7.3

8.6
8.4
8.2
8.1
7.9
7.8
7.7
7.6
7.6
7.5
7.4
7.3
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Table 5.8.9-6
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 911 W/Assembly (continued)
46 < Assembly Average Burnup< 47 GWd/MTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x1 5
B&W

15x15
CE

16x16
WE

17x17
B&W
17x17

2.1 _<E <2.3
2.3•< E < 2.5
2,5<E<2.7
2.7 < E < 2.9
2.9<E <3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5<E<3.7
3.7 5 E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E<4.5
4.5<E <4.7
4.7 < E < 4.9

E_>4.9

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0

7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2

9.0
8.8
8.6
8.4
8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.6

9.6
9.4
9.2
9.0
8.8
8.7
8.5
8.4
8.3
8.2
8.1
8.0

8.0
7.9
7.8
7.6
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.9

9.1
8.9
8.7
8.6
8.4
8.3
8.1
8.0
7.9
7.9
7.8
7.7

9.1
8.9
8.7
8.6
8.4
8.3
8.1
8.0
7.9
7.8
7.8
7.7

Minimum Initial 47 < Assembly Average Burnup < 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 E <•2.3
2.3•5 E < 2.5
2.5 < E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3:5 E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9<E <4.1
4.1 E <E4.3
4.3 _< E < 4.5
4.5•< E < 4.7
4.7<E<4.9

E_>4.9

7.4
7.2
7.1
7.0
6.9
6.7
6.7
6.6
6.5
6.4
6.3
6.2

7.7
7.6
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.7
6.6
6.5

9.6
9.4
9.1
8.9
8.8
8.6
8.5
8.4
8.2
8.1
8.0
7.9

10.3
10.0
9.8
9.6
9.4
9.2
9.0
8.9
8.8
8.7
8.6
8.5

8.6
8.4
8.2
8.0
7.9
7.8
7.6
7.6
7.4
7.4
7.3
7.2

9.7
9.5
9.3
9.1
8.9
8.8
8.6
8.5
8.4
8.3
8.2
8.1

9.7
9.5
9.3
9.0
8.9
8.7
8.6
8.5
8.4
8.3
8.2
8.1
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Table 5.8.9-6
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 911 W/Assembly (continued)
48 < Assembly Average Burnup < 49 GWd/MTU

Minimum Coolinq Time (vears)
CE

14x14
WE

14x14
WE

15x1 5
B&W
15x1 5

CE
-16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7:5 E < 2.9
2.9_<E <3.1
3.1 <E <3.3
3.3<E <3.5
3.5<E <3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E < 4.3
4.3•!ýE <4.5
4.5<E <4.7
4.7<E<4.9

E>4.9

7.8
7.6
7.5
7.3
7.2
7.0
6.9
6.8
6.8
6.7
6.6
6.5

8.1
7.9
7.8
7.6
7.5
7.4
7.2
7.1
7.0
6.9
6.9
6.8

10.2
10.0
9.7
9.5
9.3
9.1
9.0
8.8
8.7
8.6
8.5
8.4

11.1
10.8
10.5
10.2
10.0
9.8
9.6
9.5
9.3
9.2
9.1
9.0

9.0
8.8
8.6
8.5
8.3
8.2
8.0
7.9
7.8
7.7
7.6

.7.6

10.4
10.1
9.9
9.7
9.5
9.3
9.1
9.0
8.9
8.8
8.7
8.6

10.4
10.1
9.8
9.6
9,4
9.3
9.1
9.0
8.9
8.7
8.6
8.5

Minimum Initial 49 < Assembly Average Burnup < 50 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W 1 CE T WE B&W
wt % 235U (E) 14X14 14X4 15x15 15X15 16X16 . 17X17 17X17
2.1 •E <2.3
2.3•< E < 2.5
2.5_<E <2.7
2.7<E <2.9
2.9<E<3.1
3.1 E <3.3
3.3_E <3.5
3.5 E < 3.7
3.7<E <3.9
3.9_<E <4.1
4.1 •E <4.3
4.3•< E < 4.5
4.5•_< E < 4.7
4.7<E <4.9

E>4.9

8.0
7.8
7.7
7.5
7,4
7.3
7.1
7.0
6.9
6.9
6.8

8.3
8.1
7.9
7.8
7.6
7.5
7.4
7.3
7.2
7.1
7.0

10.7
10.4
10.1
9.9
9.7
9.5
9.4
9.2
9.1
9.0
8.9

11.6
11.3
11.0
10.8
10.5
10.3
10.1
9.9
9.8
9.6
9.5

9.4
9.1
9.0
8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9

10.9
10.6
10.3
10.0
9.9
9.7
9.6
9.4
9.3
9.1
9.0

10.9
10.6
10.3
10.0
9.9
9.7
9.5
9.4
9.2
9.1
9.0
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Table 5.8.9-6
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel- 911 W/Assembly (continued)
50 <Assembly Average Burnup < 51 GWd/MTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x15
B&W

15x1 5
CE

16x16
WE

17x17
B&W

17x17

2.1 <E<2.3
2.3<E<2.5
2.5 5 E < 2.7
2.7 < E < 2.9
2.9<E <3.1
3.1 _E<3.3
3.3<E<3.5
3.5 < E < 3.7
3.7•E <3.9
3.9<E<4.1
4.1 E <E4.3
4.3•_< E < 4.5
4.5:5 E < 4.7
4.7<E<4.9

E>4.9

8.3
8.0
7.9
7.8
7T6
7.5
7.4
7,.3
7.1
7.0
7.0

8.7
8.5
8.3
8.1
8.0
7.9
7.8
7.6
7.5
7.4
7.3

11.5
11.2
10.9
10.6
10.4
10.1
10.0
9.8
9.7
9.5
9.4

12.3
12.0
11.7
11.5
11.3
11.1
10.9
10.6
10.5
10.3
10.1

10.0
9.8
9.5
9.3
9.1
9.0
8.8
8.7
8.6
8.5
8.3

11.6
11.3
11.1
10.8
10.6
10.4
10.2
10.0
9.8
9.7
9.6

11.6
11.3
11.1
10.8
10.6
10.4
10.1
10.0
9.8
9.7
9.6

Minimum Initial 51 < Assembly Average Burnup <52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE I WE B&W CE WE B&W
wt% 2 35U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 <E <2.3
2.3•< E < 2.5
2.5<E <2.7
2.7:5 E < 2.9
2.9<E <3.1
3.1 <E< 3.3
3.3<E < 3.5
3.5 < E < 3.7
3.7•_< E < 3.9
3.9<E<4.1
4.1 _<E <4.3
4.3_<E <4.5
4.5:5 E < 4.7
4.7•_ E < 4.9

E>4.9

8.8
8.5
8.3
8.1
8.0
7.9
7.7
7.6
7.5
7.4
7.3

9.3
9.0
8.8
8.6
8.5
8.3
8.1
8.0
7.9
7.8
7.7

12.2
11.9
11.6
11.4
11.1
10.9
10.7
10.5
10.3
10.1
10.0

13.0
12.6
12.3
11.9
11.7
11.5
11.3
11.1
11.0
10.8
10.6

10.7
10.4
10.1
9.9
9.7
9.5
9.3
9.2
9.0
8.9
8.8

12.4
12.1
11.8
11.6
11.3
11.1
10.9
10.7
10.5
10.3
10.2

12.4
12.0
11.8,
11.5
11.3
11.1
10.9
10.7
10.5
10.3
10.2

0
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Table 5.8.9-6
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 911 W/Assembly (continued)
52 < Assembly Average Burnup•< 53 GWd/MTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x15
B&W

15x1 5
CE

16x16
WE

17x17
B&W

17x17
I h -I F

2.1 <E< 2.3
2.3< E<2.5
2.5 < E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3 < E < 3.5
3.5<E<3.7
3.7:< E < 3.9
3.9_<E<4.1
4.1 •E< 4.3
4.3 5 E < 4.5
4.5 < E < 4.7
4.7_<E<4.9

E>4.9

9.3
9.0
8.8
8.6
8.4
8.2
8.1
8.0
7.9
7.8
7.7

9.8
9.6
9.3
9.1
9.0
8.8
8.6
8.5
8.3
8.2
8.1

12.8
12.4
12.1
11.8
11.5
11.3
11.1
10.9
10.7
10.6
10.4

13.8
13.5
13.2
12.8
12.6
12.3
12.0
11.8
11.7
11.5
11.3

11.4
11.2
10.9
10.6
10.3
10.1
9.9
9.7
9.6
9.4
9.3

13,3
13.0
12.6
12.3
12.0
11.8
11.6
11.4
11.2
11.1
10.9

13.3
13.0
12.6
12.3
12.0
11.8
11.6
11.4
11.2
11.0
10.9

Minimum Initial 53 < Assembly Average Burnup < 54 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 j 17x17 17x17
2.1 <E <2.3
2.3:5 E < 2.5
2.5•< E < 2.7
2.7•< E < 2.9
2.9_<E<3.1
3.1 <E <3.3
3.3 E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3 E < 4.5
4.5E <4.7
4.7_<E<4.9

E>4.9

9.8
9.6
9.3
9.1
8.9
8.7
8.6
8.4
8.3
8.1
8.0

10.5
10.2
9.9
9.7
9.5
9.3
9.1
8.9
8.8
8.7
8.8

13.6
13.3
12.9
12.6
12.3
12.0
11.8
11.6
11.4
11.3
11.1

14.9
14.4
14.0
13.7
13.4
13.2
12.9
12.6
12.4
12.2
12,0

12.2
11.8
11.6
11.3
11.0
10.8
10.6
10.4
10.1
10.0
9.9

14.2
13.8
13.5
13.2
12.9
12.6
12.4
12.1
11.9
11.8
11.6

14.2
13.8
13.5
13.2
12.9
12.6
12.4
12.1
11.9
11.7
11.6
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Table 5.8.9-6 Loading Table for PWR Fuel - 911 W/Assembly (continued)
Ainimum Initial 54 < Assembly Average Burnup < 55 GWd/MTU
,ssemblv Avg. Minimum Cooling Time (years)
Enrichment

wt % 235U (E)
CE

14x14
WE

14x1 4
WE

15x1 5
B&W

15x15
CE

16x16
WE

17x17
B&W
17x17

2.1 E < 2.3
2.3 5 E < 2.5
2.5<E <2.7
2.7<E <2.9
2.9 5 E < 3.1
3.1 _E<3.3
3.3_<E<3.5
3.5_E <3.7
3.7!_< E < 3.9
3.9<E<4.1
4.1 •_E<4.3
4.3< E < 4.5
4.5< E<4.7
4.7•_< E < 4.9

E>4.9

10.1
9.9
9.6
9.4
9.2
9.0
8.9
8.7
8.6
8.5

10.9
10.6
10.3
10.1
9.8
9.7
9.5
9.3
9.1
9.0

14.1
13.8
13.5
13.1
12.9
12.6
12.3
12.1
11.9
11.7

15.4
15.0
14.7
14.3
14.0
13.8
13.5
13.3
13.1
12.9

12.7
12.3
12.0
11.8
11.5
11.3
11.1
10.9
10.7
10.5

14.8
14.4
14.0
13.8
13.5
13.3
13.0
12.8
12.6
12.3

14.8
14.4
14.0
13.8
13.5
13.2
13.0
12.7
12.5
12.3

Minimum Initial 55 < Assembly Average Burnup < 56 GWd/MTU
Assembly Avg. Minimum Cooling Time (year.rs_)

Enrichment CE WE ý WE B&W CE WE TB&W
wt% 235U(E) 14x14 _14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7<E <2.9
2.9<E<3.1
3.1 <E <3.3
3.3 __ E < 3.5
3.5!_ E < 3.7
3.7<E<3.9
3.9 E <4.1
4.1 <E<4.3
4.3 E < 4.5
4.5<E<4.7
4.7 5 E < 4.9

E>4.9

10.9
10.5
10.2
9.9
9.7
9.5
9.3
9.2
9.0
8.9

11.6
11.3
11.0
10.8
10.5
10.2
10.0
9.9
9.7
9.5

15.1
14.7
14.3
14.0
13.7
13.4
13.2
12.9
12.7
12.5

16.5
16.0
15.7
15.3
15.0
14.7
14.5
14.2
13.9
13.8

13.1
12.8
12.4
12.1
11.9
11.7
11.4
11.2
11.1
10.9

15.8
15.4
15.1
14.7
14.4
14.1
13.8
13.6
13.4
13.2

15.8
15.4
15.0
14.7
14.4
14.1
13.8
13.6
13.4
13.2

0
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Table 5.8.9-6
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 911 W/Assembly (continued)
56 < Assembly Average Burnup < 57 GWd/MTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x1 5
B&W
15x1 5

CE
16x1 6

WE
17x17

B&W
17x17

+ + +

2.1 <E< 2.32.31 E < 2.5
2,5 <; E < 2.5
2.57 E<2.7
2.7:-<E <2.9
2.9<E <3.1
3.1 <E< 3.3
3.3 < E < 3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9_<E<4.1
4.1 <E<4.3
4.3_<E<4.5
4.5<E<4.7
4.7<E <4.9

E_>4.9

11.5
11.2
10.9
10.6
10.3
10.1
9.9
9.7
9.5
9.4

12.3
12.0
11.7
11.4
11.2
10.9
10.7
10.5
10.3
10.1

16.0
15.6
15.3
14.9
14.6
14.2
14.0
13.8
13.6
13.4

17.4
17.1
16.7
16.3
16.0
15.7
15.4
15.2
14.9
14.7

14.0
13.6
13.3
13.0
12.6
12.4
12.1
11.9
11.7
11.5

16.8
16.4
16.0
15.7
15.4
15.1
14.8
14.5
14.2
14.0

16.8
16.4
16.0
15.6
15.3
15.1
14.8
14.5
14.2
14.0

Minimum Initial 57 < Assembly Average Burnup < 58 GWd/MTU
Assembly Avg. ____ WEMinimum Cooling Time (years,,)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3 < E < 2.5
2.5•< E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3<E <3.5
3.5 < E < 3.7
3.7:< E < 3.9
3.9 <E<4.1
4.1 E<E<4.3
4.3 <E<4.5
4.5_E <4.7
4.7<E<4.9

E_>4.9

12.2
11.9
11.6
11.3
11.0
10.7
10.5
10.3
10.0
9.9

13.2
12.8
12.4
12.1
11.9
11.6
11.4
11.2
10.9
10.8

17.0
16.7
16.2
15.9
15.6
15.3
15.0
14.7
14.4
14.2

18.5
18.1
17.7
17.3
17.0
16.7
16.4
16.1
15.8
15.6

14.9
14.5
14.1
13.8
13.5
13.2
12.9
12.7
12.4
12.2

17.8
17.4
17.0
16.7
16.3
16.0
15.7
15.5
15.2
15.0

17.7
17.4
17.0
16.6
16.3
16.0
15.7
15.4
15.2
14.9
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Table 5.8.9-6
Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 911 W/Assembly (continued)
58 < Assembly Average Burnup < 59 GWdlMTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x15
B&W
15x1 5

CE
16x1 6

WE
17x17

B&W
17x17

2.1 < E<2.3
2.3<E<2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5 E<3.7
3.7 < E < 3.9
3.9 5 E < 4.1
4.1 _E<4.3
4.3 _ E < 4.5
4.5 5 E < 4.7
4.7 5 E < 4.9

E_>4.9

13.0
12.6
12.2
11.9
11.6
11.4
11.1
10.9
10.7
10.5

14.0
13.6
13.3
12.9
12.6
12.3
12.0
11.8
11.6
11.4

18.0
17.6
17.2
16.9
16.5
16.2
15.9
15.6
15.4
15.1

19.5
19.1
18.7
18.3
18.0
17.7
17.4
17.1
16.8
16.6

15.8
15.4
15.0
14.6
14.3
14.0
13.7
13.5
13.2
13.0

18.8
18.4
18.0
17.7
17.4
17.0
16.7
16.4
16.1
15.9

18.8
18.4
18.0
17.7
17.3
17.0
16.7
16.4
16.1
15.9

Minimum Initial
Assembly Avg.

Enrichment
wt % 235 U (E)
2.1 <E< 2.3
2.3 < E < 2.5
2.5 < E < 2.7
2.7 < E < 2.9
2.9E <3.1
3.1 <E <3.3
3.3<E < 3.5
3,5•< E < 3.7.
3.7 < E < 3.9
3.9<E <4.1
4.1 <E <4.3
4.3•< E < 4.5
4.5 < E < 4.7
4.7•< E < 4.9

E>4.9

59 < Assembly Average Burnup < 60 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

4 + 4 4 4 4

13.4
13.0
12.7
12.3
12.0
11.8
11.6
11.3
11.2

14.4
14.1
13.7
13.4
13.1
12.8
12.6
12.3
12.1

18.6
18.2
17.8
17.5
17.1
16.8
16.5
16.2
16.0

20.1
19.7
19.4
19.0
18.7
18.4
18.0
17.8
17.6

16.3
15.9
15.5
15.2
14.9
14.6
14.3
14.0
13.8

19.0
18.6
18.2
17.9
17.5
17.2
16.9
16.6
16.4

19.0
18.5
18.1
17.8.
17.5
17.2
16.9
16.6
16.3

0
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Table 5.8.9-6 Loading Table for PWR Fuel - 911 W/Assembly (continued)
Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

60 < Assembly Average Burnup < 61 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x15

B&W
15x15

CE
16x16

WE
17x17

B&W
17x1 7

2.1 <E < 2.3
2.3_<E <2.5
2.5 __ E < 2.7
2.7<E<2.9
2.9E<<3.1
3.1 < E <3.3
3.3:< E < 3.5
3.5 < E < 3.7
3.7<E<3.9
3.9_<E <4.1
4.1 E < 4.3
4.3<E<4.5
4.5 < E < 4.7
4.7•< E < 4.9

E_>4.9

14.4
14.0
13.7
13.4
13.0
12.7
12.4
12.1
11.9

15.6
15.2
14.8
14.5
14.1
13.8
13.6
13.3
13.1

19.9
19.4
19.1
18.7
18.4
18.0
17.8
17.5
17.2

21.4
21.0
20.7
20.3
20.0
19.7
19.4
19.1
18.8

17.6
17.2
16.8
16.4
16.0
15.7
15.4
15.2
14.9

20.2
19.9
19.5
19.2
18.8
18.5
18.2
17.9
17.7

20.2
19.8
19.5
19.1
18.8
18.4
18.1
17.9
17.6

Minimum Initial 61 < Assembly Average Burnup < 62 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235 U(E) 14x14 14x14 15x15 15x15 16x16 ] 17x17 17x17

2.1 <E < 2.3
2.3•_< E < 2.5
2.5 <E< 2.7
2.7:< E < 2.9
2.9•< E < 3.1
3.1 •E<3.3
3.3 E < 3.5
3.5•< E < 3.7
3.7< E<3.9
3.9<E<4.1
4.1 E E<4.3
4.3 E < 4.5
4.5 E < 4.7
4.7< E<4.9

E_>4.9

15.3
14.9
14.5
14.1
13.8
13.5
13.2
12.9
12.7

16.5
16.1
15.7
15.4
15.0
14.7
14.4
14.1
13.8

20.9
20.5
20.1
19.7
19.4
19.1
18.7
18.4
18.1

22.5
22.1
21.7
21.3
21.0
20.7
20.4
20.1
19.8

18.5
18.1
17.7
17.4
17.0
16.7
16.4
16.1
15.8

21.3
20.9
20.5
20.1
19.8
19.5
19.2
18.9
18.6

21.2
20.9
20.5
20.1
19.7
19.5
19.1
18.8
18.6
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Table 5.8.9-6 Loading Table for PWR Fuel - 911 W/Assembly (continued)
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

62 < Assembly Average Burnup < 63 GWd/MTU
Minimum Cooling Time (years)

CE
14x14

WE
14x14

WE
15x1 5

B&W
15x1 5

CE
16x1 6

WE
17x1 7

B&W
17x1 7

q -t ± + t I I

2.1 <E< 2.3
.2.3•< E < 2.5
2.5 < E < 2.7
2.7: <E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7:5 E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3•< E < 4.5
4.5•5 E < 4.7
4.7•< E < 4.9

E>4.9

16.1
15.7
15.4
15.0
14.6
14.2
14.0
13.7
13.4

17.4
17.0
16.6
16.2
15.9
15.6
15.3
15.0
14.7

21.8
21.4
21.1
20.7
20.4
20.0
19.7
19.4
19.1

23.4
23.1
22.7
22.4
22.0
21.7
21.4
21.1
20.8

19.5
19.1
18.7
18.3
18.0
17.6
17.3
17.0
16.7

22.3
21.9
21.5
21.2
20.8
20.5
20.2
19.9
19.6

22.2
21.8
21.5
21.1
20.8
20.5
20.1
19.9
19.6

Minimum Initial 63 < Assembly Average Burnup •64 GWd/MTU
Assembly Avg. Minimum Cooling Time (years) "

Enrichment CE WE WE B&W CE [WE B&W.
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7<E<2.9
2.9_<E<3.1
3.1 E< 3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9<E <4.1
4.1 <E<4.3
4.3•< E < 4.5
4.5•<E < 4.7
4.7 < E < 4.9

E>4.9

17.0
16.6
16.2
15.8
15.5
15.1
14.8
14.5
14.2

18.3
17.9
17.5
17.2
16.9
16.5
16.1
15.9
15.6

22.8
22.4
22.0
21.7
21.4
21.0
20.7
20.4
20.1

24.4
24.0
23.7
23.3
23.0
22.7
22.4
22.1
21.8

20.4
20.0
19.6
19.3
18.9
18.6
18.3
17.9
17.6

23.3
22.9
22.5
22.2
21.8
21.5
21.2
20.9
20.6

23.2
22.8
22.5
22.1
21.8
21.5
21.1
20.9
20.6

0
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Table 5.8.9-6 Loading Table for PWR Fuel - 911 W/Assembly (continued)
Minimum Initial 64 < Assembly Average Burnup < 65 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235 U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3 - - -

2.3•< E < 2.5 - - -

2.5<E<2.7 - - -

2.7s< E < 2.9 - - -

2.9 _< E <3.1 - - -

3.1 • E< 3.3 - - -

3.3<E<3.5 - - - - -

3.5•< E < 3.7 17.5 18.9 23.4 25.0 21.0 23.8 23.8
3.7 < E < 3.9 17.1 18.5 23.0 24.7 20.6 23.5 23.4
3.9•< E < 4.1 16.7 18.1 22.6 24.4 20.2 23.2 23.1
4.1 • E < 4.3 16.3 17.7 22.3 24.0 19.8 22.8 22.8
4.3 < E < 4.5 16.0 17.4 22.0 23.7 19.5 22.5 22.5
4.5•< E < 4.7 15.6 17.1 21.6 23.4 19.2 22.2 22.1
4.7•5 E < 4.9 15.3 16.8 21.4 23.1 18.9 21.9 21.9

E > 4.9 15.0 16.4 21.1 22.9 18.6 21.6 21.6
Minimum Initial 65 < Assembly Average Burnup < 66 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE ý B&W CE T WE B&W
wt% 2 35U(E) 14x1 4 14x14 15x15 15x15 16x16 17x17 [ 17x17
2.1 <E <2.3 - -

2.3 < E < 2.5
2.5<E<2.7 -- -

2.7 < E < 2.9 -- -

2.9<E<3.1 -- -

3.1 <E <3.3 - -

3.3•< E < 3.5 - - - - - -

3.5 < E < 3.7 18.4 19.8 24.3 25.9 21.9 24.8 24.7
3.7 < E < 3.9 17.9 19.4 23.9 25.6 21.5 24.5 24.4
3.9 _ E < 4.1 17.6 19.1 23.6 25.3 21.1 24.2 24.0
4.1 < E < 4.3 17.2 18.6 23.3 25.0 20.8 23.8 23.7
4.3 < E < 4.5 16.8 18.3 23.0 24.7 20.5 23.5 23.4
4.5 < E < 4.7 16.5 18.0 22.7 24.4 20.2 23.2 23.1
4.7•_< E < 4.9 16.2 17.7 22.3 24.1 19.8 22.9 22.8

E > 4.9 15.9 17.3 22.0 23.8 19.5 22.6 22.6
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Table 5.8.9-6 Loading Table for PWR Fuel - 911 W/Assembly (continued)
Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

66 < Assembly Average Burnup < 67 GWd/MTU
Minimum Cooling Time (years)

r 7 7 7 r

CE
14x1 4

WE
14x14

WE
15x15

B&W
15x15

CE
16x1 6

WE
17x1 7

B&W
17x1 7

4 + + 4 * 4 ±

2.1 < E <2.3
2.3 < E < 2.5
2.5:< E < 2.7
2.7<E<2.9
2.9< E<3.1
3.1 •E<3.3
3.3 < E < 3.5
3.5:5 E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3•5 E < 4.5
4.5•5 E < 4.7
4.7<E<4.9

E>4.9

18.8
18.3
17.9
17.5
17.2
16.8
16.5
16.2

20.2
19.9
19.5
19.1
18.8
18.4
18.1
17.8

25.2
24.9
24.5
24.2
23.9
23.6
23.3
23.0

26.9
26.5
26.2
25.9
25.7
25.4
25.1
24.8

22.8
22.4
22.1
21.8
21.4
21.1
20.8
20.5

25.8
25.4
25.1
24.8
24.5
24.2
23.9
23.6

25.7
25.3
25.0
24.7
24.4
24.1
23.8
23.5

Minimum Initial 67 < Assembly Average Burnup _ 68 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE -WE [ B&W CE WE B&W
wt% 235 U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E <2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7< E<2.9
2.9_< E<3.1
3.1 _<E<3.3
3.3•< E < 3.5
3.5<E<3.7
3.7<E<3.9
3.9< E<4.1
4.1 <E< 4.3
4.3 E < 4.5
4.5<E<4.7
4.7<E<4.9

E_>4.9

19.6
19.2
18.8
18.4
18.0
17.7
17.4
17.1

21.1
20.8
20.4
20.0
19.7
19.3
19.0
18.7

26.1
25.8
25.5
25.1
24.8
24.5
24.2
24.0

27.8
27.5
27.2
26.9
26.6
26.4
26.0
25.8

23.7
23.4
23.0
22.7
22.3
22.0
21.7
21.4

26.7
26.3
26.0
25.7
25.4
25.1
24.9
24.6

26.6
26.2
25.9
25.6
25.4
25.0
24.7
24.5
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Table 5.8.9-6 Loading Table for PWR Fuel - 911 W/Assembly (continued)
Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

68 < Assembly Average Burnup_< 69 GWd/MTU
Minimum Cooling Time (years)

T ,.

CE
14x1 4

WE
14x1 4

WE
15x15

B&W
15x1 5

CE
16x1 6

WE
17x17

B&W
17x17

2.1 < E <2.3
2.3< E<2.5
2.5<E <2.7
2.7< E<2.9
2.9<E<3.1
3.1 _E< 3.3
3.3•< E < 3.5
3.5!< E < 3.7
3.7•< E < 3.9
3.9<E <4.1
4.1 E < 4.3
4.3<E<4.5
4.5•< E < 4.7
4.7<E<4.9

E>4.9

20.5
20.1
19.7
19.3
18.9
18.5
18.2
17.9

22.0
21.7
21.3
20.9
20.5
20.2
19.9
19.6

27.1
26.7
26.4
26.1
25.8
25.4
25.2
24.9

28.2
27.9
27.6
27.3
27.0
26.7
26.4
26.1

24.7
24.3
23.9
23.6
23.3
22.9
22.6
22.3

27.5
27.3
27.0
26.7
26.4
26.0
25.8
25.5

27.5
27.2
26.9
26.6
26.2
26.0
25.7
25.5

Minimum Initial 69 < Assembly Average Burnup • 70 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE J B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 J 17x17
2.1 <E<2.3
2.3 E < 2.5
2.5_<E<2.7
2.7< E<2.9
2.9< E<3.1
3.1 •E< 3.3
3.3_<E<3.5
3.5 < E < 3.7
3.7_<E<3.9
3.9<E<4.1
4.1 < E<4.3
4.3<E<4.5
4.5<E<4.7
4.7<E<4.9

E>4.9

20.9
20.5
20.1
19.8
19.4
19.1
18.8

22.5
22.2
21.8
21.4
21.1
20.8
20.5

27.1
26.7
26.4
26.1
25.8
25.5
25.2

28.8
28.5
28.2
27.9
27.6
27.3
27.1

25.2
24.8
24.5
24.1

.23.8
23.5
23.2

28.1
27.8
27.6
27.3
27.0
26.7
26.5

28.1
27.8
27.5
27.2
26.9
26.6
26.4
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Table 5.8.9-7
Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E).

Loading Table for PWR Fuel - 1,140 W/Assembly
45 < Assembly Average Burnup < 46 GWd/MTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x15
B&W

15X15
CE

16x16
WE

17x17
B&W

17x17
2.1 <E <2.3
2.3 < E < 2.5
2.5<E <2.7
2.7•5 E < 2.9
2.9<E <3.1
3.1 <E<3.3
3.3 E < 3.5
3.5 < E < 3.7
3.7 < E < 3.9
3.9<E <4.1
4.1 <E<4.3
4.3< E<4.5
4.5 <E<4.7
4.7 < E< 4.9

E_>4.9

5.0
5.0
4.9
4.8
4.8
4.7
4.6
4.6
4.5
4.5
4.4
4.4

5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.6
4.6
4.6
4.5

6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.3
5.3
5.2

6.2
6.0
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.5
5.4

5.6
5.5
5.5
5.4
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9

6.0
6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.4

6.0
6.0
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.4
5.4
5.3

0
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Table 5.8.9-7
Minimum Initial
Assembly Avg.

Enrichment
Wt% 235U (E)

Loading Table for PWR Fuel - 1,140 W/Assembly (cont'd)
46 < Assembly Average Burnup< 47 GWd/MTU

Minimum Cooling Time (years)
CE

14x14
WE

14x1 4
WE

15x15
B&W
15x15

CE
16x1 6

WE
17x17

B&W
17x17

2.1 <E< 2.3
2.3 < E < 2.5
2.5:5 E < 217
2.7< E < 2.9
2.9<E <3.1
3.1 E <3.3
3.3 < E < 3.5
3.5:< E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 E <•4.3
4.3•< E < 4.5
4.5•< E < 4.7
4;7•< E < 4.9

E>4.9

5.2
5.1
5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5

5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.7

6.2
6.1
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.5
5.4

6.5
6.4
6.2
6.1
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6

5.8
5.7
5.6
5.6
5.5
5.4
5.3
5.3
5.2
5.2
5.1
5.0

6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.6
5.6
5.5

6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5

Minimum Initial 47 < Assembly Average Burnup <48 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3 < E < 2.5
2.5 < E < 2.7
2.7<E<2.9
2.9<E <3.1
3.1 E <E3.3
3.3<E < 3.5
3.5 < E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1:5 E < 4.3
4.3<E<4.5
4.5•5 E < 4.7
4.7 < E < 4.9

E>4.9

5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7

5.6
5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8

6.5
6.4
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6

6.8
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.8
5.8

6.0
5.9
5.8
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2

6.6
6.5
6.4
6.2
6.2
6.0
6.0
5.9
.5.9
5.8
5.8
5.7

6.6
6.5.
6.4
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
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Table 5.8.9-7
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,140 W/Assembly (cont'd)
48 < Assembly Average Burnup <49 GWd/MTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x1 5
B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 < E<2.3
2.3 < E < 2.5
2.5 5 E < 2.7
2.7<E <2.9
2.9<E<3.1
3.1 <E<3.3
3.3<E<3.5
3.57 <E < 3.7
3.7•ýE <3.9
3.9 < E < 4.1
4.1 •E <4.3
4.3< E<4.5
4.5 5 E < 4.7
4.7<E<4.9

E>4.9

5.6
5.5
5.4
5.3
5.2
5.2
5.1
5.0
5.0
4.9
4.8
4.8

5.8
5.7
5.6
5.5
5.4
5.3
5.2
5.2
5.1
5.0
5.0
4.9

6.8
6.7
6.5
6.4
6.3
6.2
6.1
6.0
5.9
:5.9
,,5.8
5.8

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0

6.3
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4

6.9
6.8
6.6
'6.5

6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9

6.9
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9

Minimum Initial 49 < Assembly Average Burnup < 50 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE ] WE B&W CE WE T B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

2.1 <E<2.3
2.3•< E < 2.5
2.5•_< E < 2.7
2.7<E <2.9
2.9<E<3.1
3.15 E <3.3
3.3 < E < 3.5
3.5 < E < 3.7
3.7• E < 3.9
3.9 E <4.1
4.1 E <4.3
4.3 < E < 4.5
4.5<E<4.7
4.7<E <4.9

E>4.9

5.7
5.6
5.5
5.4
5.4
5.3
5.2
5.1
5.0
5.0
4.9

5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.2
5.2
5.1
5.0

6.9
6.8
6.7
6.6
6.5
6.4
6.3

16.2
6.1

:6.0
,6.0

7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2

6.4
6.3
6.2
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1

7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1

0
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Table 5.&9-;7
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,140 W/Assembly (cont'd)
50 < Assembly Average Burnup•< 51 GWd/MTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x15
B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 E <2.3
2.3 E<2.5
2.5•5 E < 2.7
2.7:5E < 2.9
2.9<E <3.1
3.1 <E <3.3
3.3<E<3.5
3.5_<E<3.7
3.7:5 E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3 _< E < 4.5
4.5_<E <4.7
4.7< E < 4.9

E_>4.9

5.8
5.8
5.7
5.6
5.5
5.4
5.3
5.2
5.2
5.1
5.0

6.0
5.9
5.8
5.7
5.7
5.6
5.5
5.4
5.4
5.3
5.2

7.3
7.1
7.0
6.8
6.7
6.6
6.5
6.4
6.4
6.3
6.2

7.6
7.5
7.3
7.2
7.0
6.9
6.8
6.8
6.7
6.6
6.5

6.7
6.6
6.4
6.3
6.2
6.1.
6.0
6.0
5.9
5.8
5.8

7.4
7.2
7.1
6.9
6.9
6.8
6.7
6.6
6.5
6.4
6.4

7.4
7.2
7.0
6.9
6.8
6.8

6.7
6.6
6.5
6.4
6.3

Minimum Initial 51 < Assembly Average Burnup < 52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE [ B&W
wt% 235U(E) 14x14 14x14 15x15 15&x15 16x16 I 17x17 17x17
2.1 •E <2.3
2.3<E <2.5
2.5•< E < 2.7
2.7<E<2.9
2.9< E <3.1
3.1<E <3.3
3.3 E <3.5
3.5•_< E< 3.7
3.7•5 E < 3.9
3.95 E < 4.1
4.1 <E <4.3
4.3<E<4.5
4.5 < E < 4.7
4.7<E <4.9

E_>4.9

6.0
5.9
5.8
5.8
5.7
5.6

5.5
5.4
5.4
5.3
5.2

6.3
6.1
6.0
5.9
5.9
5.8
5.7
5.6
5.6
5.5
5.4

7.6
7.5
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5

7.9
7.7
7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.8
6.7

6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0

7.7
7.6
7.4
7.3
7.1
7.0

6.9
6.8
6.8
6.7
6.6

7.7
7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6
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Table 5.8.9-7
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,140 W/Assembly (cont'd)
52 < Assembly Average Burnup<• 53 GWd/MTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
,WE

15x15
B&W

15x15
CE

16x16
WE

17x17
B&W

17x17
2.1 <E< 2.3
2.3 < E < 2.5
2.5 < E < 2.7
2.7 < E <2.9
2.9< E<3.1
3.1 <E<3.3
3.3 < E <.3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5<E<4.7
4.7<E <4.9

E>4.9

6.3
6.2
6.0
5.9
5.8
5.8
5.7
5.6
5.5
5.5
5,4

6.5
6.4
6.3
6.1
6.1
6.0
5.9
5.8
5.7
5.7
5.6

7.9
7.7
7.5
7.4
7.2
7.1
7.0
6.9
6.8
,6.7
6.6

8.3
8.1
7.9
7.8
7.6
7.5
7.4
7.2
7.1
7.0
6.9

7.3
7.1
7.0
6.9
6.7
6.6
6.5
6.4
6.4
6.3
6.2

8.1
7.9
7.8
7.6
7.5
7.4
7.2
7.1
7.0
6.9
6.9

8.1
7.9
7.8
7.6
7.5
7.3
7.2
7.1
7.0
6.9
6.9

Minimum Initial 53 < Assembly Average Burnup < 54 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)_):

Enrichment CE WE WE ] B&W CE WE, B&W
wt% 235U(E) 14x14 14x14 15x15 15x15, 16x16 17x17 17x17
2.1 •E<2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3 < E < 3.5
3.5<E <3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3 < E < 4.5
4.5 < E < 4.7
4.7•< E < 4.9

E_>4.9

6.6
6A4
6.3
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6

6.8
6.7
6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.9

8.3
8.0
7.9
7.7
7.6
7.4
7.3
7.2
7.0
7.0
6.9

8.8
8.6
8.3
8.1
8.0
7.8
7.7
7.6
7.5
7.4
7.3

7.6
7.5
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4

8.6
8.3
8.2
8.0
7.9
7.7
7.6
7.5
7.4
7.2
7.1

8.6
8.3
8.1
8.0
7.8
7.7
7.6
7.5
7.3
7.2
7.1
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Table 5.8.9-7
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,140 W/Assembly (cont'd)
54 < Assembly Average Burnup < 55 GWdlMTU

Minimum Cooling Time Nyears)
V r r V

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3<E<2.5
2.5:_< E < 2.7
2.7!< E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3<E<3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9_<E<4.1
4,1 <E< 4.3
4.3:_ E < 4.5
4.5 < E < 4.7
4.7•< E < 4.9

E>4.9 ,

6.7
6.6
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8

6.9
6.8
6.7
6.6
6.5
6.3
6.2
6.1
6.0
6.0

8.5
8.3
8.1
7.9
7.8
7.6
7.5
7.4
7.3
7.2

9.0
8.8
8.6
8.4
8.2
8.1
7.9
7.8
7.7
7.6

7.8
7.6
7.5
7.3
7.2
7.0
7.0
6.9
6.8
6.7

8.8
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5

8.8
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5

Minimum Initial 55 < Assembly Average Burnup < 56 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&WT CE WE B&W
wt% 235U(E) 14x14 l4x4 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7!: E < 2.9
2.9<E<3.1
3.1 E <3.3
3.3_<E <3.5
3.5 _< E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3•_< E < 4.5
4.5_<E <4.7
4.7•< E < 4.9

E>4.9

6.9
6.8
6.7
6.6
6.4
6.3
6.2
6.1
6.0
6.0

7.3
7.1
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2

8.9
8.7
8.5
8.3
8.1
8.0
7.9
7.7
7.6
7.5

9.6
9.3
9.1
8.9
8.7
8.5
8.4
8.2
8.1
8.0

8.0
7.8
7,7
7.5
7.4
7.2
7.1
7.0
6.9
6.8

9.3
9.0
8.8
8.7
8.5
8.3
8.2
8.0
7.9

7.8

9.3
9.0
8.9
8.7
8.5
8.3
8.1
8.0
7.9
7.8
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Table 5.8.9-7
Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 1,140 W/Assembly (cont'd)
56 < Assembly Average Burnup < 57 GWdlMTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x15
B&W

15x15
CE

16x16
WE

17x17
B&W

17x17
2.1 <E <2.3
2.3E <2.5
2.5•< E < 2.7
2.7:< E < 2.9
2.9<E <3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7< E<3.9
3.9•_< E < 4.1
4.1 <E< 4.3
4.3< E<4.5
4.5_ E<4.7
4.7< E<4.9

E_>4.9

7.3
7.1
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2

7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.5

9.4
9.2
9.0
8.8
8.6
8.4
8.2
8.1
8.0
7.8

10.1
9.9
9.6
9.4
9.2
9.0
8.8
8.7
8.5
8.4

8.4
8.2
8.0
7.9
7.7
7.6
7.5
7.3
7.2
7.1

9.8
9.6
9.4
9.1
8.9
8.8
8.6
8.5
8.3
8.2

9.8
9.6
9.3
9.1
8.9
8.8
8.6
8.4
8.3
8.2

Minimum Initial 57 < Assembly Average Burnup < 58 GWdIMTU
Assembly Avg. Minimum Cooling Time (years,)

Enrichment CE WE WE B&W [ CE WE [ B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 ]17x17 17x17
2.1 <E <2.3
2.3 < E < 2.5
2.5<E <2.7
2.7<E <2.9
2.9< E<3.1
3.1 <E <3.3
3.3_< E < 3.5
3.5<E<3.7
3.7 _< E < 3.9
3.9•_< E < 4.1
4.1 <E<4.3
4.3-<E <4.5
4.5•< E < 4.7
4.7•_< E < 4.9

E>4.9

7.6
7.4
7.2
7.1
6.9
6.8
6.7
6.6
6.5
6.4

8.0
7.8
7.6
7.5
7.3
7.1
7.0
6.9
6.8
6.7

10.0
9.7
9.5
9.3
9.0
8.8
8.7
8.5
8.4
8.2

10.8
10.5
10.2
9.9
9.7
9.5
9.3
9.1
8.9
8.8

8.9
8.7
8.4
8.2
8.1
7.9
7.8
7.7
7.5
7.4

10.5
10.2
9.9
9.7
9.5
9.2
9.0
8.9
8.7
8.6

10.4
10.1
9.9
9.6
9.4
9.2
9.0
8.9
8.7
8.6

0
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Table 5.8.9-7
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,140 W/Assembly (cont'd)
58 < Assembly Average Burnup < 59 GWd/MTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x15
B&W

15x15
CE

16x1 6
WE

17x17
B&W

17x17
2.1 <E <2.3
2.3 < E < 2.5
2.5•< E < 2.7
2.7 < E< 2.9
2.9<E<3.1
3.1 <E<3.3
3.3<E<3.5
3.5•< E < 3.7
3.7:5 E < 3.9
3.9<E<4.1
4.1 _<E <4.3
4.3_<E<4.5
4.5_<E <4.7
4.7<E<4.9

E_>4.9

7.9
7.8
7.6
7.4
7.2
7.1
7.0
6.9
6.8
6.7

8.4
8.2
8.0
7.8
7.6
7.5
7.3
7.2
7.1
7.0

10.7
10.3
10.0
9.8
9.5
9.3
9.1
8.9
8.8
8.7

11.5
11.2
10.9
10.6
10.3
10.0
9.8
9.6
9.5
9.3

9.4
9.1
8.9
8.7
8.5
8.3
8.1
8.0
7.9
7.8

11.1

10.8
10.5
10.2
10.0
9.8
9.6
9.4
9.2
9.0

11.1

10.8
10.5
10.2
9.9
9.7
9.5
9.4
9.2
9.0

Minimum Initial 59 < Assembly Average Burnup < 60 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 2 35U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7• E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3 _< E < 3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 _E <4.3
4.3<E <4.5
4.5:_< E < 4.7
4.7 < E < 4.9

EŽ_4.9

8.1
7.9
7.7
7.6
7.4
7.3
7.1
7.0
6.9

8.6
8.4
8.2
8.0
7.8
7.7
7.6
7.4
7.3

11.0
10.7
10.3
10.1
9.8
9.6
9,4
9.2
9.1

11.8
11.5
11.2
11.0
10.7
10.4
10.2
10.0
9.8

9.6
9.4
9.1
8.9
8.7
8.5
8.4
8.2
8.1

11.2
10.9
10.6
10.3
10.0
9.8
9.7
9.5
9.3

11.2
10.8
10.5
10.3
10.0
9.8
9.6
9.4
9.3

NAC International 5.8.9-43



MAGNASTOR System FSAR

Docket No. 72-1031

August 2010

Revision IOB

Table 5.8.9-7
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,140 W/Assembly (cont'd)
60 < Assembly Average Burnup < 61 GWd/MTU

Minimum Cooling Time (years)
CE

14x1 4
WE

14x1 4
WE

15x1 5
B&W

15x15
CE

16x16
WE

17x1 7
B&W

17x17
4 4 4 4 + 4 4

2.1 < E <2.3
2.3 < E < 2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 <E< 3.3
3.3<E<3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9•< E < 4.1
4.1 < E<4.3
4.3•< E <4.5
4.5•< E < 4.7
4.7•5 E < 4.9

E>4.9

8.6
8.4
8.2
8.0
7.8
7.7
7.5
7.4
7.2

9.1
8.9
8.7
8.5
8.3
8.1
7.9
7.8
7.7

11.7
11.4
11.1
10.9
10.6
10.3
10.1
9.9
9.7

12.7
12.4
12.0
11.7
11.5
11.2
11.0
10.8
10.5

10.3
10.0
9.7
9.5
9.3
9.1
8.9
8.7
8.6

11.9
11.7
11.4
11.1
10.8
10.6
10.3
10.1
9.9

11.9
11.6
11.3
11.1
10.8
10.6
10.3
10.1
9.9

Minimum Initial 61 < Assembly Average Burnup < 62 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235 U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E<2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9_<E< 3.1
3.1 •E< 3.3
3.3•_ E < 3.5
3.5•< E < 3.7
3.7_< E< 3.9
3.9< E<4.1
4.1 < E<4.3
4.3 E < 4.5
4.5<E<4.7
4.7•5 E < 4.9

E_>4.9

9.0
8.8
8.6
8.4
8.2
8.0
7.9
7.7
7.6

9.6
9.4
9.1
8.9
8.7
8.5
8.3
8.2
8.0

12.5
12.1
11.8
11.5
11.2
11.0
10.7
10.5
10.2

13.5
13.2
12.8
12.5
12.1
11.8
11.6
11.4
11.2

11.0
10.6
10.3
10.0
9.8
9.6
9.4
9.2
9.0

12.7
12.3
12.0
11.7
11.5
11.2
11.0
10.7
10.5

12.7
12.3
12.0
11.7
11.5
11.2
10.9
10.7
10.5
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Table 5.8.9-7
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 1,140 W/Assembly (cont'd)
62 < Assembly Average Burnup_< 63 GWd/MTU

Minimum Cooling Time (years)
CE

14x1 4
WE

14x1 4
WE

15x15
B&W

15x1 5
CE

16x1 6
WE

17x1 7
B&W

17x17
2.1 <E <2.3
2.3 E < 2.5
2.5 E < 2.7
2.7<E<2.9
2.9<E<3.1
3.1 E < 3.3
3.3•< E < 3.5
3.5 <E<3.7
3.7<E< 3.9
3.9<E<4.1
4.1 <E <4.3
4.3:_< E < 4.5
4.5 < E < 4.7
4.7<E<4.9

E>4.9

9.6
9.3
9.0
8.8
8.6
8.4
8.2
8.0
7.9

10.2
9.9
9.6
9.4
9.2
8.9
8.8
8.6
8.4

13.2
12.8
12.5
12.1
11.8
11.6
11.3
11.1
10.9

14.3
13.9
13.6
13.2
12.9
12.6
12.3
12.0
11.8

11.6
11.3
11.0
10.6
10.3
10.1
9.9
9.7
9.5

13.5
13.1
12.8
12.4
12.1
11.8
11.6
11.4
11.2

13.5
13.1
12.7
12.4
12.1
11.8
11.6
11.3
11.1

Minimum Initial 63 < Assembly Average Burnup < 64 GWd/MTU
Assembly Avg. _ Minimum Cooling Time (years)

Enrichment CE WE ý WE B&W CE WE B&W
wt% 235U(E) 14x14 J 14x14 15x15 [ 15x15 16x16 1 17x17 17x17
2.1 <E<2.3
2.3 E < 2.5
2.5•< E < 2.7
2.7<E <2.9
2.9•< E < 3.1
3.1 <E <3.3
3.3<E <3.5
3.5•5 E < 3.7
3.7•5 E < 3.9
3.9<_ E<4.1
4.1 •E< 4.3
4.3<E<4.5
4.5•< E < 4.7
4.7•< E < 4.9

E>4.9

10.1
9.8
9.5
9.3
9.0
8.8
8.6
8.5
8.3

10.8
10.5
10.1
9.9
9.7
9.4
9.2
9.0
8.8

13.9
13.6
13.2
12.9
12.5
12.2
11.9
11.7
11.5

15.2
14.7
14.4
14.0
13.7
13.4
13.1
12.8
12.5

12.2
11.8
11.6
11.3
11.0
10.7
10.5
10.2
10.0

14.2
13.8
13.5
13.2
12.9
12.6
12.2
12.0
11.8

14.2
13.8
13.5
13.1
12.8
12.5
12.2
11.9
11.7

NAC International 5.8.9-45
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0Table 5.8.9-7
Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E).

Loading Table for PWR Fuel - 1,140 W/Assembly (cont'd)
64 < Assembly Average Burnup < 65 GWd/MTU

Minimum Cooling Time (years)
CE

14x1 4
WE

14x14
WE

15x1 5
B&W

15x1 5
CE

16x1 6
WE

17x17
B&W

17x1 7
2.1 E< 2.3
2.3< E<2.5
2.5< E<2.7
2.7<E<2.9
2.9<E<3.1
3.1 <E<3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E<4.3
4.3 < E < 4.5
4.5 < E < 4.7
4.7<E<4.9

E>4.9

10.3
10.0
9.7
9.5
9.3
9.0
8.8
8.7

11.1

10.8
10.5
10.2
9.9
9.7
9.5
9.3

14.4
14.0
13.6
13.3
13.0
12.7
12.4
12.1

15.6
15.2
14.8
14.5
14.1
13.8
13.6
13.3

12.6
12.2
11.9
11.6
11.3
11.1
10.8
10.6

14.7
14.3
13.9
13.6
13.3
13.0
12.7
12.4

14.6
14.2
13.9
13.6
13.3
13.0
12.7
12.4

Minimum Initial 65 < Assembly Average Burnup _ 66 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,_)

Enrichment CE JWE 1WE B&W 1CE 1 WE [ B&W
wt% 231U(E) 14x14 14x14 j15x15 J 15x15 J16x16 17x17 17x17
2.1:5 E <2.3
2.3< E<2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9•< E < 3.1
3.1 <E<3.3
3.3!5 E < 3.5
3.5 < E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 •E<4.3
4.3< E<4.5
4.5<E<4.7
4.7<E<4.9

E>4.9

10.9
10.6
10.3
10.0
9.7
9.5
9.3
9.1

11.7
11.4
11.1
10.8
10.5
10.3
10.0
9.8

15.2
14.8
14.4
14.0
13.7
13.4
13.1
12.8

16.4
16.0
15.7
15.3
15.0
14.6
14.3
14.0

13.3
12.9
12.6
12.2
11.9
11.7
11.4
11.2

15.5
15.1
14.7
14.4
14.0
13.8
13.5
13.2

15.5
15.1
14.7
14.3
14.0
13.7
13.4
13.2

NAC International 5.8.9-46
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Table 5.8.9-7
Minimum Initial
Assembly Avg.

Enrichment
wt % 23 5 U (E)

Loading Table for PWR Fuel - 1,140 W/Assembly (cont'd)
66 < Assembly Average Burnup < 67 GWd/MTU

Minimum Coolinq Time (vears)
CE

14x14
WE

14x14
WE

15x15
B&W

15x1 5
CE

16x16
WE

17x1 7
B&W

17x17
2.1 < E <2.3
2.3< E <2.5
2.5 <E<2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 • E.< 3.3
3.3!< E < 3.5
3.5•< E < 3.7
3.7•_ E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5<E<4.7
4.7<E<4.9

E>4.9

11.2
10.9
10.6
10.2
10.0
9.7
9.5
9.3

12.0
11.7
11.4
11.1
10.8
10.5
10.3
10.0

15.9
15'.6
15.2
14.8
14.5
14.1
13.8
13.6

17.3
16.9
16.5
16.1
15.8
15.4
15.1
14.8

14.0
13.6
13.3
13.0
12.6
12.3
12.0
11.8

16.3
15.9
15.5
15.2
14.9
14.5
14.2
13.9

16.3
15.9
15.5
15.2
14.8
14.5
14.2
13.9

Minimum Initial 67 < Assembly Average Burnup •68 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE T B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3•_< E < 2.5
2.5 < E < 2.7
2.7<E <2.9
2.9<E<3.1
3.1 <E<3.3
3.3 E< 3.5
3.5 E < 3.7
3.7•5 E < 3.9
3.9<E<4.1
4.1 •E<4.3
4.3•< E < 4.5
4.5<E<4.7
4.7<E<4.9

E>4.9

11.8
11.5
11.1
10.8
10.5
10.2
10.0
9.8

12.7
12.3
12.0
11.7
11.4
11.1
10.9
10.6

16.8
16.4
16.0
15.6
15.3
14.9
14.6
14.3

18.1
17.8
17.4
17.0
16.6
16.3
15.9
15.7

14.8
14.4
14.0
13.7
13.3
13.0
12.7
12.4

17.2
16.8
16.4
16.0
-15.7
15.3
15.0
14.7

17.1
16.7
16.3
16.0
15.6
15.3
15.0
14.7

NAC International 5.8.9-47
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Table 5.8.9-7
Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 1,140 W/Assembly (cont'd)
68 < Assembly Average Burnup < 69 GWd/MTU

Minimum Cooling Time (years)
CE

14x1 4
WE

14x14
WE

15x15
B&W

15x1 5
CE

16x1 6
WE

17x17
B&W

17x1 7
2.1:5 E <2.3
2.3•< E <2.5
2.5:5 E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3•__ E < 3.5
3.5•5 E < 3.7
3.7•_< E < 3.9
3.9_< E <4.1
4.1 _< E <4.3
4.3< E<4.5
4.5 < E < 4.7
4.7_< E <4.9

E>4.9

12.4
12.0
11.7
11.4
11.1
10.8
10.6
10.3

13.4
13.0
12.7
12.3
12.0
11.7
11.5
11.2

17.6
17.2
16.8
16.5
16.1
15.7
15.4
15.1

18.6
18.1
17.7
17.4
17.0
16.7
16.3
16.0

15.6
15.2
14.8
14.4
14.0
13.7
13.4
13.1

18.0
17.6
17.2
16.9
16.5
16.2
15.8
15.5

18.0
17.6
17.2
16.8
16.5
16.1
15.8
15.5

Minimum Initial 69 < Assembly Average Burnup _ 70 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235 U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E <2.3
2.3<E<2.5
2.5•< E < 2.7
2.7•< E < 2.9
2.9!_< E < 3.1
3.1 _<E<3.3
3.3•_< E < 3.5
3.5 < E < 3.7
3.7 < E < 3.9
3.9_< E <4.1
4.1 < E <4.3
4.3_<E<4.5
4.5 < E < 4.7
4.7<E<4.9

E>4.9

12.7
12.3
11.9
11.7
11.4
11.1
10.9

13.7
13.4
13.0
12.7
12.3
12.0
11.81.

17.6
17.2
16.8
16.4
16.0
15.7
15.4

19.0
18.6
18.2
17.8
17.5
17.1
16.9

15.9
15.6
15.2
14.8
14.5
14.1
13.8

18.5
18.1
17.7
17.3
17.0
16.7
16.3

18.4
18.0
17.7
17.3
17.0
16.6
16.3

NAC International 5.8.9-48
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Table 5.8.9-8
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 876 W/Assembly
45 < Assembly Average Burnup < 46 GWd/MTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

1.5x1 5
B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3 < E < 2.5
2.5 < E < 2.7
2.7:!•E <2.9
2.9 < E < 3.1
3.1 <E <3.3
3.3 < E < 3.5
3.5 5 E < 3.7
3.7<E<3.9
3.9< E<4.1
4.1 <E <4.3
4,3!< E < 4.5
4.5•< E < 4.7
4.7!ý E <4.9

E <4.9

4 4 4- 4

7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.2
6.1

7.4
7.3
7.1
7.0
6.9
6.8
6.7
6.6
6.6
6.5
6.4
6.4

9.2
9.0
8.8
8.6
8.5
8.3
8.2
8.1
8.0
7.9
7.8
7.7

9.8
9.6
9.4
9.1
9.0
8.9
8.7
8.6
8.5
8.4
8.3
8.2

8.2
8.0
7.9
7.8
7.6
7.5
7.4
7.3
7.2
7.2
7.1
7.0

9.3
9.1
8.9
8.7
8.6
8.5
8.3
8.2
8.1
8.0
8.0
7.9

9.3
9.0
8.9
8.7
8.6
8.4
8.3
8.2
8.1
8.0
7.9
7.9

NAC International 5.8.-9-49
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Table 5.8.9-8
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel- 8 76 W/Assembly (cont'd)
46 < Assembly Average Burnup < 47 GWd/MTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x15
B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

4 4 4 4 4 4

2.1 <E<2.3
2.3:5 E < 2.5
2.5:5 E < 2.7
2.7<E<2.9
2.9<E<3.1
3.1 <E <3.3

3.53 E < 3.7
3.7 < E < 3.9
3.9__ E < 4.1
4.1 _<E <4.3
4.3< E<4.5
4.5< E<4.7
4.7!•-E <4.9

E < 4.9

7.5
7.4
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.5
6.4

7.8
7.7,'
7.5
7.4
7.2
7.1
7.0
6.9
6.9'
6.8
6.7
6.7

9.8
9.6
9.3
9.1
9.0
8.8
8.7
8.6
8.4
8.3
8.2
8,1

10.5
10.3
10.0
9.8
9.6
9.4
9.3
9.1
9.0
8.9
8.8
8.7

8.7
8.5
8.3
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.5
7.4

9.9
9.7
9.5
9.3
9.1
9.0
8.8
8.7
8.6
8.5
8.4
8.3

9.9
9.7
9.5
9.3
9.1
8.9
8.8
8.7
8.6
8.5
8.4
8.3

Minimum Initial 47 < Assembly Average Burnup _ 48 GWdlMTU
Assembly Avg. Minimum Cooling Time (years,_)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17

0

2.1 <E<2.3
2.3 < E < 2.5
2.5<E <2.7
2.7<E<2.9
2.9<E<3.1
3.1 E< 3.3
3.3 E < 3.5
3.5 E<3.7
3.7 _E<3.9
3.9<E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5 < E < 4.7
4.7<E <4.9

E_4.9

7.9
7.7
7.6
7.4
7.3
7.2
7.0
7.0
6.9
6.8
6.7
6.7

8.3
8.1
7.9
7.8
7.6
7.5
7.4
7.3
7.2
7.1
7.0
6.9

10.5
10.2
10.0
9.7
9.6

9.4
9.2
9.0
8.9
8.8
8.7
8.6

11.3
11.1
10.8
10.5
10.3
10.1
9.9
9.7
9.6
9.5
9.4
9.2

9.2.
9.0
8.8
8.7
8.5
8.4
8.2
8.1
8.0
7.9
7.8
7.7

10.7
10.4
10.1
9.9
9.7
9.5
9.4
9.2
9.1
9.0
8.9
8.8

10.6
10.3
10.1
9.9
9.7
9.5
9.4
9.2
9.1
9.0
8.9
8.8

NAC International8 5.8.9-50
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Table 5.8.9-8
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel- 876 W/Assembly (cont'd)
48 < Assembly Average Burnup < 49 GWd/MTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x15
B&W
15x15

CE
16x16

WE
17x17

B&W
17x17

I [ -t I I + + +

2.1 <E <2.3
2.3 <E <2.5
2.5•__ E < 2.7
2.7:< E < 2.9
2.9_<E <3.1
3.1 E<E<3.3
3.3! •E <3.5
3.55 E < 3.7
3.75 <E < 3.9
3.9< E < 4.1
4.1 E <4.3
4.3<E<4.5
4.5:< E < 4.7
4,7<E <4.9

E __ 4.9

8.4
8.2
8.0
7.8
7.7
7.6
7.4
7.3
7.2
7.1
7.0.
6.9

8.8
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3

11.3
11.0
10.7
10.4
10.2
10.0
9.8
9.7
9.5
9.4
9.2
9.1

12.1
/ 11.8

11.6
11.3
11.1
10.8
10.6
10.4
10.3
10.1
10.0
9.8

9.9
9.6
9.4
9.2
9.0
8.8
8.7
8.6
8.4
8.3
8.2
8.1

.11.4
11.1
10.9
10.6
10.4
10.2
10.0
9.8
9.7
9.6
9.4
9.3

11.4
11.1
10.8
10.6
10.4
10.1
9.9
9.8
9.7
9.5
9.4
9.3

Minimum Initial 49 < Assembly Average Burnup < 50 GWdlMTU
Assembly Avg. Minimum Cooling Time (years) .

Enrichment CE WE WE 1 B&W [CE [WE B&W
wt % 235U (E) 14x14 14x14 15x15 15x15 16x16 [17x17 17x17
2.1 _<E < 2.3
2,3• <E < 2.5
2.5•< E < 2.7
2.7 < E < 2.9
2.9_<E <3.1
3.1<E< 3.3
3.3<E <3.5
3.5<E <3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E <4.5
4.5•< E < 4.7
4.7<E<4.9

E>4.9

8.7
8.4
8.2
8.1
7.9
7.8
7.7
7.6
7.5
7.4
7.3

8.9
8.7
8.5
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.6

11.8
11.5
11.2
11.0
10.7
10.5
10.3
10.1
9.9
9.8
9.7

12.7
12.4
12.1
11.8
11.6
11.4
11.2
11.0
10.9
10.7
10.5

10.2
10.0
9.8
9.6
9.4
9.2
9.0
8.9
8.8
8.7
8.6

11.9
11.7
11.4
11.2
10.9
10.7
10.5
10.4
10.2
10.0
9.9

11.9
.11.6
11.4
11.1
10.9
10.7
10.5
10.3
10.1
10.0
9.9

NAC International 5.8.9'51
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Table 5.8.9-8
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 8 76 W/Assembly (cont'd)
50 < Assembly Average Burnup•< 51 GWdlMTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x15
B&W

15x1 5
CE

16x1 6
WE

17x17
B&W

17x17
2.1 <E< 2.3
2.3 < E < 2.5
2.5 < E < 2.7
2.79E<2.9
2.9:ýE <3.1
3.1 _<E<3.3
3.3:< E < 3.5
3.5 < E < 3.7
3.7!< E < 3.9
3.9!< E < 4.1
4.1 <E <4.3
4.3:5 E < 4.5
4.5_<E <4.7
4.7<E<4.9

E_>4.9

8.9
8.7
8.5
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5

9.5
9.3
9.0
8.8
8.7
8.5
8.4
8.2
8.1
8.0
7.9

12.6
12.2
11.9
11.7
11.5
11.2
'11.0
10.9
10.7
10.5
10.4

13.7
13.3
13.0
12.7
12.4
12.2
11.9
11.8
11.6
11.4
11.3

10.710,7
10,5

10.210,2
10.0

9.8
9.6
9.5
9.3
9.2.
9.1

12.8
12.5
12.1
11.9
11.7
11.5
11.3
11.1
10.9
10.8
10.6

12.8
12.4
12.1
11.9
11.6
11.4

11.2
11.0
10.9
10.7
10.6

Minimum Initial 51 < Assembly Average Burnup < 52 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 [15x15 ]!I5x15 16x16 17x17 17x17
2.1 <E<2.3
2.3<E <2.5
2.5•< E < 2.7
2.7 E<2.9
2.9_<E<3.1
3.1 <E <3.3
3.3 < E < 3.5
3.5<E<3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E<4.3
4.3 E< 4.5
4.5 E < 4.7
4.7<E<4.9

E_>4.9

9.5
9.2
9.0
8.8
8.7
8.5
8.3
8.2
8.1
8.0
7.9

10.1
9.8
9.6
9.4
9.2
9.0
8.9
8.7
8.6
8.5
8.3

13.5
13.2
12.8
12.5
12.2
12.0
11.8
11.6
11.4
11.2
11.1

14.3
13.9
13.6
13.3
13.0
12.8
12.5
12.3
12.1
11.9
11.8

11.7
11.5
11.2
10.9
10.7
10.4
10.2
10.0

,.9.9
9.8
9.6

13.7
13.4
13.1
12.8
12.5
12.2
12.0
11.8
11.6
11.5
11.3

13.7
13.4
13.0
12.7
12.4
12.2
11.9
11.8

.11.6
11.5
11.3
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Table 5.8.9-8
Minimum Initial
Assembly Avg.

Enrichment
Wt % 2 35U (E)

Loading Table for PWR Fuel - 876 W/Assembly (cont'd)
52 < Assembly Average Burnup•< 53 GWd/MTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x1 5
B&W

15x1 5
CE

16x1 6
WE

17x17
B&W
17x17

2.1 <E <2.3
2.3< E< 2.5
2.55 <E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 <E< 3.3
3.3<E<3.5
3.5<E <3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E<4.3
4.3•_< E < 4.5
4.5<E<4.7
4.7<E<4.9

E_>4.9

10.1
9.8
9.6
9.3
9.1
8.9
8.8
8.7
8.5
8.4
8.3

10.9
10.5
10.2
10.0
9.9
9.6
9.4
9.2
9.0
8.9
8.8

14.0
13.7
13.4
13.1
12.8
12.5
12.2
12.0
11.8
11.7
11.5

15.3
14.9
14.6
14.2
13.9
13.7
13.4
13.2
13.0
12.8
12.6

12.6
12.2
11.9
11.6
11.4
11.2
11.0
10.8
10.6
10.4
10.2

14.7
14.3
14.0
13.7
13.4
13.1
12.9
12.6
12.4
12.2
12.0

14.7
14.3
13.9
13.6
13.3
13.1,
12.8
12.6
12.4
12.2
12.0

Minimum Initial 53 < Assembly Average Burnup < 54 GWdlMTU
Assembly Avg. Minimum Cooling Time (years,)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 E <2.3
2.3<E<2.5
2.5<E <2.7
2.7<E <2.9
2.9<E<3.1
3.1 •E<3.3
3.3<E <3.5
3.5<E <3.7
3.7_<E <3.9
3.9<E<4.1
4.1 E<E<4.3
4.3 <E<4.5
4.5<E <4.7
4.7<E<4.9

E>4.9

10.8
10.5
10.1
9.9
9.7
9.5
9.3
9.1
9.0
8.8
8.7

11.6
11.3
11.0
10.7
10.4
10.2
9.9
9.8
9.6
9.5
9.6

15.1
14.6
14.2
13.9
13.6
13.4
13.1
12.9
12.6
12.4
12.2

16.4
15.9
15.6
15.2
14.9
14.6
14.3
14.0
13.8
13.6
13.4

13.5
13.1
12.7
12.4
12.1
11.9
11.7.
11.5
11.3
11.1
10.9

15.7
15.3
14.9
14.6
14.3
14.0
13.7
13.5
13.3
13.1
12.9

15.6
15.3
14.9
14.6
14.2
14.0
13.7
13.5
13.3
13.1
12.9
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Table 5.8.9-8 Loading Tablefor PWR Fuel- 876 W/Assembly (cont'd)
Minimum Initial 54 < Assembly Average Burnup _ 55 GWdlMTU
Assembly Avq. Minimum Cooling Time (years)

Enrichment
wt % 235U (E)

CE
14x14

WE
14x14

WE
15x15

B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 <E <2.3
2.3 < E < 2.5
2.5 E < 2.7
2.7<E<2.9
2.9 E < 3.1
3.1 E <3.3
3.3E <3.5
3.5<E<3.7
3.7 < E < 3.9
3.95 E < 4.1
4.1 •E<4.3
4.3<E<4.5
4.5<E<4.7
4.7<E<4.9

E_>4.9

11.2
10.9
10.6
10.3
10.0
9.9
9.7
9.5
9.3
9.2

12.0
11.7
11.4
11.2
10.9
10.7
10.5
10.2
10.0
9.9

15.6
15.2
14.9
14.5
14.2
13.9
13.7
13.5
13.3
13.1

17.0
16.6
16.2
15.9
15.6
15.3
15.1
14.8
14.6
14.3

13.9
13.6
13.3
13.0
12.7
12.4
12.2
12.0
11.8
11.6

16.3
15.9
15.6
15.3
15.0
14.7
14.4

'14.1

13.9
13.8

16.3
15.9
15.6
15.3
14.9
14.6
14.4
14.1
13.9
13.7

Minimum Initial 55 < Assembly Average Burnup < 56 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,_).
.Enrichment CE WE WE 1 B&W CE WE B&W
wt% 235U(E) 14x14 14x14 1 15x15 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3:5 E < 2.5
2.5•5 E < 2.7
2.7<E <2.9
2.9<E<3.1
3.1 <E<3.3
3.3 E < 3.5
3.5<E<3.7
3.7 < E < 3.9
3.9 <E<4.1
4.1 E <4.3
4.3 5 E < 4.5
4.5 5 E < 4.7
4,7<E<4.9

E>4.9

1.1.9
11.5
11.3
11.0
10.7
10.5
10.2
10.0
9.9
9.7

12.8
12.5
12.1
11.8
1.1.6
11.3
11.1
10.9
10.7
10.5

16.6
16.2
15.8
15.5
15.2
14.9
14.6
14.3
14.1
13.9

18.1
17.6
17.3
17.0
16.6
16.3
16.0
15.8
15.6
15.3

14.5
14.1
13.7
13.4
13.2
12.9
12.6
12.4
12.2
12.0

17.4
17.0
16.6
16.3
15.9
15.7
15.4
15.2
14.9
14.7

17.3
16.9
16.6
16.2
15.9
15.6
15.3
15.1
14.9
14.6
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Table 5.8.9-8
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel -876 W/Assembly (cont'd)
56 < Assembly Average Burnup < 57 GWdlMTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x15
B&W
15x15

CE
16x1 6

WE
17x17

B&W
17x17

2.1 <E<2.3
2.3 < E < 2.5
2.5•< E < 2.7
2.7<E<2.9
2.9<E <3.1
3.1 <E<3.3
3,3<E <3.5
3.5 < E < 3.7
3.7:5 E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3•< E < 4.5
4.5<E<4.7
4.7<E<4.9

E>4.9

12.6
12.3
11.9
11.7
11.4
11.2
10.9
10.7
10.5
10.3

13.6
13.3
13.0
12.6
12.3
12.0
11.8
11.6
11.4
11.2

17.6
17.2
16.8
16.5
16.1
15.8
15.5
15.3
15.1
14.8

19,1
18.7
18.4
18.0
17.7
17.4
17.1
16.8
16.6
16.3

15.5
15.0
14.6
14.3
14.0
13.7
13.5
13.2
13.0
12.8

18.4
18.0
17.7
17.3
17.0
16.7
16.4
16.1
15.8
15.7

18.4
18.0

17.6
17.3
17.0
16.7
16.4
16.1
15.8
15.6

Minimum Initial 57 < Assembly Average Burnup < 58 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E <2.3
2.3:5 E < 2.5
2.5 5 E < 2.7
2.7 5 E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3:5 E < 3.5
3.5•< E < 3.7
3.7:< E < 3.9
3.9<E<4.1
4.1: E <4.3
4.3 < E < 4.5
4.5<E <4.7
4.7:•E < 4.9

E < 4.9

1,3.5
13.1
12.7
12.4
12.1
11.8
11.6
11.4
11.1
11.0

14.5
14.1
13.8
13.4
13.1
12.9
12.6
12.3
12.1
11.9

18.7
18.3
17.9
17.5
17.2
16.9
16.5
16.3
16.0
15.8

20.1
19.8
19.4
19.0
18.7
18.4
18.1
17.8
17.5
17.3

16.4
15.9
15.6
15.3
14.9
14.6
14.3
14.0
13.8
13.6

19.5
19.1
18.7
18.4
18.0
17.7
17.4
17.2
16.9
16.7

19.4
19.0
18.7
18.3
18.0
17.7
17.4
17.1
16.8
16.6
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0Table 5.8.9-8
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel- 876 W/Assembly (cont'd)
58 < Assembly Average Burnup < 59 GWd/MTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x15
B&W

15x1 5
CE

16x16
WE

17x17
B&W

17x17
2.1 <E <2.3
2.3•< E < 2.5
2.5<E<2.7
2.7 5 E < 2.9
2.9<E<3.1
3.1 <E<3.3
313 E < 3.5
3.5<E <3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5<E<4.7
4.7<E<4.9

E>4.9

14.3
13.9
13.5
13.2
12.9
12.6
12.2
12.0
11.8
11.6

15.4
15.0
14,7
14.3
14.0
13.7
13.4
13.1
12.9
12.7

19.7
19.3
18.9
18.5
18.2
17.8
17.6
17.3
17.0
16.8

21.2
20.8
20.4
20.1
19.7
19.4
19.1
18.9
18.6
18.4

17.4
16.9
16.6
16.1
15.8
15.5
15.2
14.9
14.7
14.5

20.5
20.1
19.8
19.4
19.1
18.8
18.4
18.2
17.9
17.6

20.5
20.1
19.7
19.4
19.0
18.7
18.4
18.1
17.8
17.6

Minimum Initial 59 < Assembly Average Burnup _ 60 GWdlMTU
Assembly Avg. , Minimum Cooling Time (years)

Enrichment CE WE I WE B&W T CE WE [ B&W
wt% 235U(E) 14x14 14x14 15x15 j 15x15 16x16 17x17 17x17
2.1 <E <2.3
2.3<E <2.5
2.5<E <2.7
2.7 5 E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3 < E < 3.5
3.5!< E < 3.7
3.7 <_ E < 3.9
3.9 E < 4.1
4.1 <E<4.3
4.3<E<4.5
4.5<E<4.7
4.7<E <4.9

E __ 4.9

14.7
14.3
13.9
13.6
13.3
13.1
12.8
12.5
12.3

15.9
15.6
15.2
14.9
14.5
14.2
13.9
13.7
13.5

20.2
19.9
19.5
19.2
18.8
18.5
18.2
18.0
17.7

21.9
21.5
21.1
20.8
20.5
20.2
19.9
19.6
19.4

17.9
17.5
17.1
16.8
16.4
16.1
15.8
15.6
15.4

20.7
20.3
19.9
19.6

19.3
18.9
18.7
18.4
18.2

20.6
20.2
19.9
19.5
19.2
18.9
18.6
18.3
18.1
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Table 5.8.9-8 Loading Table for PWR Fuel - 876 W/Assembly (cont'd)
Minimum Initial 60 < Assembly Average Burnup _ 61 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235 U (E) 14x14 14x14 15x15 15x15 16x16 17x1.7 17x17
2.1 5 E <2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7_< E <2.9
2.9<E<3.1
3.1 <E<3.3 - -

3.3 < E < 3.5 15.8 17.1 21.6 23.1 19.2 22.0 21.9
3.5•5 E < 3.7 15.4 16.7 21.1 22.8 18.8 21.6 21.6
3.7•5 E < 3.9 15.1 16.3 20.8 22.4 18.4 21.3 21.2
3.9• E < 4.1 14.7 16.0 20.4 22.1 18.0 20.9 20.9
4.1 < E < 4.3 14.3 15.6 20.1 21.7 17.7 20.6 20.5
4.3•5 E < 4.5 14.0 15.3 19.8 21.5 17.4 20.3 20.2
4.5 < E <4.7 13.7 15.0 19.5 21.2 17.1 20.0 19.9
4.7•< E < 4.9 13.5 14.7 19.2 20.9 16.8 19.7 19.6

E>4.9 13.2 14.5 18.9 20.6 16.5 19.4 19.4
Minimum Initial 61 < Assembly Average Burnup < 62 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16>16 17x17 17x17
2.1 <E<2.3
2.3<E<2.5
2.5<E<2.7
2.7<E<2.9
2.9<E<3.1
3.1 < E <3.3 - - - - - - -

3.3 < E < 3.5 16.7 18.0 22.6 24.2 20.1 23.0 23.0
3.5•5 E < 3.7 16.3 17.7 22.2 23.8 19.8 22.6 22.6
3.7 < E < 3.9 15.9 17.3 21.8 23.5 19.4 22.3 22.2
3.9 < E < 4.1 15.6 16.9 21.5 23.2 19.0 21.9 21.9
4.1 _< E < 4.3 15.2 16.6 21.1 22.8 18.7 21.6 21.6
4.3:5 E < 4.5 14.9 16.2 20.8 22.5 18.3 21.3 21.2
4.5 < E < 4.7 14.6 15.9 20.5 22.2 18.0 21.0 20.9
4.7 < E < 4.9 14.3 15.6 20.2 21.9 17.7 20.7 20.7

E > 4.9 14.0 15.4 19.9 21.7 17.5 20.5 20.4
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Table 5.8.9-8 Loading Table for PWR Fuel - 876 W/Assembly (cont'd)
Minimum Initial 62 < Assembly Average Burnup < 63 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.15 <E<2.3
2.3<E<2.5 - - -

2.5!_< E < 2.7 - - -

2.7<E<2.9 - - -

2.9_<E<3.1 - - -

3.1 _<E<3.3
3.3 < E < 3.5 17.6 19.0 23.5 25.2 21.2 24.0 23.9
3.5 < E < 3.7 17.2 18.6 23.2 24.8 20.8 23.6 23.6
3.7 < E < 3.9 16.8 18.2 22.8 24.5 20.4 23.3 23.2
3.9 < E < 4.1 16.5 17.8 22.5 24.2 20.0 23.0 22.9
4.1 < E < 4.3 16.0 17.5 22.1 23.8 19.6 22.7 22.6
4.3•_< E < 4.5 15.7 17.2 21.8 23.5 19.3 22.3 22.3
4.5 _< E < 4.7 15.4 16.9 21.5 23.3 19.0 22.0 21.9
4.7<E<4.9 15.2 16.6 21.2 23.0 18.7 21.7 21.7

E >4.9 14.9 16.2 21.0 22.7 18.4 21.5 21.5
Minimum Initial 63 < Assembly Average Burnup _ 64 GWd/MTU .

Assembly Avg. _ Minimum Cooling Time (years)
Enrichment CE WE WE B&W T CE WE 1 B&W
wt% 231U(E) 14x14 14x14 [ 15x15" 15x15 16x16 17x17 17x17
2.15 <E<2.3
2.3•_< E < 2.5
2.5<E<2.7
2.7 _< E < 2.9
2.9<E <3.1
3.1 <E<3.3
3.3 < E < 3.5 18.6 20.0 24.5 26.1 22.1 25.0 25.0
3.5•5 E < 3.7 18.1 19.6 24.1 25.8 21.7 24.6 24.6
3.7•5 E < 3.9 17.7 19.2 23.8 25.5 21.4 24.3 24.2
3.9•5 E < 4.1 17.4 18.8 23.5 25.2 21.0 24.0 23.9
4.1 E < 4.3 17.0 18.5 23.1 24.8 20.6 23.6 23.6
4.3 • E < 4.5 16.6 18.1 22.8 24.6 20.3 23.3 23.3
4.5 • E < 4.7 16.3 17.8 22.5 24.3 20.0 23.1 23.0
4.7 < E < 4.9 16.0 17.5 22.2 24.0 19.7 22.8 22.7

E _> 4.9 15.7 17.2 21.9 23.8 19.4 22.5 22.4
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Table 5.8.9-8
Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 876 W/Assembly (cont'd)
64 < Assembly Average Burnup < 65 GWd/MTU

Minimum Coolinq Time (years)
CE

14x1 4
WE

14x14
WE

15x1 5
B&W

15x15
CE

16x1 6
WE

17x1 7
B&W

17x17
4 + 4 -4- -1-

2.1 <E < 2.3
2.3_< E <2.5
2.5:5 E < 2.7
2.7<E <2.9
2.9_< E <3.1
3.1 < E < 3.3
3.3:5 E < 3.5
3.5•_< E < 3.7
3.7•_< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3•5< E < 4.5
4.5_< E <4.7
4.7!_ E < 4.9

E_>4.9

19.0
18.6
18.2
17.9
17.5
17.2
16.9
16.6

20.5
20.1
19.8
19.4
19.1
18.8
18.5
18.2

25.1
24.8
24.4
24.1
23.8
23.5
23.2
22.9

26.8
26.5
26.2
25.9
25.5
25.3
25.0
24.8

22.7
22.3
21.9
21.6
21.2
20.9
20.7
20.4

25.6
25.3
25.0
24.6
24.3
24.0
23.8
23.5

25.5
25.2
24.9
24.6
24.3
24.0
23.7,
23.5

Minimum Initial 65 < Assembly Average Burnup < 66 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,,)

Enrichment CE WE WET B&W [CE I WE B&W
wt% 235 U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 < E <2.3
2.3 _< E < 2.5
2.5<_E<2.7
2.7•< E < 2.9
2.9•_ E < 3.1
3.1 _<E<3.3
3.3•< E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3•< E < 4.5
4.5 < E < 4.7
4.7•< E < 4.9

E>4.9

19.9
19.6
19.2
18.8
18.4
18.1
17.8
17.5

21.5
21.1
20.8
20.3
20.0
19.7
19.4
19.1

26.0
25.7
25.4
25.1
24.8
24.5
24.2
23.9

27.7
27.5
27.1
26.9
26.5
26.3
26.0
25.7

23.6
23.2
22.9
22.6
22.2
21.9
21.6
21.3

26.6
26.3
25.9
25.6
25.3
25.1
24.8
24.6

26.5
26.1
25.9
25.5
25.3
25.0
24.7
24.4
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Table 5.8.9-8
Minimum Initial
Assembly Avg.

Enrichment
wt % 235U (E)

Loading Table for PWR Fuel - 876 W/Assembly (cont'd)
66 < Assembly Average Burnup < 67 GWd/MTU

Minimum Cooling Time (years)
CE

14×14
WE

14x1 4
WE

15x15
B&W

15A15
CE

16x16
WE

17A17
B&W

17A17
-- I- -~ ±

2.1 < E<2.3
2.3•E<2.5
2.5•< E < 2.7
2.7<E<2.9
2.9<E<3.1
3.1 < E <3.3
3.3 < E < 3.5
3.5:< E < 3.7
3.7< E <3.9
3.9<E<4.1
4.1 < E <4.3
4.3:5 E < 4.5
4.5 < E < 4.7
4.7<E<4.9

E>4.9

20.4
19.9
19.6
19.2
18.8
18.4
18.1
17.8

21.9
21.5
21.2
20.9
20.5
20.1
19.8
19.6

27.0
26.7
26.3
26.0
25.7
25.5
25.2
24.9

28.7
28.4
28.1
27.8
27.5
27.2
27.0
26.8

24.5
24.2
23.8
23.5
23.1
22.9
22.6
22.3

27.5
27.2
26.9
26.6
26.3
26.0
25.8
25.5

27.5
27.1
26.8
26.5
26.3
25.9
25.7
25.4

Minimum Initial 67 < Assembly Average Burnup •68 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE J WE B&W ] CE WE [ B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x>17
2.1 <E <2.3
2.3 E < 2.5
2.5•< E < 2.7
2.7< E <2.9
2.9<E<3.1
3.1 <E <3.3
3.3•5 E < 3.5
3.5<E <3.7
3.7<E <3.9
3.9<E<4.1
4.1 E< 4.3
4.3•5 E < 4.5
4.5•5 E < 4.7
4.7•5 E < 4.9

E>4.9

21.2
20.8
20.4
20.1
19.7
19.4
19.0
18.7

22.8
22.5
22.1
21.7
21.4
21.1
20.8
20.5

27.9
27.6
27.3
27.0
26.7
26.3
26.1
25.8

29.6
29.3
29.1
28.7
28.5
28.3
27.9
27.7

25.5
25.1
24.8
24.4
24.1
23.8
23.5
23.2

28.5
28.1
27.9
27.5
27.3
27.0
26.8
26.4

28.4
28.0
27.8
27.5
27.2
26.9
26.7
26.4
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Table 5.8.9-8 Loading Table for PWR Fuel - 876 W/Assembly (cont'd)
Minimum Initial 68 < Assembly Average Burnup•< 69 GWd/MTU
Assembly Avg. Minimum Cooling Time (years

Enrichment CE WE WE B&W CE WE B&W
Wt% 235 U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 _E<2.3
2.3•5 E < 2.5
2.5•< E < 2.7
2.7<E<2.9
2.9<E<3.1
3.1 < E <3.3
3.3_E< 3.5
3.5 < E < 3.7 22.1 23.7 28.8 30.0 26.4 29.3 29.3
3.7 < E < 3.9 21.7 23.4 28.5 29.7 26.0 29.1 29.0
3.9•5 E < 4.1 21.3 23.0 28.2 29.4 25.7 28.8 28.7
4.1 < E < 4.3 20.9 22.7 27.9 29.1 25.4 28.5 28.4
4.3 • E < 4.5 20.6 22.3 27.6 28.9 25.1 28.2 28.1
4.5 < E < 4.7 20.2 22.0 27.3 28.6 24.7 27.9 27.9
4.7 < E < 4.9 19.9 21.7 27.0 28.4 24.4 27.7 27.6

E > 4.9 19.6 21.4 26.8 28.0 24.1 27.5 27.4
Minimum Initial 69 < Assembly Average Burnup •70 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W [ CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 { 15x15 16x16 17x17 17x17
2.1 < E<2.3 - -

2.3< E<2.5
2.5< E<2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 E<3.3
3.3 E < 3.5
3.5<E<3.7
3.7 < E < 3.9 22.5 24.3 28.8 30.6 26.9 30.0 29.9
3.9 < E < 4.1 22.1 23.9 28.5 30.4 26.6 29.7 29.6
4.1 < E < 4.3 21.8 23.5 28.2 30.0 26.2 29.4 29.3
4.3 < E < 4.5 21.4 23.2 27.9 29.7 26.0 29.2 29.0
4.5•< E < 4.7 21.1 22.9 27.6 29.5 25.6 28.9 28.8
4.7 < E< 4.9 20.8 22.6 27.3 29.3 25.4 28.7 28.5

E _> 4.9 20.5 22.3 27.1 29.0 25.1 28.4 28.3
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0Table 5.8.9-9
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235u (E)

Loading Table for PWR Fuel - 760 W/Assembly
45 < Assembly Average Burnup •46 GWd/MTU

Minimum Cooling Time (years)
CE

14>14
WE

14x14
WE

15x15
B&W
15x1 5

CE
16x16

WE
17x17

B&W
17x17

2.1 < E <2.3
2.3_<E <2.5
2.5 < E < 2.7
2.7 5 E < 2.9
2.9_<E<3.1
3.1 <E < 3.3
3.3 5 E < 3.5
3.5<E <3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3•< E < 4.5
4.5•5 E < 4.7
4.7<E<4.9

E_>4.9

4- -4- -4- 4- 4-

9.2
9.0
8.9
8.7
8.6
8.4
8.3
8.1
8.0
7.9
7.9
7.8

9.8
9.6
9.4
9.1
9.0
8.8
8.7
8.6
8.5
8.4
8.3
8.2

12.8
12.5
12.1
11.9
11.8
11.6
1,1.4
11.2
11.1
10.9
10.8
10.7

13.9
13.6
13.3
13.0
12.8
12.5
12.3
12.2
12.0
11.9
11.7
11.6

11.2
10.9
10.6
10.4
10.2
10.0
9.9
9.7
9.6
9.5
9.4
9.3

13.0
12.7
12.4
12.1
11.9
11.8
11.6
11.4
11.3
11.2
11.0
10.9

13.0
12.7
12.4
12.1
11.9
11.7
1.1.5
11.4
11.3
11.1
11.0
10.9

0
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Table 5.8.9-9
Minimum Initial
Assembly Avg.

Enrichment
wt % 2 35 U (E)

Loading Table for PWR Fuel - 760 W/Assembly (cont'd)
46 < Assembly Average Burnup <47 GWdlMTU

Minimum Coolinq Time (Nears)
CE

14x14
WE

14x14
WE

15x15
B&W
15x15

CE
16x16

WE
17x17

B&W
17x1 7

2.1 <E <2.3
2,3:_< E < 2.5
2,5 < E < 2.7
2,7 < E < 2.9
29• E < 3.1
3,1 <E<3.3
3.3•< E < 3.5
3,5 < E < 3.7
3,7:5 E < 3.9
3,9<E<4.1
4,1 _E<4.3
4,3< E < 4.5
4,5<E<4.7
4,7<E<4.9

E_>4.9

9.9
9.7
9A4
9.2
9.0
8.9
8.8
8.6
8.5
8.4
8.3
8.2

10.6
10.3
10.0
9.8
9.6
9.4
9.3
9.1
9.0
8.9
8.8
8.7

13.8
13.5
13.2
12.9
12.7
12.4
12.2
12.0
11.8
11.7
11.6
11.5

15.0
14.7
14.4
14.0
13.8
13.6
13.4
13.2
13.0
12.8
12.7
12.5

12.0
11.7
11.4
11.2
11.0
10.8
10.6
10.4
10.3
10.1
10.0
9.9

13.9
13.7
13.4
13.1
12.9
12.6
12.5
12.2
12.1
11.9
11.8
11.7

13.9
13.7
13.4
13.1
12.8
12.6
12.4
12.2
12.0
11.9
11.8
11.7

Minimum Initial 47 < Assembly Average Burnup < 48 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment. CE WE WE B&W CE WE B&W
wt% 2 35U(E) 14x14 14x14 [ 15x15 f 15x15 j 16x16 17x17 17x17
2,1 < E <2.3
2,3<E <2.5
2,5 E < 2.7
2,7!< E < 2.9
2,9<E<3.1
3,1 <E <3.3
3.3 < E < 3.5
3,5<E<3.7
3,7 < E < 3.9
3,9, E < 4.1
4,1 <E <4.3
4.3 <E <4.5
4,5<E <4.7
4.7 <.E < 4.9

E_>4.9

10.6
10.4
10.0
9.9
9.6
9.5
9.3
9.1
9.0
8.9
8.8
8.7

11.4
11.1
10.8
10.5
10.3
10.1
9.9
9.8
9.6
9.5
9.3
9.2

14.9
14.5
14.1
13.9
13.6
13.4
13.2
13.0
12.8
12.6
12.4
12.3

16.1
15.8
15.5
15.2
14.9
14.6
14.4
14.1
14.0
13.8
13.6
13.5

12.9
12.5
12.2
12.0
11.8
11.6
11.4
11.2
11.1
10.9
10.8
10.7

15.1
14.7
14.4
14.1
13.8
13.6
13.4
13.2
13.0
12.9
12.7
12.5

15.1
14.7
14.4
14.0
13.8
13.6
13.4
13.2
13.0
12.8
12.7
12.5
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Table 5.8.9-9
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 760 W/Assembly (cont'd)
48 < Assembly Average Burnup < 49 GWd/MTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x1 5
B&W

15x15
CE

16x16
WE,

17x17
B&W

17x17
4 4 4 4

2.1 <E<2.3
2.3 < E < 2.5
2.5•5 E < 2.7
2.7< E<2.9
2.9<E <3.1
3.1 E<3.3
3.3<E<3.5
3.5E <3.7
3.7<E<3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E<4.5
4.5<E <4.7
4.7<E<4.9

E>4.9

11.4
11.1
10.8
10.6
10.3
10.1
9.9
9.7
9.6
9.5
9.3
9.2

12.2
11.8
11.6
11.3
11.1
10.9
10.7
10.4
10.2
10.1
9.9
9.8

16.0
15.6
15.3
14.9
14.7
14.4
14.1
13.9
13.7
13.5
13.4
13.2

17.3
17.0
16.6
16.3
16.0
15.7
15.5
15.2
15.0
14.9
14.6
14.5

13.9
13.5
13.2
12.9
12.7
12.4
12.1
12.0
11.8
11.7
11.5
11.4

16.2
15.8
15.5
15.2
14.9
14.6
14.4
14.1.
13.9
13.8
13.6
13.5

16.2
15.8
15.5
15.2
14.9
.14.6
14.4
14.1
13.9
13.8
13.6
13.5

Minimum Initial 49 < Assembly Average Burnup < 50 GWdlMTU'
Assembly Avg. Minimum Cooling Time (years,_)

Enrichment CE WE WE B&W f CE WE B&W
Wt % 235U (E) 14x14 [ 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E< 2.3
2.3:5 E < 2.5
2.5:5 E < 2.7
2.7 < E < 2.9
2.9: E < 3.1
3.1:5 E < 3.3

.3.3<E <3.5
3.5 <E < 3.7
3.7<E<3.9
3.9!•E < 4.1
4.1: •E <4.343,9E<4,1
4,1: <E < 4.5

4.53E<4.7
4.7<E <4.9

E_>4.9

11.9
11.6
11.3
11.1
10.8
10.6
10.4
10.2
10.1
9.9
9.8

12.4
12.1
11.8
11.6
11.4
11.2
11.0
10.8
10.6
10.5
10.3

16.8
16.4
16.0
15.7
15.5
15.2
14.9
14.7
14.5
14.3
14.1

18.2
17.8
17.5
17.2
16.9
16.6
16.3
16.1
15.9
15.7
15,5

14.5
14.1
13.8
13.6
13.3
13.1
12.9
12.7
12.5
12.3
12.2

17.0
16.6
16.3
16.0
15.7
15.5
15.3
15.0
14.9
14.6
14.5

17.0
16.6
16.2
16.0
15.7
15.5
15.2
15.0
14.8
14.6
14.5

0
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Table 5.8.9-9
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 760 W/Assembly (cont'd)
50 < Assembly Average Burnup•< 51 GWdlMTU

Minimum Coolinq Time (years)
CE

14x14
WE

14x14
WE

15x1 5
B&W

15x15
CE

16x1 6
WE

17x17
B&W

17x17
2.1 <E<2.3
2.3:5 E <2.5
2.5 < E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3 E<3.5
3,5•5 E < 3.7
3.7 <E <.3.9
3.9<E<4.1
4.1 <E<4.3
4.3•!ýE <4.5
4.53E<4.7
4.7_<E<4.9

E>4.9

12.4
12.1
11.8
11.5
11.3
11.1
10.9
10.7
10.5
10.4
10.2

13.4
13.1
12.7
12.4
12.1
11.9
11.7
11.5
11.4
11.2
11.1

17.8
17.5
17.2
16.8
16.5
16.2
16.0
15.8
15.5
15.3,
15.2

19.3
19.0
18.7
18.3
18.0
17.7
17.5
17.3
17.1
16.8
16.7

15.6
15.2
14.9
14.5
14.3
14.0
13.8
13.6
13.4
13.2
13.1

18.1
17.8
17.4
17.2
16.9
16.6
16.3
16.1
15.8
15.7
15.5

18.1
17.8
17.4
17.1
16.8
16.5
16.3
16.0
15.9
15.7
15.5

Minimum Initial 51 <Assembly Average Burn up <52 GWd/MTU
Assembly Avg. Minimum Cooling Time (years,,)

Enrichment CE WE WET B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 J 17x17 17x17
2.1 <E <2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7•!ýE <2.9
2.9<E<3.1
3.1 _<E <3.3
3.3•< E < 3.5
3.5:5 E < 3.7
3.79E<3.9
3.9 5E <4.1
4.1 <E<4.3
4.3•_< E < 4.5
4.5•< E < 4.7
4.7 < E < 4.9

E_>4.9

13.3
12.9
12.6
12.3
12.0
11.8
11.6
11.4
11.2
11.1
10.9

14.3
14.0
13.6
13.3
13.1
12.8
12.5
12.3
12.1
11.9
11.8

19.0
18.6
18.2
17.9
17.6
17.4
17.1
16.8
16.6
16.4
16.2

20.1
19.7
19.4
19.1
18.8
18.5
18.2
18.0
17.7
17.5
17.4

16.7
16.3
15.9
15.6
15.3
15.0
14.8
14.5
14.4
14.1
13.9

19.4
19.0
18,6
18.3
18.0
17.7
17.5
17.3
17.0
16.8
16.6

19.3
18.9
18.6
18.3
17.9
17.7
17.4
17.2
17.0
16.8
16.5
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Table 5.8.9-9 Loading Table for PWR Fuel - 760 W/Assembly (cont'd)
Minimum Initial 52 < Assembly Average Burnup__ 53 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235 U (E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1_<E<2.3 - -

2.3•__ E < 2.5 - - -

2.5E<2,7 - - -2 - -

2.7<E<2.9 - -

2.9•< E < 3.1 14.2 15.3 19.7 21.3 17.8 20.5 20.5
3.1:5 E < 3.3 13.8 15.0 19.3 20.9 17.4 20.1 20.1
3.3•< E < 3.5 13.5 14.6 18.9 20.6 17.1 19.8 19.7
3.5•5 E < 3.7 13.1 14.3 18.6 20.3 16.7 19.5 19.4
3.7•< E < 3.9 12.9 *14.2 18.3 19.9 .16.4 19.2 19.1
3.9•5 E < 4.1 12.6 13.7 18.0 19.6 16.0 18.9 18.8
4.1 • E < 4.3 12.3 13.5 17.7 19.4 15.8 18.6 18.5
4.3<E < 4.5 12.1 13.2 17.5 19.1 15.6 18.4 18.3
4.5• E < 4.7 11.9 13.0 17.3 18.8 15.3 18.2 18.1
4.7<E<4.9 11.8 12.8 17.0 18.7 15.2 17.9 17.8

E_>4.9 11.6 12.6 16.9 18.5 14.9 17.7 17.7
Minimum Initial 53 < Assembly Average Burnup < 54 GWdlMTU
Assembly Avg. Minimum Cooling Time (years,_)

Enrichment CE WE WE B&W I CE WE B&W
wt% 235U(E) 14x14 14x14 I 15x15 I 15x15 16x16 j 17x17 17x17
2.1 E <2.3 -- -

2.3E5<2.5 - -2,

2.7<E<2.9 - -

2.9 < E < 3.1 15.2 16.4 20.9 22.5 18.9 21.7 21.6
3.1 E < 3.3 14.8 16.0 20.4 22.1 18.5 21.3 21.3
3.3 E < 3.5 14.4 15.6 20.0 21.8 18.1 21.0 20.9
3.5:5 E < 3.7 14.0 15.2 19.7 21.4 17.7 20.6 20.6
3.7•< E < 3.9 13.7 14.9 19.4 21.1 17.4 20.3 20.3
3.9•< E < 4.1 13.4 14.6 19.1 20.8 17.2 20.1 20.0
4.1 < E < 4.3 13.2 14.4 18.9 20.5 16.9 19.8 19.7
4.35 E < 4.5 12.9 14.1 -18.6. 20.3 16.6 19.5 19.5
4.5 < E < 4.7 12.7 13.9 18.3 20.1 16.4 19.3 19.2
4.7:5 E < 4.9 12.5 13.6 18.1 19.8 16.1 19.0 19.0

E > 4.9 12.4 13.9 17.9 19.6 15.9 18.8 18.8
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Table 5.8.9-9
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 760 W/Assembly (cont'd)
54 < Assembly Average Burnup < 55 GWd/MTU

Minimum Coolinq Time (years)
CE

14x14
WE

14x14
WE

15x1 5
B&W

15x15
CE

16x16
WE

17x17
B&W
17x1 7

2,1 E <2.3
2.3:5 E < 2.5
2.5•5 E < 2.7
2.7:5 E < 2.9
2.9!5 E < 3.1
3.1 <E <3.3
3.3!< E < 3.5
3.55 <E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3•< E < 4.5
4.5:5 E < 4.7
4.7<E <4.9

E>4.9

15.7
15.4
15.0
14.6
14.4
14.1
13.8
13.6
13.4
13.2

17.1
17.7
16.3
16.0
15.7
15.4
15.1
14.9
14.6
14.4

21.6
21.2
20.9
20.6
20.2
19.9
19.7
19.4
19.2
19.0

23.2
22.9
22.6
22.2
21.9
21.7
21.4
21.2
21.0
20.7

19.6
19.2
18.9
18.5
18.3
18.0
17.7
17.5
17.2
17.0

22.5
22.1
21.8
21.5
21.2
20.9
20.7
20.5
20.2
19.9

22.4
22.1
21.8
21.5
21.2
20.9
20.6
20.4
20.1
19.9

Minimum Initial 55 < Assembly Average Burnup < 56 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE fWE I WE B&W CE WE B&W
Wt% 235 U(E) 14x14 14x14 [15x15 15x15 16x16 17x17 17x17

2.1 E < 2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7:5 E < 2.9
2.9<E<3.1
3.1 E <3.3
3.3 < E < 3.5
3.5 E < 3.7
3.7 E < 3.9
3.9< E<4.1
4.1 <E < 4.3
4.3•5 E < 4.5
4.5:5 E < 4.7
4.7<E <4.9

E>4.9

16.8
16.3
15.9
15.6
15.3
15.0
14.8
14.5
14.3
14.0

18.1
17.7
17.3
17.0
16.7
16.4
16.1
15.8
15.6
15.4

22.7
22.4
21.9
21.7
21.4
21.0
20.8
20.5
20.3
20.0

24.4
24.1
23.7
23.4
23.1
22.9
22.6
22.4
22.2
21.9

20.2
19.8
19.5
19.2
18.8
18.5
18.3
17.9
17.8
17.6

23.6
23.3
23.0
22.6
22.4
22.1
21.8
21.6
21.3
21.1

23.6
23.3
22.9
22.6
22.3
22.0
21.8
21.5
21.3
21.1
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Table 5.8.9-9
Minimum initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for PWR Fuel - 760 W/Assembly (cont'd)
56 < Assembly Average Burnup < 57 GWd/MTU

Minimum Cooling Time (years)
CE

14x14
WE

14x14
WE

15x1 5
B&W
15x15

CE
16x1 6

WE
17x17

B&W
17x17

-+ +

2.1 <E <2.3
2.3<E <2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3!< E < 3.5
3.5<E<3.7
3.7:5 E < 3.9
3.9<E<4.1
4.1 _<E <4.3
4.3 < E < 4.5
4.5!< E < 4.7
4.7•!ýE <4.9

E Ž:4.9

17.7
17.3
16.9
16.6
16.2
15.9
15.7
15.4
15.2
15.0

19.2
18.8
18.4
18.1
17.7
17.4
17.1
16.8
16.6
16.4

23.8
23.4
23.1
22.7
22.4
22.2
21.9
21.6
21.4
21.2

25.6
25.2
24.9
24.6
24.3
24.0
23.8
23.5
23.3
23.0

21.3
20.9
20.5
20.2
19.9
19.6
19.3
19.1
18.8
18.6

24.7
24.4
24.0
23.7
23.5
23.2
23.0
22.7
22.5
22.2

24.7
24.4
24.0
23.7
23.5
23.2
22.9
22.6
22.4
22.2

Minimum Initial 57 < Assembly Average Burnup < 58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE 1 B&W ] CE] WE B&W
wt % 235U (E) 14x14 14x14 I5X15 15x15 16x16 17x17 17x17
2.1 •E <2.3
2.3•< E < 2.5
2.5 < E < 2;7
2.7•< E < 2.9
2.9<E<3.1
3.1 <E< 3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3 <E<4.5
4.5•5 E < 4.7
4.7<E<4.9

E>4.9

18.8
18.3
17.9
17.6
17.3
16.9
16.6
16.3'
16.1
15.8

20.2
19.9
19.5
19.1
18.8
18.4
18.1
17.9
17.6
17.4

24.9
24.6
24.2
23.9
23.6
23.3
23.0
22.8
22.5
22.3

26.7
26.3
26.0
25.7
25.4
25.1
24.9
24.6
24.4
24.2

22.3
22.0
21.6
21.3
20.9
20.6
20.4
20.0
19.9
19.7

25.8
25.5
25.2
24.9
24.6
24.4
24.1
23.8
23.6
23.4

25.8
25.5
25.2
24.8
24.6
24.3
24.0
23.8
23.6
23.3
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Table 5.8.9-9 Loading Table for PWR Fuel - 760 W/Assembly (cont'd)

Minimum Initial 58 < Assembly Average Burnup < 59 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235 U (E) 14x14 14x14 15x15 15x15 16x16 ,17x17 17x17
2.1 _<E<2.3 - -

2.3 < E < 2.5 -

2.5•__ E < 2.7
2.7 < E < 2.9
2.9<E<3,1 - -

3.1 < E < 3.3 19.8 21.3 25.9 27.7 23.4 26.9 26.9
3.3 < E < 3.5 19.3 20.9 25.6 27.4 23.0 26.7 26.6
3.5 <_ E < 3.7 18.9 20.5 25.3 27.1 22.7 26.3 26.2
3.7 < E < 3.9 18.6 20.2 24.9 26.8 22.3 26.0 25.9
3.9 < E < 4.1 18.2 19.8 24.6 26.5 22.0 25.7 25.7
4.1 < E < 4.3 17.9 19.5 24.3 26.2 21.7 25.5 25.4
4.3•< E < 4.5 17.6 19.2 24.1 26.0 21.4 25.2 25.2
4.5•<_ E < 4.7 17.3 18.9 23.9 25.8 21.2 25.0 24.9
4.7 < E < 4.9 17.1 18.7 23.6 25.5 20.9 24.7 24.7

E > 4.9 16.8 18.4 23.4 25.3 20.7 24.5 24.4

Minimum Initial 59 < Assembly Average Burnup < 60 GWd/MTU
Assembly Avg. Minimum Cooling Time (years._)

Enrichment CE WE WE B&W CE WE B&W
Wt% 235 U(E) 14x14 14x14 [ 15x15 15x15 16x16 17x17 17x17

2.1 E<2.3 - -

2.3 E < 2.5 - - - - - - -

2.5 < E < 2.7 - - - - - - -

2.7 < E < 2.9 - - - - - - -

2.9<E<3.1 - - - - - - -

3.1•E<3.3 - - - - - - -

3.3 < E < 3.5 20.3 22.0 26.7 28.4 24.1 27.2 27.1
3.5 E < 3.7 20.0 21.5 26.4 28.1 23.7 26.8 26.7
3.7 E < 3.9 19.6 21.2 26.0 27.8 23.4 26.5 26.5
3.9 < E < 4.1 19.3 20.8 25.7 27.6 23.1 26.2 26.2
4.1 < E < 4.3 18.9 20.5 25.4 27.3 22.7 26.0 25.9
4.3 < E < 4.5 18.6 20.2 25.2 27.1 22.5 25.7 25.6
4.5 < E < 4.7 18.3 20.0 24.9 26.8 22.2 25.5 25.4
4.7 • E < 4.9 18.0 19.7 24.7 26.6 22.0 25.2 25.2

E _> 4.9 17.7 19.5 24.4 26.4 21.7 25.0 24.9
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Table 5.8.9-9
Minimum Initial
Assembly Avg.

Enrichment
wt % 2 3 5 U (E)

Loading Table for PWR Fuel 760 W/Assembly (cont'd)
60 < Assembly Average Burnup < 61 GWd/MTU

Minimum Cooling Time (years)
CE

14x1 4
WE

14x1 4
WE

15x15
B&W

15x15
CE

16x1 6
WE

17x1 7
B&W

17x1 7
2.1 • E<2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7< E <2.9
2.9<E<3.1
3.1 • E <3.3
3.3_<E<3.5
3.5<E<3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3•< E < 4.5
4.5<E<4.7
4.7<E<4.9

E>4.9

21.6
21.2
20.8
20.5
20.2
19.8
19.5
19.3
19.0

23.2
22.9
22.5
22.2
21.9
21.6
21.3
21.0
20.7

28.0
27.7
27.4
27.1
26.8
26.5
26.3
26.0
25.8

29.8
29.5
29.2
28.9
28.7
28.4
28.2
28.0
27.7

25.4
25.1
24.8
24.4
24.1
23.8
23.6
23.4
23.1

28.5
28.2
28.0
27.7
27.4
27.2
26.9
26.7
26.4

28.4
28.1
27.9
27.6
27.4
27.1
26.8
26.6
26.4

Minimum Initial 61< Assembly Average Burnup < 62 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE 1 WE WE B&W iCE WE [ B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 <E<2.3
2.3<E<2.5
2.5 < E < 2.7
2.7< E<2.9
2.9<E<3.1
3.1 < E <3.3
3.3:5 E < 3.5
3.5 < E < 3.7
3.7:< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4,3<E <4.5
4.5•< E < 4.7
4.7•< E < 4.9

E>4.9

22.6
22.2
21.9
21.5
21.2
20.9
20.5
20.3
20.0

24.2
23.9
23.5
23.2
22.9
22.6
22.3
22.0
21.8

29.0
28.7
28.4
28.1
27.8
27.6
27.3
27.1
26.9

30.9
30.6
30.3
30.0
29.7
29.5
29.3
29.0
28.8

26.5
26.1
25.8
25.5
25.1
24.9
24.6
24.4
24.1

29.5
29.3
29.0
28.7
28.4
28.2
28.0
27.8
27.5

29.5
29.2
28.9
28.6
28.4
28.1
27.9
27.7
27.4
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Table 5.8.9-9
Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

Loading Table for PWR Fuel - 760 W/Assembly (cont'd)
62 < Assembly Average Burnup•< 63 GWd/MTU

Minimum Cooling Time (years)
CE

14x1 4
WE

14x14
WE

15x15
B&W

15x15
CE

16x1 6
WE

17x17
B&W

17x1 7
2.1 • E <2.3
2.3•< E < 2.5
2.5_< E <2.7
2.7<E<2.9
2.9<E <3.1
3.1 < E <3.3
3.3•5 E < 3.5
3.5•5 E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1:5 E <4.3
4.3<E<4.5
4.5 < E < 4.7
4.7<E <4.9

E>4.9

23.6
23.2
22.9
22.5
22.2
21.8
21.5
21.2
21.0

25.3
24.9
24.6
24.2
23.9
23.6
23.4
23.1
22.8

30.0
29.7
29.5
29.2
28.9
28.6
28.4
28.1
27.9

31.9
31.6
31.4
31.1
30.8
30.6
30.4
30.1
29.9

27.5
27.1
26.8
26.5
26.2
26.0
25.7
25.4
25.2

30.6
30.3

30.0
29.8
29.5
29.3
29.0
28.8
28.6

30.5
30.2
29.9
29.6
29.4
29.2
28.9
28.8
28.5

Minimum Initial 63 < Assembly Average Burnup < 64 GWd/MTU
Assembly Avg... Minimum Cooling Time (years,,)

Enrichment CE WE WE] B&W r CE I WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 I 17x17 17x17
2.1 < E <2.3
2.3< E <2.5
2.5 E < 2.7
2.7 E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3<E<3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E<4.5
4.5 <E < 4.7
4.7<E<4.9

E>4.9

24.5
24.2
23.8
23.5
23.2
22.8
22.5
22.3
22.0

26.2
25.9
25.6
25.3
25.0
24.6
24.4
24.0
23.9

31.1
30.8
30.4
30.2
29.9
29.6
29.4
29.2
29.0

32.9
32.6
32.4
32.1
31.9
31.7
31.4
31.2
30.9

28.4
28.1
27.8
27.5
27.2
26.9
26.7
26.4
26.1

31.6
31.4
31.1
30.8
30.6
30.3
30.0
29.9
29.6

31.5
31.3
31.0
30.8
30.4
30.2
30.0
29.7
29.5
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Table 5.8.9-9
Minimum Initial
Assembly Avg.

Enrichment
wt % 235U(E)

Loading Table for PWR Fuel - 760 W/Assembly (cont'd)
64 < Assembly Average Burnup_< 65 GWd/MTU

Minimum Cooling Time (years)
CE

14x1 4
WE

14x14
WE

15x1 5
B&W

15x15
CE

16x16
WE

17x1 7
B&W

17x17
2.1 < E <2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7<E<2.9
2.9<E <3.1
3.1 < E <3.3
3.3<E <3.5
3.5•< E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5 < E < 4.7
4.7<E<4.9

E>4.9

25.2
24.8
24.4
24.1
23.8
23.5
23.2
22.9

26.8
26.5
26.2
26.0
25.7
25.4
25.1
24.8

31.8
31.5
31.2
31.0
30.7
30.4
30.2
30.0

33.6
33.3
33.2
32.9
32.7
32.5
32.3
32.0

29.1
28.8
28.5
28.2
27.9
27.7
27.5
27.2

32.4
32.1
31.9
31.6
31.4
31.1
30.9
30.7

32.3
32.0
31.8
31.5
31.2
31.1
30.8
30.6

Minimum Initial 65 < Assembly Average Burnup _ 66 GWd/MTU
Assembly Avg. Minimum Cooling Time (years) _ _

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1 • E <2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7<E<2.9
2.9_< E <3.1
3.1 <E<3.3
3.3 E < 3.5
3.5 E < 3.7
3.7 E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3 E < 4.5
4.5<E<4.7
4.7<E<4.9

E_>4.9

26.1
25.7
25.4
25.1
24.7
24.4
24.2
23.9

27.8
27.5
27.3
26.9
26.7
26.4
26.1
25.9

32.7
32.5
32.2
31.9
31.7
31.5
31.3
31.0

34.5
34.3
34.1
33.9
33.7
33.5
33.3
33.0

30.0
29.8
29.5
29.2
28.9
28.7
28.4
28.1

33.3
33.1
32.8
32.6
32.4
32.2
32.0
31.7

33.3
33.0
32.8
32.5
32.3
32.1
31.9
31.6

0
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Table 5.8.9-9
Minimum Initial
Assembly Avg.

Enrichment.
wt % 235U (E)

Loading Table for PWR Fuel - 760 W/Assembly (cont'd)
66 < Assembly Average Burnup_< 67 GWd/MTU

Minimum CoolingTime (years)
CE

14x14
WE

14x1 4
WE'

15x15
B&W
15x15

CE
1 6xA 6

WE
17x1 7

B&W
17x17

2.1 <E<2.3
2.3•< E < 2.5
2.5•E < 2.7
2.7<E<2.9
2.9<E<3.1
3.1 _<E<3.3
3.3:_<'E < 3.5
3.5•< E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3<E<4.5
4.5_<E <4.7
4.7<E<4.9

E>4.9

26.5
26.1
25.8
25.5
25.1
24.8
24.6
24.3

28.3
28.0
27.7
27.4
27.1
26.8
26.6
26.3

33.6
33.4
33.1
32.9
32.7
32.5
32.3
32.1

35.4
35.2
35.0
34.8
34.6
34.4
34.2
34.0

31.0
30.7
30.4
30.1
29.9
29.7
29.4
29.2

34.2
34.0
33.8
33.6
33.4
33.1
33.0
32.7

34.1
33.9
33.7
33.5
33.3
33.1
32.8
32.6

Minimum Initial 67 < Assembly Average Burnup •68 GWd/MTU
Assembly Avg. Minimum Cooling Time (years) ___

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 7 14x14 j 15x15 15x15 16x16 17x17 17x17
2.1 < E <2.3
2.3<E<2.5
2.5 < E < 2.7
2.7<E <2.9
2.9•5 E < 3.1
3.1 < E < 3.3
3.3<E<3,5
3.5 < E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 < E <4.3
4.3<E<4.5
4.5<E<4.7
4.7< E<4.9

E>4.9

27.4
27.0
26.7
26.4
26.1
25.7
25.5
25.2

29.2
28.9
28.6
28.3
28.1
27.8
27.5
27.3

34.5
34.3
34.1
33.8
33.7
33.4
33.2
33.0

36.4
36.2
36.0
35.8
35.6
35.4
35.2
35.0

31.9
31.7
31.4
31.1
30.9
30.6
30.3
30.1

35.1
34.9
34.7
34.5
34.3
34.1
33.9
33.7

35.0
34.8
34.6
34.4

34.2
34.0
33.8
33.7
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Table 5.8.9-9 Loading Table for PWR Fuel - 760 W/Assembly (cont'd)
Minimum Initial 68 < Assembly Average Burnup < 69 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14 14x14 15x15 15x15 16x16 17x17 17x17
2.1<E<2.3
2.3•< E < 2.5
2.5•5 E < 2.7
2.7<E<2.9
2.9<E<3.1
3.1<E<3.3
3.3•5 E < 3.5
3.5 < E < 3.7 28.2 30.2 35.3 36.8 32.9 36.1 36.0
3.7 < E < 3.9 27.9 29.8 35.1 36.6 32.6 35.9 35.8
3.9 < E < 4.1 27.6 29.5 35.0 36.3 32.3 35.7 35.5
4.1 < E < 4.3 27.3 29.3 34.8 36.1 32.1 35.4 35.3
4.3 -E < 4.5 26.9 29.0 34.5 36.0 31.8 35.2 35.1
4.5 < E < 4.7 26.7 28.7 34.4 35.7 31.6 35.0 34.9
4.7 < E < 4.9 26.4 28.5 34.2 35.5 31.4 34.8 34.7

E > 4.9 26.0 28.2 34.0 35.3 31.1 34.6 34.5
Minimum Initial 69 < Assembly Average Burnup < 70 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment CE WE WE B&W CE WE B&W
wt% 235U(E) 14x14. 14x14 15x15 15x15 16x16 17x17 17x>17
2.1 <E<2.3 - -

2.3< E<2.5 ......
2.5•5 E < 2.7
2.7•< E < 2.9 -

2.9<E<3.1
3.1<E<3.3
3.3•< E < 3.5
3.5•< E < 3.7 - - - - - 7

3.7 < E < 3.9 28.8 30.8 35.5 37.5 33.5 36.8 36.6
3.9 _< E < 4.1 28.5 30.4 35.2 37.3 33.2 36.6 36.5
4.1 < E < 4.3 28.2 30.2 3i5.0 37.0 33.0 36.4 36.3
4.3 < E < 4.5 27.8 29.9 34.8 36.8 32.8 36.2 36.0
4.5 < E < 4.7 27.6 29.7- 34.6 36.7 32.6 36.0 35.9
4.7 < E < 4.9 27.3 29.4 34.4 36.5 32.3 35.9 35.7

E _ 4.9 27.0 29.2 34.2 36.3 32.1 35.6 35.5

0
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5.8.9.2 BWR

Thermal analysis limits the BWR cask heat load to below that used in the cask shielding
analysis. Minimum fuel assembly cool times are, therefore, required for a 33 kW cask heat

load (379 W/assembly). Due to potential uncertainties in the source generation abilities of

SAS2H, allowed heat load is reduced by an additional 5%, to 360 W/assemblyfor fuel with
burnups greater than 45 GWd/MTU. Minimum cool times for fuel with burnup greater than

30 GWd/MTU, but <45 GWd/MTU, are listed in Table 5.8.9-11 with high burnupfuel cool

times shown in Table 5.8.9-.

Allowed low bumup (up to 30,000 MWd/MTU) fuel loadings are shown in Table 5.8.9-10. Note

that the listed minimum cool times at each bumup step are bounding for all fuel types and initial
enrichments above the minimum enrichment specified. Collapsing the fuel type and initial

enrichment dependent minimum cool time matrix to a single value may result in a minimum cool

time longer than individual values presented for higher burnups.
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0
Table 5.8.9-10 Low Burnup BWR Fuel Loading Table

Max. Assembly Avg.
Burnup

(MWd/MTU)

Min. Assembly Avg.
Initial Enrichment

(wt% 235U)

Minimum Cool
Time
(vrs)

10,000 1.3 4.0
15,000 1.5 4.0
20,000 1.7 4.0
25,000 1.9 4.0
30,000 2.1 4.3

0
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Table 5.8.9-11
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for BWR Fuel - 379 W/Assembly
30 < Assembly Average Burnup< 32.5 GWd/MTU

Minimum Cooling Time (years)
BWR/2-3

7x7
BWR/4-6

7x7
BWR/2-3

8x8
BWRI4-6

Wx
BWR/2-3

9x9
BWR/4-6

9x9
BWR/4-6

1Ox10
2.1 <E <2.3
2.3•< E < 2.5
2.5:_< E < 2.7
2.7 < E < 2.9
2.9_<E <3.1
3.1 <E<3.3
3.3:5 E < 3.5
3.5 _< E < 3.7
3.7:5; E < 3.9
3.9 < E < 4.1
4.1 <E <4.3
4.3:5 E < 4.5
4.5:< E < 4.7
4.7:5 E < 4.9

E_>4.9

4 -4 4 + F 4

4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.6
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.5
4.4
.4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1
4.0
4.0
4.0
4.0

4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0

Minimum Initial 32.5 < Assembly Average Burnup < 35 GWdlMTU
Assembly Avg. _ I Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox10
2.1 _<E <2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 •E<3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7•5 E < 3.9
3.9 E<4.1
4.1 <E <4.3
4.3•< E < 4.5
4.5 < E < 4.7
4.7 < E < 4.9

E_>4.9

4.7
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.2
4.2
4.2
4.1
4.1
4.1

5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.5
4.4

4.3
4.3
4.2
4.2
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.9
4.8
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.4
4.3
4.3

4.8
4.7
4.6
4.6
4.5
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
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Table 5.8.9-11
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for BWR Fuel - 379 W/Assembly (continued)
35 < Assembly Average Burnup•< 37.5 GWd/MTU

Minimum Cooling Time (years)
BWRI2-3

7x7
BWRI4-6

7x7
BWR/2-3

8x8
BWR/4-6

8x8
BWR/2-3

9x9
BWR/4-6

9x9
BWRI4-6
. Ox1O

2.1 <E <2.3
2.3•< E< 2.5
2.5<E <2.7
2.7 < E < 2.9
2.9< E<3.1
3.1 <E <3.3
3.3 < E < 3.5
3.5 < E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3< E<4.5
4.5<E<4.7
4.7:5 E < 4.9

E>4.9

+ + + V ±

5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.6
4.6
4.6
4.5
4.5
4.5

5.6
5.5
5.4
5.4
5.3
5.2
5.1
5.1
5.0
5.0
4.9
4.9
4.9
4.9

4.7
4.7
4.6
4.5
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1

5.4
5.3
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8
4.8
4.7
4.7

4.4
4.3
4.3
4.2
4.1
4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

5.4
5.3
5.2
5.1
5.1
5.0
4.9
4.9
4.9
4.8
4.8
4.7
4.7
4.7

5.2
5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.7
4.6
4.6
4.6

Minimum Initial 37.5 < Assembly Average Burnup < 40 GWdlMTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 j BWR/4-6 BWR/4-6
wt % 235U (E) - 7x7 7x7 8x8 8x8 9x9 9x9 1Ox1O
2.1 <E <2.3
2.3<E <2.5
2.5<E <2.7
2.7<E <2.9
2.9< E<3.1
3.1 <E <3.3
3.3 < E < 3.5
3.5 < E < 3.7
3.7 < E < 3.9
3.9< E<4.1
4.1 _E <4.3
4.3 E< 4.5
4.5 < E < 4.7
4.7<E<4.9

E>4.9

5.7
5.6
5.5
5.5
5.4
5.3
5.2
5.2
5.1
5.0
5.0
5.0
4.9

6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4
5.4

5.2
5.:1
5.0
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.5
4.5
4.5

5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.3
5.3
5.2
5.2

4.7
4.6
4.6
4.5
4.4
4.4
4.3
4.3
4.3
4.2
4.2
4.1
4.1

5.9
5.8
5.7
5.6
5.6
5.5
5.4
5.4
5.3
5.3
5.2
5.2
5.1

5.7
5.7
5.6
5.5
5.4
5.4
5.3
5.2
5.2
5.1
5.0
5.0
5.0

0
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Table 5.8.9-11
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for BWR Fuel - 379 W/Assembly (continued)
40 < Assembly Average Burnup < 41 GWdlMTU

Minimum Cooling Time (years)
BWR/2-3

7x7
BWRI4-6

7x7
BWRI2-3

Wx
BWR/4-6

8x8
BWR/2-3

9x9
BWRJ4-6

9X9
BWR/4-6

1Ox10
4 4 r ± I 1

2.1 <E <2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7•_< E < 2.9
2.9<E<3.1
3.1 <E< 3.3
3.3•< E < 3.5
3.5•5 E < 3.7
3.7<E <3.9
3.9_<E <4.1
4.1 <E <4.3
4.3 < E < 4.5
4.5<E<4.7
4.7<E <4.9

E_>4.9

6.0
5.9
5.8
5.7
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2
5.1

6.5
6.4
6.2
6.1
6.0
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6

5.4
5,3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7
4.6

6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4

4.9
4.8
4.7
4.7
4.6
4.5
4.5
4,4
4.4
4.4
4.3
4.3
4.2

6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.5
5.5
5.4
5.4
5.4

6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.5
5.4
5.3
5.3
5.2
5.2

Minimum Initial 41 < Assembly Average Burnup •42 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWRI2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 10x1O

2.1 <E <2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7•_ E < 2.9
2.9_<E <3.1
3.1 E <3.3
3.3:5 E < 3.5
3.5•5 E < 3.7
3.7:5 E < 3.9
3.9<E <4.1
4.1 <E<4.3
4.3:5 E < 4.5
4.5•5 E < 4.7
4.7<E<4.9

E>4.9

6.3
6.2
6.0
6.0
5.9
5.8
5.7
5.6
5.6
5.5
5.5
5.4
5.4

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.8

5.6
5.5
5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.9
4.8

6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6

5.1
5.0
4.9
4.8
4.8
4.7
4.6
4.6
4.5
4.5
4,5
4,4
4.4

6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6
5.6

6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.6
5.6
5.5
5.5
5.4
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Table 5.8.9-11
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for BWR Fuel - 379 W/Assembly (continued)
42 < Assembly Average Burnup_< 43 GWdlMTU

.Minimum Cooling Time (years)
BWRI2-3

7x7
BWR/4-6

7x7
BWR/2-3

8X8
BWR/4-6

Wx8
BWR/2-3

9x9
BWRI4-6

9X9
BWR/4-6
.10x10

2.1 <E <2.3
2.3<E<2.5
2.5<E<2.7
2.7<E <2.9
2.9< E<3.1
3.1 _<E <3.3
3.3_<E <3.5
3,5<E <3.7
3.7•ýE < 3.9
3.9<E<4.1
4.1 _<E<4.3
4.3 < E < 4.5
4.5•_< E < 4.7
4.7<E <4.9

E>4.9

6.6
6.5
6.4
6.3
6.1
6.0
6.0
5.9
5.8
5.8
5.7
5.7
5.6

7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1
6.1

5.9
5.8
5.7
5.6
5.5
5.4
5.4
5.3
5.2
5.1
5.1
5.0
5.0o

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
6.0
5.9
5.9

5.3
5.2
5.1
5.0
4.9
4.9
4.8
4.8
4.7
4.6
4.6
4.6
4.5

6.8
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.9
5.8

6.6
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.8
5.7
5.7
5.6

Minimum Initial 43 < Assembly Average Burnup <44 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4.6 BWR/2-3 [BWR/4-6 BWR/2-3 BWR/4-6 BWR/4.6
Wt % 235U (E) 7x7 7x7 8W8 8x8 9x9 9x9 ] 1OxI1
2.1 <E <2.3
2.3•5 E < 2.5
2.5 < E < 2.7
2.7 < E < 2.9
2,9<E<3.1
3.1 <E <3.3
3.3•< E < 3.5
3.5< E < 3.7
3.7:_< E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E <4.5
4.5<E <4.7
4.7_<E <4.9

E>4.9

7.0
6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.9
5.8

7.6
7.4
7.3
7.1
7.0
6.9
6.8
6.7
6.7
6.6
6.5
6.5
6A4

6.1
6.0
5.9
5.8
5.7

5.7
5.6

5.5
5.5
5.4
5.3
523
5.2

7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.4
6.3
6.2
6.2
6.1

5.5
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8
4.8
4.7
4.7

7.1
6.9
6.8
6.7
6.6
6.5
6.5
6.4
6.3
6.2
6.1
6.1
6.0

6.9
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
6.0
5.9
5.9
5.9
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Table 5.8.9-11 Loading Table for BWR Fuel - 379 W/Assembly (continued)
mum Initial 44 < Assembly Average Burnup <45 GWd/MTUMini

Assembly Avg.
Enrichment

wt % 235U (E)

Minimum Cooling Time (years)
BWRI2-3
7x7

BWRI4-6
7x7

BWRJ2-3
Wx

BWR/4-6
Wx8

BWR/2-3
9x9

BWR/4-6
9x9

BWR/4-6
1Ox1O

2.1 <E <2.3
2.3 E < 2.5
2.5<E < 2.7
2.7<E<2.9
2.9_<E < 3.1
3.1 <E<3.3
3.3:5 E < 3.5
3.5:5 E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3:5 E < 4.5
4.5 _< E < 4.7
4.7 < E < 4.9

E_>4.9

7.2
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1

7.9
7.7
7.6
7,4
7.3
7.2
7.1
7.0
6.9
6.8
6.8
6.7

6.3
6.2
6.1
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.4

7.5
7.3
7.1
7.0
6.9
6.8
6.8
6.7
6.6
6.5
6.5
6.4

5.6
5.5
5.4
5.4
5.3
5.2
5.1
5.0
5.0
4.9
4.9
4.8

7.4
7.2
7.0
6.9
6.9
6.8
6.7
6.6
6.5
6.4
6.4
6.3

7.1
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1
6.1

Note: Burnups greater than 45 MWd/MTU have been deleted from this table.
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0Table 5.8.9-12
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for B WR Fuel - 360 W/Assembly
45 < Assembly Average Burnup < 46 GWd/MTU

Minimum Cooling Time (years)
BWR/2-3

7x7
BWR/4-6

7x7
BWRI2-3

Wx
BWR/4-6

8W8
BWR/2-3

9X9
BWR/4-6

9x9
BWR/4-6

1Ox10
2.1 _E< 2.3
2.3 E < 2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9<E<3.1
3.1 <E<3.3
3.3 E < 3.5
3.5 E < 3.7
3.7:5 E < 3.9
3.9_<E<4.1
4.1 <E <4.3
4.3<E<4.5
4.5 E < 4.7
4.7:5 E < 4.9

E>4.9

8.5
8.3
8.1
8.0
7.9
7.7
7.6
7.5
7.4
7.3
7.2
7.1

9.3
9.0
8.9
8.8
8.6
8.4
8.3
8.2
8.1
8.0
7.9
7.8

7.3
7.1
7.0
6.8
6.7
6.7
6.6
6.5
6.4
6.3
6.2
6.1

8.8
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.6
7.5
7.4

6.3
6.2
6.0
6.0
5.9
5.8
5.8
5.7
5.6
5.6
5.5
5.4

8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.4
7.3

8.2
8.0
7.9
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.0
7.0
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Table 5.8.9-12 Loading Table for BWR Fuel - 360 W/Assembly (cont'd)

Minimum Initial
Assembly Avg.

Enrichment,
Wt % 235U (E)

-46 < Assembly Average Burnup < 47 GWd/MTU
Minimum Cooling Time (years)

BWRI2-3
7x7

BWR/4-6
W.7

BWR/2-3
8x8

BWR/4-6
8X8

BWRI2-3
.9X9

BWR/4-6
9x9

BWR/4-6
1Ox10

2.1 <E <2.3
2.3<E<2.5
2.5< E<2.7
2.7• E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3•< E < 3.5
3.5<E < 3.7
3.7<E<3.9
3.9<E <4.1
4.1 <E <4.3
4.3:_< E < 4.5
4.5:5 E < 4.7
4.7: -E < 4.9

E>4.9

4 4- 4 4

9.1
8.9
8.7
8.5
8.3
8.2
8.0
7.9
7.8
7.7
7.6
7.5

10.0
9.8
9.5
9.3
9.1
9.0
8.8
8.7
8.6
8.5
8.4
8.3

7.7
7.5
7.4
7.2
7.0
7.0
6.9
6.8
6.7
6.6
6.5
6.5

.9.3

9.1
8.9
8.7
8.6
8.4
8.3
8.2
8.1
8.0
7:9
7.8

6.7
6.5
6.4
.6.2
6.1
6.0
6.0
5.9
5.8
5.8
5.7
5.7

9.2
8.9
8.8
8.6
8.4

.8.3

8.1
8.0
7.9
7.9
7.8
7.7

8.7
8.5
8.3
8.2
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.4

Minimum Initial 47 < Assembly Average Burnup < 48 GWdlMTU
Assembly Avg. W Minimum Cooling Tirme (years), I W

Enrichment BWR/2. 3 BWR/4-6 IBWR/2-3 BWR/4-6M BWR/23 BWR/4-6 BWR/4-6
Wt % 235U (E) ' 7x7 7x7 8x8 8x8 9x99 ] 9x9 10x10

2.1 <E < 2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7<E <2.9
2.9<E <3.1
3.1 <E <3.3
3.3•< E < 3.5
3.5:_< E < 3.7
3.7 < E < 3.9
3.9_<E <4.1
4.1 < E <4.3
4.3<E <4.5
4.5•< E < 4.7
4.7 < E < 4.9

E>4.9

9.8
9.6
9.3
9.1
8.9
8.7
8.6
8.4
8.3
8.1
8.0
7.9

10.7
10.5
10.2
9.9
9.7
9.6
9.4
9.3
9.1
9.0
8.9
8.8

8.2
8.0
7.8
7.7
7.5
7.4
7.2
7.1
7.0
6.9
6.9
6.8

9.9
9.7
.9.5
9.3
9.1
8.9
8.8
8.7
8.6
8.5
8.3
8.2

6.9
6.8
6.7
6.6-
6.5
6.3
6.2
6.1
6.0
6.0
5.9
5.9.

9.8
9.5
9.3
9.2
9.0
8.8
8.7
8.6
8.4
8.3
8'2
8.1

9.3
9.1
8.9
8.7
8.5
8.4
8.2
8.1
8.0
7.9
7.8
7.8
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Table 5.8.9-12
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for B WR Fuel - 360 W/Assembly (cont'd)
48 < Assembly Average Burnup•< 49 GWdlMTU

Minimum Cooling Time (years)
BWR/2-3

7x7
BWR/4-6

7x7
BWR/2-3

8x8
BWRJ4-6

Wx
BWRI2-3

9X9
BWRI4-6

9x9
BWR/4-6

1Ox10
4 4 4 4 1 4

2.1 <E < 2.3
2.3 < E < 2.5
2.5 < E < 2.7
2.7 5 E < 2.9
2.9<E<3,1
3.1 <E < 3.3
3.3:< E < 3.5
3.5•5 E < 3.7
3.7•< E < 3.9
3.9_<E<4.1
4.1 <E<4.3
4.3:5 E < 4.5
4.5•_< E < 4.7
4.7•< E < 4.9

E>4.9

10.5
10.2
10.0
9.7
9.5
9.3
9.1
9.0
8.8
8.7
8.6
8.5

11.6
11.3
11.0
10.7,
10.5
10.3
10.1
9.9
9.7
9.6
9.5
9.3

8.7
8.5
8.3
8.1
7.9
7.8
7.7
7.5
7.4
7.3
7.2
7.1i

10.8
10.4
10.1
9.9
9.7
9.5
9.4
9.2
9.1
8.9
8.9
8.8

7.3
7.1
7.0
6.9
6.8
6.7
6.5
6.4
6.3
6.3
6.2
6.1

10.6
10.2
9.9
9.8
9.6
9.4
9.2
9.0
8.9
8.8
8.7
8.6

9.9
9.7
9.4
9.2
9.0
8.9
8.7
8.6
8.5
8.4
8.3
8.2

Minimum Initial 49 < Assembly Average Burnup•< 50 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 1 BWR/2-3 BWR/4-6 BWR/2-3 J BWR/4-6 BWR/4-6
Wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 0xO10
2.1 <E<2.3
2.3•5 E < 2.5
2.5 E < 2.7
2.7 E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3 <E<3.5
3.5 E < 3.7
3.7 5 E < 3.9
3.9 E <4.1
4.1 <E <4.3
4.3 E < 4.5
4.5 E < 4.7
4.7 < E < 4.9

E >4.9

11.0
10.7
10.4
10.2
10.0
9.7
9.6
9.4
9.3
9.1
9.0

12.0
11.7
11.5
11.3
11.0
10.8
10.6
.10.4
10.2
10.1
10.0

9.0
8.8
8.6
8.4
8.2
8.0
7.9
7.8
7.7
7.6
7.5

11.2
10.9
10.7
10.4
10.2
10.0
9.8
9.7
9.5
9.4
9.3

7.6
7.4
7.2
7.0
7.0
6.8
6.7
6.7
6.6
6.5
6.4

11.0
10.7
10.4
10.2
10.0
9.8
9.7
9.5
9.4
9.2
9.1

10.3
10.1
9.8
9.7
9.5
9.3
9.1
9.0
8.9
8.7
8.6

0
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Table 5.8.9-12 Loading Table for BWR Fuel - 360 W/Assembly (cont'd)

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

50 < Assembly Average Burnup < 51 GWd/MTU
Minimum Cooling Time (years)

BWR/2-3
7x7

BWR/4-6
7x7

BWRI2-3 I BWR/4-6 BWR/2-3
9x9

BWR/4-6
9x9

BWR/4-6
1Ox108x8 8x8

+ 4 4- + +

2.1 <E <2.3
2.3_<E <2.5
2.5 _< E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3 E < 3.5
3.5 E < 3.7
3.7 E < 3.9
3.9 E<4.1
4.1 <E <4.3
4.3<E <4.5
4.5:5 E < 4.7
4.7<E <4.9

E>4.9

11.8
11.5
11.2
10.9
10.7
10.4
10.3
10.0
9.9
9.8
9.6

12.9
12.6
12.3
11.9
11.8
11.6
11.3
11.2
11.0
10.9
10.7

9.6
9.4
9.1
8.9
8.7
8.6
8.4
8.3
8,1
8.0
7.9

12.0
11.7
11.5
11.1
10.9
10.7
10.5
10.4
10.1
10.0
9.9

8.0
7.8
7.6
7.5
7.3
7.2
7.0
7.0
6.8
6.8
6.7

11.8
11.5
11.2
11.0
10.7
10.5
10.3
10.1
9.9
9.8
9.7

11.1

10.9
10.6
10.3
10.0
9.9
9.7
9.6
9.4
9.3
9.1

Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

51 < Assembly Average Burnup < 52 G"
Minimum Cooling Time (years)

d/MTU

BWR/2-3
7x7

BWR/4-6
7x7

BWR/2-3
8x8

BWR/4-6
8x8

BWR/2-3
9x9

BWR/4-6
9x9

BWR/4-6 - "
1Ox10

2.1 <E <2.3
2.3•< E < 2.5
2.5<E <2.7
2.7<E <2.9
2.9•5 E < 3.1
3.1 <E<3.3
3.3•_ E < 3.5
3.5•_< E < 3.7
3.7•< E < 3.9
3.9<E<4.1
4.1 _<E <4.3
4.3•5 E < 4.5
4.5<E <4.7
4.7:5 E < 4.9

E>4.9

12.7
12.3
11.9
11.7
11.5
11.2
11.0
10.8
10.6
10.5
10.2

13.9
13.4
13.2
12.9
12.6
12.4
12.1
11.8
11.7
11.6
11.4

10.3
10.0
9.8
9.5
9.3
9.1
8.9
8.8
8.7
8.5
8.4

12.9
12.5
12.1
11.9
11.7
11.5'
11.3
11.1
10.9
10.7
10.6

8.4
8.2
8.0
7.9
7.7
7.6
7.4
7.3
7.2
7.1
7.0

12.6
12.3
11.9
11.7
11.4
11.3
11.0
10.9
10.7
10.5
10.4

11.9
11.6
11.3
11.0
10.8'
10.5
10.3
10.2
10.0
9.9
9.8
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Table 5.8.9-12
Minimum Initial
Assembly Avg.

Enrichment BWR/
Wt % 235U (E) 7x

Loading Table for B WR Fuel - 360 W/Assembly (cont'd)
52 < Assembly Average Burnup < 53 GWdlMTU

Minimum Coolinq Time (years)
'2-3
r

BWR/4-6
7x7

BWRI2-3
Bx8

BWR/4-6
8W8

BWR/2-3
9x9

BWR/4-6
9x9

BWR/4-6
1OxID

2.1 <E< 2.3
2.3 5 E < 2.5
2.5 < E < 2.7
2.7•< E < 2.9
2.9 <E<3.1
3.1 E <3.3
3.3 < E < 3.5
3.5:5 E < 3.7
3.7 < E < 3.9
3.9 < E <4.1
4.1 E< 4.3
4.3 <E<4.5
4.5< E < 4.7
4.7< E<4.9

E>4.9

13.6
13.2
12.8
12.6
12.2
11.9
11.7
11.6
11.4
11.2
11.0

14.8
14.5
14.1
13.8
13.5
13.2
13.0
12.7
12.5
12.4
12.1

11.0
10.7
10.4
10.1
9.8
9.7
9.5
9.3
9.2
9.0
8.9

13.7
13.3
13.0
12.7
12.4
12.2
12.0
11.8
11.6
11.5
11.3

8.9
8.7
8.5
8.3
8.1
7.9
7.8
7.7
7.6
7.5
7.4

13.4
13.1
12.8
12.5
12.2
12.0
11.8
11.5
11.4
11.3
11.1

12.7
12.4
12.0
11.8
11.5
11.3
11.1
10.9
10.7
10.5
10.4

Minimum Initial 53 < Assembly Average Burnup < 54 GWdlMTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment' BWR/2-3 BWR/4-6 BWR/2-3 [BWRJ4-6 [BWR/2-3 1 BWR/4-6 BWR/4-6
Wt% 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox1O
2.1 <E <2.3
2.3 < E < 2.5.
2.5 < E < 2.7
2.7 < E < 2.9
2.9<E<3.1
3.1 <E <3.3
3.3•< E < 3.5
3.5•< E < 3.7
3.7<E <3.9
3.9<E<4.1
4.1 <E<4.3
4.3•< E < 4.5
4.5•< E < 4.7
4.7•< E < 4.9

E>4.9

14.5
14.1
13.8
13.4
13.1
12.9
12.6
12.4
12.1
11.9
11.7

15.8
15.4
15.1
14.7
14.4
14.1
13.9
13.6
13.4
13.2
13.1

11.8
,11A4
11.1
10.9
10.6
10.4
10.1
9.9
9.7
9.6

9.4

14.6
14.3
13.9
13.6
13.3
13:1
12.8
12.6
12.3
12.2
12.0

9.5
9.2
8.9
8.7
8.6
8.4
8.2
8.1
7.9
7.9
7.8

14.4
14.0
13.6
13.4
13.1
12.8
12.5
12.3
12.1
11.9
11.7

13.6
13.2
12.8
12.6
12.2
12.0
11.8
11.6
11.4
11.2
11.1
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Table 5.8.9-12
Minimum Initial
Assembly Avg.

Enrichment BWR/
Wt% 235U (E) 7x,

Loading Table for BWR Fuel - 360 W/Assembly (cont'd)
54 < Assembly Average Burnup•< 55 GWd/MTU

Minimum Cooling Time (years)
2-3 BWR/4-6

7x7
BWRJ2-3

8x8
BWR/4-6

B8x
BWRI2-3
9X9

BWR/4-6
9x9

BWR/4-6
1Ox10

+ + +

2.1 _<E <2.3
2.3•< E < 2.5
2.5•< E < 2.7
2.7•< E < 2.9
2.9:•E <3.1
3.1 <E <3.3
3.3 _< E < 3.5
3.5:< E < 3.7
3.7•ýE <3.93,7 < E < 4.1
3.9_<E<4,1

4.1 •E <4.3
4,3• E < 4.5
4.5 <E < 4.7
4.7•!ýE <4.9

E < 4.9

15.0
14.7
14.3
13.9
13.6
13.3
13.1
12.9
12.8
12.5

16.4
16.0
15.7
15.4
15.1
14.7
14.5
14.3
14.1
13.9

12.1
11.9
11.5
11.3
11.1
10.8
10.5
10.4
10.2
10.0

15.2
14.9
14.5
14.2
13.9
13.6
13.4
13.2
13.0
12.8

9.8
9.5
9.3
9.0
8.9
8.7
8.5
8.4
8.3
8.1

14.9
14.6
14.2
13.9
13.6
13.4
13.1
13.0
12.8
12.5

14.1
13.7
13.4
13.1
12.8
12.5
12.3
12.1
11.9
11.7

Minimum Initial 55 < Assembly Average Burnup < 56 GWdlMTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4.6
Wt % 235U (E) 7x7 I 7x7 8x8 8x8 9x9 ] 9x9 1Ox10

2.1 E < 2.3
2.3:< E < 2.5
2.5<E <2.7
2.7 E < 2.9
2.9___ E < 3.1
3.1 •E<3.3
3.3:5 E < 3.5
3.5 < E < 3.7
3.7 < E < 3.9
3.9<E<4.1
4.1 <E<4.3
4.3 < E < 4.5
4.5<E<4.7
4.7 <E<4.9

E_>4.9

15.8
15.5
15.1
14.7
14.4
14.0
13.8
13.7
13.4
13.3

17.5
17.1
16.7
16.3
16.0
15.7
15.4
15.2
15.0
14.8

13.1
12.7
12.3
12.0
11.8
11.5
11.3
11.1
10.9
10.7

16.2
15.8
15.5
15.1
14.9
14.5
14.3
14.1
13.9
13.7

10.4
10.1
9.9
9.7
9.4
9.2
9.0
8.8
8.7
8.6

15.9
15.5
15.2
14.8
14.6
14.3
14.0
13.8
13.7
13.4

15.0
14.6
14.3
13.9
13.6
13.4
13.1
12.9
12.8
12.5
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Table 5.8.9-12
Minimum Initial
Assembly Avg.

Enrichment
Wt % 235U (E)

Loading Table for BWR Fuel - 360 W/Assembly (cont'd)
56 < Assembly Average Burnup•< 57 GWd/MTU

Minimum Cooling Time (years)
BWRI2-3

7x7
BWR/4-6

7x7
BWR/2-3

8x8
BWRJ4-6

I W
BWR/2-3

9x9
BWR/4-6

9x9
BWRI4-6

lOXlO
2.1 <E <2.3
2.3<E <2.5
2.5<E <2.7
2.7_<E <2.9
2.9<E <3.1
3.1 <E <3.3
3.3<E <3.5
3.5<E<3.7
3.7<E <3.9
3.9 < E < 4.1
4.15 E<4.3
4.3<E<4.5
4.5_<E <4.7
4.7•< E < 4.9

E>4.9

16.8
16.5
16.0
15.7
15.4
15.1
14.8
14.6
14.3
14.0

18.4
18.1
17.7
17.3
17.1
16.8
16.4
16.2
15.9
15.7

13.8
13.5
13.1
12.9
12.5
12.2
12.0
11.8
11.6
11.4

17.2
16.8
16.4
16.1
15.8
15.4
15.2
15.0
14.7
14.5

11.1
10.9
10.5
10.2
10.0
9,8
9.6
9.4
9.2
9.0

16.9
16.4
16.2
15.7
15.4
15.2
14.8
14.7
14.4
14.3

16.0
15.5
15.2
14.8
14.5
14.3
14.0
13.8
13.5
13.4

Minimum Initial 57 < Assembly Average Burnup < 58 GWd/MTU
Assembly Avg. Minimum Cooling Time (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
wt % 235U (E) 7x7 7x7 8x8 8x8 9x9 9x9 1Ox1O

2.1 •E <2.3
2.3<E <2.5
2.5 < E < 2.7
2.7_<E<2.9
2.9<E <3.1
3.1 •E<3.3
3.3 E < 3.5
3.5 E < 3.7
3.7 E < 3.9
3.9<E<4.1
4.1 < E <4.3
4.3 E < 4.5
4.5 E < 4.7
4.7 E < 4.9

E>4.9

17.8
17.3
17.0
16.6
16.3
15.9
15.7
15.5
15.2
15.0

19.5
19.1
18.7
18.3
17.9
17.7
17.4
17.1
16.9
16.7

14.8
14.4
14.0
13.6
13.3
13.1
12.8
12.5
12.3
12.1

18.2
17.7
17.4
17.0
16.7
16.3
16.1
15.9
15.6
15.4

11.8
11.5
11.2
10.9
10.6
10.3
10.1
9.9
9.8
9.6

17.8
17.5
17.1
16.8
16.4
16.1
15.8
15.5
15.3
15.1

16.8
16.5
16.1
15.7
15.4
15.1
14.8
14.6
14.4
14.2
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Table 5.8.9-12
Minimum Initial
Assembly Avg.

Enrichment
wt %.235U (E)

Loading Table for BWR Fuel- 360 W/Assembly (cont'd)
58 < Assembly Average Burnup < 59 GWd/MTU

Minimum Cooling Time (years)
BWRI2-3

7x7
BWR/4-6

7x7
BWRI2-3

8X8
BWR/4-6

8x8
BWR/2-3

9x9
BWR/4-6

9x9
BWRI4-6
lOXlO

r -+ 4 4 4 + 4 +

2.1 __ E < 2.3
2.3:5 E < 2.5
2.5•< E < 2.7
2.7<E<2.9
2.9<E<3.1
3.1 <E<3.3
3.3_< E <3.5
3.55 E < 3.7
3.7•< E < 3.9
3.9•5 E < 4.1
4.-1 <E <4.3
4.3___ E < 4.5
4.5•5 E < 4.7
4.7 < E < 4.9

E>_4.9

18.7
18.4
18.0
17.6
17.2
16.9
16.6
16.4
16.1
15.9

20.4
20.0
19.7
19.3
18.9
18.7
18.4
18.0
17.8
17.6

15.7
15.2
14.9
14.5
14.1
13.8
13.6
13.3
13.1
12.9

19.2
18.8
18.4
18.1
17.7
17.4
17.1
16.9
16.6
16.3

12.6
12.2
11.9
11.6
11.2
11.0
10.8
10.6
10.3
10.2

18.9
18.4
18.1
17.7
17.3
17.1
16.8
16.5
16.2
15.9

17.8
17.4
17.1
16.7
16.3
16.1
15.7
15.5
15.3
15.1

Minimum Initial 59 < Assembly Average Burnup •60 GWd/MTU
Assembly Avg. Minimum Cooling Ti e (years)

Enrichment BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/2-3 BWR/4-6 BWR/4-6
Wt % 235u (E) 7x7 7x7 8x8 8x8 9x9 9x9 10xO10
2.1 <E <2.3
2.3•< E < 2.5
2.5 < E < 2.7
2.7•__ E < 2.9
2.9 < E < 3.1
3.1 <E<3.3
3.3<E<3.5
3.5<E <3.7
3.7•__ E < 3.9
3.9<E<4.1
4.1 <E <4.3
4.3<E<4.5
4.5 E < 4.7
4.7 E < 4.9

E>4.9

19.3
18.9
18.6
18.2
17.9
17.6
17.3
17.1
16.9

21.0
20.7
20.3
19.9
19.7
19.4
19.1
18.8
18.6

16.0
15.6
15.2
14.9
14.5
14.2
14.0
13.8
13.6

19.7
19.3
19.0
18.7
18.3
18.1
17.7
17.6
17.3

12.9
12.7
12.3
11.9
11.6
11.4
11.2
11.0
10.8

19.5
19.1
18.7
18.3
17.9
17.7
17.5
17.2
16.9

18.4
17.9
17.7
17.3
17.0
16.6
16.4
16.1
15.9
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5.8.12 PWR Damaged Fuel

Damaged PWR fuel assemblies may be loaded in damaged fuel cans in the four comer assembly

locations of the PWR damaged fuel basket. DFC slots are locations 4, 8, 30 and 34 in Figure

5.8.12-10. To ensure that the worst case configuration is considered, two damaged fuel scenarios

are evaluated. Damaged fuel includes fuel debris.

The first scenario assumes the damaged fuel collects over the active fuel length of the fuel

assembly. This scenario is modeled by filling the fuel assembly interstitial volume with U0 2 and

increasing the fuel neutron, gamma and n-gamma source consistent with this increase in mass.

In the second scenario, damaged fuel is assumed to migrate from the active fuel into the lower

end fitting region of the fuel assembly, filling all the modeled void space. However, no credit is

taken for the reduction in lower end fitting hardware dose rate due to the added U0 2 mass and

self-shielding nor for the reduction in fuel mass migrated from the active fuel region.

The resulting material compositions are shown in Table 5.8.12-1 for WE'14x14 (14b) PWR fuel.

In the model, no credit is taken for the thicker plates in the comer locations of the damaged fuel

basket or the thickness of the damaged fuel cans themselves.

For the transfer cask, damaged fuel dose rates are computed using the carbon steel transfer cask,

as it produces higher dose rates than the stainless steel transfer cask due to the higher density of

stainless versus carbon steel. For the concrete cask, damaged fuel dose rates are computed using

the standard concrete cask, as it produces higher dose rates than the augmented shield concrete

cask.

Cask array site boundary dose/exposure calculations performed for the undamaged fuel basket

are bounding for the damaged fuel basket, as cask sources employed in the undamaged fuel

basket cask array calculations are significantly higher than those used in the minimum cool time

evaluation (40 kW for site boundary/cask array analysis versus 35.5 kW maximum in cool time/

cask dose analysis). Furthermore, the damaged fuel analysis results in Section 5.8.12.2 have

demonstrated that the inclusion of damaged fuel has no significant effect on system surface dose

rates. Therefore, there is not a significant effect on site exposure.
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5.8.12.1 Transfer Cask Dose Rates

5.8.12.1.1 Active Fuel Scenario

Transfer cask dose rates are computed using the bounding fuel assembly source terms from

Section 5.8.3.3.1 for the first scenario (fuel material filling void space at the active fuel region

elevation).

A comparison of transfer cask surface dose rates for undamaged and damaged fuel is shown in

Figure 5.8.12-1 through Figure 5.8.12-3. The results for the damaged fuel model are less than

those of the undamaged fuel model due to the additional self-shielding offsetting the increase in

source in the four damaged fuel can basket locations. Results are based on a comparison of fuel

neutron and fuel gamma sources only, as this scenario considers an increased density fuel source

that would serve as additional shield material for any hardware gamma source in the region.

5.8.12.1.2 Lower End Fitting Scenario

Transfer cask dose rates are computed using the bounding fuel assemblies from Section 5.8.5.2.3

for the second scenario.

The increase in radial and bottom axial dose rates from damaged fuel in the lower end fitting

region of the four damaged fuel can basket locations is shown in Figure 5.8.12-4 and Figure

5.8.12-5. Damaged fuel maximum dose rates are greater than those in Section 5.8.5.2.3. Dose

rates are summarized in Table 5.8.12-2.

5.8.12.2 Concrete Cask Dose Rates

5.8.12.2.1 Active Fuel Scenario

Concrete cask dose rates are computed using the bounding fuel assembly source terms from

Section 5.8.3.4.1 for the first scenario.

Undamaged and damaged fuel radial and top axial dose surface rates are compared in Figure

5.8.12-6 and Figure 5.8.12-7. The results for the damaged fuel model are less than those of the

undamaged fuel model due to the additional self-shielding offsetting the increase in source in the

four DFC basket locations. The same is true for inlet and outlet results. Comparisons are based

on fuel neutron and fuel gamma sources only.

Note that the damaged fuel basket design does not physically accommodate CE 16x 16 System 80

(16a) fuel that is bounding for top dose rates per Section 5.8.3.4.1. However, using CE 16x16

NAC International 5.8.12-2
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fuel is sufficient to demonstrate that the active fuel damaged fuel scenario does not produce

bounding dose rates.

5.8.12.2.2 Lower End Fitting Scenario

Concrete cask dose rates are computed using the bounding fuel assemblies from Section 5.8.5.2.3

for the second scenario.

The increase in radial and inlet dose rates from damaged fuel in the lower end fitting region of

the four damaged fuel can basket locations is shown in Figure 5.8.12-8 and Figure 5.8.12-9.

Damaged fuel maximum dose rates are greater than those in Section 5.8.5.2.3. Dose rates are

summarized in Table 5.8.12-3.

The average damaged fuel dose rate at the radial surface of the concrete cask is less than 1

mremihour. This increase is significantly less than the average lower end fitting hardware dose

rate of 5.1 mrem/hr for undamaged fuel. Because much of the lower end fitting undamaged

source is expected to be self-shielded by the U0 2 in the lower end fitting void space, no

adjustment to the surface currents used in the site boundary evaluation is necessary.
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Figure 5.8.12-1
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Figure 5.8.12-3 Dose Rate Profile Comparison at Bottom Surface of Transfer Cask -
Active Fuel Damaged PWR Fuel
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Figure 5.8.12-5 Dose Rate Profile at Bottom Surface of Transfer Cask - Lower End
Fitting Damaged PWR Fuel
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Figure 5.8.12-7 Dose Rate Profile Comparison at Top Surface of Concrete Cask - Active
Fuel Damaged PWR Fuel
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Figure 5.8.12-9 Concrete Cask Inlet Dose Rate Profile - Lower End Fitting Damaged
PWR Fuel
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Figure 5.8.12-10 Schematic of DF Basket Assembly Configuration for PWR SNF
with DFCs
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Table 5.8.12-1 Damaged Fuel Material Summary - 14b PWR Fuel

Material Element/
Isotope

Density
[atom/-b-cm]

Density
[g/cm 3]

Damaged Fuel (Lower Nozzle) Chromium 5.5169E-03 9.6315
Manganese 5.4963E-04

Iron 1.8789E-02
Nickel 2.4436E-03

Uranium 235 8.0452E-04
Uranium 238 1.5093E-02

Oxygen 3.1786E-02
Damaged Fuel (Active Fuel) Zirconium

Chromium
Tin

Nitrogen
Iron

Uranium 235
Uranium 238

Oxygen

4.1401 E-03
7.3948E-06
4.8585E-05
1.3729E-05
8.6061 E-06
1.1758E-03
2.2057E-02
4.6452E-02

11.0505

Table 5.8.12-2 Transfer Cask Maximum Damaged PWR Fuel Dose Rates

Surface 1 meter
.7. .7.

Detector Source mrem/hr FSDa mrem/hr FSD
Radial Undamaged 923 0.5% 320 0.3%

BPRA 19 4.3% 29 1.3%
Damaged Neutron 46 1.2% 0.6 4.3%
Damaged Gamma 48 2.0% 0.4 4.7%

Total 1,036 0.5% - 350 0.3%
Bottom Undamaged

BPRA
Damaged Neutron
Damaged Gamma

5,824
84
35

1.6%
5.4%
4.3%

2,638
45
33
88

0.7%
1.8%
1.5%
1.2%

Total 5,943 1.5% 2,804 0.6%

0
a Fractional standard deviation.
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Table 5.8.12-3 Concrete Cask Maximum Damaged PWR Fuel Dose Rates

Surface 1 meter
Detector Source mrem/hr FSD mrem/hr FSD

Radial Undamaged 74.9 7.3% 37.1 0.3%
BPRA 1.7 3.5% 3.3 0.5%

Damaged Neutron 0.4 0.3% 0.0 1.4%
Damaged Gamma 5.3 7.6% 0.1 4.3%

Total 82.3 6.6% 40.5 0.2%
Inlet Undamaged

BPRA
Damaged Neutron
Damaqed Gamma

425.4
8.7
4.7
33.0

1.4%
3.5%
0.6%
2.7%

69.7
1.3
0.7
6.6

2.6%
5.7%
1.2%
4.9%

Total 471.8 1.3% 78.3 2.4%
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5.8.13 Nonfuel Hardware Components - Neutron Sources, Reconstituted

Assemblies, and Hafnium Flux Reduction Assemblies

This section discusses effects of neutron sources, reconstituted assemblies with stainless steel

replacement rods, and hafnium flux reduction assemblies.

5.8.13.1 Primary and Secondary Neutron Sources and Source Assemblies

Primary neutron source strengths and source assembly strengths are on the order of 1 x 108 to

lx 109 neutrons/second when they are initially put into the reactor [30]. These sources diminish

as the source isotopes decay over time or are transmuted by neutron absorption during in-core

use. Typical primary neutron sources are Pu-Be and 252Cf sources, but other radionuclides may

be used. A majority of the isotopes in neutron sources have half lives on the order of days or a

few years (e.g., 252Cf has a half life of 2.6 years), and the source strength will be significantly

diminished before the neutron source is stored. The 238 Pu and 24 1Am isotopes have half lives of

87 and 433 years, respectively. Therefore, their source strength does not diminish significantly

as a result of radioactive decay alone.

Secondary neutron sources become active after activation by thermal neutrons in the reactor core.

The most common secondary source, SbBe, relies on the gamma decay of 124 Sb to produce a y,n

reaction in Be. As 124 Sb has a half life of 2.7 years, the strength of the source significantly

diminishes once removed from the reactor core as the production of 124Sb ends. As maximum

source strength occurs at core shutdown and is typically designed to produce a source no higher

than the primary source due to source decay, the secondary sources are not bounding for system

performance.

As the initial source strength of neutron sources has the same order of magnitude of a fuel

assembly, the loading of a single neutron source in a system with 37 fuel assemblies would have

less than a 3% effect on the neutron source in the system. The loading of neutron sources is

restricted to one assembly, regardless of neutron source type, in one of the nine interior locations:

Due to shielding provided by the outer assemblies, the dose rate effect of the already small source

increase in the system is further mitigated. Therefore, there is no significant dose rate effect of

loading a primary or secondary neutron source.

Neutron source assemblies may contain source rods attached to hardware similar in configuration

to guide tube plug devices (thimble plugs) and burnable absorbers, in addition to containing

burnable poison rodlets and/or thimble plug rodlets. For NSAs containing absorber rodlets, the

BPRA cool time and burnup/exposure or hardware 60Co curie limit listed in Section 5.8.5 are
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applied to the neutron sources. NSAs having only thimble plug rodlets require the thimble plug

restriction in Section 5.8.5.2.2 to be applied. Combination NSAs, containing both thimble plug

and burnable absorber rodlets, must apply the more limiting of the two minimum cool time/curie

limits.

5.8.13.2 Reconstituted Assemblies

Reconstituted assemblies have fuel rods that have been replaced with an inert material. When

this inert material is stainless steel, the activation source of these rods must be considered.

If stainless steel rods are inserted into an assembly and further burned, the number of stainless

steel replacement rods is limited to five per assembly (13.90 kg for the evaluated sample fuel
type) and a maximum exposure of 32.5 GWd/MTU. Any number of unirradiated (i.e., no in-core

use) stainless steel replacement rods are acceptable for storage. No credit is taken for the

reduction in fuel (U0 2 ) source for the replaced fuel rods. The stainless steel replacement rod

source was modeled in the basket periphery and at the periphery of the fuel assembly,

minimizing the effect of intra- and inter-assembly self-shielding.

Azimuthal dose rate comparisons for the storage and transfer cask were made using the bounding

radial source terms for Westinghouse 15 x 15 (15 a) fuel. The azimuthal detectors for each cask

are centered on the fuel midplane with a total height of 30.48 cm.

Storage cask dose rates are compared in Figure 5.8.13-1. The stainless steel rod contribution is

approximately 20% that of the fuel assembly contribution in two azimuthal subdetectors (10% .of

the cask circumference). Over the entire circumference of the cask, the stainless steel rod

contribution is approximately 2% that of the fuel assembly contribution.

Transfer cask dose rates are compared in Figure 5.8.13-2. The stainless steel rod contribution is

approximately 30% that of the fuel assembly contribution in a single azimuthal subdetector (2%

of the cask circumference). Over the entire circumference of the cask, the stainless steel rod

contribution is approximately 2% that of the fuel assembly contribution.

With the narrow peak band, a bounding configuration of all activated steel facing the cask

surface, and the overall minimal increase in total dose rate, the loading of a reconstituted fuel
assembly in the MAGNASTOR system does not significantly affect dose rates. Therefore, a

single reconstituted fuel assembly containing irradiated stainless steel rods may be loaded in any
location in the basket. No limit exists on the number of reconstituted assemblies with

unirradiated steel rods or zirconium alloy filler rods. Furthermore, no adjustment is required to
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site boundary dose rates or transfer cask occupational exposures due to the loading of a single

reconstituted fuel assembly.

5.8.13.3 Hafnium Flux Reduction Assemblies

Hafnium flux reduction assemblies (HFRAs) are used to reduce neutron flux, typically at

peripheral core locations where reactor vessel damage due to neutron fluence is a concern.

Hafnium rods are inserted into guide tube locations and their maximum number is governed by

the number of guide tubes.

Due to the effectiveness of the hafnium rods in reducing neutron flux, coupled with neutron

leakage at the core periphery, the exposure of the hafnium rod containing assemblies is limited to

4,000 MWd/MTU. The assembly exposure is conservatively applied to hafnium flux rods with

no credit for self-shielding or reduced flux in the guide tube locations. The SAS2H input for this

exposure is shown in Figure 5.8.13-3. The input file models an initial enrichment of 1.1 wt %
235U, consistent with the insertion of hafnium rods after two cycles of exposure.

The source from 20 hafnium rods (70.45 kg) is compared to the bounding active fuel region

BPRA source for Westinghouse 15x15 (15a) fuel (55 GWd/MTU exposure, 3.1 wt % 235U, and

8 years cool time) in Table 5.8.13-1. The only group where HFRAs have considerable gamma

source at a considerable strength when compared to BPRAs is group 11. The HFRA has

approximately 100 times the BPRA source in group 11, but the magnitude of the contribution

from group 11 is insignificant when compared to surrounding groups. The HFRA source in

group 11 is on the order of 104, which is nine orders of magnitude smaller than the BPRA source

in group 12 (1013) and four orders of magnitude smaller than the BPRA source in group 9.

Therefore, HFRAs are bounded by BPRAs and placement in any basket location is acceptable.
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Figure 5.8.13-1 Reconstituted Assembly Radial Dose Rate Comparison - Storage Cask
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Figure 5.8.13-3 SAS2II Input for HFRA Source

=SAS2 PARM='HALT01,SKIPSHIPDATA'
Class 1 - ngl5a - WE15 (Rev 0) - 1.1 w/o U235, 4000 MWD/MTU, 5-16 yrs cool
44GROUPNDF5 LATTICECELL
U02 1 0.950 900 92235 1.1 92238 98.9 ,END
ZR 2 1.0 620. END
H20 3 DEN=0.725 1.0 580 END
ARBM-BORMOD 0.725 1 1 0 0 5000 100 3 550.OE-6 580 END
ZR 4 1.0 580 END
H20 5 DEN=0.725 0.9835 580 END
ZR 5 0.0165 580 END
END COMP
SQUAREPITCH 1.4300 0.9319 1 3 1.0719 2 0.9489 0 END
NPIN:204 FUEL=365.760 NCYC=I NLIB=I PRIN=6 LIGH=1
INPL=1 NUMH=20 NUMI=I MXTUBE=4 RTU=0.6147 SRTU=0.5766 END
POWER=7.3059 BURN=547.500 DOWN=1461 END
HF 1
END

Note: SAS2H run for four-year cool time is followed by ORIGENS decay
run to 16 years.
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Table 5.8.13-1 HFRA vs. BPRA Source Comparison

Energy
Group

BPRA
[ciammalsecl

HFRA
[qamma/seclrMeV1 HFRA/BPRA

__________ - - ~ -.4

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

1.20E+01
1.OOE+01
8.OOE+00
6.50E+00
5.OOE+00
4.OOE+00
3.OOE+00
2.50E+00
2.OOE+00
1.66E+00
1.44E+00
1.22E+00
1.OOE+00
8.00&E01
6.OOE-01
4.OOE-01
3.OOE-01
2.OOE-01
1.OOE-01
5.OOE-02
2.OOE-02
1.00E-02

1.40E+01
1.20E+01
1.OOE+01
8.OOE+00
6.50E+00
5.OOE+00
4.OOE+00
3.OOE+00
2.50E+00
2.00E+00
1.66E+00
1.44E+.00
1.22E+00
1.00E+00
8.00E-01
6.OOE-01
4.00E-01
3.OOE-01
2.00E-01
1.OOE-01
5.OOE-02
2.OOE-02

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
7.78E-14
6.30E+05
4.06E+08
1.02E-01
1.08E+02
3.85E+13
4.06E+13
5.68E+10
7.16E+07
2.06E+08
3.26E+09
2.49E+09
5.01E+10
2.08E+11
5.95E+11
7.08E+1 1

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
3.98E-1 7
1.30E-04
1.25E+04
8.32E+06
2.15E+07
6.80E+05
8.82E+01
3.52E+02
7.16E+03
4.41 E+06
7.90E+06
2.66E+07
1.12E+06
1.01 E+06

0
0

9.79E-26
1.28E-03
1.16E+02
2,16E-07
5.29E-07
1.20E-05
1.23E-06
1.71E-06
2,20E-06
1.77E-03
1.58E-04
1.28E-04
1.88E-06
1.42E-06

TOTAL 8.07E+1 3 7.15E+07 8.86E-07
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6.1 Discussion and Results

6.1.1 MAGNASTOR System Criticality Evaluation

MAGNASTOR consists of a TSC (Transportable Storage Canister), a transfer cask, and a

concrete cask. The system is designed to safely store up to 37 undamaged PWR fuel assemblies

in the 37 PWR basket assembly or up to 87 undamaged BWR fuel assemblies in the 87 BWR

basket assembly. The system is also designed to store up to four damaged fuel cans (DFCs) in

the DF Basket Assembly. The DF Basket Assembly has a capacity of up to 37 undamaged PWR

fuel assemblies, including four DFC locations. DFCs may be placed in up to four of the DFC
locations. Each DFC may contain an undamaged PWR fuel assembly, a damaged PWR fuel

assembly, or PWR fuel debris equivalent to one PWR fuel assembly. Undamaged PWR fuel

assemblies may be placed directly in the DFC locations of a DF Basket Assembly.

The TSC is comprised of a stainless steel canister and a basket within which fuel is loaded. The

PWR and BWR system each includes two TSC lengths to store fuel assemblies without the

requirement of spacers. Spacers may be employed to simplify loading or unloading operations.

The TSC is loaded into the concrete cask for storage. A transfer cask is used for handling the

TSC during loading of spent fuel. Fuel is loaded into the TSC contained within the transfer cask

underwater in the spent fuel pool. Once loaded with fuel, the TSC closure lid is welded and the

TSC is drained, dried and backfilled with helium. The transfer cask is then used to move the
TSC into or out of the concrete cask. The transfer cask provides shielding during the TSC

loading and transfer operations. One-size concrete cask and one-size transfer cask accommodate

all of the PWR and BWR TSCs.

Under normal conditions, such as loading in a spent fuel pool, moderator (water) is present in the

TSC during the initial stages of fuel transfer. During draining and drying operations, moderator

with varying density is present. Thus, the criticality evaluation of the transfer cask includes a

variation in moderator density and a determination of optimum moderator density. Cask

accident conditions are bounded by inclusion in the analysis of the most reactive mechanical

basket configuration as well as moderator intrusion into the fuel cladding. The PWR TSC is

evaluated at minimum soluble boron levels during flooded conditions.

Structural analyses demonstrate that the TSC confinement boundary remains intact through all
storage operating conditions. Therefore, moderator is not present in the TSC while it is in the

concrete cask. However, access to the concrete cask interior environment is possible via the air

inlets and outlets and the heat transfer annulus between the TSC and the cask steel liner. This

access provides paths for moderator intrusion during a flood. Under off-normal and accident

conditions, moderator intrusion into the convective heat transfer annulus is evaluated.

NAC International 6.1-1



MAGNASTOR System FSAR August 2010

Docket No. 72-1031 Revision IOB

PWR system criticality control is achieved through a combination of neutron absorber sheets on

the interior faces of the fuel tubes/developed cells and soluble boron. BWR system criticality

control relies solely on the absorber sheets. Individual fuel assemblies are held in place by the

fuel tubes, by developed cells formed from fuel tubes, or by a combination of fuel tubes and side

or comer weldments. The neutron absorber modeled is a borated aluminum sheet. Any material

meeting the physical dimension requirements specified on the License Drawings and the
effective 10B areal density specified in Table 6.1.1-5 will produce similar reactivity results. A

combination of steel cover sheets and weld posts holds the neutron absorber sheets in place. The

PWR undamaged fuel basket design includes 21 fuel tubes forming 37 fuel-assembly-sized

openings while the PWR damaged fuel basket design includes 17 fuel tubes and four comer
weldments forming 37 openings. A sketch of a cross-section of the damaged fuel basket is shown

in Figure 6.1.1-2. The BWR basket contains 45 fuel tubes forming 89 fuel-assembly-sized

openings.

The combination of 45 BWR fuel tubes with four comer and four side weldments form 89 fuel-

assembly-sized openings; however, two openings are below the vent and drain ports and are not

loaded. For simplicity and cask symmetry, all 89 slots are modeled as filled with fuel.

An optional "82-assembly" configuration of the BWR basket is evaluated, where five center

openings in an "X" pattern are left unoccupied (the basket model fills the openings below the
port cover and, therefore, contains 84 assemblies). See Figure 6.1.1-1 for the loadable basket

locations in the 82-assembly basket configuration.

Initial criticality evaluations rely on neutron absorber sheet effective I°B loadings of 0.036 g/cm2

and 0.027 g/cm2 for the PWR and BWR system, respectively. The system is also evaluated for

effective 10B loading of 0.030 and 0.027 g/cm2 for PWR baskets and 0.0225 and 0.020 g/cm 2 for

BWR baskets. Depending on the PWR payload, variable soluble boron concentrations in the

pool water are necessary to achieve sufficient neutron absorber content in the system. The

soluble boron absorbs thermal neutrons inside the assembly, in addition to the neutrons removed

by the absorber sheets on the tubes.

The minimum as-manufactured loading of the neutron absorber sheets depends on the

effectiveness of the absorber and the minimum effective absorber areal density. Effectiveness of

the absorber is influenced by the uniformity and quantity of the l0B nuclide within the absorber

base material. Table 6.1.1-5 translates the effective absorber content to absorber materials at

75% and 90% credit.

MCNP, a three-dimensional Monte Carlo code, is used in the system criticality analysis.

Evaluations are primarily based on the ENDF/B-VI continuous energy neutron cross-section

library [4] available in the MCNP distribution. Nuclides for which no ENDF/B-VI data is
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available are set to the latest cross-section sets available in the code distribution. The code and

cross-section libraries are benchmarked by comparison to a range of critical experiments relevant

to light water reactor fuel in storage and transport casks. An upper subcritical limit (USL) for the

system is determined based on guidance given in NUREG/CR-63 61 [ 10].

Key assembly physical characteristics, maximum initial enrichment, and soluble boron

requirements (PWR only) for each PWR and BWR fuel assembly type are shown in Table
6.1.1-1, Table 6.1.1-2 and Table 6.1.1-6 for the PWR systems and Table 6.1.1-3 and Table

6.1.1-4 for the. BWR system. PWR results represent the bounding values for fuel assemblies

with and without nonfuel inserts in the guide tubes. Maximum enrichment is defined as peak rod
enrichment for PWR assemblies and the maximum peak planar-average enrichment for BWR

assemblies. The maximum initial peak planar-average enrichment is the maximum planar-

average enrichment at any height along the axis of the fuel assembly.

Assemblies are evaluated with a full, nominal set of fuel rods. Fuel rod (lattice) locations may

contain filler rods. A filler rod must occupy, at a minimum, a volume equivalent to the fuel rod

it displaces. Filler rods may be placed into the lattice after assembly in-core use or be designed

to replace fuel rods prior to use, such as integral burnable absorber rods.

The assembly must contain its nominal set of guide and instrument tubes (PWR), and water rods

(BWR). Analysis demonstrated that variations in the guide/instrument tube and water rod
thickness and diameter have no significant effect on system reactivity.

6.1.1.1 Undamaged Fuel Criticality Results

The maximum multiplication factors (keff +2(y) are calculated, using conservative assumptions,

for the transfer and concrete cask. The USL applied to the analysis results is 0.9376 per Section

6.5.2. The results of the analyses are presented in detail in Sections 6.4.3 and 6.7, and are

summarized as follows.

Water Density

Gap Operating (glcc) PWR BWR

Cask Body Condition Condition Interior Exterior kerr+ 2a keff + 2a

Transfer Dry Normal 0.9982 0.0001 0.93183 0.92900
Transfer Wet Normal 0.9982 0.0001 0.93712 0.93679
Transfer Dry Normal 0.9982 0.9982 0.92975 0.92839

Transfer Wet Normal 0.9982 0.9982 0.93615 0.93674

Storage Dry Normal 0.00010.0001 0.48145 0.43685
Storage Dry Accident 0.0001 0.9982 0.47104 0.42991
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Analysis of simultaneous moderator density variation inside and outside either the transfer or 0
concrete cask shows a monotonic decrease in reactivity with decreasing moderator density. For

the BWR system, there is a statistically significant increase in reactivity when moving from void

to full moderator density. In the PWR system, reactivity increases as moderator density rises

from void conditions, but there is no significant reactivity difference at water densities above 0.9

g/cm3 . The use of soluble boron in PWR systems, specified in parts per million of moderator,

flattens out the reactivity curve by increasing absorber quantity in conjunction with increasing

moderator. The full moderator density TSC interior condition bounds any off-normal or accident

condition. Analysis of moderator intrusion into the concrete cask heat transfer annulus with the

dry TSC shows a slight decrease in reactivity from the completely dry condition.

6.1.1.2 Damaged PWR Fuel Criticality Results

The PWR system is designed to safely store up to 37 PWR fuel assemblies of which up to 4 may

be classified as damaged and be placed into damaged fuel cans (DFCs) in the four comer basket

locations. The DFC provides a screened container to prevent gross fissile material release into

the TSC cavity from failed fuel rod cladding. The results of the analyses are presented in detail

in Section 6.7.8 and are summarized as follows. All results are below the USL of 0.9376.

Water Density

Gap Operating (g/cc) PWR

Cask Body Condition Condition Interior Exterior keff + 2a

Transfer Wet Normal 0.9982 N/A1  0.93757
Storage Dry Normal 0.0001 0.0001 0.49142

Storage Dry Accident 0.0001 0.9982 0.48211

Three damaged fuel configurations are evaluated. Damaged fuel includes fuel debris. In the first

configuration, undamaged fuel is loaded into a DFC to demonstate the effect of the additional

stainless steel from the DFC and the DFC comer weldments. In the second configuration,

damaged fuel is postulated to lose its cladding and the array is modeled at an increased pitch. In

the third configuration, mixtures of fuel and water simulate small fuel rubble inside the DFC.

Three moderator configurations are evaluated. Moderator density studies are performed on the

preferentially flooded DFC, partially flooded cask, and mixture moderator density. In the

preferentially flooded DFC scenario, the DFC is assumed to vary in moderator density with a wet

Exterior moderator has been demonstrated in Section 6.7.3 to not affect system reactivity for a

fully flooded TSC. 0
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and dry canister. A partial draindown of the TSC to the top of the active fuel is refered to as

partial flooding. A study on the mixture moderator density is performed to ensure that the

homogenized mixture remains undermoderated.

For each of the fuel types, with and without nonfuel inserts in the active fuel region of the

undamaged assemblies, several combinations of minimum soluble boron and maximum initial

enrichments are determined. The allowable loadings are documented in Table 6.1.1-6.
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Figure 6.1.1-1 82 -Assembly BWR Basket Configuration
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Figure 6.1.1-2 PWR Damaged Fuel Basket Configuration
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Table 6.1.1-1 Bounding PWR Fuel Assembly Loading Criteria
(Assembly Description)

Assembly
No. of
Fuel
Rod__s

No. of
Guide
TubeSa

Max
Pi tc-h

Min

OD-

Min

T h~icqk.
(inch

max
ROMe
6OD

(inchl

max
Active
Length
(inch

Max
Load
t M TUA

BW15H1 208 17 0.568 0.43 0.0265 0.3686 144.0 0.4858

BW15H2 208 17 0.568 0.43 0.025 0.3735 144.0 0.4988

BW15H3 208 17 0.568 0.428 0.023 0.3742 144.0 0.5006

BW15H4 208 17 0.568 0.414 0.022 0.3622 144.0 0.4690

BW17H 1 264 25 0.502 0.377 0.022 0.3252 144.0 0.4799

CE14H1 176 5 0.58 0.44 0.026 0.3805 137.0 0.4167

CE16H1 236 5 0.5063 0.382 0.025 0.325 150.0 0.4463

WE14H1 179 17 0.556 0.40 0.0162 03674 145.2 0.4188

WE15H1 204 21 0.563 0.422 0.0242 0.3669 144.0 0.4720

WNE15H2 204 21 0.563 0.417 0.0265 0.357 144.0 0.4469

WE17H1 264 25 0.496 0.372 0.0205 0.3232 144.0 0.4740

WE17H2 264 25 1 0.496 0.36 1 0.0225 013088 1 144.0 0.4327

Assembly characteristics represent cold, unirradiated, nominal configurations.

a Combined number of guide and instrument tubes.
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Table 6.1.1-2 Undamaged Fuel Basket Bounding PWR Fuel Assembly Loading Criteria
(Enrichment/Soluble Boron Limits)

IA..., I..f~I ~ I ..A OL 2351 I~
R~A . II M111 13IIIIIII I CV 1. t- 0/ 2 51

Absorbera 0fV036lOB ankM
2 Absorhara 0.030 'OR a/CM 2 Absorbera 0.027 lOB a/cm 2

Soluble 1500 1750 2000 2250 2500 1500 1750 2000 ,2250 2500 1500 1750 2000 2250 2500
Boron M Wom lim (p tomMm) {D-m• {P)RmJ ("m) (P-RmJ tPPmA (Pm) t"Am

BW15H1 3.7% 4.1% 4.0% 4.7% 5.0% 3.6% 4.0% 4.2% 4.5% 4.8% 3.6% 3.9% 4.2% 4.5% 4.8%

3.7% 4.0% 4.0% 4.6% 4.9% 3.6% 3.9% 4.2% 4.5% 4.8% 3.6% 3.8% 4.1% 4.4% 4.7%

BW15H3 3.7% 4.0% 4.0% 4.6% 4.9% 3.6% a9% 4.2% 4.4% 4.7% 3.5% 3.8% 4.1% 4.4% 4.7%

BW15H4 3.8% 4.2% 4.0% 4.8% 5.0% 3.7% 4.1% 4.4% 4.7% 5.0% 3.7% 4.0% 4.3% 4.6% 5.0%

BW17H1 3.7% 4.0% % 4. 4.6% 4.9% 3.6% M 4.2% 4.5% 4.8% 3.6% 3.9% 4.1% 4.5% 4.7%

CE14H1 4.5% 4.8% 5.% 5.0% 5.0% 4.3% 4.7% 5.0% 5.0% 5.0% 4.3% 4.6% 5.0% 5.0% 5.0%

CE16H1 4.4% 4.8% 5,0% 5.0% 5.0% 4.3% 4.6% 5.0% 5.0% 5.0% 4.2% 4.6% 4.9% 5.0% 5.0%

WE14H1 4.7% 5.0% 5.0% 5.0% 5.0% 4.6% n.% 5.0% 5.0% 5.0% 4.5% 5.0% 5.0% 5:0% 5.0%

WE15H1 3.8% 4.2% 4.5% 4.8% 5.00 3.7% 4.1% 4.4% 4.7% 5.0% 3.7% 4.0% 4.3% 4.6% 4.9%
WE15H2 4.0% 4.4L 4,7% 5.0% 5.0% 3.9% 4.2% 4.6% 49% 0 3 4.2% 4.5% 4.8%/ 50%

WE17H1 3.7% 4.1% 4.4% 4.7% 5.0% 3.7% 4.0% 413% 4.6% 4.9% 3.6% 3.9% 4.2% 4.5% 4.9%

WE17H2 14.0% 143% 4A7%/a .0% 5-0% 3o/1 4 3 /o 460/.6% 4 /o I5.0% 38%o 4.2% I4.5% 4 5.0%

* Specified soluble boron concentrations are independent of whether a fuel assembly contains a
nonfuel insert.

a Borated aluminum neutron absorber sheet effective areal 10B density.
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Table 6.1.1-3 BWR Fuel Assemblv Loading Criteria
(Assembly Description}

Assembly
Tvne

Number
of Fuel
Rods

Number of
Partial

Lenath Rods

Max
Pitch
(inch)

Min

OD
(inch)

Min
Clad

Thick.
(inch)

Max
Pellet
OD

(inch)

Max
Active
Lencth
(inch)

Max
Loading

(MTU)

B7 48A 48 N/A 0.7380 0.5700 0.03600 0.4900 144.0 0.1981

B7 49A 49 N/A 0.7380 0.5630 0.03200 0.4880 146.0 0.2034

B7 49B 49 N/A 0.7380 0.5630 0.03200 0.4910 150.0 0.2115

B88 59A 59 N/A 0.6400 0.4930 0.03400 0.4160 150.0 0.1828

B8 60A 60 N/A 0.6417 0.4840 0.03150 0.4110 150.0 0.1815

B8 60B 60 N/A 0.6400 0.4830 0.03000 0.4140 150.0 0.1841

B8 61B 61 N/A 0.6400 0.4830 0.03000 0.4140 150.0 0,1872

B8 62A 62 N/A 0.6417 0.4830 0.02900 0.4160 150.0 0.1921

B8 63A 63 N/A 0.6420 0.4840 0.02725 0.4195 150.0 0.1985

B8 64A 64 N/A 0.6420 0.4840 0.02725 0.4195 150.0 0.2017

B8 64B 64 N/A 0.6090 0.4576 0.02900 0.3913 150.0 0.1755

B9 72A 72 N/A 0.5720 0.4330 0.02600 0.3740 150.0 0.1803

B9 74A 74a 8 0.5720 0.4240 0.02390 0.3760 150.0 0.1873

B9 76A 76 N/A 0.5720 0.4170 0.02090 0.3750 150.0 0.1914

B9 79A 79 N/A 0.5720 0.4240 0.02390 0.3760 150.0 0.2000

B9 80A 80 N/A 0.5720 0.4230 0.02950 0.3565 150.0 0.1821

BIO 91A 91a 8 0.5100 0.3957 0.02385 0.3420 150.0 0.1906

B10 92A 92a 14 0.5100 0.4040 0.02600 0.3455 150.0 0.1966

B10 96A 96a 12 0.4880 0.3780 0.02430 0.3224 150.0 0.1787

B10 100A 100 N/A 0.4880 0.3780 0.02430 0.3224 150.0 0.1861

Note: Assembly characteristics represent cold, unirradiated, nominal configurations.

a Assemblies may contain partial length fuel rods. Partial length rod assemblies are evaluated

by removing partial length rods from the lattice. This configuration bounds an assembly with
full length rods and combinations of full and partial length rods.
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1 Ahh- 1 I I -,I BWR Fuel Assembly Loading Criteria
(Enrichment Limits)

Max. Initial Enrichmenta ( Wt % 235U)

Absorberb 0.027 lOB a/cm 2 I Absorberb 0.0225 lOB a/cm 2 Absorberb 0.02 10B a/cm 2

87-Assy
Basket

82-Assy 87-Assy 82-Assy 87-Assy 82-Assy
Basket Basket Basket Basket Basket

B7 48A 4.0% 4.5% 3.7% 4.5% 3.6% 4.4%

B7 49A 3.8% 4.5% 3.6% 4.4% 3.5% 4.3%
B7 49B 3.8% 4.5% 3.6% 4.4% 3.5% 4.2%

B8 59A 3.9% 4.5% 3.7% 4.5% 3.6% 4.3%

B8 60A 3.8% 4.5% 3.7% 4.4% 3.5% 4.2%
B8 60B 3.8% 4.5% 3.6% 4.3% 3.5% 4.2%

B8 61B 3.8% 4.5% 3.6% 4.3% 3.5% 4.2%

B8 62A 3.8% 4.5% 3.6% 4.3% 3.5% 4.1%

B8 63A 3.8% 4.5% 3.6% 4.3% 3.4% 4.2%
B8 64A 3.8% 4.5% 3.6% 4.3% 3.5% 4.2%

B8 64B 3.6% 4.3% 3.4% 4.1% 3.3% 4.0%

B9 72A 3.8% 4.5% 3.6% 4.3% 3.4% 4.1%
B9 74A 3.7% 4.3% 3.4% 4.1% 3.4O 4.0%

B9 76A 3.5% 4.2% 3.4% 4.0% 3.3 3.9%
B9 79A 3.7% 4.4% 3.4% 4.2% 3.3% 4.0%

B9 80A 3.8% 4.5% 3.6% 4.3% 3.5% 4.2%
B10 91A 3.7% 4.5% 3.6% 4.3% 3.5% 4.1%

B10 92A 3.8% 4.5% 3.6% 4.3%' 3.5% 4.1%

B10 96A 3.7% 4.3% 3.5% 4.1% 3.4% 4.0/o%

B10 100A 3.6% 4.4% 3.5% 4.1% 3.4% 4.0%

a Maximum planar averaye.
b Borated aluminum neutron absorber sheet effective areal 10B density.
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Effectivea
10B a/cm2

75% Credit
10B g/cm 2

90% Credit
1OB a/cm2

PWR 0.036 0.048 0.040

0.030 0.040 0.0334

0.027 0.036 0.30

BWR 0.027 0.036 0.030

0.0225 0.030 0.025

0.020 0.0267 0.0223

Note: The effective column contains the '0B content modeled in the criticality evaluations. The

75% and 90% credit columns contain the minimum as manufactured 10B content

requirements. Effective contents equals as manufactured content times the percent credit

permitted (also termed percent effectiveness).

a The effertive areal density renre,•ent,• the value innut into the criticality modtel and is therefore.

the "100% credit" value.
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Table 6.1.1-6 Damaged Fuel Basket Bounding PWR Fuel Assembly Loading Criteria
(Enrichment/Soluble Boron Limits)

Max. Initial Enrichment ( wt % 235U)

Absorbera 0.036 10B g/cm 2 Absorbera 0.030 10B g/cm 2
Absorbera 0.027 10B g/cm 2

Soluble 1500 1750 2000 2250 2500 1500 1750 2000 2250 2500 1500 1750 2000 2250 2500
Boron (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (p) (ppm) (ppm) (ppm) (pp

BW15H1 3.7% 4.0% 4.3% 4.6% 4.9% 3.6% 3.9% 4.2% 4.5% 4.7% 3.6% 3.8% 4.1% 4.4% 4.7%

BW15H2 3.6% 3.9% 4.2% 4.5% 4.8% 3.6% 3.8% 4.1% 4.4% 4.7% 3.5% 3.8% 4.1% 4.3% 4.6%

BW15H3 3.6% 3.9% 4.2% 4.5% 4.8% 3.5% 3.8% 4.1% 4.4% 4.6% 3.5% 3.8% 4.0% 4.3% 4.6%

BW15H4 3.8% 4.1% 4.4% 4.7% 5.0% 3.7% 4.0% 4.3% 4.6% 4.9% 3.6% 3.9% 4.2% 4.5% 4.8%

BW17H1 3.6% 3.9% 4.2% 4.5% 4.8% 3.6% 3.9% 4.1% 4.4% 4.7% 3.5% 3.8% 4.1% 4.4% 4.6%

CE14H1. 4.4% 4.8% 5.0% 5.0% 5.0% 4.3% 4.7% 5.0% 5.0% 5.0% 4.3% 4.6% 4.9% 5.0% 5.0%

WE14H1 4.6% 5.0% 5.0% 5.0% 5.0% 4.5% 5.0% 5.0% 5.0% 5.0% 4.5% 4.9% 5.0% 5.0% 5.0%

WE15HI 3.8% 4.1% 4.4% 4.7% 5.0% 3.7% 4.0% 4.3% 4.6% 4.9% 3.6% 4.0% 4.3% 4.6% 4.8%

WE15H2 3.9% 4.3% 4.6% 4.9% 5.0% 3.8% 4.2% 4.5% 4.8% 5.0% 3.8% 4.1% 4.4% 4.7% 5.0%

WE17H1 3.7% 4.0% 4.3% 4.6% 4.9% 3.6% 3.9% 4.2% 4.5% 4.8% 3.6% 3.9% 4.2% 4.5% 4.8%

WE17H2 3 4 4.6% 15.0% 1 5.0% 1 3.% 4.2% 1 4.5 1 4.9% 15.0% 3.8% 4.1% 1 4.5% I4.8% 5.0%

a Borated aluminum neutron absorber sheet effective areal 10B density.
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6.2 Spent Fuel Loading

6.2.1 MAGNASTOR Spent Fuel Loading Characteristics

MAGNASTOR is designed to store TSCs containing spent fuel. Fuel assemblies to be stored in

the system and their characteristics are shown in Table 6.2.1-1 (PWR) and Table 6.2.1-2 (BWR).

The tables contain data summaries from a wide range of fuel assembly types. Assemblies are

restricted to those with zirconium alloy-clad fuel rods; no steel-clad assemblies are included in

the data summary. To arrive at the summary tables, fuel assemblies are initially grouped by core

configuration (WE, CE, B&W, GE/2-3, or GE/4-6) and number of fuel rods in the lattice.

Further subdivisions are then made to differentiate significant configuration changes affecting

assembly reactivity. Statistically, significant assembly reactivity changes are typically associated

with either moderator ratio or fuel mass changes (e.g., WE 17x17 Std to WE 17x17 OFA). Data

in the tables may, therefore, represent either a single fuel assembly type or a fuel assembly

group. Also included is a row containing an identifier linking each of the listed assembly types

to analysis results presented in the following sections. For convenience, the fuel identifiers

contain generic vendor initials. Fuels meeting the physical assembly characteristics are not

restricted to any particular vendor.

PWR fuel assemblies may include nonfuel hardware placed into the fuel assembly guide tubes

and/or instrument tube. Nonfuel hardware that is located in the active fuel region is referred to

as inserts in this chapter. Nonfuel components, such as thimble plugs, may not reach into the

active fuel region and do not have a significant effect on system reactivity. As inserts are
modeled as neutronically transparent zirconium alloy, no differentiation between insert type

(e.g., RCCA, BPRA, TP, NSA, HFRA) is made in this chapter.

PWR fuel assemblies may contain axial end-blankets. These blankets are typically 6-to-8-inch

long regions of low enriched or natural uranium oxide. Blankets may be constructed from solid

fuel pellets, identical in geometry to fuel "midplane", or be annular in configuration (i.e., contain

a central void).

BWR fuel assemblies may contain partial-length fuel rods. Table 6.2.1-2 contains thetype of
BWR assembly and the number of partial-length rods included in the analysis scope. Locations

for the partial-length rods within the lattice are illustrated in Figure 6.2.1-1.
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Any empty lattice (fuel rod) positions must be filled by a filler rod to preclude a potential 0
increase in reactivity. Filler rods must occupy a volume equivalent to the fuel rod it displaces.

Filler rods may be placed into the lattice after assembly in-core use or be designed to replace fuel

rods prior to use, such as integral burnable absorber rods.
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Figure 6.2.1-1 BWR Partial Length Fuel Rod Location Sketches
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Table 6.2.1-1 PWR Fuel Assembly Characteristics

Fuel ID CE14H1 CE16HI1 WE14H1 WE15H1 WE15H2 WE17H1 WE17H2 BW15H1 BW15H2 BW15H3 BW15H4 BW17H1

No. Fuel Rods 176 236 179 204 204 264 264 208 208 208 208 264

Base Fuel Typea CE,SPC CE W,SPC W,SPC W,SPC W,SPC W,SPC BW,FCF BW,FCF BW,FCF BW,FCF BW,FCF

Pitch Max (in) 0.5800 0.5063 0.5560 0.5630 0.5630 0.4960 0.4960 0.5680 0.5680 0.5680 0.5680 0.5020

Min (in) 0.5800 0.5063 0.5560 0.5630 0.5630 0.4960 0.4960 0,5680 0.5680 0.5680 0.5680 0.5020

Fuel Pellet OD Max (in) 0.3805 0.3250 0.3674 0.3669 0.3570 0.3232 0.3088 0.3686 0.3735 0.3742 0,3622 0.3252

Min in 0.3700 0.3250 0.3444 0.3565 0.3570 0.3225 0.3030 0.3686 0.3735 0.3707 0.3622 0.3232

Fuel Rod OD Max (in) 0.4400 0.3820 0,4240 0.4240 0,4170 0.3740 0.3600 0.4300 0.4300 0.4280 0.4140 0.3790

Min (in) 0.4400 0.3820 0.4000 0.4220 0.4170 0.3720 0.3600 0.4300 0.4300 0.4280 0.4140 0.3770

Fuel Clad Thick. - Max (in) 0.0310 0.0250 0.0300 0.0300 0.0265 0.0225 0.0250 0.0265 0.0250 0.0245 0.0220 0.0240

Min (in) 0.0260 0.0250 0.0162 0.0242 0.0265 0.0205 0.0225 0.0265 0.0250 0.0230 0.0220 0.0220

Guide Tube OD Max (in) 1.115 0.980 0.481 0.544 0.484 0.482 0.482 0.493 0.493 0.493 0.493 0.420

Min (in) 1.115 0.970 0.481 0.484 0.484 0.482 0.480 0.493 0.493 0.493 0.493 0.420

Guide Tube Thick. Max (in) 0.040 0.035 0.034 0.017 0.017 0.015 0.016 0.016 0.015 0.014 0.014 0.020
Min (in) 0.036 0.035 0.017 0.015 0.017 0.014 0.015 0.016 0.015 0.014 0.014 0.018

Active Fuel Max (in) 137.0 150.0 145.2 144.0 144.0 144.0 144.0 144.0 144.0 144.0 144.0 144.0Length

Min (in) 134.0 150.0 142.0 144.0 144.0 144.0 144.0 144.0 144.0 144.0 144.0 143.0
Fuel Mass Max (MTU) 0.4167 0.4463 0.4188 0.4720 0.4469 0.4740 0.4327 0.4858 0.4988 0.5006 0.4690 0.4799

I Mn I(MTU)f 0.3854 0.4463 0.3599 0.4457 0.4469
* Fuel assembly characteristics represent cold, unirradiated, nominal fuel dimension.

0.4720 0.4166 0.4858 0.4988 0.4913 0.4690 0.4707

" An instrument tube may be located in the center of the assembly. The instrument tube may have slightly different diameter and thickness than the guide tubes.
As the instrument tube is limited to one per assembly, dimensional variations have no significant effect on system reactivity and are not listed here.

" Guide tubes may contain "dashpots" near the bottom of the active fuel region narrowing from the listed tube dimension. Stainless steel rod inserts may be
installed to displace "dashpot water." Fuel assemblies containing these stainless steel rod inserts are addressed as a fuel assembly containing a nonfuel insert.

" Assemblies may contain unenriched axial blankets.

a Indicates assembly and/or nuclear steam supply system (NSSS) vendor/type referenced for fuel input data. Fuel acceptability for loading is not restricted to the indicated
vendor provided that the fuel assembly meets the limits listed in Table 6.4.3-1. Abbreviations are as follows: Westinghouse (W), Combustion Engineering (CE), Siemens Power
Corporation (SPC), Babcock and Wilcox (BW), and Framatome Cogema Fuels (FCF).
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Table 6.2.1-2 BWR Fuel Assembly Characteristics

Fuel ID B7 48A B7 49A B7 49B B8 59A B8 60A B8 60B B8 61B B8 62A B8 63A B8 64A B8 64Ba
No. Fuel Rods 48 49 49 59 60 60 61 62 63 64 64

Base Fuel Typeb SPC GE GE GE GE GE GE SPC SPC GE GE
Pitch Max (in) 0.7380 0.7380 0.7380 0.6400 0.6417 0.6400 0.6400 0.6417 0.6420 0.6420 0.6090

Min (in) 0.7380 0.7380 0.7380 0.6400 0.6378 0.6378 0.6400 0.6400 0.6400 0.6420 0.6090
Fuel Pellet OD Max (in) 0.4900 0.4880 0.4910 0.4160 0.4110 0.4140 0.4140 0.4160 0.4195 0.4195 0.3913

Min (in) 0.4900 0.4770 0.4910 0.4160 0.4095 0.4095 0.4140 0.4045 0.4045 0.4195 0.3913
Fuel Rod OD Max (in) 0.5700 0.5700 0.5630 0.4930 0.4843 0.4843 0.4830 0.4843 0.4930 0.4840 0.4576

Min (in) 0.5700 0.5630 0.5630 0.4930 0.4840 0.4830 0.4830 0.4830 0.4840 0.4840 0.4576
Fuel Clad Thick. Max (in) 0.0360 0.0370 0.0320 0.0340 0.0320 0.0320 0.0300 0.0360 0.0360 0.0273 0.0290

Min (in) 0.0360 0.0320 0.0320 0.0340 0.0315 0.0300 0.0300 0.0290 0.0273 0.0273 0.0290
No. Water Rods. 1 0 0 5 1 4 3 2 1 0 0
Water Rod OD (in) 0.5700 0.0000 0.0000 0.4930 1.2598 0.4843 0.4830 0.5910 0.4930 0.0000 0.0000
Water Rod Thick. (in) Solidc N/A N/A 0.0340 0.0394 N/A N/A N/A 0.0340 N/A N/A
Active Fuel Length Max (in) 144.0 146.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0

Min (in) 144.0 144.0 150.0 150.0 145.2 145.2 150.0 145.2 144.0 150.0 150.0
Fuel Mass Max (MTU) 0.1981 0.2034 0.2115 0.1828 0.1815 0.1841 0.1872 0.1921 0.1985 0.2017 0.1755

Mm .(MTU)l 0.1981 0.1916 0.2115 0.1828 0.1744 0.1744 0.1872 0.1758 0.1772 0.2017 0.1755
* Assemblies may contain unenriched axial blankets.

• Water rods may occupy more than one lattice location. Square water rods are not modeled.

* Assembly lattice structure may be surrounded by a zirconium alloy channel up to 120 mil thickness.

a Composed of four subchanneled clusters.
b Indicates assembly vendor/type referenced for fuel input data. Fuel acceptability for loading is not restricted to the indicated vendor/type provided that the

fuel assembly meets the limits listed in Table 6.4.3-2. Abbreviations are as follows: General Electric/Global Nuclear Fuels (GE), Exxon/Advanced Nuclear
Fuels/Siemens Power Corporation (SPC).

C Assembly contains an inert "solid" zircaloy rod rather than the "tube" type water rod found in other BWR assembly designs.
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Table 6.2.1-2 BWR Fuel Assembly Characteristics (cont.)

Fuel ID B9 72A IB9 74A B9 76A I B9 79A I B9 BOA IBiD 91A IBiD ~2A IBiD 9RA~R1O lOflAa
No. Fuel Rods 72 74 76 79 80 91 92 96 100

Base Fuel Typeb GE GE SPC SPC GE SPC GE ABB ABB
No. Partial Length Rodsc N/A 8 N/A N/A N/A 8 14 12 N/A
Pitch Max (in) 0.5720 0.5720 0.5720 0.5720 0.5720 0.5100 0.5100 0.4880 0.4880

Min (in) 0.5720 0.5660 0.5720 0.5660 0.5720 0.5100 0.5100 0.4880 0.4880
Fuel Pellet OD Max (in) 0.3740 0.3760 0.3750 0.3760 0.3565 0.3420 0.3455 0.3224 0.3224

Min (in) 0.3740 0.3565 0.3530 0.3565 0.3565 0.3420 0.3455 0.3224 0.3224
Fuel Rod OD Max (in) 0.4330 0.4410 0.4430 0.4410 0.4230 0.3957 0.4040 0.3780 0.3780

Min (in) 0.4330 0.4240 0.4170 0.4240 0.4230 0.3957 0.4040 0.3780 0.3780
Fuel Clad Thick. Max (in) 0.0260 0.0300 0.0310 0.0300 0.0295 0.0239 0.0260 0.0243 0.0243

Min (in) 0.0260 0.0239 0.0209 0.0239 0.0295 0.0239 0.0260 0.0243 0.0243
No. Water Rods 1 2 5 2 1 1 2 0 0
Water Rod OD (in) 1.7160 0.9843 0.4430 0.4409 0.4230 1.5300 0.8080 0.0000 0.0000
Water Rod Thick. (in) N/A 0.0276 0.0120 0.0280 0.0200 N/A 0.0300 0.0310d 0.0340d
Active Fuel Length Max (in) 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0

Mi (in) 150.0 150.0 150.0 145.2 150.0 150.0 150.0 150.0 150.0
Fuel Mass Max (MTU) 0.1803 0.1873 0.1914 0.2000 0.1821 0.1906 0.1966 0.1787 0.1861

I Mmin (MTU) 0.1803 0.1684 0.1696 0.1740 0.1821 0.1906 0.1966 0.1787 0.1861
0 Assemblies may contain unenriched axial blankets.
* Water rods may occupy more than one lattice location. Square water rods are not modeled,
• Assembly lattice structure may be surrounded by a zirconium alloy channel up to 120 mil thickness.

a Composed of four subchanneled clusters.
b

Indicates assembly vendor/type referenced for fuel input data. Fuel acceptability for loading is not restricted to the indicated vendor/type provided that
the fuel assembly meets the limits listed in Table 6.4.3-2. Abbreviations are as follows: General Electric/Global Nuclear Fuels (GE), Exxon/Advanced
Nuclear Fuels/Siemens Power Corporation (SPC).

C Assembly may contain partial length rods. If partial length rods are used, see location sketch in Figure 6.2.1 1.
d Thickness indicated is the subchannel thickness.
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6.3 Model Specification

6.3.1 Description of Calculation Model

MCNP is used to model the PWR and BWR storage and transfer casks containing a full load of

fuel assemblies. The PWR cask system contains up to 37 fuel assemblies, while the BWR

system is capable of storing up to 87 fuel assemblies (89 assemblies are modeled). MCNP uses

combinatorial geometry, with the option to divide the model into self-contained Universes. The

self-contained Universe structure can be used to separate the TSC, concrete cask, and fuel into

individual components that can be easily modified and checked.

The basic MCNP geometry package is comprised of a set of general surfaces. To reduce the

required user input, MCNP includes simplified expressions for cylinders and planes

perpendicular to system axes and "macrobodies" (cubes, finite cylinders, wedges, etc). Models

are constructed by combining geometry components (surfaces) into cells. Cells may be

embedded in individual Universes to simplify modeling. A given Universe may be included in

different positions within the geometry by translation. Translation allows movement in the x, y,

and z directions and rotation using direction cosines.

Finite concrete cask/TSC/basket/fuel models (termed cask model henceforth) are constructed for

the storage and transfer system. The cask models are constructed in a set of distinct phases. In

the first phase, a fuel assembly is constructed from the basic components of the fuel assembly,

i.e., fuel rod, guide tube'(PWR), instrument tube (PWR), water rods (BWR), and nozzles (end-

fittings). Lattice elements are discretely modeled. Assembly material homogenization is limited

to the end-fitting elevations where cuboids, containing a mixture of steel and TSC cavity

material (either void or water at various densities), are included. Next the basket structure is

placed within the TSC cavity. The basket structure is comprised of a set of carbon steel tubes

and aluminum-based neutron absorber panels surrounded by comer and side weldments. After

completing the basket model, fuel assemblies are explicitly placed into the TSC cavity, with the

basket structure superimposed on the cavity surrounding the assemblies using the Universe

structure. The TSC shell and lid are placed around the loaded basket. The complete TSC is then

placed into either the transfer or storage cask overpack. Generic basket features and TSC and

cask model details are included here. Detailed basket features unique to a specific payload

configuration are discussed in Section 6.7.

The basket is composed of a set of comer-locking tubes and comer and side weldments.

For undamaged fuel, 21 PWR tubes and 45 BWR tubes form the openings for 37 PWR

assemblies and 89 BWR assemblies, respectively. For the damaged PWR fuel basket, 17 PWR
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tubes and four comer weldments form 37 openings for the PWR assemblies with up to four
DFCs. Sketches of a generic tube and the developed cell are shown in Figure 6.3.3-1. Refer to
Sections 6.7.1, 6.7.4, and 6.7.8 for detail on the PWR and BWR tube and basket layout and
dimensions. Each of the baskets is placed into a matching TSC. The undamaged PWR and

BWR baskets are designed in two lengths each, with PWR and BWR TSC differences being

limited to. the location of the TSC ports. The damaged PWR basket is designed in one length.

Ports are not included in the criticality model. Therefore, PWR and BWR TSC models are
identical and are composed of a simple set of steel cylinders. Figure 6.3.3-2 contains a sketch of

the TSC model. A single-length transfer cask and concrete cask design accommodates either

length PWR or BWR basket. A model sketch of the transfer cask is shown in Figure 6.3.3-3,

with the concrete cask model sketch shown in Figure 6.3.3-4.

An outer cylindrical body allows reflecting boundary conditions to be applied at specified
distances surrounding each cask model. Due to the size of the transfer and storage radiation

shields, cask surface neutron currents are low. This, in turn, results in baskets that are

neutronically isolated from cask exterior conditions and from other casks in an array

configuration.

6.3.2 Model Assumptions

Key assumptions for the analytical models are as follows.

• Assemblies are modeled as fresh, unburned fuel.

* The assembly is modeled at a fuel density of 96% theoretical (0.96x10.96 =

10.52 g/cm 2).

* A homogenous, peak planar average enrichment is applied to the BWR models. The
appropriateness of this assumption is validated in Section 6.7.5.

• With the exception of the fuel assembly channels in the BWR case, no fuel assembly
structural materials (i.e., spacer or mixing grids) are included in the PWR and BWR
active fuel region elevations. Nonfuel components placed into guide tubes are
specifically addressed in the analysis. As demonstrated in the moderator density and fuel
characteristics evaluation, the fuel rod lattices are undermoderated, therefore, making this
assumpti.on conservative.

* Integral fuel assembly neutron absorbers (e.g., BWR gadolinium rods, PWR erbium,
gadolinium or boron IFBAs) are excluded from the analysis, thereby substantially
increasing assembly reactivity of the unburned assembly.

" Fuel assembly cladding for baseline cases is intact. In-core failure rates indicate that the
vast majority of fuel loaded will not have cladding damage, allowing access to the pellet-
to-clad gap. Flooding of this void space is addressed in Sections 6.7.3 and 6.7.6.

The moderator is assumed to be water at various densities. Baseline for the analysis is
water at a temperature of 293K and a density of 0.9982 g/cm3 , PWR analyses include
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soluble boron at various concentrations, effectively increasing water density. For a
consistent presentation, water densities are expressed at the unborated levels throughout
this document unless specifically noted. The fuel, cladding, and other structural materials
are assumed to be at 293K.

" Fixed neutron absorber sheets are evaluated at effective 1°B densities of 0.036 and
0.027 g/cm2 (PWR) and 0.027., 0.0225 and 0.020 g/cm 2 (BWR). Dividing by either 75%
or 90% effectiveness yields the minimum absorber levels required for the sheet
manufacture.

" Fuel assembly and basket will retain their structure and will not show any significant
permanent deformation during normal conditions, off-normal or accident events. Per
Section 3.7.1.2 and Section 3.7.2.2, hypothetical tip-over analysis, the maximum
permanent set across the diagonal of the fuel tube is less than 0.01 inch. This represents
less than one-half the tolerance evaluated on the fuel tube interface width in Section 6.7.3
and Section 6.7.6 and shown to be statistically insignificant (i.e., no statistically
significant conclusion can be drawn from the analysis). The tube deformation, therefore,
has no resolvable effect on system reactivity or allowed payload configurations.

• Regardless of the specific type of stainless or carbon steel employed in the system
construction, the default SS-304 and carbon steel compositions in the SCALE 4.4
standard composition library [5] are employed. Minor alloying differences between the
steel types will not affect system reactivity significantly.

* The basket tubes are modeled at their drawing specified dimensions, i.e., no potential
deformations associated with the beyond design basis cask tip-over accident event are
applied to the analysis model. As demonstrated in Chapter 12 there is no design basis
condition that will result in the cask tip-over. Therefore there is no permanent
deformation in the basket tube structure during any design basis event. The minor
permanent set in the tubes discussed for the hypothetical cask tip-over in Section 3.7.2 is
limited to the top regions of the basket where neutron leakage effects will reduce any
reactivity affects. As discussed in Section 3.7.2, permanent set in the center regions of
the basket is not significant.

6.3.3 Cask Regional Densities

The densities used in the criticality analyses are primarily SCALE 4.4 default densities.

NS-4-FR is a proprietary material and the listed information reflects values defined by the

material information data sheet. Fuel assembly materials are listed in Table 6.3.3-1. Basket,

TSC, and cask material definitions are shown in Table 6.3.3-2.
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Figure 6.3.3-1 Generic Tube Cross-Section and Developed Cell Model Sketches

Tube
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Figure 6.3.3-2 TSC Model Sketch
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Figure 6.3.3-3 Transfer Cask Model Sketch
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Figure 6.3.3-4 Storage Cask Model Sketch
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Table 6.3.3-1 Fuel Assembly Material Densities and Compositions 0
Material

Density
g/cm 3

Element/
Isotope

Density
atom/barn-cm

U02 (5 wt % 235 U)a 10.522 235U 1.19E-03
96% theoretical density 238U 2.23E-02

O 4.70E-02
Zirconium-based Alloy 6.56 Fe 8.84E-05

Cr 7.60E-05
N 1.41 E-04
Zr 4.25E-02
Sn 4.99E-04

Water 0.9982 H 6.67E-02
Full Density - No Boron 0 3.34E-02
Waterb 1.0025 H 6.65E-02
Full Density - 2500 ppm Boron 0 3.35E-02

1013 2.66E-05
11B 1.13E-04

Stainless Steel 7.94 Cr
Fe
Ni
Mn

1.75E-02
5.95E-02
7.74E-03
1.74E-03

a System is evaluated at varying enrichment levels. Sample data is provided.

b Various soluble boron levels are evaluated. Listed value represents the upper end of the

soluble boron range. Value was calculated based on the soluble boron source being boric
acid.
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Table 6.3.3-2 Basket, TSC, and Cask Material Densities and Compositions

Material Density
q/cm 3

Element/
Isotope

Density
atom/barn-cm

Carbon Steel 7.821 Fe 8.35E-02
C 3.92E-03

Stainless Steel 7.94 Cr 1.75E-02
Fe 5.95E-02
Ni 7.74E-03
Mn 1.74E-03

Aluminum 2.702 Al 6.03E-02
Lead 11.344 Pb 3.30E-02
NS-4-FR 1.632 H 5.8508E-02

10B 9.1385E-05
ITB 3.3665E-04

C 2.2600E-02
N 1.3904E-03
O 2.6107E-02
Al 7.8003E-03

Concrete 2.322 H 1.3879E-02
(145 Ib/ft3) 0 4.6522E-02

Na 1.7643E-03
Al 1.7625E-03
Si 1.6783E-02
Ca 1.5356E-03
Fe 3.5063E-04

Neutron Absorbera 2.358 10B
11B

C
Al

8.53E-03
3.61 E-02
1.11E-02
2.98E-02

Represents the as-modeled core density for BORAL based PWR (0. 036 ]0B g/cm effective)
neutron absorber sheets. As-built neutron absorber density will vary depending on effective
areal density and material choice (e.g., metal matrix composite, BORAL, borated
aluminum), boron enrichment, and percent absorber credit taken (Le., 75% or 90%).
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6.4 Criticality Calculation

6.4.1 Calculation Method

System reactivity evaluations are performed with the MCNP5 three-dimensional Monte Carlo

code and continuous neutron energy cross-sections [3,4]. The Monte Carlo code and neutron

cross-section libraries are validated for use in fuel transport and storage cask applications

through a series of calculations based on critical experiments. Validation detail is presented in

Section 6.5

The criticality analysis of the system is performed in several steps.

" Establish initial reactivity effects of gap conditions, partial flooding, and inserts (PWR)
for each fuel type under the assumption that the assemblies are undermoderated (typical
for PWR and BWR assemblies in storage and transport configuration).

" Determine bounding fuel assembly geometric definitions in terms of maximum or
minimum rod pitch, rod diameter, and clad thickness, and guide/instrument/water rod
diameter and thickness.

* For the BWR systems, justify the use of planar average versus heterogeneous
enrichments is justified.

" Evaluate basket mechanical perturbations and basket geometric tolerances for sample fuel
assembly types.

* Construct optimum moderator density curves for sample fuel types.

* Based on the maximum reactivity configuration, determine allowable enrichments for
each fuel type. System reactivity must be below the USL. For the PWR system,
minimum allowable soluble boron levels are set in conjunction with the maximum
allowable enrichment.

6.4.2 Fuel Loading Optimization

The fuel loading is optimized in the criticality models using the following.

* Fresh fuel at 96% theoretical density

* Bounding fuel assembly geometry

" The most reactive cask configuration

Based on the fuel characteristics documented in Section 6.2, bounding fuel assembly nominal

characteristics are established in terms of the following.

* Fuel rod outer diameter

* Fuel rod clad thickness

" Fuel rod pitch
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* Guide tube/water rod outer diameter and thickness
* Channel thickness (BWR)
* Homogenous versus heterogeneous enrichment patterns (BWR)

" Presence of nonfuel hardware insert (PWR)

Refer to Section 6.7 for the fuel type-specific details of the fuel characteristics evaluation.

The maximum reactivity cask configuration considers basket fabrication tolerances, component

shifting, and moderator density evaluations. Each of these effects is evaluated individually and

in combination to assure that the highest reactivity configuration is documented. Fabrication

tolerances and shift effect are evaluated using representative fuel types from the major core

configurations. Basket-specific evaluations determining the maximum reactivity configurations

are included in Section 6.7.

Casks are evaluated at various interior and exterior flood conditions with reflective boundary

conditions. Reflective boundary conditions are applied to an independently generated cylindrical

body surrounding the cask body. This allows the modeling of infinite cask arrays at various cask

spacings. Space between the cask surface and the reflecting body may be flooded at various

moderator densities. Given the low neutron fluxes on either concrete or transfer cask bodies, no

significant effect is observed from conditions outside the cask body.

6.4.2.1 Fabrication Tolerances

The basket is composed of a set of fuel tubes located in the TSC cavity with side and comer

weldments. The fuel tubes are pinned together in the tube comers. Tube location in the basket is

controlled by the diagonal dimension across the exterior face of the fuel tube comers as shown in
Figure 6.3.3-1. This value is a key dimension for tube array and developed cell size. The tube

diagonal is referred to as tube "interface width" in the analysis discussion. Tube and neutron

absorber width and thickness have the potential to significantly affect the size of the tube

opening and developed cell locations. Tube wall thickness is conservatively evaluated for a

tolerance of ±0.03 inch (versus a tolerance of -0.01, +0.03 inch from the ASTM standard for the

specified plate material), while the neutron absorber is evaluated at a thickness tolerance of

-0.006, +0.016 inch for the PWR system and ± 0.006 inch for the BWR system. The side and

comer weldments provide structural support to the basket during normal and accident conditions,

but do not generally dictate cell size. Tolerance effects are evaluated on the fuel tube and

neutron absorber. Retainer thickness tolerance was not considered relevant to the analysis since

the retainer strips are only 0.015-in thick (nominal). Off-nominal material thickness for this

component would not involve a significant amount of material and would, therefore, not affect

system reactivities significantly.
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6.4.2.2 Component Shift

In addition to the component tolerances, a reactivity study on component shifts is required.

Based on the pinned tube arrangement, the only radial shift to be evaluated is the shift of the fuel

assembly within the tubes. The tubes are restrained in the comer by pins, eliminating a tube

movement study.

6.4.2.3 Moderator Density Study

To verify that for the borated water cases maximum reactivity occurs at the highest mixture

density.in the TSC cavity, a sequence of cavity water densities ranging from void (0.0001 g/cm 3)

to full density (0.9998 g/cm 3) are evaluated with a void (0.0001 g/cm 3) exterior. Similar

evaluations are performed with a void interior and various exterior water densities, and

simultaneous variations in interior and exterior water densities. Exterior moderator is
conservatively modeled as unborated water regardless of TSC interior boron content. The

moderator density variation studies one fuel assembly type per basket configuration.

6.4.3 Criticality Results

6.4.3.1 Undamaged PWR 37-Assembly Reactivity Result Summary and

Enrichment Limits

Results of the fuel characterization evaluation in Section 6. 1.1 indicate, that for each fuel

assembly subset, the maximum fuel reactivity is achieved by the following.

" Maximum Pitch

" Maximum Fuel Pellet OD

* Minimum Fuel Rod OD and Clad Thickness

Insertion of nonfuel assembly hardware components into the active fuel regions affects system

reactivity in the majority of cases. The level and direction of the reactivity effect depends on the
level of soluble boron in the moderator and the fuel type. The effect is low for fuel rod-sized

absorbers typical of Westinghouse and B&W cores, but becomes large for the guide tubes in CE

cores, which typically displace four assembly lattice locations each. In the CE System 80 model,

all five guide tubes are evaluated as containing nonfuel hardware. Only four of the five guide

tubes are designed for control rod access from the top.
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Maximum system reactivity was achieved for assemblies with an unborated water flooded pellet-

to-clad gap. Flooding the gap with the minimum soluble boron content specified for the system

results in no significant reactivity change from the dry gap condition.

Detailed studies in Section 6.7.3 demonstrate that no single component fabrication tolerance has

a statistically significant effect on system reactivity. A radial shift of assemblies to the center of

the TSC significantly increases system reactivity.

A combination of basket fabrication tolerances minimizing the tube internal free volume showed

a minor positive reactivity effect. Minimum free volume removes soluble boron from the system
and reduces water volume that may serve as moderator between the fuel assembly and the

neutron absorber sheets. Reduced interface width also minimizes distance between assemblies.

The following set of dimensions/perturbations maximizes system reactivity.

* Minimum tube interface width
* Maximum tube thickness
" Minimum absorber width and maximum thickness
* Fuel assemblies shifted to basket center

While minimum absorber width increases the tube free volume, it also reduces total system

absorber content. Even at maximum soluble boron content, the neutron absorber sheets contain

significantly higher absorber concentration.

As demonstrated in Section 6.7, partial flooding and exterior moderator density variations do not

significantly affect the flooded TSC's reactivity. In storage conditions, flooding the TSC-to-

concrete cask gap has a minor effect on system reactivity due to differences in neutron reflection

between the water in the gap and the steel liner.

In the void to full density moderator range, increasing the TSC interior moderator density raises
system reactivity for the cases containing soluble boron at less than 1,800 ppm. At higher

soluble boron concentrations, reactivity levels off between 0.9 g/cm3 and full density (0.9982
g/cm 3). No significant variations in reactivity occur in this area. For consistency in presentation,

full moderation is listed as maximum reactivity TSC interior moderator.

For each of the fuel types, with and without nonfuel inserts in the active fuel region, several

combinations of minimum soluble boron and maximum initial enrichments are determined. The
allowable loadings are documented in Table 6.4.3-1 and Table 6.4.3-2 and represent the

bounding values for assemblies with, and without, nonfuel hardware in the assembly guide tubes.

Maximum reactivities for normal and accident conditions for PWR fuel are listed in the

following table. As there are no off-normal or accident events affecting the transfer cask
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reactivities, all transfer conditions are listed as normal. The USL applied is 0.9376 for all

conditions.

Gap Operating Soluble Boron Enrichment Water Density (g/cc)

Cask Body Condition Condition (ppm) (wt % 235U) Interior I Exterior keff + 2a
Transfer Dry Normal 2000 4.5 0.9982 0.0001 0.93183
Transfer Wet Normal 2000 4.5 0.9982 0.0001 0.93712
Transfer Dry Normal 2000 4.5 0.9982 0.9982 0.92975
Transfer Wet Normal 2000 4.5 0.9982 0.9982 0.93615
Storage Dry Normal 0 5.0 0.0001 0.0001 0.48145
Storage Dry Accident 0 5.0 0.0001 0.9982 . 0.47104

Note: Maximum PWR enrichment is 5.0 wt %. Transfer cask cases represent

maximum reactivity cases from allowed enrichment/soluble boron content/fuel
type matrix. Storage cask cases employ fuel type with maximum fissile

material mass.

6.4.3.2 Undamaged BWR 87-Assembly and 82-Assembly Basket Reactivity

Result Summary and Enrichment Limits

Results of the fuel characterization evaluation in Section 6.7.5 indicate that for each fuel
assembly subset, the maximum fuel reactivity is achieved by the following.

* Maximum Pitch

" Maximum Fuel Pellet OD

" Minimum Fuel Rod OD and Clad Thickness

* Maximum Planar Average Enrichment

* Flooded Pellet to Clad Gap

Detailed studies in Section 6.7.6 demonstrate that no single component fabrication tolerance has

a statistically significant effect on system reactivity. A radial shift of assemblies to the center of

the TSC significantly increases system reactivity.

A combination of basket fabrication tolerances minimizing the tube internal free volume showed

a minor positive reactivity effect. Minimum free volume reduces water volume that serves as

moderator between the fuel assembly and the borated aluminum neutron absorber sheets.

Reduced interface width also minimizes distance between assemblies.
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The following set of dimensions/perturbations maximizes system reactivity.

* Minimum tube interface width
" Maximum tube thickness

• Minimum absorber width and maximum thickness

* Fuel assemblies shifted to basket center

Minimum absorber width reduces total system absorber content.

As demonstrated in Section 6.7, partial flooding and exterior moderator density variations do not

significantly affect the flooded TSCs reactivity. In the dry TSC flooding, the TSC-to-concrete

cask gap has a minor effect on system reactivity. Increases in the TSC interior moderator density

raise system reactivity.

For each of the fuel types, a maximum initial enrichment is defined. The allowable loadings are

documented in Table 6.4.3-3 and Table 6.4.3-4.

Maximum reactivities for normal and accident conditions for BWR fuel are listed in the

following table. As there are no off-normal or accident events affecting the transfer cask

reactivities, all transfer conditions are listed as normal. The USL applied is 0.9376 for all

conditions.

Gap Operating Enrichment Water Density (g/cc)

Cask Body Condition Condition (wt % 235U) Interior I Exterior kef + 2y
Transfer Dry Normal 3.8 0.9982 0.0001 0.92900
Transfer Wet Normal 3.8 0.9982 0.0001 0.93679
Transfer Dry Normal 3.8 0.9982 0.9982 0.92839
Transfer Wet Normal 3.8 0.9982 0.9982 0.93674
Storage Dry Normal 4.5 0.0001 0.0001 0.43685
Storage Dry Accident 4.5 0.0001 0.9982 0.42991

Note: Maximum BWVR enrichment is 4.5 wt %. Transfer cask cases represent

maximum reactivity cases from allowed enrichment/fuel type matrix. Storage
cask cases employ fuel type with maximum fissile material mass.

6.4.3.3 Damaged PWR 37-Assembly Reactivity Result Summary and
Enrichment Limits

Maximum enrichments for payloads of 33 undamaged and four damaged PWR fuel assemblies

in the MAGNASTOR system were determined with effective 10B contents of 0.036, 0.030, and
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0.027 g/cm 2 for the absorber sheets. Three variations of damaged PWR fuel are modeled in the

DFC. The undamaged assembly case contains an undamaged assembly in the DFC. In the

unclad array case, an array without clad or end fittings is modeled in the DFC. Rod pitch is

allowed to increase in the unclad array. The maximum size array fills the DFC cross-sectional

area. The mixture case models a homogenized mixture of fuel and moderator up to various

heights of the DFC cavity.

Maximum reactivities for normal and accident conditions are detailed in Section 6.7.8.

Enrichment limits for PWR assemblies placed into the damaged fuel PWR basket are

summarized in Table 6.4.3-5.
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Table 6.4.3-1 PWR Fuel Basket Allowable Loading
(Assembly Description)

No. of
Fuel
Rods

Assembly
Type

No. of
Guide

Tubesa

Max
Pitch
(inch)

Min
Clad
OD

(inh)

Min

Tfhi-ck.
(inch)

Max
Pellet
OD

(inch)

Max
Active

fine~hl

Max
Load

BW1 5H 1 208 17 068 0.43 0.0265 0.3686 144.0 0.4858

BW1 5H2 208 17 0.568 0.43 0.025 0.3735 144.0 0.4988

BW15H3 208 17 0.568 0.428 0.023 0.3742 144.0 00

BW15H4 208 17 0.568 0.414 0.022 0.3622 144.0 0.4690

BW17H1 264 25 0.502 0.377 0.022 0.3252 144.0 0.4799

CE14H1 176 0.58 0.44 0.026 0.3805 137.0 0.4167

CE16H1 236 5 0.5063 0.382 0.025 0.325 150.0 0.4463

WE14H1 179 17 0.556 0.40 0.0162 0.3674 145.2 0.4188

WE15H1 204 21 0.563 0.422 0.0242 0.3669 144.0 0.4720

WE15H2 204 21 0.563 0.417 0.0265 0.357 144.0 0.4469

WE17H1 264 25 0.496 0.372 0.0205 0.3232 144.0 0.4740

WE17H2 264 25 0,496 1 0.36 1 0.0225 0___ .308 144 0.4327

Note:
0 Assembly characteristics represent cold, unirradiated, nominal configurations.

a Combined number of guide and instrument tubes.
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Table 6.4.3-2 Undamaged Fuel Basket PWR Fuel Assembly Allowable Loading
(Enrichment/Soluble Boron Limits)

"mv 1nM!2J :npp-hmAjt I ,O/35I'

Absorbera 0.036 lOB a/cm 2 Absorbera 0.030 10B a/cm2
Absorbera 0.027 10B a/cm 2

Soluble 1500 1750 2000 2250 2500 1500 1750 2000 2250 2500 1500 1750 2000 2250 2500
Boron Wp (PP f mpPj f (pj m_) • ý_p fPAP PP- PA tppp W AP

BW15H1 3.7% 4.1% 4.0% 4.7% 5.0% 3.6% 4.0% 4.2% 4.5% 1% 3a9& 4.2% 4.5% 4.8%

BW15H2 3.7% 4.0% 4.0% 4.6% 4.9% 3.6% 3.9% 4.2% 4.5% 480% 3.6% 3.8% 4.1% 4.4% 4.7%

BW15H3 3.7% 4.0% 4.0% 4.6% 4.9% 3.6% 3.92% 42% 4,4% 4.7% 3.5M 3M8% 4.1% 4.4% 4.7%

BW15H4 3.8% 4.2% 4.0% 4.8% 5.0% 3.71% 4.1% 4.4% 4.7% 5.% 3.7 4.0% 4.3% 4.6% 5.0%

BW17H1 3.7%/o 4.0 4.0% 4.6% 4.9% 3.6% 3.9%o 4.2% 4.5% 4.8% 36% 3.9% 4.1% 45% 4.7%

CE14H1 4.5% 4.8% 5.0% 5.0% 5.0% 4,3% 4.7% 5.0% 5.0/. 50% 4.3% 4.6% 5 .0%o 5.0% 5.0%

CE16H1 4.4% 4.% 5.0% 5.0% 5.0% 4.3% 4.6% 5.0% 50% 5.0% 42%/6 46% 4.9% 5.0% 5.0%

WE14H1 4.7% 5.0% 5.0n 5.0% 5.0% . 5.0% 5.0% 5.0% 5. 5.0% 5.0% 5 5.0%

WE15H1 3.80M .42% 4.5% 4.8% 5.00/ a 4.1% 4.4% 4.7% 5. 3.7Z% 4,3% A4.6% 4.9%

WE15H2 4.0% 4.4% 4.7% 5.0% 5.0% 3.9% 4.2% 4.6% 439% 5% 3.8U% 4.2% 4.5% 4.8% 5.0%

WE17H1 L3.7% 4.1% 4,4/ 4.7% 5.0% 3,7% 4.0%6 4.3% 4.6% 4.9% 3.6% 3.9% 4.2% 4.5% 4.9%

WE17H2 4A/o 4.3% 1 4127%5.00% 1 5.0% I =i_ 4.3% 4.6% Asa% 5.0% 3M8 4in I a in 1 5--n-
* Specified soluble boron concentrations are independent of whether a fuel assembly contains a

nonfuel insert.

a Borated aluminum neutron absorber sheet effective areal 10B density.
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Table 6.4.3-3 BWR Fuel Basket Allowable Loading
(Assembly Description)

Assembly
Tvne

Number
of Fuel
Rods

Number of
Partial

Lenath Rods

Max
Pitch
finch)

Min
Clad

OD
(inch)

Min
Clad

Thick.
(inch)

Max
Pellet
OD

(inch)

Max
Active
Lencth
(inch)

Max
Loading
(MTU)

B7 48A 48 N/A 0.7380 0.5700 0.03600 0.4900 144.0 0.1981

B7 49A 49 N/A 0.7380 0.5630 0.03200 0.4880 146.0 0.2034

B7 49B 49 N/A 0.7380 0.5630 0.03200 0.4910 150.0 0.2115

B8 59A 59 N/A 0.6400 0.4930 0.03400 0.4160 150.0 0.1828

B8 60A 60 N/A 0.6417 0.4840 0.03150 0.4110 150.0 0.1815

B8 60B 60 N/A 0.6400 0.4830 0.03000 0.4140 150.0 0.1841

B8 61B 61 N/A 0.6400 0.4830 0.03000 0.4140 .150.0 0.1872

B8 62A 62 N/A 0.6417 0.4830 0.02900 0.4160 150.0 0.1921

B8 63A 63 N/A 0.6420 0.4840 0.02725 0.4195 150.0 0.1985

B8 64A 64 N/A 0.6420 0.4840 0.02725 0.4195 150.0 0.2017
88 64B 64 N/A 0.6090 0.4576 0.02900 0.3913 150.0 0.1755

B9 72A 72 N/A 0.5720 0.4330 0.02600 0.3740 150.0 0.1803

B9 74A 74a 8 0.5720 0.4240 0.02390 0.3760 150.0 0.1873

B9 76A 76 N/A 0.5720 0.4170 0.02090 0.3750 150.0 0.1914

B9 79A 79 N/A 0.5720 0.4240 0.02390 0.3760 150.0 0.2000

89 80A 80 N/A 0.5720 0.4230 0.02950 0.3565 150.0 0.1821

B10 91A 91a 8 0.5100 0.3957 0.02385 0.3420 150.0 0.1906

B10 92A 92a 14 0.5100 0.4040 0.02600 0.3455 150.0 0.1966

B10 96A 96a 12 0.4880 0.3780 0.02430 0.3224 150.0 0.1787

B10 100A 1-00 N/A 0.4880 0.3780 0.02430 0.3224 150.0 0.1861

Note: Assembly characteristics represent cold, unirradiated. nominal configurations.

a Assemblies may contain partial length fuel rods. Partial length rod assemblies are evaluated

bv removinQ Dartial leng-th rods from the lattice. This configuration bounds an assembly with
full length rods and combinations of full and nartial length rods.
full lenp-th rods and combinations of full and nartial lenp-th rods.
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Table 6.4.3-4 BWR Fuel Basket Allowable Loadin*
(Enrichment Limits)

Moy initial rnrit-h anta I tAyf 0/- 23511I1

Absorberb 0.027 10 'a/cm 2 IAbsorberb 0.0225 10B g/cm 2 Absorberb 0.02 10Bg/cm2

87-Assy
Basket

82-Assy
Basket

87-Assy
Basket

82-Assy
Basket

87-Assy
Basket

82-Assy
Basket

B7 48A 4.0% 4.5% 3.7% 4.5% 3.6% 4.4%
B7 49A 3.8% 4.5% 3.6% 4.4% 3.5% 4.3%

B7 49B 3.8% 4.5% 3.6% 4.4% 3.5% 4.2%

B8 59A 3.9% 4.5% 3.7% 4.5% 3.6% 4.3%

B8 60A 3.8% 4.5% 3.7% 4.4% 3.5% 4.2%
B8 60B 3.8% 4.5% 3.6% 4.3% 3.5% 4.2%

B8 61B 3.8% 4.5% 3.6% 4.3% 3.5% 4.2%
B8 62A 3.8% 4.5% 3.6% 4.3% 3.5% 4.1%
B8 63A 3.8% 4.5% 3.6% 4.3% 3.4% 4.2%

B8 64A 3.8% 4.5% 3.6% 4.3% 3.5% 4.2%
B8 64B 3.6% 4.3% 3.4% 4.1% 3.3% 4.0%
B9 72A 3.8% 4.5% 3.6% 4.3% 3.4% 4.1%

B9 74A 3.7% 4.3% 3.4% 4.1% _3.4% 4.0%

B9 76A 3.5% 4.2% 3.4% 4.0% 3.3°/o 3.9%
B9 79A 3.7% 4.4% 3.4% 4.2% 3.3% 4.0%
B9 80A 3.8% 4.5% 3.6% 4.3% 3.56 4.2%

B10 91A 3.7% 4.5% 3.6% 4.3% 3.5% 4.1%
B10 92A 3.8% 4.5% 3.6% 4.3% 3.5% 4.1%

B10 96A 3.7% 4.3% 3.5% 4.1% 3.4% 4.0%

B10 100A 3.6% 4.4% 3.5% 4.1% 3.4% 4.0%

a Maximum planar average.
b Borated aluminum neutron absorber sheet effective areal "0 B density.
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Table 6.4.3-5 Damaged Fuel Basket PWR Fuel Assembly Loading Criteria
(Enrichment/Soluble Boron Limits)

Max. Initial Enrichment ( wt % I'M
Absorbera 0.036 10B qjcm 2 Absorbera 0.030 10B q/cm2 Absorbera 0.027 10B g/cm 2

Soluble 1500 1750 2000 2250 2500 1500 1750 2000 2250 2500 1500 1750 2000 2250 2500
Boron (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) ( ppm (ppm) (ppm) (ppm) (ppm) (ppmn) (ppm (ppm

BW15H1 3.7% 4.0% 4.3% 4.6% 4.9% 3.6% 3.9% 4.2% 4.5% 4.7% 3.6% 3.8% 4.1% 4.4% 4.7%

BW15H2 3.6% 3.9% 4.2% 4.5% 4.8% 3.6% 3.8% 4.1% 4.4% 4.7% 3.5% 3.8% 4.1% 4.3% 4.6%

BW15H3 3.6% 3.9% 4.2% 4.5% 4.8% 3.5% 3.8% 4.1% 4.4% 4.6% 3.5% 3.8% 4.0% 4.3% 4.6%

BW15H4 3.8% 4.1% 4.4% 4.7% 5.0% 3.7% 4.0% 4.3% 4.6% 4.9% 3.6% 3.9% 4.2% 4.5% 4.8%

BW17H1 3.6% 3.9% 4.2%' 4.5% 4.8% 3.6% 3.9% 4.1% 4.4% 4.7% 3.5% 3.8% :4.1% 4.4% 4.6%

CE14H1 4.4% 4.8% 5.0% 5.0% 5.0% 4.3% 4.7% 5.0% 5.0% 5.0% 4.3% 4.6% 4.9% 5.0% 5.0%

WE14H1 4.6% 5.0% 5.0% 5.0% 5.0% 4.5% 5.0% 5.0% 5.0% 5.0% 4.5% 4.9% 5.0% 5.0% 5.0%

WE15H1 3.8% 4.1% 4.4% 4.7% 5.0% 3.7% 4.0% 4.3% 4.6% 4.9% 3.6% 4.0% 4.3% 4.6% 4.8%

WE15H2 3.9% 4.3% 4.6% 4.9% 5.0% 3.8% 4.2% 4.5% 4.8% 5.0% 3.8% 4.1% 4.4% 4.7% 5.0%

WE17H1 3.7% 4.0% 4.3% 4.6% 4.9% 3.6% 3.9% 4.2% 4.5% 4.8% 3.6% 3.9% 4.2% 4.5% 4.8%

WE17H-2 1 3.9 1.3 4.6% 1 5.0% 5.0% 13.9% 14.2% 4.5% 1, 4.9% 15.0% 3.8% 14.1% 14.5% 4.8% 15.0%

a Borated aluminum neutron absorber sheet effective areal 10B density.

NAC International 6.4-12

0



MAGNASTOR System FSAR August 2010

Docket No. 72-1031 Revision 103B

6.7.1 PWR Model Details

The PWR system payload consists of 37 fuel assemblies that are placed into 37 openings formed

by a combination of 21 fuel tubes, and 4 side and comer weldments. Discussion of the criticality

model for the damaged fuel basket is included in Section 6.7.8.

Fuel assemblies are built within MCNP using rectangular parallelepipeds (RPP), right circular

cylinders (RCC), and the lattice (array) feature. RPPs form the general assembly outline and

end-fitting region. RCCs form the fuel rod and tube structure. The lattice structure simplifies

the placement of fuel rods, instrument tubes, and guide tubes. Fuel rods are modeled as a solid

fuel stack, no chamfering or dishing, a pellet to clad and plenum gap, and clad with end-plugs.

Guide tubes and instrument tubes connect the top- and bottom-end fittings. For assemblies
containing single lattice location instrument tubes and guide tubes, the tubes are individually

modeled as Universes, similar to fuel rods, and placed within the lattice. For assemblies

containing oversize guide tubes (e.g., CE core assembly size), guide and instrument tubes are

inserted into the assembly model, composed of end-fitting and a space for the rod lattice, with

the fuel rod lattice filling in the remaining space. Nonfuel assembly inserts are modeled by

replacing the interior material definition of the guide tubes by zirconium alloy. By using a

zirconium-based alloy in the tubes, no credit is taken for any remaining absorber properties of

the rods. Modeling the nonfuel insert in the guide tubes bounds a configuration with nonfuel

material loaded into the instrument tube active fuel region, but not guide tubes, as assemblies

contain a single instrument tube versus multiple guide tubes.

Dimensioned fuel tubes forming the base configuration of the basket are shown in Figure

6.7.1-1. In the MCNP model, each of the fuel tubes is composed of a set of RPPs. One RPP is

rotated 45 degrees from the chamfer on each tube comer that allows the stacking of the 21 tubes

into the basket array. Neutron absorber sheet locations are limited to fuel tubes only; no

absorber is located on comer and side weldments. The neutron absorber is held in place by a

combination of a cover sheet (retainer) and weld posts. The weld posts, and slots for weld posts

in both tube and absorber sheet, are explicitly modeled in the analysis. A cross-section of the

assembled PWR basket is shown in Figure 6.7.1-2.

All fuel tubes are initially modeled as containing four neutron absorber sheets with weld post

locations along the tube face for the criticality evaluations associatedwith maximum reactivity

payload and basket configuration and optimum moderation. Final system configuration

increases the number of weld posts and allows the removal of the neutron absorber sheets or
replacement by aluminum sheets at up to 16 locations on the basket periphery. The reduction in

the number of absorber sheets does not affect system reactivity, as demonstrated in Section

NAC International 6.7.1-1
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6.7.3.1. Similarly, an additional column of weld posts has no significant effect on system

reactivity as shown in Section 6.7.3.1. Since the combination of a reduced number of absorber

sheets and an increase in the number of weld posts has the potential for increasing keff slightly

above the statistically significant level threshold, the maximum enrichments and keff in Section

6.7.3.2 are calculated using a model incorporating both design attributes.

Fuel tubes are connected by a pin design and restraint on the basket periphery by the side and

comer weldment. Pins space the basket axially and provide free flow area for basket draining

and natural convection cooling. The basket design will not permit preferential flooding of the

basket. All tubes are designed to drain simultaneously.

To assure proper initial sampling of the fission source and to accelerate code convergence, all

analyses rely on an SDEF source distribution sampling the fissile material in the cask uniformly.

Sample input files for the transfer cask and storage cask models are shown in Figure 6.7.1-3 and

Figure 6.7.1-4, respectively. The inputs provided represent the maximum reactivity

configuration and include the minimum cell spacing, replacement of the optional peripheral

absorbers by aluminum sheets, and the full number of weld posts illustrated in the licensing

drawings. Figure 6.7.1-3 contains a Westinghouse fuel assembly payload. The storage cask

input contains a model loaded with a CE core fuel assembly and displays model changes

required for the CE fuel design and cask overpack.
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Figure 6.7.1-1

9.76

PWR Fuel Tubes

13.10 .= Carbon Steel

= Neutron Absorber

Q= Stoinless Steel

Note: Dimensions in inches.
Number of attachments shown is for longer (Group 2) canister length.
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Figure 6.7.1-2 PWR Basket Structure

(9.

.3125 Wall
Thickness

Notes:

1. Dimensions in inches.

2. Assembly fuel pin array is explicitly modeled. Shown as homogenized area for

illustration purposes only.
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Figure 6.7.1-3 MCNP Transfer Cask Model - PWR 37-Assembly Basket
Transfer Cask Model - WEI7H1
c
c MAGNASTOR Canister Class 1
c Neutron Poison Loading - 90 %
c Nominal Fuel Characteristics
c -

c Boron Content in Water - 2000 ppm
c Cavity Water Density 1.0017 g/cc
c
c Fuel to Clad Gap - Wet-UnBorated
c Exterior Water Density 0.0001 g/cc
C
c Model Revision 4.70
C
C

1
2
3
4
c
5

6
7

Cells - Fuel Rod - WE17HI - WE Core - 17x17
1 -1.0522E+01
13 -0.9982 -2
2 -6.56 -3 +2
3 -1.0017 +3
Cells - Guide
2 -6.5600 -5
2 -6.56 -6 +5
3 -1.0017 +6

-1 u=12 $ Fuel
+1 u=12 $ Plenum + Fuel to Clad Gap
u=12 $ Clad + End Plugs
u=12 $ Outside Fuel Rod

Tube - WE17HI - WE Core - 17x17
u=l1 $ Inside Guide Tube
u=11 $ Guide Tube
u=ll $ Outside Guide Tube

c Cell Cards Instrument Tube - WE17H1 - WE Core - 17x17
8 3 -1.0017 -8 u=10 $ Inside Inst. Tube
9 2 -6.56 -9 +8 u=10 $ Inst. Tube
10 3 -1.0017 +9 u=10 $ Outside Inst. Tube
c Array_17j17_264
13 3 -1.0017 -13 +14 -15 +16

trcl=(0 0 6.858) lat=l u=9 fill=-8:8 -8:8 0:0
12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
12 12 12 12 12 11 12 12 11 12 12 11 12 12 12 12 12
12 12 12 11 12 12 12 12 12 12 12 12 12 11 12 12 12
12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
12 12 11 12 12 11 12 12 11 12 12 11 12 12 11 12 12
12 12 12 12 12 12.12 12 12 12 12 12 12 12 12 12 12
12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
12 12 11 12 12 11 12 12 10 12 12 11 12.12 11 12 12
12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
12 12 11 12 12 11 12 12 11 12 12 11 12 12 11 12 12
12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
12 12 12 11 12 12 12 12 12 12 12 12 12 11 12 12 12
12 12 12 12 12 11 12 12 11 12 12 11 12 12 12 12 12
12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

c Cells - Fuel Assembly Array Inserted Into Assembly - cellPW•
17 3 -1.0017 -17 fill=9 u=8 $ Array
18 3 -1.0017 -18 +17 -17.6 -17.5 u=8 $ Fuel Width Envelope
19 4 -2.6429 -18 +17.6 u=8 $ Lower Nozzle
20 5 -2.6082 -18 +17.5 u=8 $ Upper Nozzle
21 3 -1.0017 +18 u=8 $ Remaining Space
c Cell Cards - Tube, Absorber and Retainer

?.ssy

101 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=7 $ Absorber -Y

102 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=7 $ Absorber Clad -Y

103 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=7 $ Absorber +Y
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Figure 6.7.1-3 MCNP Transfer Cask Model - PWR 37-Assembly Basket 0
104 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=7 $ Absorber Clad +Y

105 6 -7.940 -105 u=7 $ Retainer -Y
106 6 -7.940 -106 u=7 $ Retainer+Y
107 6 -7.940 -102

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=7 $ Weld Post in Absorber -Y

108 3 -1.0017 -102 #101 #102 #107 u=7 $ Gap Weld Post to Absorber -Y
109 6 -7.940 -104

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=7 $ Weld Post in Absorber +Y

110 3 -1.0017 -104 #103 #104 #109 u=7 $ Gap Weld Post to Absorber +Y
111 12 -2.358 -210 +216 +217 +218 +219 +220 +221 +222 +223 +224

+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=7 $ Absorber -X

112 7 -2.702 -211 +210 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=7 $ Absorber Clad -X

113 12 -2.358 -212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=7 $ Absorber +X

114 7 -2.702 -213 +212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241

/ +242 +243 +244 +245 +246 +247 +248 +249 +318 u=7 $ Absorber Clad +X
115 6 -7.940-214 u=7 $ Retainer -X
116 6 -7.940 -215 u=7 $ Retainer+X
117 6 -7.940 -211

(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309: -

-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=7 $ Weld Post in Absorber -X

118 3 -1.0017 -211 #111 #112 #117 u=7 $ Gap Weld Post to Absorber -X
119 6 -7.940 -213

(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=7 $ Weld Post in Absorber

120 3 -1.0017 -213 #113 #114 #119 u=7 $ Gap Weld Post to Absorber +X
121 3 -1.0017 -319

+102 +104 +105 +106
+211 +213 +214 +215 u=7 $ Space in Tube

122 8 -7.821 -320 +319
+141 +142 +143 +144 +145 +146 +147 +148 +149
+150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162 +163 +164 +165 +166
+167 +168 +169 +170 +171 +172 +173 +174
+250 +251 +252 +253 +254 +255 +256 +257 +258
+259 +260 +261 +262 +263 +264 +265 +266
+267 +268 +269 +270 +271 +272 +273 +274 +275
+276 +277 +278 +279 +280 +281 +282 +283 +209 +318 u=7 $ Fuel Tube

123 6 -7.940 -320 +319
(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208:
-284:-285:-286:-287:-288:-289:-290:-291:-292:
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Figure 6.7.1-3 MCNP Transfer Cask Model - PWR 37-Assembly Basket
-293:-294:-295:-296:-297:-298:-299:-300:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317)

124 3 -1.0017 -320 +319 #122 #123
u=7 $ Space Around Weld Posts

125 3 -1.0017 +319 +320 u=7 $ Exterior Space

u=7 $ Fuel Tube Weld Posts

c Cell Cards - Q1 Peripheral Tube, Absorber and Retainer
126 12 -2.358 -101 +107 +108 +109 +i-0 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=6 $ Absorber -Y

127 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=6 $ Absorber Clad

128 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=6 $ Absorber +Y

129 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=6 $ Absorber Clad

-y

130 6 -7.940 -105 u=6 $ Retainer -Y
131 6 -7.9400 -106 u=6 $ Retainer+Y
132 6 -7.940 -102

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=6 $ Weld Post in Absorber -Y

133 3 -1.0017 -102 #126 #127 #132 u=6 $ Gap Weld Post to Absorber -Y
134 6 -7.9400 -104

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=6 $ Weld Post in Absorber +Y

135 3 -1.0017-104 #128 #129 #134 u=6 $ Gap Weld Post to Absorber +Y
136 12 -2.358 -210 +216 +217 +218 +219 +220 +221 +222 +223 +224

+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=6 $ Absorber -X

137 7 -2.702 -211 +210 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=6 $ Absorber Clad

138 7 -2.7020 -212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=6 $ Absorber +X

139 7 -2.7020 -213 +212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=6 $ Absorber Clad

-X

140 6 -7.940 -214 u=6 $ Retainer -X
141 6 -7.9400 -215 u=6 $ Retainer+X
142 6 -7.940 -211

(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=6 $ Weld Post in Plate-X

143 3 -1.0017 -211 #136 #137 #142 u=6 $ Gap Weld Post to Plate -X
144 6 -7.9400 -213

(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:ý-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=6 $ Weld Post in Plate +X
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Figure 6.7.1-3 MCNP Transfer Cask Model - PWR 37-Assembly Basket
145 3 -1.0017 -213 #138 #139 #144 u=6 $ Gap Weld Post to Plate +X
146 3 -1.0017 -319

+102 +104 +105 +106
+211 +213 +214 +215 u=6 $ Space in Tube

147 8 -7.821 -320 +319
+141
+150
+158
+167
+250
+259
+267
+276

+142
+151
+159
+168
+251
+260
+268
+277

+143
+152
+160
+169
+252
+261
+269
+278

+144
+153
+161
+170
+253
+262
+270
+279

+145
+154
+162
+171
+254
+263
+271
+280

+146
+155
+163
+172
+255
+264
+272
+281

+147 +148 +149
+156 +157
+164 +165 +166
+173 +174
+256 +257 +258
+265 +266
+273 +274 +275
+282 +283 +209 +318 u=6 $ Fuel Tube

148 6 -7.940 -320 +319
(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:.
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208:
-284:-285:-286:-287:-288:-289:-290:-291:-292:
-293:-294:-295:-296:-297:-298:-299:-300:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317) u=6 $ Fuel Tube Weld Posts

149 3 -1.0017 -320 +319 #147 #148
u=6 $ Space Around Weld Posts

150 3 -1.0017 +319 +320 u=6 $ Exterior Space
c Cell Cards - Q2 Peripheral Tube, Absorber and Retainer
151 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=5 $ Absorber -Y

152 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=5 $ Absorber Clad -Y

153 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=5 $ Absorber +Y

154 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=5 $ Absorber Clad +Y

155 6 -7.940 -105 u=5 $ Retainer -Y
156 6 -7.9400 -106 u=5 $ Retainer+Y
157 6 -7.940 -102

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=5 $ Weld Post in Absorber -Y

158 3 -1.0017 -102 #151 #152 #157 u=5 $ Gap Weld Post to Absorber -Y
159 6 -7.9400.-104

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:"
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=5 $ Weld Post in Absorber +Y

160 3 -1.0017 -104 #153 #154 #159 u=5 $ Gap Weld Post to Absorber +Y
161 7 -2.7020 -210 +216 +217 +218 +219 +220 +221 +222 +223 +224

+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=5 $ Absorber -X

162 7 -2.7020 -211 +210 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=5 $ Absorber Clad -X

163 12 -2.358 -212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
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Figure 6.7.1-3 MCNP Transfer Cask Model - PWR 37-Assembly Basket
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=5 $ Absorber +X

164 7 -2.702 -213 +212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=5 $ Absorber Clad +X

165 6 -7.9400 -214 u=5 $ Retainer -X
166 6 -7.940 -215 u=5 $ Retainer+X
167 6 -7.9400 -211

(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=5 $ Weld Post in Plate-X

168 3 -1.0017 -211 #161 #162 #167 u=5 $ Gap Weld Post.to Plate -X
169 6 -7.940 -213

(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=5 $ Weld Post in Plate +X

170 3 -1.0017 -213 #163 #164 #169 u=5 $ Gap Weld Post to Plate +X
171 3 -1.0017 -319

+102 +104 +105 +106
+211 +213 +214 +215 u=5 $ Space in Tube

172 8 -7.821 -320 +319
+141 +142 +143 +144 +145 +146 +147 +148 +149
+150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162 +163 +164 +165 +166
+167 +168 +169 +170 +171 +172 +173 +174
+250 +251 +252 +253 +254 +255 +256 +257 +258
+259 +260 +261 +262 +263 +264 +265 +266
+267 +268 +269 +270 +271 +272 +273 +274 +275
+276 +277 +278 +279 +280 +281 +282 +283 +209 +318 u=5 $ Fuel Tube

173 6 -7.940 -320 +319
(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208:
-284:-285:-286:-287:-288:-289:-290:-291:-292:
-293:-294:-295:-296:-297:-298:-299:-300:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317) u=5 $ Fuel Tube Weld Posts

174 3 -1.0017 -320 +319 #172 #173
u=5 $ Space Around Weld Posts

175 3 -1.0017 +319 +320 u=5 $ Exterior Space
c Cell Cards - Q3 Peripheral Tube, Absorber and Retainer
176 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=4 $ Absorber -Y

177 7 -2.7020 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=4 $ Absorber Clad -Y

178 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=4 $ Absorber +Y

179 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=4 $ Absorber Clad +Y

180 6 -7.9400 -105 u=4 $ Retainer -Y
181 6 -7.940 -106 u=4 $ Retainer+Y
182 6 -7.9400 -102

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
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Figure 6.7.1-3 MCNP Transfer Cask Model - PWR 37-Assembly Basket
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=4 $ Weld Post in Absorber -Y

183 3 -1.0017 -102 #176 #177 #182 u=4 $ Gap Weld Post to Absorber -Y
184 6 -7.940 -104

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:_-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=4 $ Weld Post in Absorber +Y

185 3 -1.0017 -104 #178 #179 #184 u=4 $ Gap Weld Post to Absorber +Y
186 7 -2.7020 -210 +216 +217 +218 +219 +220 +221 +222 +223 +224

+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=4 $ Absorber -X

187 7 -2.7020 -211 +210 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=4 $ Absorber Clad -X

188 12 -2.358 -212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=4 $ Absorber +X

189 7 -2.702 -213 +212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=4 $ Absorber Clad +X

190 6 -7.9400 -214 u=4 $ Retainer -X
191 6 -7.940 -215 u=4 $ Retainer+X
192 6 -7.9400 -211

(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=4 $ Weld Post in Plate-X

193 3 -1.0017 -211 #186 #187 #192 u=4 $ Gap Weld Post to Plate -X
194 6 -7.940 -213

(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=4 $ Weld Post in Plate +X

195 3 -1.0017 -213 #188 #189 #194 u=4 $ Gap Weld Post to Plate +X
196 3 -1.0017 -319

+102 +104 +105 +106
+211 +213 +214 +215 u=4 $ Space in Tube

197 8 -7.821 -320 +319
+141 +142 +143 +144 +145 +146 +147 +148 +149
+150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162 +163 +164 +165 +166
+167 +168 +169 +170 +171 +172 +173 +174
+250 +251 +252 +253 +254 +255 +256 +257 +258
+259 +260 +261 +262 +263 +264 +265 +266
+267 +268 +269 +270 +271 +272 +273 +274 +275
+276 +277 +278 +279 +280 +281 +282 +283 +209 +318 u=4 $ Fuel Tube

198 6 -7.940 -320 +319
(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208:
-284:-285:-286:-287:-288:-289:-290:-291:-292:
-293:-294:-295:-296:-297:-298:-299:-300:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317) u=4 $ Fuel Tube Weld Posts

199 3 -1.0017 -320 +319 #197 #198
u=4 $ Space Around Weld Posts

200 3 -1'.0017 +319 +320 u=4 $ Exterior Space
c Cell Cards - Q4 Peripheral Tube, Absorber and Retainer
201 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123
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Figure 6.7.1-3 MCNP Transfer Cask Model - PWR 37-Assembly Basket
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=3 $ Absorber -Y

202 7 -2.7020 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=3 $ Absorber Clad -Y

203 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=3 $ Absorber +Y

204 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123
+124 +125 +126 +127 +128 +129 +130 +131 +132
+133 +134 +135 +136 +137 +138 +139 +140 +209 u=3 $ Absorber Clad +Y

205 6 -7.9400 -105 u=3 $ Retainer -Y
206 6 -7.940 -106 u=3 $ Retainer+Y
207 6 -7.9400 -102

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=3 $ Weld Post in Absorber -Y

208 3 -1.0017 -102 #201 #202 #207 u=3 $ Gap Weld Post to Absorber -Y
209 6 -7.940 -104

(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208) u=3 $ Weld Post in Absorber +Y

210 3 -1.0017 -104 #203 #204 #209 u=3 $ Gap Weld Post to Absorber +Y
211 12 -2.358 -210 +216 +217 +218 +219 +220 +221 +222 +223 +224

+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=3 $ Absorber -X

212 7 -2.702 -211 +210 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=3 $ Absorber Clad -X

213 7 -2.7020 -212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=3 $ Absorber +X

214 7 -2.7020 -213 +212 +216 +217 +218 +219 +220 +221 +222 +223 +224
+225 +226 +227 +228 +229 +230 +231 +232
+233 +234 +235 +236 +237 +238 +239 +240 +241
+242 +243 +244 +245 +246 +247 +248 +249 +318 u=3 $ Absorber Clad +X

215 6 -7.940 -214 u=3 $ Retainer -X
216 6 -7.9400 -215 u=3 $ Retainer+X
217 6 -7.940 -211

(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=3 $ Weld Post in Plate-X

218 3 -1.0017 -211 #211 #212 #217 u=3 $ Gap Weld Post to Plate -X
219 6 -7.9400 -213

(-284:-285:-286:-287:-288:-289:-290:-291:-292:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317:
-293:-294:-295:-296:-297:-298:-299:-300) u=3 $ Weld Post in Plate +X

220 3 -1.0017 -213 #213 #214 #219 u=3 $ Gap Weld Post to Plate +X
221 3 -1.0017 -319

+102 +104 +105 +106
+211 +213 +214 +215 u=3 $ Space in Tube

222 8 -7.821 -320 +319
+141 +142 +143 +144 +145 +146 +147 +148 +149
+150 +151 +152 +153 +154 +155 +156 +157
+158 +159 +160 +161 +162 +163 +164 +165 +166
+167 +168 +169 +170 +171 +172 +173 +174
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+250 +251 +252 +253 +254 +255 +256 +257 +258
+259 +260 +261 +262 +263 +264 +265 +266
+267 +268 +269 +270 +271 +272 +273 +274 +275
+276 +277 +278 +279 +280 +281 +282 +283 +2

223 6 -7.940 -320 +319
(-175:-176:-177:-178:-179:-180:-181:-182:-183:
-184:-185:-186:-187:-188:-189:-190:-191:
-192:-193:-194:-195:-196:-197:-198:-199:-200:
-201:-202:-203:-204:-205:-206:-207:-208:
-284:-285:-286:-287:-288:-289:-290:-291:-292:
-293:-294:-295:-296:-297:-298:-299:-300:
-301:-302:-303:-304:-305:-306:-307:-308:-309:
-310:-311:-312:-313:-314:-315:-316:-317)

224 3 -1.0017 -320 +319 #222 #223
u=3 $ Space Around Weld Posts

225 3 -1.0017 +319 +320 u=3 $ Exterior Space
C Cells - Basket
401 3 -1.0017 -401 -402 fill=5 *trcl=( -23.4925 70.47
402 like 401 but fill=6 *trcl=( 23.4925 70.4774 0
403 like 401 but fill=7 *trcl=( -46.9849 46.9849
404 like 401 but fill=7 *trcl=( 0.0000 46.9849 0.
405 like 401 but fill=7 *trcl=( 46.9849 46.9849 0
406 like 401 but fill=5 *trcl=( -70.4774 23.4925
407 like 401 but fill=7 *trcl=( -23.4925 23.4925
408 like 401 but fill=7 *trcl=( 23.4925 23.4925 0
409 like 401 but fill=6 *trcl=( 70.4774 23.4925 0
410 like 401 but fill=7 *trcl=( -46.9849 0.0000 0
411 like 401 but fill=7 *trcl=( 0.0000 0.0000 0.0'
412 like 401 but fill=7 *trcl=( 46.9849 0.0000 0.'
413 like 401 but fill=4 *trcl=( -70.4774 -23.4925
414 like 401 but fill=7 *trcl=( -23.4925 -23.4925
415 like 401 but fill=7 *trcl=( 23.4925 -23.4925
416 like 401 but fill=3 *trcl=( 70.4774 -23.4925
417 like 401 but fill=7 *trcl=( -46.9849 -46.9849
418 like 401 but fill=7 *trcl=( 0.0000 -46.9849 0
419 like 401 but fill=7 *trcl=( 46.9849 -46.9849
420 like 401 but fill=4 *trcl=( -23.4925 -70.4774
421 like 401 but fill=3 *trcl=( 23.4925 -70.4774

09 +318 u=3 $ Fuel Tube

u=3 $ Fuel Tube Weld Posts

74 0.00(
.0000
0.0000
0000
.0000
0.0000
0.0000
.0000
.0000
.0000
000
0000

0.0000
0.0000

0.0000
0.0000
0.0000

.0000
0.0000

0.0000
0.0000

O0 ) u=2 $ Tube Loc 1
u=2 $ Tube Loc 2
u=2 $ Tube Loc 3

u=2 $ Tube Loc 4
u=2 $ Tube Loc 5
u=2 $ Tube Loc 6
u=2 $ Tube Loc 7

u=2 $ Tube Loc 8
u=2 $ Tube Loc 9
u=2 $ Tube Loc 10

u=2 $ Tube Loc 11
u=2 $ Tube Loc 12

u=2 $ Tube Loc 13
u=2 $ Tube Loc 14

u=2 $ Tube Loc 15
u=2 $ Tube Loc 16

u=2 $ Tube Loc 17
u=2 $ Tube Loc 18

u=2 $ Tube Loc 19
u=2 $ Tube Loc 20

u=2 $ Tube Loc 21

0

422 8 -7.821

423 8 -7.821

424 8 -7.821

-403 +404
#401 #402 #420 #421

-405 +406
#406 #413 #409 #416

-407 +408 -409 +411
#402 #409 #413 #4
#401 #406 #416 #4

-410 +411 +407 u=2 $ C

u=2 $ Side Weldment Y

u=2 $ Side Weldment X

20
21 u=2 $ Corner Weldment Part 1
orner Weldment Part 2425 8 -7.821

426 8 -7.821 -412 +413 +407 u=2 $ Corner Weldment Part 3A
427 8 -7.821 -414 +415 +407 u=2 $ Corner Weldment Part 3B
428 3 -1.0017 #401 #402 #403 #404 #405 #406 #407 #408 #409 #410 #411

#412 #413 #414 #415 #416 #417 #418 #419 #420 #421
#422 #423
#424 #425 #426 #427 u=2 $ Remaining Space

c Cell Cards - Canister
501
502
503
504
505
506
507
508
509
510
511
512
513

3 -1.0017 -18
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but

fill=8 *trcl=( -23.0621 70.0470 0.000
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=

23.0621 70.0470 0.0000
-46.5546 46.5546 0.0000
0.0000 46.5546 0.0000
46.5546 46.5546 0.0000
-70.0470 23.0621 0.0000
-23.0621 23.0621 0.0000
23.0621 23.0621 0.0000
70.0470 23.0621 0.0000
-46.5546 0.0000 0.0000
0.0000 0.0000 0.0000
46.5546 0.0000 0.0000
-70.0470 -23.0621 0.0000

00 ) u=1 $ Assy loc 1
u=l $ Assy loc 2
u=1 $ Assy loc 3

u=l $ Assy loc 4
u=1 $ Assy loc 5

u= $ Assy loc 6
u=l $ Assy loc 7

u=l $ Assy loc 8
u=l $ Assy loc 9
u=l $ Assy loc 10

u=1 $ Assy loc 11
u=l $ Assy loc 12

u=l $ Assy loc 13
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514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538

like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
3 -1.0017 -501

*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=,
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=

*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=

-23.0621 -23.0621 0.0000 )
23.0621 -23.0621 0.0000
70.0470 -23.0621 0.0000
-46.5546 -46.5546 0.0000 )
0.0000 -46.5546 0.0000
46.5546 -46.5546 0.0000
-23.0621 -70.0470 0.0000
23.0621 -70.0470 0.0000
0.0000 70.0560 0.0000 )
-23.0711 46.5636 0.0000
23.0711 46.5636 0.0000
-46.5636 23.0711 0.0000 1
0.0000 23.0711 0.0000
46.5636 23.0711 0.0000
-70.0560 0.0000 0.0000
-23.0711 0.0000 0.0000
23.0711 0.0000 0.0000
70.0560 0.0000 0.0000
-46.5636 -23.0711 0.0000
0.0000 -23.0711 0.0000
46.5636 -23.0711 0.0000
-23.0711 -46.5636 0.0000
23.0711 -46.5636 0.0000
0.0000 -70.0560 0.0000

U

U

U:

U:

u=l $ Assy loc 14
u=l $ Assy loc 15
u=l $ Assy Ioc 16
u=l $ Assy loc 17

u=l $ Assy loc 18
u=l $ Assy Ioc 19

u=l $ Assy loc 20
u=l $ Assy loc 21

=l $ Assy loc 22
u=l $ Assy loc 23

u=l $ Assy loc 24
u=l $ Assy loc 25

=1 $ Assy loc 26
u=l $ Assy loc 27
u=l $ Assy loc 28
u=l $ Assy loc 29
=1 $ Assy loc 30
=1 $ Assy loc 31

u=l $ Assy loc 32
u=l $ Assy loc 33
u=l $ Assy loc 34

u=l $ Assy loc 35
u=l $ Assy loc 36

u=l $ Assy loc 37

#509 #510
#519 #520
#529 #530
fill=2 u=l $ Cavity
ottom

$ Cask cavity

#501 #502 #503 #504 #505 #506 #507 #508
#511 #512 #513 #514 #515 #516 #517 #518
#521 #522 #523 #524 #525 #526 #527 #528
#531 #532 #533 #534 #535 #536 #537

539 6 -7.940 -502 +501 u=l $ Canister Shell / Lid / B
540 13 -0.0001 +502 u=l $ Remaining Space
c Cell Cards - Transfer Cask Geometry
601 13 -0.0001 -601 -602 fill=l ( 0.0000 0.0000 6.9850
602 8 -7.821 -601 +602 -606 $ Bottom plate
603 8 -7.821 -603 +602 +606 -607 $ Inner shell
604 9 -11.344 -604 +603 +606 -607 $ Lead shell
605 10 -1.632 -605 +604 +606 -607 $ NS-4-FR
606 8 -7.821 -601 +605 +606 -607 $ Outer shell
607 8 -7.821 -601 +602 +607 $ Top plate
608 8 -7.821 -608 +609 -614 $ Door rail
609 8 -7.821 -608 -610 -614 $ Door rail
610 8 -7.821 -613 -611 +612 -614 $ Door steel
611 13 -0.0001 -614 +601 #608 #609 #610
612 0 +614 $ Exterior space

$ Exterior space to Reflector

c Surfaces - Fuel Rod - WE17HI - WE Core - 17x17
1 RCC 0.0000 0.0000 1.7399 0.0000 0.0000 365.7600 0.4105 $ Fuel pellet stack
2 RCC 0.0000 0.0000 1.7399 0.0000 0.0000 381.6604 0.4204 $ Annulus + Plenum
3 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 385.1402 0.4725 $ Clad + End-Caps
c Surfaces - Guide Tube - WE17HI - WE Core - 17x17
5 CZ 0.5766 $ Guide tube inner surface
6 CZ 0.6121 $ Guide tube outer surface
c Surfaces - Instrument Tube - WE17H1 - WE Core - 17x17
8 CZ 0.5766 $ Inst tube inner surface
9 CZ 0.6121 $ Inst tube outer surface
c Surfaces - Pitch - WE17HI - WE Core - 17x17
13 PX 0.6299 $ Lattice Cell Boundaries
14 PX -0.6299
15 PY 0.6299
16 PY -0.6299
c Surfaces - Fuel Assembly Array Inserted Into Assembly - WE17HI - WE Core - 17x17
17 RPP -10.5509 10.5509 -10.5509 10.5509 6.8580 396.5702 $ Array
18 RPP -10.7010 10.7010 -10.7010 10.7010 0.0000 405.8920 $ Assembly Outer Dims
c Surface Cards - Tube, Absorber and Retainer
101 RPP -10.1981 10.1981 -11.4618 -11.2078 8.8900 428.6250 $ Absorber -Y
102 RPP -10.1981 10.1981 -11.4999 -11.1697 8.8900 428.6250 $ Absorber Clad -Y
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Figure 6.7.1-3 MCNP Transfer Cask Model - PWR 37-Assembly Basket
103 RPP -10.1981 10.1981 11.2078 11.4618 8.8900 428.6250 $
104 RPP -10.1981 10.1981 11.1697 11.4999 8.8900 428.6250 $
105 RPP -10.3378 10.3378 -11.1697 -11.1316 7.6200 430.5300
106 RPP -10.3378 10.3378 11.1316 11.1697 7.6200 430.5300 $

Absorber +Y
Absorber Clad +Y
$ Retainer -Y
Retainer +Y

eld Post Slot Y Absorber
eld Post Slot Y Absorber
eld Post Slot Y Absorber
eld Post Slot Y Absorber
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i1
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18 12
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98 12
18 12
98 12
18 12
18 12
18 12
18 12
18 12
18 12
98 12
18 12
18 12
98 12
98 12
)8 12

$
$
s
$

698 14.2812 17.43
698 39.6812 42.83
698 65.0812 68.23
698 90.4812 93.66
698 115.8812 119.
698 141.2812 144.
698 166.6812 169.
698 192.0812 195.
698 217.4812 220.
698 242.8812 246.
698 268.2812 271.
698 293.6812 296.
698 319.0812 322.
698 344.4812 347.
698 369.8812 373.
698 395.2812 398.
698 420.6812 423.
.3698 14.2812 17.
.3698 39.6812 42.
.3698 65.0812 68.
.3698 90.4812 93.
.3698 115.8812 11
.3698 141.2812 14
.3698 166.6812 16
.3698 192.0812 19
.3698 217.4812 22
.3698 242.8812 24
.3698 268.2812 27
.3698 293.6812 29
.3698 319.0812 32
.3698 344.4812 34
.3698 369.8812 37
.3698 395.2812 39
.3698 420.6812 42
Weld Post Hole Y
Weld Post Hole Y
Weld Post Hole Y
Weld Post Hole Y

689 $
689 $
689 $
689 $
.0689
.4689
.8689
.2689
.6689
.0689
.4689
.8689
2689

.6689

.0689

WE
WE
W
W

$
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Weld
Weld
Weld
Weld
Weld
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Y Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber
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.4689 $

.8689 $
4689 $
8689 $

.2689 $

.6689 $

.9.0689
34.4689
69.8689
95.2689
0.6689

16.0689
71.4689
96.8689
22.2689
37.6689
73.0689
98.4689
23.8689

$
$
$
$
$
$
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$
$
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$
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Weld
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I 295.2750
320.6750
346.0750
371.4750
396.8750
422.2750

15.8750 0
41.2750 0
66.6750 0
92.0750 0
117.4750
142.8750
168.2750
193.6750
219.0750
244.4750
269.8750
295.2750
320.6750
346.0750
371.4750
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422.2750
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$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
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$ Weld Post Y
$ Weld Post Y
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$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

12.3698 413.6962 416.8839 $ Water Circulation Slot Y
81 10.1981 8.8900 428.6250 $ Absorber -X*
81 10.1981 8.8900 428.6250 $ Absorber Clad -X

1.5875 -12.3698
210 RPP -11.4618 -11.2078 -10.19
211 RPP -11.4999 -11.1697 -10.19
212 RPP
213 RPP
214 RPP

11.2078 11.4618 -10.1981 10.1981 8.8900 428.6250 $
11.1697 11.4999 -10.1981 10.1981 8.8900 428.6250 $
-11.1697 -11.1316 -10.3378 10.3378 7.6200 430.5300

215 RPP 11.1316 11.1697 -10.3378 10.3378 7.6200 430.5300
216
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220
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224
225
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227
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5.8738
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5.8738
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14.2812 17.4689 $
39.6812 42.8689 $
65.0812 68.2689 $
90.4812 93.6689 $
115.8812 119.0689
141.2812 144.4689
166.6812 169.8689
192.0812 195.2689
217.4812 220.6689
242.8812 246.0689
268.2812 271.4689
293.6812 296.8689
319.0812 322.2689
344.4812 347.6689
369.8812 373.0689
395.2812 398.4689
420.6812 423.8689

W
WE
WE
WE
S
$
$

$
$
$
S
S
S
$
$
$
S
S

Absorber +X
Absorber Clad
$ Retainer -X
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eld Post Slot
eld Post Slot
eld Post Slot
eld Post Slot

X
X
X
X
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Absorber
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Post
Post
Post
Post
Post
Post
Post
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Post
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Post
Post
Post

Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber

-5.8738 -4.2863 14.2812 17.4689
-5.8738 -4.2863 39.6812 42.8689
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235 RPP -12.3698 12.3698 -5.8738 -4.2863 65.0812 68.2689 $ Weld Post Slot X Absorber
236 RPP -12.3698 12.3698 -5.8738 -4.2863 90.4812 93.6689 $ Weld Post Slot X Absorber
237 RPP -12.3698 12.3698 -5.8738 -4.2863 115.8812 119.0689 $ Weld Post Slot X Absorber
238 RPP -12.3698 12.3698 -5.8738 -4.2863 141.2812 144.4689 $ Weld Post Slot X Absorber
239 RPP -12.3698 12.3698 -5.8738 -4.2863 166.6812 169.8689 $ Weld Post Slot X Absorber
240 RPP -12.3698 12.3698 -5.8738 -4.2863 192.0812 195.2689 $ Weld Post Slot X Absorber
241 RPP -12.3698 12.3698 -5.8738 -4.2863 217.4812 220.6689 $ Weld Post Slot X Absorber
242 RPP -12.3698 12.3698 -5.8738 -4.2863 242.8812 246.0689 $ Weld Post Slot X Absorber
243 RPP -12.3698 12.3698 -5.8738 -4.2863 268.2812 271.4689 $ Weld Post Slot X Absorber
244 RPP -12.3698 12.3698 -5.8738 -4.2863 293.6812 296.8689 $ Weld Post Slot X Absorber
245 RPP -12.3698 12.3698 -5.8738 -4.2863 319.0812 322.2689 $ Weld Post Slot X Absorber
246 RPP -12.3698 12.3698 -5.8738 -4.2863 344.4812 347.6689 $ Weld Post Slot X Absorber
247 RPP -12.3698 12.3698 -5.8738 -4.2863 369.8812 373.0689 $ Weld Post Slot X Absorber
248 RPP -12.3698 12.3698 -5.8738 -4.2863 395.2812 398.4689 $ Weld Post Slot X Absorber
249 RPP -12.3698 12.3698 -5.8738 -4.2863 420.6812 423.8689 $ Weld Post Slot X Absorber
250 C/X 5.0800 15.8750 0.4191 $ Weld Post Hole X
251 C/X 5.0800 41.2750 0.4191 $ Weld Post Hole X
252 C/X 5.0800 66.6750 0.4191 $ Weld Post Hole X
253 C/X 5.0800 92.0750 0.4191 $ Weld Post Hole X
254 C/X 5.0800 117.4750 0.4191 $ Weld Post Hole X
255 C/X 5.0800 142.8750 0.4191 $ Weld Post Hole X
256 C/X 5.0800 168.2750 0.4191 $ Weld Post Hole X
257 C/X 5.0800 193.6750 0.4191 $ Weld Post Hole X
258 C/X 5.0800 219.0750 0.4191 $ Weld Post;!Hole X
259 C/X 5.0800 244.4750 0.4191 $ Weld Post Hole X
260 C/X 5.0800 269.8750 0.4191 $ Weld Post Hole X
261 C/X 5.0800 295.2750 0.4191 $ Weld Post Hole X
262 C/X 5.0800 320.6750 0.4191 $ Weld Post Hole X
263 C/x 5.0800 346.0750 0.4191 $ Weld Post Hole X
264 C/X 5.0800 371.4750 0.4191 $ Weld Post Hole X
265 C/X 5.0800 396.8750 0.4191 $ Weld Post Hole X

266 C/X 5.0800 422.2750 0.4191 $ Weld Post Hole X
267 C/X -5.0800 15.8750 0.4191 $ Weld Post Hole X
268 C/X -5.0800 41.2750 0.4191 $ Weld Post Hole X
269 C/X -5.0800 66.6750 0.4191 $ Weld Post Hole X
270 C/X -5.0800 92.0750 0.4191 $ Weld Post Hole X
271 C/X -5.0800 117.4750 0.4191 $ Weld Post Hole X
272 C/X -5.0800 142.8750 0.4191 $ Weld Post Hole X
273 C/X -5.0800 168.2750 0.4191 $ Weld Post Hole X
274 C/X -5.0800 193.6750 0.4191 $ Weld Post Hole X
275 C/X -5.0800 219.0750 0.4191 $ Weld Post Hole X
276 C/X -5.0800 244.4750 0.4191 $ Weld Post Hole X
277 C/X -5.0800 269.8750 0.4191 $ Weld Post Hole X
278 C/X -5.0800 295.2750 0.4191 $ Weld Post Hole X
279 C/X -5.0800 320.6750 0.4191 $ Weld Post Hole X
280 C/X -5.0800 346.0750 0.4191 $ Weld Post Hole X
281 C/X -5.0800 371.4750 0.4191 $ Weld Post Hole X
282 C/X -5.0800 396.8750 0.4191 $ Weld Post Hole X
283 C/X -5.0800 422.2750 0.4191 $ Weld Post Hole X
284 C/X 5.0800 15.8750 0.3175 $ Weld Post X
285 C/X 5.0800 41.2750 0.3175 $ Weld Post X
286 C/X 5.0800 66.6750 0.3175 $ Weld Post X
287 C/X 5.0800 92.0750 0.3175 $ Weld Post X
288 C/X 5.0800 117.4750 0.3175 $ Weld Post X
289 C/X 5.0800 142.8750 0.3175 $ Weld Post X
290 C/X 5.0800 168.2750 0.3175 $ Weld Post X
291 C/X 5.0800 193.6750 0.3175 $ Weld Post X
292 C/X 5.0800 219.0750 0.3175 $ Weld Post X
293 C/X 5.0800 244.4750 0.3175 $ Weld Post X
294 C/X 5.0800 269.8750 0.3175 $ Weld Post X
295 C/X 5.0800 295.2750 0.3175 $ Weld Post X
296 C/X 5.0800 320.6750 0.3175 $ Weld Post X
297 C/X 5.0800 346.0750 0.3175 $ Weld Post X
298 C/X 5.0800 371.4750 0.3175 $ Weld Post X
299 C/X 5.0800 396.8750 0.3175 $ Weld Post X
300 C/X 5.0800 422.2750 0.3175 $ Weld Post X a
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301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320

c/x
c/x
c/x
c/x
c/x
c/x
C/x
C/X
c/x
c/x
c/x
c/x
c/x
c/x
c/x
c/x
C/X

-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800

15.8750 0
41.2750 C
66.6750 0
92.0750 C
117.4750
142.8750
168.2750
193.6750
219.0750
244.4750
269.8750
295.2750
320.6750
346.0750
371.4750
396.8750
422.2750

12.3698
11.4999
12.3698

.3175

.3175

.3175

.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
-1.5875

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X

1.5875 413.6962 416.8839 $RPP -12.3698
RPP -11.4999
RPP -12.3698

-11.4999 11.4999 0.0000 440.6900 $
-12.3698 12.3698 7.6200 430.5300 $

C Surfaces - Basket
401 RPP -12.3698 12.3698 -12.3698 12.3698 0.0000 440.6900
402 1 RPP -16.6116 16.6116 -16.6116 16.6116 0.0000 440.6900
403 RPP -33.9471 33.9471 -83.6409 83.6409 7.6200 430.5300
404 RPP -33.9471 33.9471 -81.7359 81.7359 7.6200 430.5300
405 RPP -83.6409 83.6409 -33.9471 33.9471 7.6200 430.5300
406 RPP -81.7359 81.7359 -33.9471 33.9471 7.6200 430.5300
407 1 RPP -80.1366 80.1366 -80.1366 80.1366 7.6200 430.5300
408 1 RPP -79.3428 79.3428 -79.3428 79.3428 7.6200 430.5300

Water Circulation Slot X
Space inside tube - cavity extent
Fuel tube

$ Tube Cavity Height
$ Tube Corner Cuts

$ Outer Surface Side Weld.
$ Inner Surface Side Weld.
$ Outer Surface Side Weld.
$ Inner Surface Side Weld.

$ Outer Surface Corner Weld.
$ Inner Surface Corner Weld.

$ Corner Weld. Cut Surface
$ Outer Surface Corner Weld.
$ Inner Surface Corner Weld.
$ Outer Surface Corner Weld.
$ Inner Surface Corner Weld.
$ Outer Surface Corner Weld.
$ Inner Surface Corner Weld.

409 RPP -82.8472
410 RPP -60.1485
411 RPP -59.3547
412 RPP -82.1868
413 RPP -82.1868
414 RPP -36.6560
415 RPP -35.8623
c Surface Cards -

82.8472 -82.8472
60.1485 -60.1485
59.3547 -59.3547
82.1868 -36.6560
82.1868 -35.8623
36.6560 -82.1868
35.8623 -82.1868
Canister

82.8472
60.1485
59.3547
36.6560
35.8623
82.1868
82.1868

7.6200
7.6200
7.6200
7.6200
7.6200
7.6200
7.6200

430.5300
430.5300
430. 5300
430.5300
430.5300
430.5300
430.5300

501 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 440.6900 90.1700 $ Canister cavity
502 RCC 0.0000 0.0000 -6.9850 0.0000 0.0000 469.2650 91.4400 $ Canister
c Surface Cards - Transfer Cask Geometry
601 RCC 0.000 0.000 0.000 0.000 0.000 488.9500 111.7600 $ Cask Cylindrical Section
602 CZ 92.7100 $ Cask cavity radius
603 CZ 94.6150 $ Inner shell OR
604 CZ 102.7430 $ Lead shell OR
605 CZ 108.5850 $ Outer shell IR
606 PZ 30.4800 $ Top of bottom plate
607 PZ 453.3900 $ Bottom of top plate
608 RPP -104.3178 104.3178 -111.7600 111.7600 -12.7000 0.0000 $ Door Enclosing Shape
609 PY 97.0026 $ Inside rail surface
610 PY -97.0026 $ Inside rail surface
611 PY 96.52 $ Door surface
612 PY -96.52 $ Door surface
613 RHP 0.0000 0.0000 -12.7000 0.0000 0.0000 12.7000

108.4699 0.0000 0.0000 89.73736 -73.7172 0.0000
-89.7374 -73.7172 0.0000 $ Door prism

*614 RCC 0.000 0.000 -32.700 0.000 0.000 541.6500 131.7600 $ Cylinder to Reflect

c
c Materials List
c
c Fuel Pellet Material 4.40% Weight U02 [amu] 269.9175
ml 92235.66c -3.878E-02 92238.66c -8.427E-01 8016.62c -1.186E-01
c Clad Material
m2 26054.62c -7.063E-05 24050.62c -4.179E-05 7014.62c -4.980E-04

26056.62c -1.149E-03 24052.62c -8.370E-04 7015.66c -1.981E-06
26057.62c -2.702E-05 24053.62c -9.673E-05
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Figure 6.7.1-3 MCNP Transfer Cask Model - PWR 37-Assembly Basket
26058.62c -3.631E-06 24054.62c -2.448E-05
40000.66c -9.823E-01 50000.42c -1.500E-02

c Water
m3 1001.62c -1.106E-01 8016.62c -8.779E-01

1001.62c -5.589E-04 8016.62c -8.870E-03

mt3 lwtr.Olt
c Lower Nozzle Material
m4

1001.62c -3.201E-02 8016.62c -2.540E-01
1001.62c -1.617E-04 8016.62c -2.567E-03

5010.66c -3.535E-04
5011.66c -1.646E-03

24050.62c
24052.62c
24053.62c
24054.62c

-5. 642E-03
-1. 130E-01
-1.306E-02
-3 .306E-03

26054.62c
26056.62c
26057.62c
26058.62c

-2.791E-02
-4.539E-01
-1.068E-02
-1.435E-03

25055.62c -1.421E-02
mt4 lwtr.Olt
c Upper Nozzle Material
m5

1001.62c -3.265E-02 8016.62c -2.591E-01
1001.62c -1.649E-04. 8016.62c -2.618E-03

5010. 66c
5011.66c

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

5010. 66c
5011. 66c

28058. 62c
28060. 62c
28061. 62c
28062. 62c
28064. 62c

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

-1.023E-04
-4.764E-04
-4.537E-02
-1.807E-02
-7. 990E-04
-2.586E-03
-6. 839E-04

-1.043E-04
-4.859E-04
-4.500E-02
-1. 793E-02
-7. 925E-04
-2. 565E-03
-6.783E-04

-6. 384E-02
-2.543E-02
-1.124E-03
-3.639E-03
-9. 623E-04

24050.62c
24052.62c
24053.62c
24054.62c

-5.596E-03
-1.121E-01
-1.295E-02
-3 .279E-03

25055.62c -1.410E-02
mt5 lwtr.Olt
c SS304
m6 24050.62c -7.939E-03

26054.62c
26056.62c
26057.62c
26058.62c

26054.62c
26056.62c
26057.62c
26058.62c

-2 .768E-02
-4. 502E-01
-1.059E-02
-1.423E-03

-3.927E-02
-6.387E-01
-1.502E-02
-2.019E-03

24052.62c
24053.62c
24054.62c

-1.590E-01
-I.:838E-02
-4.652E-03

25055.62c -2.OOOE-02
c Aluminum
m7 13027.62c -1.000E+00
c Carbon Steel
m8 26054.62c -5.594E-02

26056.62c -9.098E-01
26057.62c -2.140E-02
26058.62c -2.876E-03

6000.66c -1.000E-02

c Lead
m9 82206.66c

82207.66c
82208.66c

c NS-F-FR
ml0 5010.66c

5011.66c
13027.62c

c Concrete
mll 26054.62c

26056.62c
26057.62c
26058.62c

1001.62c
8016.62c

-2.534E-01
-2.207E-01
-5.259E-01

-9.313E-04
-3.772E-03
-2.142E-01

-7. 911E-04
-1.287E-02
-3. 026E-04
-4.067E-05
-1.000E-02
-5. 320E-01

7014. 62c
7015. 66c
1001. 62c

-1. 974E-02
-7.852E-05
-6. 001E-02

8016.62c -4.250E-01

6000.66c -2.763E-01

14000.60c -3.370E-01

13027.62c -3.400E-02
11023.62c -2.900E-02
Plate
13027.62c -5.656E-01

20000.62c -4.400E-02

6000.66c -9.430E-02
c Absorber material B4C-Al
m12 5010.66c -6.011E-02

5011.66c -2.799E-01
c Water Exterior
m13 1001.62c 2.0

8016.62c 1.0
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Figure 6.7.1-3 MCNP Transfer Cask Model - PWR 37-Assembly Basket
mtl3 lwtr.Olt
c Uranium Blanket 0.711%
m14 92235.66c -6.267E-03
c Borated SS304
m15 28058.62c -9.072E-02

28060.62c -3.614E-02
28061.62c -i.598E-03
28062.62c -5.171E-03
28064.62c -1.367E-03

5010.66c -3.535E-03
5011.66c -1.646E-02

Weight U02 [amu] 270.0284
92238.66c -8.752E-01 8016.62c -1.185E-01

26054.62c
26056. 62c
26057. 62c
26058. 62c
25055. 62c
14000. 60c
16000. 62c

-3. 523E-02
-5.729E-01
-1.348E-02
-1.811E-03
-2.000E-02
-1. 000E-02
-3. 000E-04

24050.62c
24052.62c
24053.62c
24054.62c
15031.66c

6000.66c

-7. 939E-03
-1.590E-01
-1. 838E-02
-4.652E-03
-4.500E-04
-8.000E-04

c B4C
m16
c Pyrex

5010.66c -1.384E-01 5011.66c -6.445E-01 6000.66c -2.171E-01

m17 8016.62c -5.350E-01 14000.60c -3.770E-(
13027.62c -1.000E-02 5010.66c -6.540E-(

c Borated Aluminum 25% B4C
m18 5010.66c -3.460E-02 13027.62c -7.500E-I

5011.66c -1.611E-01
C
c Rotation Matrix
*TRI 0.0 0.0 0.0 45 135 90 -45 45 90 90 90 0
*TR2 0.0 0.0 0.0 135 225 90 45 135 90 90 90 0

c
c Cell Importances
c
mode n
imp:n 1 219r 0
c
c
c Criticality Controls
c
kcode 2000 1.00 30 530
c
c Source Distribution for Initial Generation
SDEF CEL= 601 : D2 : 17 13 : -1

ERG= Dl
POS= 0.0000 0.00 1.7399
RAD= D3
AXS= 0.00 0.00 1.00
EXT= D4

C - Neutron Source Energy Source Distribution
# SP1

-3
c Assembly Source Distribution
# S12 SP2

1 d
501 1
502 1
503 1

01 11023.62c -4.100E-02
03 5011.66c -3.046E-02

01 6000.66c -5.428E-02

$ z-rotation 45 degrees
$ z-rotation 135 degrees

504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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520 1
521 1
522 1
523 1
524 1
525 1
526 1
527 1
528 1
529 1
530 1
531 1
532 1
533 1
534 1
535 1
536 1
537 1

C - Uniform Radial Distribution in Fuel Rod
# S13 SP3

0.0000 -21
0.4105 1

C - Axial Source Profile
# S14 SP4

0 0.0
365.76 1.0

c
c Random Number Generator Controls
c
RAND GEN=2 SEED=19073486328125
c
c
c Print Control
c
PRINT
c
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Figure 6.7.1-4 MCNP Concrete Cask Model - PWR 37-Assembly Basket
Storage Cask Model - CEI6HI
c
c MAGNASTOR Canister Class 2
c Neutron Poison Loading - 90 %
c Nominal Fuel Characteristics
c
c Boron Content in Water - 0 ppm
c Cavity Water Density 0.0001 g/cc
C
c Fuel to Clad Gap - Dry
c Exterior Water Density 0.0001 g/cc
C
c Model Revision 4.70
c

C

1
2
3
4
c
7

Cells - Fuel Rod - CE16HI - CE Core - 16x16
1 -1.0522E+01 -1 u=10 $ Fuel
0 -2 +1 u=10 $ Plenum + Fuel to Clad Gap
2 -6.56 -3 +2 u=10 $ Clad + End Plugs
3 -0.0001 +3 u=10 $ Outside Fuel Rod
Arrayj16x16_236
3 -0.0001 -7 +8 -9 +10

trcl=(0.643 0.643 9.6825) lat=l u=9 fill=-8:7 -8:7 0:0
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 10 10 9 9 10 10 10 10 10 10 9 9 10 10 10
10 10 10 9 9 10 10 10 10 10 10 9 9 10 10 10
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 9 9 10 10 10 10 10 10 10
10 10 10 10 10 10 10 9 9 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 10 10 9 9 10 10 10 10 10 10 9 9 10 10 10
10 10 10 9 9 10 10 10 10 10 10 9 9 10 10 10
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

c Cells - Fuel Assembly Array
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

3 -0.0001 -11
3 -0.0001 -5
2 -6.56 -6 +5
like 12 but
like 13 but
like 12 but
like 13 but
like 12 but
like 13 but
like 12 but
like 13 but
3 -0.0001 -12
4 -1.4722 -12
5 -1.3872 -12
3 -0.0001 +12

#12 #13 #C
-11 U:
-11 u
*trcl= 5
*trcl= 5
*trcl= -1
*trcl= -1
*trcl= 5
*trcl= 5
*trcl= -[

*trcl= -[

+11 -11.6
+11.6

+11.5

Inserted Into Assembly - cellCEAssy
#15 #16 #17 #18 #19 #20 #21 fill=9 u=8 $ Array

Inside CE Guide
CE Guide Tube

40 5.1440 0.0000 ) u=8 $ Inside CE Guide
L0 5.1440 0.0000 ) u=8 $ CE Guide Tube
L40 5.1440 0.0000 ) u=8 $ Inside CE Guide
440 5.1440 0.0000 ) u=8 $ CE Guide Tube
40 -5.1440 0.0000 ) u=8 $ Inside CE Guide
40 -5.1440 0.0000 ) u=8 $ CE Guide Tube
440 -5.1440 0.0000 ) u=8 $ Inside CE Guide
440 -5.1440 0.0000.) u=8 $ CE Guide Tube
1.5 u=8 $ Fuel Width Envelope
=8 $ Lower Nozzle
=8 $ Upper Nozzle

u=8 $ Remaining Space
c Cell Cards - Tube, Absorber and Retainer
101 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=7 $ Absorber -Y

102 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=7 $ Absorber Clad -Y

103 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
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+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=7 $ Absorber +Y

104 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=7 $ Absorber Clad +Y

105 6 -7.940 -105 u=7 $ Retainer -Y
106 6 -7.940 -106 u=7 $ Retainer+Y
107 6 -7.940 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=7 $ Weld Post in Absorber -Y

108 3 -0.0001 -102 #101 #102 #107 u=7 $ Gap Weld Post to Absorber -Y
109 6 -7.940 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=7 $ Weld Post in Absorber +Y

110 3 -0.0001 -104 #103 #104 #109 u=7 $ Gap Weld Post to Absorber +Y
111 12 -2.358 -216 +222 +223 +224 +225 +226 +227 +228 +229 +230

+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=7 $ Absorber -X

112 7 -2.702 -217 +216 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=7 $ Absorber Clad -X

113 12 -2.358 -218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=7 $ Absorber +X

114 7 -2.702 -219 +218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=7 $ Absorber Clad +X

115 6 -7.940 -220 u=7 $ Retainer -x
116 6 -7.940 -221 u=7 $ Retainer+X
117 6 -7.940 -217

(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311) u=7 $ Weld Post in Absorber -X

118 3 -0.0001 -217 #111 #112 #117 u=7 $ Gap Weld Post to Absorber -X
119 6 -7.940 -219

(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311) u=7 $ Weld Post in Absorber

120 3 -0.0001 -219 #113 #114 #119 u=7 $ Gap Weld Post to Absorber +X
121 3 -0.0001 -331

+102 +104 +105 +106
+217 +219 +220 +221 u=7 $ Space in Tube

122 8 -7.821 -332 +331
+143 +144 +145 +146 +147 +148 +149 +150 +151
+152 +153 +154 +155 +156 +157 +158 +159 +160
+161 +162 +163 +164 +165 +166 +167 +168 +169
+170 +171 +172 +173 +174 +175 +176 +177 +178
+258 +259 +260 +261 +262 +263 +264 +265 +266
+267 +268 +269 +270 +271 +272 +273 +274 +275
+276 +277 +278 +279 +280 +281 +282 +283 +284
+285 +286 +287 +288 +289 +290 +291 +292 +293 +215 +330 u=7 $ Fuel Tube

123 6 -7.940 -332 +331
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
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-294:-295:-296:-297:-298:-299:-300:-301:-302:
-303:-304:-305:-306:-307:-308:-309:-310:-311:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329) u=7 $ Fuel Tube Weld Posts

124 3 -0.0001 -332 +331 #122 #123
uý7 $ Space Around Weld Posts

125 3 -0.0001 +331 +332 u=7 $ Exterior Space
c Cell Cards - Ql Peripheral Tube, Absorber and Retainer
126 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=6 $ Absorber -Y

127 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=6 $ Absorber Clad -Y

128 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=6 $ Absorber +Y

129 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=6 $ Absorber Clad +Y

130 6 -7.940 -105 u=6 $ Retainer -Y
131 6 -7.9400 -106 u=6 $ Retainer+Y
132 6 -7.940 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=6 $ Weld Post in Absorber -Y

133 3 -0.0001 -102 #126 #127 #132 u=6 $ Gap Weld Post to Absorber -Y
134 6 -7.9400 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=6 $ Weld Post in Absorber +Y

135 3 -0.0001 -104 #128 #129 #134 u=6 $ Gap Weld Post to Absorber +Y
136 12 -2.358 -216 +222 +223 +224 +225 +226 +227 +228 +229 +230

+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=6 $ Absorber -X

137 7 -2.702 -217 +216 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=6 $ Absorber Clad -X

138 7 -2.7020 -218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=6 $ Absorber +X

139 7 -2.7020 -219 +218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=6 $ Absorber Clad +X

140 6 -7.940 -220 u=6 $ Retainer -X
141 6 -7.9400 -221 u=6 $ Retainer+X
142 6 -7.940 -217

(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311) u=6 $ Weld Post in Plate-X

143 3 -0.0001 -217 #136 #137 #142 u=6 $ Gap Weld Post to Plate -X
144 6 -7.9400 -219

(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
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Figure 6.7.1-4 MCNP Concrete Cask Model - PWR 37-Assembly Basket 0
-303:-304:-305:-306:-307:-308:-309:-310:-311) u=6 $ Weld Post in Plate +X

145 3 -0.0001 -219 #138 #139 #144 u=6 $ Gap Weld Post to Plate +X
146 3 -0.0001 -331

+102 +104 +105 +106
+217 +219 +220 +221 u=6 $ Space in Tube

147 8 -7.821 -332 +331
+143
+152
+161
+170
+258
+267
+276
+285

+144
+153
+162
+171
+259
+268
+277
+286

+145
+154
+163
+172
+260
+269
+278
+287

+146
+155
+164
+173
+261
+270
+279
+288

+147
+156
+165
+174
+262
+271
+280
+289

+148
+157
+166
+175
+263
+272
+281
+290

+149
+158
+167
+176
+264
+273
+282
+291

+150
+159
+168
+177
+265
+274
+283
+292

+151
+160
+169
+178
+266
+275
+284
+293 '4

148 6 -7.940 -332 +331
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
-294:-295:-296:-297:-298:-299:-300:-301:-302:
-303:-304:-305:-306:-307:-308:-309:-310:-311:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329)

149 3 -0.0001 -332 +331 #147 #148
u=6 $ Space Around Weld Posts

150 3 -0.0001 +331 +332 u=6 $ Exterior Space
c Cell Cards - Q2 Peripheral Tube, Absorber and Retainer

-215 +330 u=6 $ Fuel Tube

u=6 $ Fuel Tube Weld Posts

151 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132.+133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=5 $ Absorber -Y

152 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=5 $ Absorber Clad -Y

153 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=5 $ Absorber +Y

154 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=5 $ Absorber Clad +Y

155 6 -7.940 -105 u=5 $ Retainer -Y
156 6 -7.9400 -106 u=5 $ Retainer+Y
157 6 -7.940 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=5 $ Weld Post in Absorber -Y

158 3 -0.0001 -102 #151 #152 #157 u=5 $ Gap Weld Post to Absorber -Y
159 6 -7.9400 -104

(-179: -180: -181: -182: -183: -184: -185: -186: -187:

-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=5 $ Weld Post in Absorber +Y

160 3 -0.0001 -104 #153 #154 #159 u=5 $ Gap Weld Post to Absorber +Y
161 7 -2.7020 -216 +222 +223 +224 +225 +226 +227 +228 +229 +230

+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=5 $ Absorber -X

162 7 -2.7020 -217 +216 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=5 $ Absorber Clad -X

163 12 -2.358 -218 +222 +223 +224 +225 +226 +227 +228 +229 +230
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+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=5 $ Absorber +X

164 7 -2.702 -219 +218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=5 $ Absorber Clad +X

165 6 -7.9400 -220 u=5 $ Retainer -X
166 6 -7.940 -221 u=5 $ Retainer+X
167 6 -7.9400 -217

(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311) u=5 $ Weld Post in Plate-X

168 3 -0.0001 -217 #161 #162 #167 u=5 $ Gap Weld Post to Plate -X
169 6 -7.940 -219

(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311) u=5 $ Weld Post in Plate +X

170 3 -0.0001 -219 #163 #164 #169 u=5 $ Gap Weld Post to Plate +X
171 3 -0.0001 -331

+102 +104 +105 +106
+217 +219 +220 +221 u=5 $ Space in Tube

172 8 -7.821 -332 +331
+143 +144 +145 +146 +147 +148 +149 +150 +151
+152 +153 +154 +155 +156 +157 +158 +159 +160
+161 +162 +163 +164 4165 +166 +167 +168 +169
+170 +171 +172 +173 +174 +175 +176 +177 +178
+258 +259 +260+261 +262 +263 +264 +265 +266
+267 +268 +269 +270 +271 +272 +273 +274 +275
+276 +277 +278 +279 +280 +281 +282 +283 +284
+285 +286 +287 +288 +289 +290 +291 +292 +293 +215 +330 u=5 $ Fuel Tube

173 6 -7.940 -332 +331
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
-294:-295:-296:-297:-298:-299:-300:-301:-302:
-303:-304:-305:-306:-307:-308:-309:-310:-311:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329) u=5 $ Fuel Tube Weld Posts

174 3 -0.0001 -332 +331 #172 #173
u=5 $ Space Around Weld Posts

175 3 -0.0001 +331 +332 u=5 $ Exterior Space
c Cell Cards - Q3 Peripheral Tube, Absorber and Retainer
176 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=4 $ Absorber -Y

177 7 -2.7020 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=4 $ Absorber Clad -Y

178 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=4 $ Absorber +Y

179 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=4 $ Absorber Clad +Y

180 6 -7.9400 -105 u=4 $ Retainer -Y
181 6 -7.940 -106 u=4 $ Retainer+Y
182 6 -7.9400 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
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Figure 6.7.1-4 MCNP Concrete Cask Model - PWR 37-Assembly Basket
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=4 $ Weld Post in Absorber -Y

183 3 -0.0001 -102 #176 #177 #182 u=4 $ Gap Weld Post to Absorber -Y
184 6 -7.940 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=4 $ Weld Post in Absorber +Y

185 3 -0.0001 -104 #178 #179 #184 u=4 $ Gap Weld Post to Absorber +Y
186 7 -2.7020 -216 +222 +223 +224 +225 +226 +227 +228 +229 +230

+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245+246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=4 $ Absorber -X

187 7 -2.7020 -217 +216 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=4 $ Absorber Clad -X

188 12 -2.358 -218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=4 $ Absorber +X

189 7 -2.702 -219 +218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=4 $ Absorber Clad +X

190 6 -7.9400 -220 u=4 $ Retainer -X
191 6 -7.940 -221 u=4 $ Retainer+X
192 6 -7.9400 -217

(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311) u=4 $ Weld Post in Plate-X

193 3 -0.0001 -217 #186 #187 #192 u=4 $ Gap Weld Post to Plate -X
194 6 -7.940 -219

(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311) u=4 $ Weld Post in Plate +X

195 3 -0.0001 -219 #188 #189 #194 u=4 $ Gap Weld Post to Plate +X
196 3 -0.0001 -331

+102 +104 +105 +106
+217 +219 +220 +221 u=4 $ Space in Tube

197 8 -7.821 -332 +331
+143
+152
+161
+170
+258
+267
+276
+285

+144
+153
+162
+171
+259
+268
+277
+286

+145
+154
+163
+172
+260
+269
+278
+287

+146
+155
+164
+173
+261
+270
+279
+288

+147
+156
+165
+174
+262
+271
+280
+289

+148
+157
+166
+175
+263
+272
+281
+290

+149
+158
+167
+176
+264
+273
+282
+291

+150
+159
+168
+177
+265
+274
+283
+292

+151
+160
+169
+178
+266
+275
+284
+293 +215 +330 u=4 $ Fuel Tube

198 6 -7.940 -332 +33L
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
-294:-295:-296:-297:-298:-299:-300:-301:-302:
-303:-304:-305:-306:-307:-308:-309:-310:-311:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329) u=4 $ Fuel Tube Weld Posts

199 3 -0.0001 -332 +331 #197 #198
u=4 $ Space Around Weld Posts

200 3 -0.0001 +331 +332 u=4 $ Exterior Space
c Cell Cards - Q4 Peripheral Tube, Absorber and Retainer
201 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115
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+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126.+127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=3 $ Absorber -Y

202 7 -2.7020 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=3 $ Absorber Clad -Y

203 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=3 $ Absorber +Y

204 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +1-28 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 u=3 $ Absorber Clad +Y

205 6 -7.9400 -105 u=3 $ Retainer -Y
206 6 -7.940 -106 u=3 $ Retainer+Y
207 6 -7.9400 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-21t:-212:-213:-214) u=3 $ Weld Post in Absorber -Y

208 3 -0.0001 -102 #201 #202 #207 u=3 $ Gap Weld Post to Absorber -Y
209 6 -7.940 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=3 $ Weld Post in Absorber +Y

210 3 -0.0001 -104 #203 #204 #209 u=3 $ Gap Weld Post to Absorber +Y
211 12 -2.358 -216 +222 +223 +224 +225 +226 +227 +228 +229 +230

+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=3 $ Absorber -X

212 7 -2.702 -217 +216 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=3 $ Absorber Clad -X

213 7 -2.7020 -218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=3 $ Absorber +X

214 7 -2.7020 -219 +218 +222 +223 +224 +225 +226 +227 +228 +229 +230
+231 +232 +233 +234 +235 +236 +237 +238 +239
+240 +241 +242 +243 +244 +245 +246 +247 +248
+249 +250 +251 +252 +253 +254 +255 +256 +257 +330 u=3 $ Absorber Clad +X

215 6 -7.940 -220 u=3 $ Retainer -X
216 6 -7.9400 -221 u=3 $ Retainer+X
217 6 -7.940 -217

(-294:-295:-296:-297'-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311) u=3 $ Weld Post in Plate-X

218 3 -0.0001 -217 #211 #212 #217 u=3 $ Gap Weld Post to Plate -X
219 6 -7.9400 -219

(-294:-295:-296:-297:-298:-299:-300:-301:-302:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329:
-303:-304:-305:-306:-307:-308:-309:-310:-311) u=3 $ Weld Post in Plate +X

220 3 -0.0001 -219 #213 #214 #219 u=3 $ Gap Weld Post to Plate +X
221 3 -0.0001 -331

+102 +104 +105 +106
+217 +219 +220 +221 u=3 $ Space in Tube

222 8 -7.821 -332 +331
+143 +144 +145 +146 +147 +148 +149 +150 +151
+152 +153 +154 +155 +156 +157 +158 +159 +160
+161 +162 +163 +164 +165 +166 +167 +168 +169
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Figure 6.7.1-4 MCNP Concrete Cask Model - PWR 37-Assembly Basket S
+170 +171 +172 +173 +174 +175 +176 +177 +178
+258 +259 +260 +261 +262 +263 +264 +265 +266
+267 +268 +269 +270 +271 +272 +273 +274 +275
+276 +277 +278 +279 +280 +281 +282 +283 +284
+285 +286 +287 +288 +289 +290 +291 +292 +293

223 6 -7.940 -332 +331
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
-294:-295:-296:-297:-298:-299:-300:-301:-302:
-303:-304:-305:-306:-307:-308:-309:-310:-311:
-312:-313:-314:-315:-316:-317:-318:-319:-320:
-321:-322:-323:-324:-325:-326:-327:-328:-329)

224 3 -0.0001 -332 +331 #222 #223
u=3 $ Space Around Weld Posts

225 3 -0.0001 +331 +332 u=3 $ Exterior Space
C Cells - Basket
401 3 -0.0001 -401 -402 fill=5 *trcl=( -23.4925 70.47
402 like 401 but fill=6 *trcl=( 23.4925 70.4774 0
403 like 401 but fill=7 *trcl=( -46.9849 46.9849
404 like 401 but fill=7 *trcl=( 0.0000 46.9849 0.
405 like 401 but fill=7 *trci=( 46.9849 46.9849 0
406 like 401 but fill=5 *trcl=( -70.4774.23.4925
407 like 401 but fill=7 *trcl=( -23.4925 23.4925
408 like 401 but fill=7 *trcl=( 23.4925 23.4925 0
409 like 401 but fill=6 *trcl=( 70.4774 23.4925 0
410 like 401 but fill=7 *trcl=( -46.9849 0.0000 0
411 like 401 but fill=7 *trcl=( 0.0000 0.0000 0.0
412 like 401 but fill=7 *trcl=( 46.9849 0.0000 0.
413 like 401 but fill=4 *trcl=( -70.4774 -23.4925
414 like 401 but fill=7 *trcl=( -23.4925 -23.4925
415 like 401 but fill=7 *trcl=( 23.4925 -23.4925
416 like 401 but fill=3 *trcl=( 70.4774 -23.4925
417 like 401 but fill=7 *trcl=( -46.9849 -46.9849
418 like 401 but fill=7 *trcl=( 0.0000 -46.9849 0
419 like 401 but fill=7 *trcl=( 46.9849 -46.9849
420 like 401 but fill=4 *trcl=( -23.4925 -70.4774
421 like 401 but fill=3 *trcl=( 23.4925 -70.4774

+215 +330 u=3 $ Fuel Tube

u=3 $ Fuel Tube Weld Posts

0.0000 ) u=2 $ Tube Loc 174
.0000
0.0000
0000
.0000
0.0000
0.0000
.0000
.0000
.0000
000
0000
0.0000
0.0000

0.0000
0.0000
0.0000
.0000
0.0000
0.0000

0.0000

u=2 $ Tube Loc 2
u=2 $ Tube Loc 3

u=2 $ Tube Loc 4
u=2 $ Tube Loc 5

u=2 $ Tube Loc 6
u=2 $ Tube Loc 7

u=2 $ Tube Loc 8
u=2 $ Tube Loc 9
u=2 $ Tube Loc 10

u=2 $ Tube Loc 11
u=2 $ Tube Loc 12

u=2 $ Tube Loc 13
u=2 $ Tube Loc 14

u=2 $ Tube Loc 15
u=2 $ Tube Loc 16

u=2 $ Tube Loc 17
u=2 $ Tube Loc 18

u=2 $ Tube Loc 19
u=2 $ Tube Loc 20

u=2 $ Tube Loc 21
422 8

423 8

424 8

425 8
426 8
427 8
428 3

-7.821 -403 +404
#401 #402 #420 #421

-7.821 -405 +406
#406 #413 #409 #416

-7.821 -407 +408 -409 +411
#402 #409 #413 #4
#401 #406 #416 #4

-7.821 -410 +411 +407 u=2 $ C
-7.821 -412 +413 +407 u=2 $ C
-7.821 -414 +415 +407 u=2 $ C
-0.0001 #401 #402 #403 #404 #405

u=2 $ Side Weldment Y

u=2 $ Side Weldment X

20
21 u=2 $ Corner Weldment Part 1
orner Weldment Part 2
orner Weldment Part 3A
orner Weldment Part 3B

#406 #407 #408 #409 #410 #411
#412 #413 #414 #415 #416 #417 #418 #419 #420 #421
#422 #423
#424 #425 #426 #427 u=2 $ Remaining Space

c Cell Cards - Canister
501
502
503
504
505
506
507
508
509
510
511
512

3 -0.0001 -12
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but
like 501 but

fill=8 *trcl=( -22.6481 69.6330 0.00'
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=

22.6481 69.6330 0.0000
-46.1406 46.1406 0.0000
0.0000 46.1406 0.0000
46.1406 46.1406 0.0000
-69.6330 22.6481 0.0000
-22.6481 22.6481 0.0000
22.6481 22.6481 0.0000
69.6330 22.6481 0.6000
-46.1406 0.0000 0.0000
0.0000 0.0000 0.0000
46.1406 0.0000 0.0000

00 ) U=I $ Assy loC 1
u=l $ Assy loc 2
u='l $ Assy loc 3

u=l $ Assy loc 4
u=l $ Assy loc 5

u=l $ Assy loc 6
u=l $ Assy loc 7

u=l $ Assy loc 8
u=l $ Assy loc 9
u=l $ Assy loc 10

u=1 $ Assy loc 11
u=l $ Assy loc 12
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513 like 501 but *tj
514 like 501 but *tJ
515 like 501 but *t
516 like 501 but *t,
517 like 501 but *t-

518 like 501 but *t*

519 like 501 but *tj
520 like 501 but *t
521 like 501 but *t

522 like 501 but *tj
523 like 501 but *tj
524 like 501 but *t•
525 like 501 but *t

526 like 501 but *t
527 like 501 but *tj
528 like 501 but *t
529 like 501 but *t
530 like 501 but *t
531 like 501 but *t
532 like 501 but *t

533 like 501 but *t:
534 like 501 but *t:
535 like 501 but *t
536 like 501 but *t:
537 like 501 but *t
538 3 -0.0001 -501

#501 #5(
#511 #5:
#521 #5
#531 #5:

539 6 -7.940 -502 +501
540 13 -0.0001 +502
c VCC Cells
601 8 -7.8212 -601
602 8 -7.8212 -602 +603

rcl=
rcl=
rcl=
rcl=
rcl=
rcl=
rcl=
rcl=
rcl=
rcl=
rcl=
rcl=
rcl=
rcl=
rcl=

rcl=
rcl=
rcl=
rcl=
rcl=
rcl=

rcl=
rcl=
rcl=
rcl=

-69.6330 -22.6481 0.0000
-22.6481 -22.6481 0.0000
22.6481 -22.6481 0.0000
69.6330 -22.6481 0.0000
-46.1406 -46.1406 0.0000
0.0000 -46.1406 0.0000
46.1406 -46.1406 0.0000
-22.6481 -69.6330 0.0000
22.6481 -69.6330 0.0000
0.0000 69.6420 0.0000 )
-22.6571 46.1496 0.0000
22.6571 46.1496 0.0000
-46.1496 22.6571 0.0000
0.0000 22.6571 0.0000
46.1496 22.6571 0.0000
-69.6420 0.0000 0.0000
-22.6571 0.0000 0.0000
22.6571 0.0000 0.0000
69.6420 0.0000 0.0000
-46.1496 -22.6571 0.0000
0.0000 -22.6571 0.0000
46.1496 -22.6571 0.0000
-22.6571 -46.1496 0.0000
22.6571 -46.1496 0.0000
0.0000 -69.6420 0.0000

u=l $ Assy loc 13
u=l $ Assy loc 14

u=l $ Assy loc 15
u=l $ Assy loc 16

u=l $ Assy loc 17
u=l $ Assy loc 18
u=l $ Assy loc 19

u=l $ Assy loc 20
u=l $ ASsy loc 21

u=l $ Assy loc 22
u=l $ Assy loc 23

u=l $ Assy loc 24
u=l $ Assy loc 25

u=l $ Assy loc 26
u=l $ Assy loc 27
u=l $ Assy loc 28
u=l $Assy loc 29

u=l $Assy loc 30
u=l $Assy loc 31

u=l $ Assy loc 32
u=l $ Assy loc 33

u=l $ Assy loc 34
u=l $ Assy loc 35

u=l $ Assy loc 36
u=l $ Assy loc 37

#509 #510
#519 #520
#529 #530
fill=2 u=l $ Cavity
Bottom

02 #503 #504 #505 #506 #507 #508
12 #513 #514 #515 #516 #517 #518
22 #523 #524 #525 #526 #527 #528
32 #533 #534 #535 #536 #537

u=l $ Canister Shell / Lid /
u=l $ Remaining Space

$ Pedestal plate
$ Stand

603 8 -7.8212 -608 +609 +614 +615 $ Bottom plate outer
604 8 -7.8212 (-609 +610 -604) : (-609 +610 -605) $ Bottol
605 8 -7.8212 -610 $ Bottom plate inner
606 8 -7.8212 (-603 -624 +625 -612) (-603 -622 +623 +624 -612)
stand
607 8 -7.8212 (+602 -624 +625 -612) (+602 -622 +623 +624 -612)
stand

m plate connector

$ Support rail inside

$ Support rail outside

608

609

610
wall
611

612
613
614

8 -7.8212 (-619 +621 +604 +605 -613) :
(-620 +621 +604 +605-613 +619) $ Ai

8 -7.8212 (-616 +614 +618 -613 +604 +605 +608)
(-617 +615 +618 -613 +604 +605 +608)

8 -7.8212 (-604 +606 +602 -613 +608) : (-605 +607 +602

8 -7.8212 (-618 -616 +614 +604 +605 +615 +608)
(-618 -617 +615 +604 +605 +614 +608)

11 -2.3220 -613 +611 +604 +605 +608 +619 +620 +616 +617
8 -7.8212 -611 +612 $ Liner
8 -7.8212 -626 +611 $ Top flange

r inlet top

$ Air inlet wall
-613 +608) $ Air inlet angular

$ Air inlet remaining wall
$ Concrete

615 13 -0.000o
616 13 -0.0001
617 13 -0.000:
618 13 -0.0002
619 13 -0.000:

620 13 -0.000o
621 13 -0.000:
622 13 -0.0001
623 13 -0.0001
624 8 -7.8212
625 8 -7.8212
626 8 -7.8212

11
1
1
1

1
1
1
1

(-608 +609 -614) : (-608 +609 -615) $ Bottom plate outer void
-609 +610 +604 +605 $ Bottom plate connector void
(-603 -625 -612) (-603 -623 +624 -612) $ Support rail inside stand void
(+602 -625 -612) (+602 -623 +624 -612) $ Support rail outside stand void
(-614 +602 +604 +605 -613 +608) : $ Air inlet void

(-615 +602 +604 +605 -613 +608 +614)
-621 +602 +604 +605 $ Air inlet top void
(-606 +608 +602) : (-607 +608 +602) $ Connector void
-603 +622 +624 $ Stand void
-612 +601 +602 +622 +624 fill=l ( 0.0000 0.0000 6.9850 ) $ Cavity

-628 +627
-629 +630
-631 -636.5

$ Lid base
$ Lid base disk

+637.5 $ Outlet disk
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627
628
629
630
631
632
633
634
635
636
637
638
639
640

8 -7.8212 -636 +637 -640 +631
13 -0.0001 -637 -640 +631
8 -7.8212 -638 +639 -640 +631
13 -0.0001 -639 -640 +631
8 -7.8212 -630 +631 +636 +638

$
$ Outlet steel

Outlet void
$ Outlet steel

Outlet void
$ Lid Liner

13 -0.0001 -640 -631
13 -0.0001 -627 +629
8 -7.8212 -632 +633
13 -0.0001 -633
8 -7.8212 -634 +635
13 -0.0001 -635
11 -2.3220 -640 +628
13 -0.0001 -641 +613
0 +641

+626 -637.5 $ Central Void
+626 +631 $ Flange / Lid Void

$ Anchor steel
$ Anchor cavity

$ Anchor steel
$ Anchor cavity

+629 +630 +632 +634 +636 +638 #626
+640 $ Exterior space to Reflector

$ Exterior space

$ Lid Concrete

c Surfaces - Fuel Rod - CE16HI - CE Core - 16x16
1 RCC 0.0000 0.0000 2.2631 0.0000 0.0000 381.0000 0.4128 $ Fuel pellet stack
2 RCC 0.0000 0.0000 2.2631 0.0000 0.0000 406.0876 0.4217 $ Annulus + Plenum
3 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 409.6207 0.4852 $ Clad + End-Caps
c Surfaces - Guide Tube - CE16HI - CE Core - 16x16
5 CZ 1.1430 $ Guide tube inner surface
6 CZ 1.2319 $ Guide tube outer surface
c Surfaces - Pitch - CEI6HI - CE Core - 16x16
7 PX 0.6430 $ Lattice Cell Boundaries
8 PX -0.6430
9 PY 0.6430
10 PY -0.6430
c Surfaces - Fuel Assembly Array Inserted Into Assembly - CE16HI - CE Core - 16x16
11 RPP -10.1302 10.1302 -10.1302 10.1302 9.6825 424.1758 $ Array
12 RPP -10.2870 10.2870 -10.2870 10.2870 0.0000 450.3471 $ Assembly Outer Dims
c Surface Cards - Tube, Absorber and Retainer
101 RPP -10.1981 10.1981 -11.4618 -11.2078 8.8900 446.4050 $ Absorber -Y
102 RPP -10.1981 10.1981 -11.4999 -11.1697 8.8900 446.4050 $ Absorber Clad -Y
103 RPP -10.1981 10.1981 11.2078 11.4618 8.8900 446.4050 $ Absorber +Y
104 RPP -10.1981 10.1981 11.1697 11.4999 8.8900 446.4050 $ Absorber Clad +Y
105 RPP -10.3378 10.3378 -11.1697 -11.1316 7.6200 448.3100 $ Retainer -Y
106 RPP -10.3378 10.3378 11.1316 11.1697 7.6200 4
107
108
109
110
ill
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135

RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP

4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
4.2863
-5.8738
-5.8738
-5.8738
-5.8738
-5.8738
-5.8738
-5.8738
-5.8738
-5.8738
-5.8738
-5.8738

5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5.8738
5. 8738
5.8738
5. 8738
5.8738
5.8738
5.8738
5. 8738
5. 8738
5. 8738
5. 8738
5.8738
* -4.286

-4.286
* -4.286

-4.286
-4.286
-4.286
-4.286
-4.286
-4.286
-4.286
-4.286

-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
3 -12.369
3 -12.369
3 -12.369
3 -12.369
3 -12.369
3 -12.369
3 -12.369
3 -12.369
3 -12.369
3 -12.369
3 -12.369

12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
8 12.369
8 12.369
8 12.369
8 12.369
8 12.369
8 12.369
8 12.369
8 12.369
8 12.369
8 12.369
8 12.369

10.4712 13
35.8712 39
61.2712 64
86.6712 89
112.0712 1
137.4712 1
162.8712 1
188.2712 1
213.6712 2
239.0712 2
264.4712 2
289.8712 2
315.2712 3
340.6712 3
366.0712 3
391.4712 3
416.8712.4
442.27i2 4

'8 10.4712
'8 35.8712
'8 61.2712
'8 86.6712
'8 112.0712
'8 137.4712
'8 162.8712
8 188.2712
8 213.6712

'8 239.0712
8 264.4712

448.3100 $ Retainer +Y
.6589 $ Weld Post Slot Y Absorber

9.0589 $ Weld Post Slot Y Absorber
.4589 $ Weld Post Slot Y Absorber
.8589 $ Weld Post Slot Y Absorber

.15.2589 $ Weld Post Slot Y Absorber
40.6589 $ Weld Post Slot Y Absorber
.66.0589 $ Weld Post Slot Y Absorber
.91.4589 $ Weld Post Slot Y Absorber
16.8589 $ Weld Post Slot Y Absorber
42.2589 $ Weld Post Slot Y Absorber
67.6589 $ Weld Post Slot Y Absorber
93.0589 $ Weld Post Slot Y Absorber
18.4589 $ Weld Post Slot Y Absorber
43.8589 $ Weld Post Slot Y Absorber
.69.2589 $ Weld Post Slot Y Absorber
94.6589 $ Weld Post Slot Y Absorber
20.0589 $ Weld Post Slot Y Absorber
.45.4589 $ Weld Post Slot Y Absorber
13.6589 $ Weld Post Slot Y Absorber
39.0589 $ Weld Post Slot Y Absorber
64.4589 $ Weld Post Slot Y Absorber
89.8589 $ Weld Post Slot Y Absorber

115.2589 $ Weld Post Slot Y Absorber
140.6589 $ Weld Post Slot Y Absorber
166.0589 $ Weld Post Slot Y Absorber

* 191.4589 $ Weld Post Slot Y Absorber
216.8589 $ Weld Post Slot Y Absorber
242.2589 $ Weld Post Slot Y Absorber
267.6589 $ Weld Post Slot Y Absorber
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136 RPP
137 RPP
138 RPP
139 RPP
140 RPP
141 RPP
142 RPP
143 C/Y
144 C/Y
145 C/Y
146 C/Y
147 C/Y
148 C/Y
149 C/Y
150 C/Y
151 C/Y
152 C/Y
153 C/Y
154 C/Y
155 C/Y
156 C/Y
157 C/Y
158 C/Y
159 C/Y
160 C/Y
161 C/Y
162 C/Y
163 C/Y
164 C/Y
165 C/Y
166 C/Y
167 C/Y
168 C/Y
169 C/Y
170 C/Y
171 C/Y
172 C/Y
173 C/Y
174 C/Y
175 C/Y
176 C/Y
177 C/Y
178 C/Y
179 C/Y
180 C/Y
181 C/Y
182 C/Y
183 C/Y
184 C/Y
185 C/Y
186 C/Y
187 C/Y
188 C/Y
189 C/Y
190 C/Y
191 C/Y
192 C/Y
193 C/Y
194 C/Y
195 C/Y
196 C/Y
197 C/Y
198 C/Y
199 C/Y
200 C/Y

-5.8738
-5.8738
-5.8738
-5.8738
-5.8738
-5.8738
-5.8738
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5. 0800
5.0800
5.0800
5.0800
5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
-5.0800
-5.0800
-5.0800
-5.0800

-4.2863
-4.2863
-4.2863
-4.2863
-4.2863
-4.2863
-4.2863

12.0650 C
37.4650 0
62.8650 0
88.2650 0
113.6650
139.0650
164.4650
189.8650
215.2650
240.6650
266.0650
291.4650
316.8650
342.2650
367.6650
393.0650
418.4650
443.8650

12.0650
37.4650
62.8650
88.2650
113.665C
139.065C
164.465C
189.8650
215.2650
240.665C
266.065C
291.465C
316.865C
342.265C
367.665C
393.065C
418.465C
443.865C

12.0650 C
37.4650 C
62.8650 C
88.2650 C
113.6650
139.0650
164.4650
189.8650
215.2650
240.6650
266.0650
291.4650
316.8650
342.2650
367.6650
393.0650
418.4650
443.8650

12.0650
37.4650
62.8650
88.2650

-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
.4191
.4191
.4191

1.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0. 4191
0.4191

0.4191
0.4191
0.4191

I 0.4191
0.4191
0.4191
0.4191

I 0.4191
I 0.4191
I 0.4191

0.4191
0.4191
0.4191

I 0.4191
.3175
.3175
.3175
.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0. 3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0. 3175
0. 3175
0.3175

12.3698 289.8712 293.0589
12.3698 315.2712 318.4589
12.3698 340.6712 343.8589
12.3698 366.0712 369.2589
12.3698 391.4712 394.6589
12,3698 416.8712 420.0589
12.3698 442.2712 445.4589
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y

$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y

$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

$ Weld Post Y

$
$
$
$
S
$
S

Weld
Weld
Weld
Weld
Weld
Weld
Weld

Post
Post
Post
Post
Post
Post
Post

Slot
Slot
Slot
Slot
Slot
Slot
Slot

Y
Y
Y
Y
Y
Y
Y

Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber

201 C/Y -5.0800 113.6650 0.3175
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202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220

C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
RPP
RPP
RPP
RPP
RPP
RPP

-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-1.5875

139.0650
164.4650
189.8650
215.2650
240.6650
266.0650
291.4650
316.8650
342.2650
367.6650
393.0650
418.4650
443.8650

0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
3698 431.4762 434.6639 $ Water Circulation Slot Y
10.1981 8.8900 446.4050 $ Absorber -X
10.1981 8.8900 446.4050 $ Absorber Clad -X
.1981 8.8900 446.4050 $ Absorber +X
.1981 8.8900 446.4050 $ Absorber Clad. +X
10.3378 7.6200 448.3100 $ Retainer -X

1.5875 -12.3698 12.
-11.4618 -11.2078 -10.1981
-11.4999 -11.1697 -10.1981
11.2078 11.4618 -10.1981 i0
11.1697 11.4999 -10.1981 i0
-11.1697 -11.1316 -10.3378

221 RPP 11.1316 11.1697 -10.3378 10.3378 7.6200 448.3100
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267

RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X

-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
5.0800 12.0650
5.0800 37.4650
5.0800 62.8650
5.0800 88.2650
5.0800 113.6650
5.0800 139.0650
5.0800 164.4650
5.0800 189.8650
5.0800 215.2650
5.0800 240.6650

18 4.2863
98 4.2863
18 4.2863
'8 4.2863
'8 4.2863
18 4.2863
'8 4.2863
'8 4.2863
'8 4.2863
'8 4.2863
'8 4.2863
'8 4.2863
'8 4.2863
'8 4.2863
'8 4.2863
'8 4.2863
'8 4.2863
18 4.2863
'8 -5.8738
'8 -5.8738
'8 -5.8738
'8 -5.8738
8 -5.8738
8 -5.8738
8 -5.8738
8 -5.8738
8 -5.8738
8 -5.8738
8 -5.8738
8 -5.8738
8 -5.8738
8 -5.8738
8 -5.8738
8 -5.8738
8 -5.8738
8 -5.8738
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191

5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8

-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
$
$
$
$

3738 10.4712 13.6
8738 35.8712 39.0
3738 61.2712 64.4
738 86.6712 89.8

3738 112.0712 115
3738 137.4712 140
3738 162.8712 166
3738 188.2712 191
3738 213.6712 216
3738 239.0712 242
3738 264.4712 267
3738 289.8712 293
738 315.2712 318
738 340.6712 343

3738 366.0712 369
3738 391.4712 394
3738 416.8712 420
3738 442.2712 445
*.2863 10.4712 13
.2863 35.8712 39

*.2863 61.2712 64
.2863 86.6712 89
.2863 112.0712 1
.2863 137.4712 1
.2863 162.8712 1
.2863 188.2712 1
.2863 213.6712 2
.2863 239.0712 2
.2863 264.4712 2
.2863 289.8712 2
.2863 315.2712 3
.2863 340.6712 3
.2863 366.0712 3
.2863 391.4712 3
.2863 416.8712 4
.2863 442.2712 4
Weld Post Hole X
Weld Post Hole X
Weld Post Hole X
Weld Post Hole X

589 $
589 $
589 $
589 $
.2589
.6589
.0589
.4589
.8589
.2589
.6589
.0589
.4589
.8589
.2589
.6589
.0589
.4589
.6589
.0589
.4589
.8589
15.258
40.658
66.058
91.458
16.858
42.258
67.658
93.058
18.458
43.858
69.258
94.658
20.058
45.458

$ Retainer +X
Weld Post Slot X Absorber
Weld Post Slot X Absorber
Weld Post Slot X Absorber
Weld Post Slot X Absorber
$ Weld Post Slot X Absorber
$ Weld Post Slot X Absorber
$ Weld Post Slot X Absorber
$ Weld Post Slot X Absorber
$ Weld Post Slot X Absorber
$ Weld Post Slot X Absorber
$ Weld Post Slot X Absorber
$ Weld Post Slot X Absorber
$ Weld Post Slot X Absorber
$ Weld Post Slot X Absorber
$ Weld Post Slot X Absorber
$ Weld Post Slot X Absorber
$ Weld Post Slot X Absorber
$ Weld Post Slot X Absorber
$ Weld Post Slot X Absorber
$ Weld Post Slot X Absorber
$ Weld Post Slot X Absorber
$ Weld Post Slot X Absorber

39
89
89
89
89
89
89
89
39
39
39
89
39
39

$ Weld Post
$ Weld Post
$ Weld Post
$ Weld Post
$ Weld Post
$ Weld Post
$ Weld Post
$ Weld Post
$ Weld Post
$ Weld Post
$ Weld Post
$ Weld Post
$ Weld Post
$ Weld Post

Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot

X
x
X

x
x
x
x
x
X
X
X
x
x
X

Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber

$ Weld
$ Weld
$ Weld
$ Weld
$ Weld
$ Weld

Post
Post
Post
Post
Post
Post

Hole X
Hole X
Hole X
Hole X
Hole X
Hole X
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268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329

c/x
c/x
c/x
c/x
c/x
C/X
C/X
c/x
C/X
C/X
c/x
C/X
C/X
c/x
c/x
c/x
C/X
c/x
c/x
C/x
C/X
c/x
c/x
c/x
c/x
C/X
c/x
C/X
C/X
c/x
c/x
C/X
c/x
c/x
c/x
c/x
c/x
C/X
c/x
C/X
C/X
c/x
c/x
c/x
c/x
c/x
c/x
c/x
c/x
c/x
c/x
C/X
C/X
C/X
C/X
c/x
c/X
C/X
C/X
c/x
C/X
C/X

5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800

266.0650
291.4650
316.8650
342.2650
367.6650
393.0650
418.4650
443.8650

12.0650
37.4650
62.8650
88.2650
113.665
139.065
164.465
189.865
215.265
240.665
266.065
291.465
316.865
342.265
367.665
393.065
418.465
443.865

12.0650
37.4650
62.8650
88.2650
113.6650
139.0650
164.4650
189.8650
215.2650
240.6650
266.0650
291.4650
316.8650
342.2650
367.6650
393.0650
418.4650
443.8650

12.0650
37.4650
62.8650
88.2650
113.665
139.065
164.465
189.865
215.265
240.665
266.065
291.465
316.865
342.265
367.665
393.065
418.465
443.865

0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0. 4191
0.4191
0.4191

0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0.3175
0.3175
0.3175
0.3175

0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175

p 0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175

0 0.3175
0 0.3175
0 0.3175
0 0.3175
0 0.3175
0 0.3175
0 0.3175
0 0;3175
0 0.3175
0 0.3175
0 0.3175
0 0.3175
0 0.3175
0 0.3175
8 -1.5875

$ Weld Post Hol
$ Weld Post Hol
$ Weld Post Hol
$ Weld Post Hol
$ Weld Post Hol
$ Weld Post Hol
$ Weld Post Hol
$ Weld Post Hol
$ Weld Post Hol
$ Weld Post Hol
$ Weld Post Hol
$ Weld Post Hol

$ Weld Post Ho
$ Weld Post Ho
$ Weld Post Ho
$ Weld Post Ho
$ Weld Post Ho
$ Weld Post Ho
$ Weld Post Ho
$ Weld Post Ho
$ Weld Post Ho
$ Weld Post Ho
$ Weld Post Ho
$ Weld Post Ho
$ Weld Post Ho
$ Weld Post Ho

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X

1.5875 431.4762

e X
e X
e X
e X
e X
e X
e X
e X
e X
e X
e X
e X
le X
le X
le X
le X
le X
le X
le X
le X
le X
le X
le X
le X
le X
le X

434.6639 $ Water Circulation Slot X
458.4700 $ Space inside tube - cavity extent
448.3100 $ Fuel tube

330 RPP -12.3698 12.369
331 RPP -11.4999 11.499
332 RPP -12.3698 12.369
C Surfaces - Basket

NAC International

9
8

-11.4999 11.4999 0.0000
-12.3698 12.3698 7.6200
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Figure 6.7.1-4 MCNP Concrete Cask Model - PWR 37-Assembly Basket
401
402
403
404
405
406
407
408

RPP -12.3698 12.3698 -12.3698 12.3698 0.0000 458.4700
1 RPP -16.6116 16.6116 -16.6116 16.6116 0.0000 458.4700

RPP -33.9471 33.9471 -83.6409 83.6409 7.6200 448.3100
RPP -33.9471 33.9471 -81.7359 81.7359 7.6200 448.3100
RPP -83.6409 83.6409 -33.9471 33.9471 7.6200 448.3100
RPP -81.7359 81.7359 -33.9471 33.9471 7.6200 448.3100

1 RPP -80.1366 80.1366 -80.1366 80.1366 7.6200 448.3100
1 RPP -79.3428 79.3428 -79.3428 79.3428 7.6200 448.3100

$ Tube Cavity Height
$ Tube Corner Cuts

$ Outer Surface Side Weld.
$ Inner Surface Side Weld.
$ Outer Surface Side Weld.
$ Inner Surface Side Weld.

$ Outer Surface Corner Weld.
$ Inner Surface Corner Weld.

$ Corner Weld. Cut Surface
$ Outer Surface Corner Weld.
$ Inner Surface Corner Weld.
$ Outer Surface Corner Weld.
$ Inner Surface Corner Weld.
$ Outer Surface Corner Weld.
$ Inner Surface Corner Weld.

409 RPP -82.8472 82.8472 -82.8472
410 RPP -60.1485 60.1485 -60.1485
411 RPP -59.3547 59.3547 -59.3547
412 RPP -82.1868 82.1868 -36.6560
413 RPP -82.1868 82.1868 -35.8623
414 RPP -36.6560 36.6560 -82.1868
415 RPP -35.8623 35.8623 -82.1868
c Surface Cards - Canister

82.8472
60.1485
59.3547
36.6560
35.8623
82.1868
82.1868

7.6200
7.6200
7.6200
7.6200
7.6200
7.6200
7.6200

448.3100
448.3100
448.3100
448.3100
448.3100
448.3100
448.3100

501 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 458.4700 90.1700 $ Canister cavity
502 RCC 0.0000 0.0000 -6.9850 0.0000 0.0000 487.0450 91.4400 $ Canister
c VCC Surfaces
601 RCC 0.0000 0.0000 -5.0800 0.0000 0.0000 5.0800 91.4401 $ Pedestal plate
602 RCC 0.0000 0.0000 -30.2260 0.0000 0.0000 25.1460 63.5000 $ Stand outer
603 RCC 0.0000 0.0000 -30.2260 0.0000 0.0000 25.1460 62.3888 $ Stand inner
604 1 RPP -100.3300 100.3300 -10.4775 10.4775 -32.7660 -16.3830 $ Connector plate A
605 2 RPP -100.3300 100.3300 -10.4775 10.4775 -32.7660 -16.3830 $ Connector plate B
606 1 RPP -99.0600 99.0600 -9.2075 9.2075 -32.7660 -16.3830 $ Air inlet angled wall A
607 2 RPP -99.0600 99.0600 -9.2075 9.2075 -32.7660 -16.3830 $ Air inlet angled wall B
608 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 2.5400 172.7200 $ Bottom plate outer
609 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 2.5400 100.3300 $ Connector radius
610 RCC 0.0000 0.0000 -32.7660 0.0000 0.0000 2.5400 63.5000 $ Bottom plate inner
611 RCC 0.0000 0.0000 -16.3830 0.0000 0.0000 504.3932 105.41 $ VCC liner outer
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629

RCC
RCC
RPP
RPP
RPP
RPP
RCC
RPP
RPP
RCC
RPP
FPP
RPP
RPP
RCC
RCC
RCC
RCC

0.0000 0.0000 -16.3830 0.0000 0.0000 504.3932 100.965
0.0000 0.0000 -32.7660 0.0000 0.0000 518.2362 172.7200
-172.7200 172.7200 -63.5000 63.5000 -32.7660 -21.4630
-63.5000 63.5000 -172.7200 172.7200 -32.7660 -21.4630
-172.7200 172.7200 -64.7700 64.7700 -32.7660 -21.4630
-64.7700 64.7700 -172.7200 172.7200 -32.7660 -21.4630
0.0000 0.0000 -32.7660 0.0000 0.0000 11.3030 100.3300
-172.7200 172.7200 -64.7700 64.7700 -21.4630 -16.3830
-64.7700 64.7700 -172.7200 172.7200 -21.4630 -16.3830

$ VCC liner inner
$ Concrete
$ Air inlet void X
$ Air inlet void Y
$ Air inlet wall X
$ Air inlet wall Y

$ Air inlet divider
$ Air inlet top X
$ Air inlet top Y

0

0.0000 0.0000 -21.4630 0.0000 0.0000 5.0800 93.98 $
-106.6800 106.6800 -5.7150 5.7150 -16.3830 -5.0800
-106.6800 106.6800 -4.4450 4.4450 -16.3830 -5.0800
-5.7150 5.7150 -106.6800 106.6800 -16.3830 -5.0800
-4.4450 4.4450 -106.6800 106.6800 -16.3830 -5.0800
0.0000 0.0000 485.4702 0.0000 0.0000 2.5400 115.5700
0.0000 0.0000 485.4702 0.0000 0.0000 3.8100 116.4971
0.0000 0.0000 485.4702 0.0000 0.0000 3.8100 172.7200
0.0000 0.0000 488.3277 0.0000 0.0000 0.9525 116.4971

Ai
$
$
$
$
$
$
$
s

630 RCC 0.0000 0.0000 488.3277 0.0000 0.0000
631 Cz 100.9650 $ Lid liner inner

35.2425 101.6

r inlet top plate radius
Support rail exterior X
Support rail interior X
Support rail exterior Y
Support rail interior Y
Top flange
Lid base
Lid base outer
Lid base disk

id liner outer

$ Anchor cavity outer
$ Anchor cavity inner

$ Anchor cavity outer
$ Anchor cavity inner

$ Air outlet steel
$ Air outlet void
$ Air outlet steel
$ Air outlet void

$ Lid container
$ Reflecting Boundary

632
633
634
635
636
637
638
639
640
*641

2

1 RPP -15.2400 15.2400 143.5100 179.3748 489.2802 539.4452
1 RPP -14.6050 14.6050 144.1450 178.7398 489.2802 539.4452
2 RPP -15.2400 15.2400 -179.3748 -143.5100 489.2802 539.4452

RPP -14.6050 14.6050 -178.7398 -144.1450 489.2802 539.4452
RPP -64.7700 64.7700 -172.7200 172.7200 514.1722 524.2052
RPP -63.5000 63.5000 -172.7200 172.7200 514.8072 523.5702
RPP -172.7200 172.7200 -64.7700 64.7700 514.1722 524.2052
RPP -172.7200 172.7200 -63.5000 63.5000 514.8072 523.5702
RCC 0.0000 0.0000 485.4702 0.0000 0.0000 '53.9750 172.7200

RCC 0.0000 0.0000 -52.766 0.0000 0.0000 612.2112 192.7200

c
c Materials List
c
c Fuel Pellet Material 5.00% Weight U02 [anul 269.8995
ml 92235.66c -4.407E-02 92238.66c -8.374E-01 8016.62c -1.186E-01
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c Clad Material
m2 26054.62c -7.063E-05

26056.62c -1.149E-03
26057.62c -2.702E-05
26058.62c -3.631E-06
40000.66c -9.823E-01

c Water
m3 1001.62c -1.119E-01
mt3 lwtr.Olt
c Lower Nozzle Material
m4

24050.62c
24052.62c
24053.62c
24054.62c
50000.42c

-4.179E-05
-8.370E-04
-9. 673E-05
-2.448E-05
-1.500E-02

7014.62c -4.980E-04
7015.66c -1.981E-06

8016.62c -8.881E-01

1001.62c
24050.62c
24052.62c
24053.62c
24054.62c

-6.193E-06
-7.939E-03
-1.590E-01
-1.838E-02
-4.651E-03

8016.62c
26054.62c
26056.62c
26057.62c
26058.62c

-4.914E-05
-3.927E-02
-6. 3 87E-01
-1.502E-02
-2.019E-03

25055.62c -2.000E-02
mt4 lwtr.Olt
c Upper Nozzle Material
ms

1001.62c
24050.62c
24052.62c
24053.62c
24054.62c

-6.658E-06
-7.939E-03
-1. 590E-01
-1.838E-02
-4.651E-03

25055.62c -2.000E-02
mt5 lwtr.Olt
c SS304
m6 24050.62c -7.939E-03

8016. 62c
26054.62c
26056.62c
26057.62c
26058.62c

26054.62c
26056.62c
26057.62c
26058.62c

-5.284E-05
-3.927E-02
-6.387E-01
-1.502E-02
-2.019E-03

-3.927E-02
-6.387E-01
-1.502E-02
-2.019E-03

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

-6.384E-02
-2.543E-02
-1.124E-03
-3.638E-03
-9.622E-04

-6.384E-02
-2.543E-02
-1.124E-03
-3.638E-03
-9.622E-04

-6.384E-02
-2.543E-02
-1.124E-03
-3.639E-03
-9.623E-04

24052.62c
24053.62c
24054.62c

-1.590E-01
-1.838E-02
-4.652E-03

25055.62c -2.000E-02
C Aluminum
m7 13027.62c -1.000E+00
c Carbon Steel
m8 26054.62c -5.594E-02

26056.62c -9.098E-01
26057.62c -2.140E-02
26058.62c -2.876E-03

6000.66c -1.000E-02

c Lead
m9 82206.66c

82207.66c
82208.66c

c NS-F-FR
ml0 5010.66c

5011.66c
13027.62c

c Concrete
mll 26054.62c

26056.62c
26057.62c
26058.62c

1001.62c
8016.62c

-2.534E-01
-2.207E-01
-5.259E-01

-9.313E-04
-3.772E-03
-2.142E-01

-7.911E-04
-1.287E-02
-3.026E-04
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Figure 6.7.1-4 MCNP Concrete Cask Model - PWR 37-Assembly Basket
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Figure 6.7.1-4 MCNP Concrete Cask Model - PWR 37-Assembly Basket
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6.7.2 PWR Fuel Characterization

Fuel definitions listed in Section 6.4 are the result of grouping the large range of commercial fuel

types by core type, number of fuel rods, and key criticality characteristics. These characteristics
are primarily associated with the assembly moderator ratio and fuel mass and include pellet

diameter, active fuel length, fuel rod diameter and clad thickness, and guide/instrument tube

diameter and thickness.

PWR fuel assemblies are typically undermoderated (H/U ratio below optimum levels).

Therefore, initial criticality analysis extracts from each assembly type the following

characteristics.

Minimum fuel rod outer diameter
Minimum clad thickness (only relevant to flooded pellet-to-clad gap scenarios)
Minimum guide tube outer diameter and thickness

Maximum rod pitch (assemblies are grouped by core type and, therefore, typically have
single nominal pitch)

Based on the maximum H/U set of characteristics, the reactivity of each assembly is determined

under various conditions. Evaluated are a dry-pellet-to-clad gap condition, a flooded-pellet-to-

gap condition (with and without soluble boron in the gap), and nonfuel hardware insertion into
the guide tubes. Since relative reactivity for the assembly design and flood conditions are

evaluated, the models are based on nominal basket characteristics with the assemblies centered in

the tube and developed cell. Comparisons are performed at a soluble boron level of 2500 ppm

and a 5 wt % enrichment. A 235U enrichment of 5 wt % represents the upper boundary for
licensing of the system. The 2,500 ppm soluble boron level approximates the level required to

maintain reactivity control in the system. The exact soluble boron level required for each
assembly type, with and without insert, is determined in Section 6.7.3 at the maximum reactivity

basket configuration.

Results of the analysis at various clad-to-gap conditions are shown in Table 6.7.2-1 and
demonstrate that system reactivity is closely tied to fuel mass. Reactivity differences associated

with improved moderator ratios (higher H/U ratio) are offset by the high soluble boron content in

the moderator. This conclusion is validated by the analysis flooding the fuel-pellet-to-clad gap

with borated and unborated water. Flooding the gap with borated water did not result in a

significant reactivity change for any of the assembly types (judged to be significant if the

Akeff/p > 3). Flooding the same gap with unborated water significantly increased system

reactivity for the majority of fuel types.

NAC International 6.7.2-1



MAGNASTOR System FSAR August 2010

Docket No. 72-1031 Revision IOB

As illustrated in Table-6.7.2-2, the effect of the insertion of nonfuel hardware into the active fuel 0
elevation of the guide tube varied by fuel type. The most significant effect associated with the
nonfuel hardware insertion is for the CE assembly configuration. The CE core designs contain

oversize tubes occupying four lattice locations. Replacing the large amount of soluble absorber
in these locations significantly increases system reactivity. The effect of nonfuel hardware may
differ at lower soluble boron content; therefore, licensing maximum enrichment and minimum

soluble boron content runs are repeated for all assembly types at the maximum reactivity basket

configuration with, and without, insert.

.The evaluation presented previously assumed that the assemblies are undermoderated and that
choosing the corresponding set of parameters maximizes system reactivity. This assumption is

validated by evaluating a subset of the fuel assembly types for a variation in the lattice
parameters. As typical assemblies loaded into the cask are expected to be intact (no leakage), the

pellet-to-clad gap is specified to be dry for these analyses. Fuel assemblies are evaluated in a
nominal configuration basket with fuel assemblies centered in the tube. As this evaluation is

concerned with relative reactivity differences due to lattice parameter changes, the results of this
analysis may be applied to the maximum reactivity basket configuration. To bound likely

loading specifications, the evaluations are performed at three enrichment/boron content levels
(i.e., 3 wt % and 1,100 ppm, 4 wt % and 1,800 ppm, 5 wt % and 2,500 ppm) for the nominal

parameter range of each of the assembly "hybrids" (e.g., WE17H1 rod outer diameter ranges

from 0.372 to 0.374 inch).

Rather than evaluating individual parameter effects separately, the fuel characteristics analysis is

divided into distinct regions.

Fuel rod lattice unit cell
- H/U ratio controlled by rod pitch, rod diameter, and clad thickness

Guide/instrument tube unit cell
- H/U controlled by guide tube diameter and thickness, and

Pellet diameter (NUREG-6716 [9] indicates the possibility of a minimum pellet diameter
increasing system reactivity)

Monte Carlo evaluation results of the nominal assembly parameter ranges provided limited

useful information, as the majority of reactivity changes were not resolvable within a two or
three sigma uncertainty band. Statistically significant results were obtained from an additional

calculation set applying increased variances to each of the parameters. Refer to Table 6.7.2-3 for
the result of the increased variance evaluation for the wet unborated gap, 2,500 ppm, 5.0 wt %
enriched case. Similar results were obtained from the 1,100 ppm / 3 wt % 235U and 1,800 ppm /
4 wt % 235U analyses sets. As shown, the cases containing maximum H/U ratio in the fuel rod

lattice location, maximum H/U in the guide/instrument tube location (minimum guide/instrument
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tube diameter and'thickness), and maximum pellet diameter produce a maximum reactivity

configuration system. The result set also demonstrates that guide tube dimensions are not crucial

to system criticality control (note that the absence of guide/instrument tubes may increase

reactivity statistics significantly). Therefore, the number of tubes should be specified in the

limiting payload description not tube dimensions. Critical assemblies characteristics are listed

below.

Number of fuel rods

Minimum fuel rod outer diameter

Minimum clad thickness
Maximum rod pitch
Maximum active fuel length (not evaluated but based on neutron leakage maximum active

fuel length results in a bounding payload definition)

Number of guide/instrument tubes

Axial Blankets

Solid pellets of lower than midplane enrichment are bounded by the primary criticality

evaluations performed in subsequent sections, as they present less fissile material while not

increasing potential moderator volume. Annular pellets have the potential to increase system

reactivity due to increased unborated moderator under flooded rod conditions. The improved

moderation may, compensate for the reduced fissile material quantity. As the blankets are in the

axial high neutron leakage basket locations, there is no effect on system reactivity expected.

This is confirmed by sample calculations using a 12-inch fully (midplane) enriched annular end-

blanket WE17H1 hybrid at low and high soluble boron concentrations. The following data

confirms that annular end-blankets represent an allowable MAGNASTOR payload.

Enrichment Boron Annular
[wt %] Content Void [%] ke +2a a t-k/a

3.7 1500 ppm T - 0.93608 0.00074 ....
3.7 1500 ppm "10 0.93665 0.00075 0.00057 0.54
3.7 1500 ppm 25 0.93411 0.00071 -0.00197 -1.92
3.7 1500 ppm 40 0.93701 0.00071 0.00093 0.91
4.9 2500 ppm -- 0.93389 0.00074 ....
4.9 2500 ppm 10 0.93511 0.00071 0.00122 1.19
4.9 2500 ppm 25 0.93351 0.00077 -0.00038 -0.36
4.9 2500 ppm 40 0.93533 0.00070 0.00144 1.41
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Table 6.7.2-1 System Reactivity Response to PWR Fuel Type and Pellet to Clad Condition

Assembly
Type

Dry Gap
No Insert

keff

Wet Borated
Gap No Insert

keff

Dry Gap
To Wet

Borated Gap
Akea/o

Wet Gap
No Insert

kesf

Dry Gap
to

Wet Gap
Akeft/a

Fuel
Mass
(MTU)

Water !
Fuel
Ratio

CE14H1 0.86225 0.86229 0.0 0.86644 3.9 0.4167 1.62

CE16H1 0.86700 0.86937 2.2 0.87280 5.5 0.4463 1.71

BW15H1 0.92089 0.92082 -0.1 0.92563 4.4 0.4858 1.66

BW1 5H2 0.92674 0.92640 -0.3 0.92983 3.0 0.4988 1.62
BW15H3 0.92727 0.92716 -0.1 0.93045 2.9 0.5006 1.63

BW15H4 0.91301 0.91096 -2.0 0.91601 2.8 0.4690 1.82

BW17H1 0.92595 0.92503 -0.8 0.93079 4.5 0.4799 1.69

WE14H1 0.84955 0.84864 -0.8 0.84949 -0.1 0.4188 1.73

WE15HI 0.91177 0.91132 -0.4 0.91513 3.1 0.4720 1.68

WE15H2 0.90023 0.89780 -2.3 0.90057 0.3 0.4469 1.80

WE17H1 0.91897 0.91796 -1.0 0.92366 4.4 0.4740 1.67

WE17H2 0.89962 0.89730 -2.2 0.90029 0.6 0.4327 1.93

Table 6.7.2-2 System Reactivity Response to PWR Fuel Type and Nonfuel Insert

Assembly
Type

Dry Gap
No Insert

keff

Dry Gap No Insert
Insert to Insert

keff Aken/a
CE14H1 0.86225 0.87129 8.0

CE16H1 0.86700 0.87282 5.5
BW15H1 0.92089 0.91988 -1.0

BW1 5H2 0.92674 0.92569 -1.0

BW15H3 0.92727 0.92887 1.5

BW15H4 0.91301 0.91644 3.2

BW17H1 0.92595 0.92508 -0.8
WE14H1 0.84955 0.84863 -0.9

WE15HI 0.91177 0.91192 0.1

WE15H2 0.90023 0.90163 1.3

WE17H1 0.91897 0.91779 -1.1

WE17H2 0.89962 0.89725 -2.2
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Table 6.7.2-3 PWR Lattice Parameter Reactivity Study (Increased Variance)

2
Fuel Pin Cell H/U

Pellet Dia.

GT/IT Thick & Dia.

Max
Max

Min

6
Min
Max

Min

1

Max
Max

Max

4
Max
Min

Min

3
Max
Min

Max

5
Min
Max

Max

7
Min
Min

Max

8
Min

Min

Min

CE1 4H1 0.87036 0.85678 0.86976 0.86096 0.86053 0.85797 0.84877 0.84622

CE1 6H1 0.87710 0.86624 0.87895 0.87731 0.87844 0.86482 0.86418 0.86368
BW1 5H3 0.93513 '0.92519 0.93561 0.92975 0.93121 0.92601 0.92338 0.92166

BW15H4 0.91969 0.91104 0.92021 0.91758 0.91814 0.91288 0.91180 0.91159

BW17H1 0.93191 0.92268 0.93276 0.93102 0.93121 0.92161 0.91947 0.92070

WE14H1 0.85469 0.84179 0.85598 0.82962 0.82905 0.84053 0.82110 0.81996

WE15H1 0.91628 0.90791 0.91798 0.90515 0.90695 0.90862 0.89507 0.89625
WE17H1 0.92739 0.91598 0.92807 0.92813 0.92763 0.91580 0.91562 0.91582

Case 2 Case 2 Case 2 Case 2 Case 2 Case 2 Case 2

To To to to to to To

Case 6 Case 1 Case 4 Case 3 Case 5 Case 7 Case 8

Akeff/a Akefl/a AkefflO Akeftlo AkeftlO Akeff/l Akeffla

CE14H1
CE16H1
BW1 5H3
BW1 5H4
BW17H1
WE14H1
WE15H1
WE17H1

-13.0
-10.0
-13.7

-7.7

-8.9
-12.0
-7.8

-10.7

-0.6
1.7
0.7
0.5
0.8
1.2
1.6

0.6

-8.9
0.2
-7.4
-1.9
-0.9
-23.3
-10.5
0.7

-9.5

1.2
-5.3
-1.4

-0.7
-24.0
-8.7
0.2

-11.9
-11.3
-12.5
-6.1
-9.6

-13.3
-7.0
-10.7

-21.1
-11.9
-15.9
-7.1
-12.0
-31.0
-19.4
-10.9

-23.0
-12.4
-18.3
-7.3
-10.7
-31.7
-18.8
-10.7
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6.7.3 PWR Undamaged Fuel Criticality Evaluation

6.7.3.1 Optimum System Configuration

Enrichment and soluble boron limits are based on a maximum reactivity configuration system.

To determine the maximum reactivity system, the following system perturbations are evaluated.

TSC interior moderator elevation variations (partial flooding)

Moderator density changes from void to full density (inside and outside the TSC)

Basket fabrication tolerance

Component shift scenarios

All system perturbation analyses are based on fuel assemblies at the maximum lattice moderator

(H/U) ratio. Justification for this fuel assembly configuration is provided in Section 6.1.1. Only

transfer cask cases are used in these evaluations since the transfer cask is the only cask body in

which TSC flooding occurs. In the dry concrete cask, the TSC has a low reactivity,

keff< 0.5.

Initial reactivity analysis is based on a basket and neutron absorber configuration with the

following characteristics:

a.) Neutron absorbers on all four sides of each tube.

b.) A single column of weld posts connecting neutron absorber to tube, with 18 weld'

posts per tube.

c.) A neutron absorber thickness tolerance of -0.005 inch.

d.) Fuel tube size and tube stack-up controlled by tube outer width and "interface

width."

e.) Neutron absorber sheet effective areal density of 0.036 '0B g/cm 2.

f.) For "insert" cases, only guide tubes are filled with zirconium alloy. The instrument

tubes in WE and B&W hybrids contain TSC moderator.

Differences in reactivity due to system configuration and tolerance changes from these

characteristics are evaluated in the subsection titled "Neutron Absorber and Tube

Modifications" for geometry changes and in the subsection "Instrument Tube Insert" for the fill

of both guide and instrument tubes.

Changes in neutron absorber areal density are addressed in Section 6.7.3.2.
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Partial Flooding

Partial flood cases drain the TSC to the top of the active fuel region. The partial flood reactivity
cases investigate reactivity difference between a water reflector over the active fuel region and
reflection from the steel lid. The results of the partial flooding study, documented in Table
6.7.3-1, demonstrate that there is no effect of partially flooding the TSC.

Moderator Density Variations

Moderator density variation cases are based on a cask array model generated by surrounding a

single cask body with a cylindrical reflecting enclosure. The reflecting body is spaced 20 cm
from the cask body to allow exterior moderator density conditions to affect the results.

Reactivities calculated from the WE 1 7H 1 moderator density study are graphically illustrated in

Figure 6.7.3-1 for an unborated wet pellet-to-clad gap, moderator containing 2,500 ppm boron,

and an enrichment of 5 wt % 235U. Reactivities for dry, unborated wet, and borated wet pellet-to-

clad gap conditions under various canister cavity moderator densities are plotted in Figure

6.7.3-2. Reactivity increases in the system as TSC interior moderator density rises. Exterior

moderator conditions have no significant effect on system reactivity for a flooded TSC. The k~ff

of the dry TSC is less than 0.5 under all exterior conditions. For the flooded TSC, kff levels off

at moderator density levels above 0.9 g/cm 3 (actual moderator density 0.903 g/cm 3 considering
2,500 ppm soluble boron), with no significant changes to full density 0.9982 g/cm3 (1.0025
g/cm 3 at 2,500 ppm B). The reactivity curve levels off as increased thermalization from the

moderator is offset by soluble boron neutron absorption. At a lower soluble boron level, the
curve continues to rise to full moderator density.

Fabrication Tolerances and Component Shift

Fabrication tolerances and shift effect are evaluated using representative fuel types from the

major core configurations (WE, CE, and B&W cores). Nominal fuel assembly characteristics are

employed in the tolerance and shifting evaluations. Moderator soluble boron content is set to

2,500 ppm boron for the fabrication tolerance and component shift study.

Fabrication Tolerance

The basket is composed of a set of fuel tubes, pinned together in the tube comers, and located in
the TSC cavity with side and comer weldments. Tube location in the basket is controlled by the

diagonal dimension across the exterior face of the fuel tube comers. This value is a key
dimension for tube array and developed cell size. The tube diagonal is referred to as tube

"interface width" in the analysis discussions. Tube and neutron absorber dimensions have the

potential to significantly affect the size of the tube opening and developed cell locations and are,
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therefore, evaluated for tolerance effects. Neutron absorber thickness studies are based on the

minimum 10B areal density allowed for the design. As such, variations in neutron absorber

thickness require adjustments in the sheet composition. The results of the tolerance evaluation

for centered fuel assemblies and basket components are included in Table 6.7.3-2. Little

statistically significant information (>3(y) is available from this study. None of the fabrication-

related tolerances, with the exception of maximum tube wall thickness, produce significant

reactivity increases when taken independently.,

Further evaluations of the component tolerances, including combinations of tolerances, are

performed in conjunction with the shifted component configuration.

Component Shift

In addition to the component tolerances, a reactivity study on component shifts is required.

Based on the pinned tube arrangement, the only radial shift to be evaluated is the shift of the fuel

assembly within the tubes. The tubes are restrained in the comer by pins, eliminating a tube

movement study. The results of shift evaluations are shown in Table 6.7.3-2, indicating that

shifting the fuel assembly towards the basket center clearly increases system reactivity.

Combined Shift and Tolerance Study

This section evaluates the effect of combining various basket tolerances with the maximum

reactivity shift configuration (radial in). The results for this evaluation are shown in Table

6.7.3-3. Similar to the results of the independent basket tolerance evaluation, only fuel tube

thickness affects system reactivity to a statistically significant level.

While no statistically significant reactivity difference is found between the cases with and

without tolerances applied, the maximum reactivity configuration chosen for the evaluations of

all fuel hybrids is shown below.

Minimum tube width and interface width

Maximum tube thickness
Minimum absorber width and maximum thickness

Fuel assemblies shifted to basket center

This configuration produced reactivities within a 3a uncertainty band of the maximum reported

value for all fuel types evaluated, and provides for the minimum separation between adjacent

assemblies. The minimum separation reduces the amount of moderation and the corresponding

effectiveness of both the borated water and absorber sheet, which depend on the '0B neutron

capture cross-section in the thermal energy range.
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Neutron Absorber and Tube Modifications

Phase 1 Design Modifications

Design options permit the replacement or removal of up to 16 neutron absorber sheets in basket

peripheral fuel tubes. Locations for the optional absorber sheets are shown in Figure 6.7.3-3.

Replacement sheets for the neutron absorber in the peripheral basket locations are composed of

unborated aluminum. Using the most reactive basket and fuel assembly shifting specified in

Section 6.7.3.1, three enrichment and soluble boron concentration combinations were evaluated

for each PWR fuel type specified in Section 6.7.2 for neutron absorber removal or replacement.

As shown in Table 6.7.3-4 and Table 6.7.3-5, no statistically significant reactivity changes are

associated with the peripheral neutron absorber sheet removal or replacement by an aluminum

sheet. Results were calculated using unborated water in the pellet-to-clad gap.

Design enhancements introduced after completion of the primary criticality evaluations replaced

the single column of weld posts down the tube face centerline with a two-column weld post

configuration. The weld post columns are located 2 inches from the tube centerline: This design

change reduced the number of rows of weld posts in the Class 1 (short) tube to 1 7from 18. As

demonstrated in Table 6.7.3-6, the increased number of weld posts does not significantly change

system reactivity. Results were calculated using unborated water in the pellet-to-clad gap.

As the combined reactivity effect of a reduced number of absorber sheets and an increased

number of weld posts may exceed the statistically significant threshold (> 3y) or potentially

result in a keff + 2cy > USL if added as a Ak, the maximum allowed enrichments are calculated in

Section 6.7.3.2 with a model containing the reduced number of absorber sheets and the increased

number of weld posts.

Phase 2 Design Modifications

Neutron absorbers may be manufactured at an increased tolerance band. Rather than the

±0. 005-inch thickness tolerance evaluated in the previous calculations, a thickness tolerance

of -0.006, +0.016 inch may be applied. Changes in the absorber thickness tolerance do not

result in changes in the areal density of the 10B absorber material as it is defined at its

minimum value regardless of absorber thickness. The sheet thickness change within the

above tolerance does affect the quantity of borated moderator between the assembly and

neutron absorber sheet. Changes in this region influence system reactivity by offsetting

effects. One effect is that the moderator quantity in this region thermalizes neutrons, i.e.,

affects the efficiency of the neutron absorber sheet. The second effect. is on the quantity of

soluble boron neutron absorber in the system. The focus of the revised analysis is the

maximum tolerance sheet thickness effect, as the change in the minimum tolerance is 0.001
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inch and is not statistically resolvable (the 0. 005-inch tolerance evaluated on the base design

did not show a statistically significant change in system reactivity).

In addition to the neutron absorber tolerance change, the weld post configuration on the Class

1 (short) tube was revised to 36 weldpost locations (18 rows, 2 columns)from 34 weldposts

(17 rows, 2 columns) per tube face. The additional posts remove a small amount of the fixed

neutron absorber panels and are, therefore, applied in the revised absorber tolerance models

evaluated in Section 6.7.3.2.

To evaluate the design changes, each maximum reactivity fuel type/enrichment/soluble boron
combination in Section 6.7.3.2 is evaluated at the increased sheet thickness tolerance band
and modified weld post geometry. Results for this analysis are shown in Table 6.7.3-7 and
Table 6.7.3-8. The average change in reactivity of updated cases was 0.86a (Ak = 0.0004). All
cases with updated absorber tolerances had resulting reactivities under the USL (0.9376).

Phase 3 Design Modifications

PWR tube drawing dimensions were modified to list the outer width as a reference dimension
with the tube corner chamfer specifying a minimum and maximum quantity of material to be
removed. This specification limits tube minimum and maximum outer width when applied to
the fixed tube interface width. The tube interface width is retained as a toleranced dimension
(± 0.02 inch). The drawing changes provide additional flexibility on the tube outer width,

while ensuring tube center-to-center spacing (key to both criticality and structural analysis) is
retained. To demonstrate that this design modification does not result in significant reactivity

changes, criticality evaluations are performed with the revised tolerance set for tube interface
width at either nominal or minimum dimensions (minimum having been determined to be

bounding in previous analysis). The tube outer width is derived to be the minimum or
maximum based on allowed material removal at the tube corner.

Figure 6.7.3-4 through Figure 6.7.3-7 depict the four cases modeled in this study. For the
nominal tube interface width, Figure 6.7.3-4 shows the nominal tube dimensions (no change
from the baseline, "tube outer width" controlled, model). Figure 6. 7.3-5 shows the tube with
the same nominal interface width, but applying the minimum chamfer at the corners
(resulting in minimum tube width). The minimum tube outer width is reduced from 9.74
inches (9.76 minus a tolerance of 0.02) to 9.714 inches based on the minimum chamfer. For
the minimum tube interface width, Figure 6.7.3-6 and Figure 6.7.3-7 display the chamfer
controlled minimum and maximum tube outer width. Minimum tube outer width at minimum
interface width is 9.70 inches.

To evaluate the tube tolerance design modification a limited set of baseline cases is generated

with the Phase I and Phase 2 design modifications incorporated, while retaining the original
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tube outer width constraints. These cases are compared in Table 6. 7.3-9 to the updated tube

tolerance models. The average change in reactivity of updated cases was 0. 77a. The reactivity

change to the maximum reactivity case is less than lafor all three fuel assemblies and

signifies an overall insignificant effect due to tube width tolerances. This study confirms the

results of the initial tube width study that showed no statistically significant change in system

reactivity as a function of tube width. Interface width. controls tube spacing and, therefore,

assembly spacing and system reactivity.

Instrument Tube Insert

Typically, WE and B&W instruments are accessed from the bottom of the assembly. The

instrument tube is, therefore, not readily accessible for loading nonfuel hardware when

considering an assembly loaded into a TSC. Therefore, all baseline analysis was based on inserts

(modeled as zirconium alloy filled tubes) located in the guide tubes with the instrument tube

filled by TSC moderator. CE type fuels were excepted from this modeling approach as all five

guide tubes (which may also be referred to as four guide tubes and one instrument tube) were

filled with, zirconium alloy in the "insert" models. This subsection addresses the feasibility of

loading a fuel assembly with nonfuel hardware in both instrument and guide tubes. The number

of guide tubes in the fuel assembly models ranges from 16 to 24, depending on the array size of

the affected assemblies versus a single instrument tube in each assembly. As the baseline

analysis resulted in only small differences in reactivity between the insert and no-insert

configuration, the addition of one filled tube (removal of moderator containing soluble boron)

does not change system reactivity to a statistically resolvable extent. All bounding enrichment,

soluble boron, and neutron absorber sheet content combinations were run for each fuel model
hybrid with inserts in the guide tubes and with inserts in the guide tube and instrument tube. The

absolute average change in reactivity is 0.73 Alka for all cases. All results remain under the

USL of 0.9376. The results show that inserting zirconium alloy in the guide tube and instrument

tube under the insert condition has an insignificant effect on system reactivity and meets system

criticality limits.

6.7.3.2 Allowable Loading Definitions and Maximum System Reactivities

Based on the most reactive basket configuration, each of the fuel assembly types is evaluated at
various enrichment levels to determine the minimum soluble boron level required with and

without insert. The pellet-to-clad gap is flooded with unborated water in all cases. The goal of

this evaluation is for keff + 2uy to remain below the USL of 0.9376. Limiting physical assembly

characteristics for each of the evaluated fuel types is summarized in Table 6.7.3-12. The number

of guide tubes in both tables refers to the number of instrument and guide tubes combined. All
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fuel geometry information is based on nominal, unirradiated dimensions. Enrichment and

minimum soluble boron load limits for the 0.036 B g/cm 2 neutron absorber sheet configuration
without insert in the active fuel region are listed in Table 6.7.3-10. Table 6.7.3-11 contains

similar data for fuel with nonfuel insert in the active fuel region. A generic definition taking the

bounding values from the insert and no-insert evaluation is listed in Table 6.7.3-12 in
conjunction with the assembly physical characteristics. Table 6.7.3-13 lists the corresponding

enrichment/soluble boron limitations for each of the assembly types at two reduced neutron

absorber sheet specifications. Reduced absorber contents evaluated are effective areal densities

of 0.030 and 0.027 '°B g/cmz.

Summarized as follows are maximum system reactivities. Analysis results represent maximum

reactivity basket and fuel geometry. There are no design basis off-normal or accident transfer
cask conditions affecting system reactivity. Therefore, only normal condition results are

presented. An accident condition for the concrete cask represents a flooding of the concrete cask
to canister annulus. Concrete cask results are based on the maximum fuel mass assembly at the

highest allowed enrichment (5.0 wt % 231U).

Condition Pellet to Clad Gap Maximum Multiplication Factors (keff+ 2a)
Condition Transfer Cask I Concrete Cask

Normal Dry 0.93183 0.48145
Normal Wet 0.93712 N/A

Accident/ Off-Normal Dry N/A 0.47104

No analysis has been performed on PWR radial enrichment patterns. Therefore, the enrichment

limits specified in this analysis are applied as peak rod enrichments.

NAC International 6.7.3-7
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0
Figure 6.7.3-1 PWR Water Density Variations (2500 ppm B, Unborated Wet Gap)
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Figure 6.7.3-2 PWR Water Density Variations for Varying Gap Conditions
(2500 ppm B)
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Figure 6.7.3-3 PWR Basket Optional Neutron Absorber Sheet Locationsa

OPTlONAL: NEUTRON ABSORBER
MAY BE REMOVED OR REPLACED
WITH ALUMINUM SHEET. THESE 2
PLACES TYPICAL 8 LOCATIONS.

-7

a Quarter basket model is shown for clarity. Symmetric locations are affected in all four basket

quadrants.
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Figure 6.7.3-4 Nominal Tube Interface Width and Nominal Tube Outer Width

Figure 6. 7.3-5 Nominal Tube Interface Width and Minimum Tube Outer Width
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Figure 6.7.3-6 Minimum Tube Interface Width and Maximum Tube Outer Width

.040
MAX

0
Figure 6.7.3-7 Minimum Tube Interface Width and Minimum Tube Outer Width
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Table 6.7.3-1 PWR System Partial TSC Flood Evaluation

2,500 ppm B
5.0 wt %
Dry Gap
No Insert

keff

2,500 ppm B
5.0 wt %

Dry
Partial Flood

keff
Assembly

Type Akeffla

CE14H1 0.86225 0.86130 -0.9

CE16H1 0.86700 0.86614 -0.8

BW15H1 0.92089 0.92000 -0.8

BW15H2 0.92674 0.92454 -2.2

BW15H3 0.92727 0.92743 0.1

BW15H4 0.91301 0.91130 -1.6

BW17H1 0.92595 0.92743 1.3.

WE14H1 0.84955 0.84950 0.0

WE15H1 0.91177 0.91244 0.6

WE15H2 0.90023 0.89936 -0.8

WE17H1 0.91897 0.91826 -0.7

WE17H2 0.89962 0.89887 -0.7
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Table 6.7.3-2 PWR Basket Component Tolerance and Shift Study Results (Independent Variations)

Tube Absorber Shift WE17HI BW15H3 CE16HI
Outer Interface
Width Thick. Width Width Thick. Rad Fuel keff Akefflay keff Akeff/k keff Akeff/a

Norm Norm Nom Norm Nom Centered 0.91897 -- 0.92727 -- 0.86700 --

Nomr Nom Nom Min Nom Centered 0.91820 -0.7 0.92779 0.7 0.86990 2.6
Norm Nom Norm Max Norm Centered 0.91988 0.9 0.92717 -0.1 0.86969 2.5
Norm Nom Norm Norm Min Centered 0.91935 0.4 0.92862 1.8 0.86862 1.5
Nom Nom Norm Nom Max Centered 0.91969 0.7 0.92723 -0.1 0.86928 2.2
Min Nom Nom Norm Nom Centered 0.91940 0.4 0.92777 0.7 0.86734 0.3
Max Nom Norm Norm Norm Centered 0.91865 -0.3 0.92650 -1.0 0.86667 -0.3
Nom Min Norm Nom Norm Centered 0.91637 -2.5 0.92603 -1.6 0.86569 -1.2
Norm Max Norm Nom Norn Centered 0.91976 0.8 0.93003 3.8 0.87116 4.0
Nom Nom Min Norm Norm Centered 0.91912 0.1 0.92839 1.5 0.86837 1.3
Norm Nom Max Nom Norm Centered 0.91801 -0.9 0.92873 2.0 0.86646 -0.5

Nom

Nom

Nomn
WNo

Nora

Nom
Nomn
Nomn

Nomn
Nomn

In
Out

0.92342

0.90671

4.3

-11.6
0.93137

0.91903

5.5
-11.1

0.87494

0.83718

7.4

-27.9
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Table 6.7.3-3 PWR Basket Component Tolerance and Shift Study Results (Combined Variations; Radial In Shift)

Tube Absorber I Shift WE17HI BW15H3 CE16H1
Outer Interface
Width Thick. Width Width Thick. Rad Fuel keff AkeffIO keff AkeffIO keff Akeffla
Nom Norm Norm Norm Nom In 0.92342 -- 0.93137 -- 0.87494 --
Nom Nom Norm Min Norm In 0.92421 0.8 0.93253 1.6 0.87493 0.0
Nom Nom Norm Max Norm In 0.92451 1.1 0.93073 -0.9 0.87539 0.4
Norm Nom Norm Nom Min In 0.92540 1.8 0.93350 2.9 0.87616 1.1
Nom Norm Norm Nom Max In 0.92490 1.5 0.93292 2.1 0.87717 2.1
Min Nom Norm Norm Norm In 0.92445 1.0 0.93111 -0.4 0.87498 0.0
Max Norm Norm Nom Norm In 0.92504 1.6 0.93270 1.8 0.87563 0.6
Norm Min Nom Nom Nom In 0.92209 -1.3 0.93102 -0.5 0.87505 0.1
Nom Max Nom Nom Nom In 0.92668 3.1 0.93368 3.2 0.87864 3.5
Nom Nom Min Norm Nom In 0.92510 1.6 0.93035 -1.4 0.87658 1.6
Nom Norm Max Norm Nom In 0.92401 0.5 0.93214 1.0 0.87625 1.2
Min Min Min Min Min In 0.92268 -0.7 0.93279 1.9 0.87464 -0.3
Min Norm Min Min Nom In 0.92391 0.5 0.93335 2.6 0.87735 2.3
Max
Nom
Nom
Min

Nomn
Nomn
Max
Max

Min
Min
Nora
Min

Min
Min
Nomn
Min

Nomn
Nomn
Max
Max

In
In
In
In

0.92497
0.92531
0.92698
0.92832

1.5
1.8
3.5
4.6

0.93348
0.93243
0.93303
0.93373

2.9
1.4
2.3
3.1

0.87700
0.87823
0.87770
0.88005

1.9
3.1
2.5
4.7
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Table 6.7.3-4 PWR Neutron Absorber Removal Study Results

Enrichment
(wt % 235U)

Nominal Absorber
keff

Absorber Removal
keffAssembly PPM Akeff Akeff/o

BW15H1
BW15H2
BW15H3
BW15H4
BW17H1
CE14H1
CE16H1
WE14H1
WELSH1
WE15H2
WE17H1
WE17H2

4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1

1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500

0.95628
0.96131
0.96306
0.95204
0.95934
0.90677
0.91264
0.89824
0.95057
0.93889
0.95524
0.93827

0.95700
0.96122
0.96262
0.95077
0.95953
0.90511
0.91224
0.89709
0.95214
0.93913
0.95621
0.93869

0.00072

-0.00009
-0.00044
-0.00127
0.00019
-0.00166
-0.00040
-0.00115
0.00157
0.00024
0.00097
0.00042

1.0
-0.1
-0.6
-1.7
0.3
-2.2
-0.5
-1.6
2.1
0.3
1.3
0.6

BW15HI
BW1 5H2
BW15H3
BW15H4
BW17H1
CE14H1
CE16H1
WE14H1
WE15H1
WE15H2
WE17H1
WE17H2

4.7
4.7
4.7
4.7
4.7
4.7
4.7.
4.7
4.7
4.7
4.7
4.7

2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000

0.95283
0.95579
0.95764
0.94416
0.95540
0.89746
0.90516
0.88709
0.94472
0.93172
0.95205
0.93229

0.95367
0.95655
0.95937
0.94346
0.95632
0.89772
0.90405
0.88928
0.94687
0.93213
0.95331
0.93178

0.00084
0.00076
0.00173
-0.00070
0.00092
0.00026
-0.00111
0.00219
0.00215
0.00041
0.00126
-0.00051

1.1
1.0
2.4
-0.9
1.3
0.3
-1.5
2.9
2.9
0.6
1.7

-0.7

BW15H1
BW15H2
BW15H3
BW15H4
BW17H1
CE14H1
CE16H1
WE14H1
WE15H1
WE15H2
WE17H1
WE17H2

5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500

0.92987
0.93574
0.93761
0.92108
0.93495
0.87406
0.88307
0.86436
0.92197
0.90838
0.93090
0.90755

0.93071
0.93677
0.93746
0.92159
0.93465
0.87402
0.88259
0.86481
0.92214
0.90962
0.93071
0.90832

0.00084
0.00103
-0.00015
0.00051
-0.00030
-0.00004
-0.00048
0.00045
0.00017
0.00124
-0.00019
0.00077

1.2
1.4
-0.2
0.7
-0.4
-0.1
-0.6
0.6
0.2
1.7
-0.3
1.0
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Table 6.7.3-5 PWR Neutron Absorber Replacement Study Results

Enrichment
(wt % 235U)

Nominal
Absorber

kef

Absorber
Replacement

keffAssembly PPM Akef AkeffIa
+ 4

BW15H1
BW15H2
BW15H3
BW15H4
BW17H1
CE14H1
CE16H1
WE14H1
WE15H1
WEI5H2
WE17H1
WE17H2

4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1

1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500

0.95628
0.96131
0.96306
0.95204
0.95934
0.9067
0.91264
0.89824
0.95057
0.93889
0.95524
0.93827

0.95638
0. 96210
0.96353
0.95242
0.96135
0.90498
0.91071
0.89911
0.95153
0.93999
0.95710
0.93999

0.00010
0.00079
0.00047
0.00038
0.00201
-0.00179
-0.00193
0.00087
0.00096
0.00110
0.00186
0.00172

0.1
1.1
0.6
0.5
2.9
-2.4
-2.5
1.2
1.3
1.5
2.5
2.4

4 4 + +

BW15H1
BW15H2
BW15H3
BW15H4
BW17H1
CE14H1
CE16H1
WE14H1
WESHI
WE15H2
WE17H1
WE17H2

4.7.
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7

2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000

0.95283
0.95579
0.95764
0.94416
0.95540
0.89746
0.90516
0.88709
0.94472
0.93172
0.95205
0.93229

0.95152
0.95610
0.95910
0.94404
0.95596
0.89731
0.90482
0.88604
0.94447
0.93154
0.95160
0.93157

-0.00131
0.00031
0.00146
-0.00012
0.00056
-0.00015
-0.00034
-0.00105
-0.00025
-0.00018
-0.00045
-0.00072

-1.8
0.4
1.9
-0.2
0.8
-0.2
-0.5
-1.4
-0.3
-0.2
-0.6
-1.0

4 + ~. 4

BW15H1
BW15H2
BW15H3
BW15H4
BW17H1
CE14H1
CE16H1
WE14H1
WE15H1
WE15H2
WE17H1
WE17H2

5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

2500
2500
2500
2500
2500
.2500
2500
2500
2500
2500
2500
2500

0.92987
0.93574
0.93761
0.92108
0.93495
0.87406
0.88307
0.86436
0.92197
0.90838
0.93090
0.90755

0.93182
0.93579
0.93805
0.92183
0.93666
0.87526
0.88408
0.86399
0.92273
0.90955
0.93241
0.90782

0.00195
0.00005
0.00044
0.00075
0.00171
0.00120
0.00101
-0.00037
0.00076
0.00117
0.00151
0.00027

2.7
0.1
0.6
1.0
2.3
1.6
1.4
-0.5
1.0
1.5
1.9
0.4
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Table 6.7.3-6 PWR Neutron Absorber Attachment Study Results for Two Columns of
Weld Posts

Single Column Two Column
Base Evaluation Modified Attachment

Enrichment Weld Weld
Assembly (wt % 2 3 5 U) PPM Posts keff Posts keff /_k Ak/a

0

BW15H1
BW15H2
BW15H3
BW15H4
BW17H1
CE14H1
CE16H1
WE14H1
WE15H1
WE15H2
WE17H1
WE17H2

5.0
5.0
4.9
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500

18
18
18
18
18
18
18
18
18
18
18
18

0.92987
0.93574
0.93244
0.92108
0.93495
0.87406
0.88307
0.86436
0.92197
0.90838
0.93090
0.90755

34
34
34
34
34
34
36
34
34
34
34
34

0.93143
0.93648
0.93326
0.92053
0.93611
0.87521
0.88357
0.86574
0.92241
0.90816
0.93294
0.90832

0.00156
0.00074
0.00082
-0.00055
0.00116
0.00115
0.00050
0.00138
0.00044
-0.00022
0.00204
0.00077

2.1
1.0
1.1

-0.7
1.5
1.5
0.7
1.8
0.6
-0.3
2.7
1.0

NAC International 6.7.3-18



MAGNASTOR System FSAR

Docket No. 72-1031

August 2010

Revision 1OB

Table 6.7.3-7 Absorber Tolerance and Tube Reactivity Change of PWR Models
with No Inserts

Minimum Minimum Minimum Minimum Minimum
1500 ppm B 1750 ppm B 2000 ppm B 2250 ppm B 2500 ppm B

Assembly Max. Initial Max. Initial Max. Initial Max. Initial Max. Initial

Type Enrichment Enrichment Enrichment Enrichment Enrichment
/Ak Ak/a Ak Ak/a Ak Ak/a dk Ak/a Ak Ak/a

BW15H1 -0.00067 -0.66 0.00158 1.51 -0.00009 -0.09 0.00092 0.90 -0.00016 -0.15
BW15H2 0.00027 0.27 -0.00066 -0.63 0.00114 1.11 0.00026 0.24 0.00073 0.70
BW15H3 0.00162 1.61 -0.00195 -1.91 -0.00014 -0.13 -0.00105 -1.00 0.00001 0.01
BW15H4 -0.00043 -0.42 -0.00333 -3.10 0.00078 0.77 -0.00078 -0.75 -0.00093 -0.91
BW17H1 -0.00015 -0.15 0.00048 0.46 0.00141 1.41 0.00012 0.11 0.00027 0.26
CE14H1 0.00194 1.89 0.00171 1.57 0.00022 0.21 -0.00056 -0.52 0.00057 0.52
CE16H1 -0.00021 -0.20 0.00094 0.85 0.00052 0.48 0.00299 2.80 0.00024 0.22
WE14H1 0.00009 0.09 -0.00077 -0.71 -0.00132 -1.25 -0.00036 -0.33 -0.00159 -1.52
WE15HI 0.00207 2.02 -0.00153 -1.46 0.00199 1.86 0.00158 1.51 0.00030 0.29
WE15H2 0.00048 0.45 -0.00005 -0.05 -0.00010 -0.10 0.00007 0.07 0.00174 1.72
WE17H1 -0.00070 -0.68 0.00009 0.09 0.00122 1.14 0.00026 0.26 0.00094 0.94
WE17H2 -0.00013 -0.13 -0.00012 -0.12 0.00012 0.12 0.00164 1.55 0.00080 0.78

Table 6.7.3-8 Absorber Tolerance and Tube Reactivity Change of PWR Models
with Inserts

Minimum Minimum Minimum Minimum Minimum
1500 ppm B 1750 ppm B 2000 ppm B 2250 ppm B 2500 ppm B

Assembly Max. Initial Max. Initial Max. Initial Max. Initial Max. Initial
Type Enrichment Enrichment Enrichment Enrichment Enrichment

Ak Ak/a Ak k/la Ak Ak/a Ak Ak/a Ak Ak/a
BW15HI 0.00113 1.06 0.00030 0.29 0.00100 0.95 -0.00050 -0.49 0.00172 1.67
BW15H2 0.00235 2.26 0.00042 0.41 0.00238 2.27 0.00176 1.75 -0.00013 -0.12
BW15H3 0.00148 1.43 0.00111 1.06 0.00212 2.07 0.00242 2.37 0.00062 0.60
BW15H4 -0.00088 -0.83 0.00039 0.38 0.00191 1.79 -0.00050 -0.49 0.00148 1.43
BW17HI 0.00125 1.16 0.00023 0.22 -0.00001 -0.01 0.00163 1.65 -0.00020 -0.19
CE14HI 0.00126 1.14 0.00197 1.92 0.00036 0.33 -0.00048 -0.45 0.00053 0.50
CE16HI -0.00086 -0.83 -0.00013 -0.12 -0.00078 -0.73 0.00142 1.33 0.00184 1.76
WE14HI 0.00017 0.15 0.00155 1.37 0.00067 0.62 -0.00144 -1.33 -0.00087 -0.83
WE15HI -0.00025 -0.25 -0.00046 -0.46 0.00046 0.45 0.00216 2.02 0.00118 1.15
WE15H2. 0.00038 0.36 0.00001 0.01 -0.00105 -1.06 -0.00012 -0.12 0.00211 2.03
WE17HI 0.00072 0.70 0.00133 1.30 -0.00145 -1.38 -0.00062 -0.60 -0.00017 -0.17
WE17H2 0.00148 1.48 -0.00005 1 -0.05 0.00001 0.01 0.00109 1 1.03 1 -0.00012 1 -0.12
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Table 6.7.3-9 PWR Tube Tolerance Study Results

Tube Shift WE17HI BW15H4 CE16H1

Outer Interface
Componen Width Thickness Width
Component [in] [in] fin) Rad Fuel keff Akekff/ keff Akeff/C keff AkeffWO

Tube OQiterWidth1 ~9.760 1 O33 13.=OgoL centered qO.7000 Q;-091,644 - - -~0.87032 -

Corner Chamfer 9.700 0.313 13.080 Centered 0.92061 0.6 0.91362 -2.6 0.86946 -0.9

Corner Chamfer 9.748 0.313 13.080 Centered 0.92036 0.3 0.91529 -1.1 0.87106 0.6

Tube Ou~ter idthi 9.760 Qýo313 11.080. 0 n .092707 -- 0990 0.87768
Corner Chamfer 9.700 0.313 13.080 In 0.92627 -0.8 0.91893 -0.2 0.87748 -0.2

Corner Chamfer 9.748 0.313 13.080 In 0.92539 -1.6 0.91874 -0.2 0.87932 1.5

Tube Outer W~idth- 9.740 ~ 33 13-1-00 Centered 0.91 985 --- 0.ý,.9-414 - - _0:,86869,ý-

Corner Chamfer 9.714 0.313 13.100 Centered 0.92034 0.4 0.91457 0.4 0.86924 0.5

rTubeOuter Wifdth 9.740 0.313 13.100 In 0.92621 0.7 0.91748 --1 0.87598 -0

Corner Chamfer 9.714 L0.313 13.100 -in 0.92682. 0.7 0.91929 1.8 0.87559 --- 0.3

CTube OuterWidth 9.740 O.343
Corner Chamnfe r 9.700 0.343

13.080 in

13.080 In

~0.9280 --- 092026
0.92740 -0.6 10.92103 0.7 0.88209 0.9
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Table 6.73-10 PWR System Load Limits (without Nonfuel Insert in Active Fuel Region and 0,036 1°B g/cm 2 Absorber)

Minimum 1500 ppm B Minimum 1750 ppm B Minimum 2000 ppm B Minimum 2250 ppm B Minimum 2500 ppm B
Max

Initial
Enrich.

(wt% 235U)

Max
Initial

Enrich.
(wt% 235U)

Max
Initial

Enrich.
(wt% 235U)

Max
Initial

Enrich.
(wt% 235U)

Assembly
Type

Reactivity
keff + 2y

Reactivity
keff + 2a

Reactivity
keff + 2Y

Reactivity
keff + 2y

Max
Initial

Enrich.
(wt% 235

U)

Reactivity
keff + 2a

BW15H1 3.70% 0.93032 4.10% 0.93514 4.40% 0.93547 4.70% 0.93489 5.00% 0.93432

BW15H2 3.70% 0.93554 4.00% 0.93451 4.30% 0.93384 4.60% 0.93295 4.90% 0.93244

BW15H3 3.70% 0.93538 4.00% 0.93613 4.30% 0.93528 4.60% 0.93569 4.90% 0.93414

BW15H4 3.80% 0.93189 4.20% 0.93697 4.50% 0.93286 4.80% 0.93228 5.00% 0.92461

BW17H1 3.70% 0.93311 4.00% 0.93204 4.30% 0.93241 4.60% 0.93215 5.00% 0.93689

CE14H1 4.50% 0.93324 4.90% 0.93148 5.00% 0.91561 5.00% 0.89718 5.00% 0.87709

CE16H1 4.40% 0.93350 4.80% 0.93457 5.00% 0.92463 5.00% 0.90197 5.00% 0.88620

WE14H1 4.70% 0.93673 5.00% 0.92958 5.00% 0.90757 5.00% 0.88721 5.00% 0.86816

WE15H1 3.80% 0.93088 4.20% 0.93699 4.50% 0.93415 4.80% 0.93224 5.00% 0.92440

WE15H2 4.00% 0.93406 4.40% 0.93674 4.70% 0.93530 5.00% 0.93129 5.00% 0.91181

WE17H1 3.70% 0.92991 4.10% 0.93553 4.40% 0.93506 4.70% 0.93425 5.00% 0.93308

WE17H2 4.00% 0.93428 4.30% 0.92952 4.70% 0.93330 5.00% 0.93079 5.00% 0.91229
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Table 6. 73-11 PWR System Load Limits (with Nonfuel Insert in Active Fuel Region and 0.036 1 g/cm 2 Absorber)

Minimum 1500 ppm B Minimum 1750 ppm B Minimum 2000 ppm B Minimum 2250 ppm B Minimum 2500 ppm B
Max Max Max Max Max

Initial Initial Initial Initial Initial
Assembly Enrich. Reactivity Enrich. Reactivity Enrich. Reactivity Enrich. Reactivity Enrich. Reactivity

Type (Wt% 235U) keff + 2y (Wt% 2 3 5
U) keff + 2y (wt% 235U) kef + 2a (wt% 235U) keff + 20" (wt% 235U) keff + 2a

BW15H1 3.80% 0.93273 4.10% 0.93540 4.40% 0.93380 4.70% 0.93644 5.00% 0.93468

BW15H2 3.70% 0.92923 4.00% 0.93281 4.30% 0.93250 4.60% 0.93389 4.90% 0.93451

BW15H3 3.70% 0.93169 4.00% 0.93345 4.30% 0.93311 4.60% 0.93475 4.90% 0.93564

BW15H4 3.80% 0.92945 4.20% 0.93582 4.50% 0.93322 4.80% 0.93247 5.00% 0.92658

BW17H1 3.80% 0.93545 4.10% 0.93648 4.40% 0.93695 4.60% 0.93200 4.90% 0.93284

CE14H1 4.50% 0.93588 4.80% 0.93066 5.00% 0.92489 5.00% 0.90699 5.00% 0.89106

CE16H1 4.40% 0.93241 4.80% 0.93602 5.00% 0.92723 5.00% 0.90831 5.00% 0.89213

WE14H1 4.80% 0.93574 5.00% 0.92232 5.00% 0.90377 5.00% 0.88564 5.00% 0.86589

WE15H1 3.90% 0.93411 4.20% 0.93343 4.50% 0.93351 4.80% 0.93262 5.00% 0.92694

WE15H2 4.00% 0.93138 4.40% 0.93683 4.70% 0.93626 5.00% 0.93357 5.00% 0.91454

WE17H1 3.90% 0.93532 4.20% 0.93495 4.50% 0.93712 4.80% 0.93706 5.00% 0.93241

WE17H2 4.10% 0.93359 4.40% 0.93279 4.80% 0.93707 5.00% 0.92966 5.00% 0.91118
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Table 6.7.3-12 PWR System Generic Load Limits (0.036 1°B g/cm2 Absorber)

Max. Initial Enrichment ( wt % 235U

Mn Min Max Max Soluble Soluble Soluble Soluble Soluble
# of # of Max Clad Clad Pellet Active Max Boron Boron Boron Boron Boron

Assembly Fuel Guide Pitch OD Thick. OD Length Load 1500 1750 2000 2250 2500
Type Rods Tubesa (inch) (inch) (inch) (inch) (inch) (MTU) ppm ppm ppm Pm ppm

BW15H1 208 17 0.568 0.43 0.0265 0.3686 144.0 0.4858 3.70% 4.10% 4.40% 4.70% 5.00%

BW15H2 208 17 0.568 0.43 0.025 0.3735 144.0 0.4988 3.70% 4.00% 4.30% 4.60% 4.90%

BW15H3 208 17 0.568 0.428 0.023 0.3742 144.0 0.5006 3.70% 4.00% 4.30% 4.60% 4.90%

BW15H4 208 17 0.568 0.414 0.022 0.3622 144.0 0.4690 3.80% 4.20% 4.50% 4.80% 5.00%

BW17H1 264 25 0.502 0.377 0.022 0.3252 144.0 0.4799 3.70% 4.00% 4.30% 4.60% 4.90%

CE14H1 176 5 0.58 0.44 0.026 0.3805 137.0 0.4167 4.50% 4.80% 5.00% 5.00% 5.00%

CE16H1 236 5 0.5063 0.382 0.025 0.325 150.0 0.4463 4.40% 4.80% 5.00% 5.00% 5.00%

WE14H1 179 17 0.556 0.40 0.0162 0.3674 145.2 0.4188 4.70% 5.00% 5.00% 5.00% 5.00%

WE15H1 204 21 0.563 0.422 0.0242 0.3669 144.0 0.4720 3.80% 4.20% 4.50% 4.80% 5.00%

WE15H2 204 21 0.563 0.417 0.0265 0.357 144.0 0.4469 4.00% 4.40% 4.70% 5.00% 5.00%

WE17H1 264 25 0.496 0.372 0.0205 0.3232 144.0 0.4740 3.70% 4.10% 4.40% 4.70% 5.00%

WE17H2 264 25 0.496 0.36 0.0225 0.3088 144.0 0.4327 14.00% 4.30% 4.70% 5.00% 5.00%

Note: Assembly characteristics represent cold, unirradiated, nominal configurations.

a Combined number of guide and instrument tubes.
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0Table 6.7.3-13 PWR System Load Limits for Reduced Absorber

KiImv I.,.4.nI anrie-hmanf fuA1 OfL 2351 I IA SSIO III**II VL 1 D

Absorber 0.030 1OB a/cm2  Abs orbe r 0.027 19B gjcm 2

Soluble 1500 1750 2000 2250 2500 1500 1750 2000 2250 2500
Boron mPPP m m mp mp mmp m

BW15H1 3.6% 4.0% 4.2% 4.5% 4.8% 3.6% 3.9% 4.2% 4.5% 4.8%

BW15H2 3.6% 3.9% 4.2% 4.5% 4.8% 3.6% 3.8% 4.1% 4.4% 4.7%

BW15H3 3.6% 3.9% 4.2% 4.4% 4.7% 3.5%° 3.8%/o 4.1% 4.4% 4.7%/

BW15H4 3.7% 4.1% 4.4_% 4.7% 5.0%/o 3.7% 4.0% 4.3% 4.6% 5.0%

BW17H1 3.6% 3.9% 4.2% 4.5% 4.8% 3.6% 3.9% 4.1% 4.5% 4.7%

CE14H1 4.3% 4.7% 5.0% 5.0% 5.0% 4.3/ 4.6% 5.0% 5.0% 5.0%

CE16H1 4.3% 4.6% 5.0% 5.0% 5.0% 42%.9% 5.0°/% 5.0%

WE14H1 4.6% 5.0% 5.0% 5.0% 5.0% 4.5% 5.0% 5 5.0% 5.0%
WE15H1 3.7% 4.1% 4 4 5.0% 3.7% 4.M0 4 4.6% 4.9%

WE15H2 3,9% 4.2% 4.6% 4.9% 5.0% 3.8% 4.2% 45% 4,8% 5.0%
WE17H1 3.7% 40% 4.3% 4.6% 4.9% 3.6% 3.9% 4.2%. 4.5% 4.9%

WE17H2 46% 4.9% 3.8% 4.2% 45 4.9% I15.0%

* Specified soluble boron concentrations are independent of whether a fuel
assembly contains a nonfuel insert.
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6.7.8 PWR Damaged Fuel Criticality Evaluation

The system is designed to safely store up to 37 fuel assemblies of which up to four may be

classified as damaged and placed in damaged fuel cans (DFCs) in the TSC comers as shown in

Figure 6.1.1-2. The DFC provides a screened container to prevent gross fissile material release

into the TSC cavity from gross fuel rod clad failure.

The method used in the PWR damaged fuel criticality evaluation is as follows:

" Justify that maximum reactivity configuration for undamaged fuel applies to the damaged
fuel configuration.

* Establish the maximum reactivity configuration for damaged fuel.

• Evaluate the optimum moderator density considering partial flooding of the canister and
preferential flooding of the DFC.

" Demonstrate that the reactivity for the maximum reactivity damaged fuel configuration
remains below the USL.

6.7.8.1 Model Details

Each DFC is comprised of a stainless steel rectangular box with a screened lid and bottom plate

structure. The DFC is designed to freely drain and fill, thereby avoiding the potential of

preferentially flooding the DFC.

DFC contents included in these evaluations are:

* Undamaged clad fuel assemblies with functional grids (i.e., fuel assemblies retaining clad

and fuel rods in their as-designed configuration);

• A hypothetical fuel configuration, where the clad is conservatively removed from the

model and rods are allowed to achieve increased pitch; and

* A homogenized fuel/water mixture model.

The unclad array fuel assemblies are modeled with no clad or end-fitting. Homogenized fuel is

modeled as a simple rectangular volume with the optimal mixture height determined in the

analysis. Material composition is then calculated based on the fuel mass within the DFC, the

DFC cross-sectional area, and the moderator density within the mixture volume.

Within the unclad array calculations, a "missing fuel rod" study is included that considers the

removal of fuel pellets/fuel material. Since the system relies on borated water as the

supplemental absorber to the neutron absorber plates in the basket, removal of fuel rods not only
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decreases fissile material mass, but also inserts additional absorber into the system. These

phenomena assure that a "missing rod" configuration is bounded.

Note that a floating array of fuel pellets, or a homogeneous mixture of water and fuel, represents

a conservative physical configuration of the fuel material in the DFC. At a density of 10.5

g/cm3, the uranium oxide fissile material has 10 times the density of the water moderator and

would settle to the bottom of the DFC once released from the clad. There is no mechanism in the

system that would allow moderator incursion at flow rates sufficient to re-suspend a significant

amount of the material. As low enriched uranium requires moderator to reach keff levels near the

USL, a collapsed fuel material would result in lower system reactivity.

The damaged fuel basket differs from the undamaged fuel basket in that the four comer assembly

locations are weldments rather than standard fuel tubes. The weldment openings are slightly

larger than the standard fuel tube in order to accommodate the damaged fuel can. Neutron

absorber width is increased to account for the larger opening. The increased absorber width

avoids an increase in any neutron streaming through absorber gaps from that considered in the

undamaged basket. A sketch of a cross-section of the damaged fuel basket is shown in Figure

6.7.8-1.

6.7.8.2 Model Assumptions

Key assumptions for the analytical damaged fuel model are as follows.

* Analyses are performed with DFC heterogeneous fuel material located axially lined up

with the undamaged fuel material. Assembly nozzles are expected to provide axial offset

for any loose fuel material within the DFCs. DFCs are limited to one per quadrant.
When the TSC is flooded, which presents the system maximum reactivity condition, there

is no neutronic interaction between DFCs and no significant interaction between DFC

contained material located outside the undamaged fuel region and the fissile material

region of the undamaged assemblies. Mixture analysis, documented in Section 6.7.8.4,

places DFC fuel material outside the undamaged fuel region and does not result in a

reactivity increase.

* Tolerances on the 1. 125-inch thick DFC inner formed plate and on the 0.750-inch thick

DFC outer formed plate are not modeled. The DFC outer formed plate is on the sides of

the DFC comer locations facing the periphery of the cask, and the DFC inner formed

plate is on the sides of the DFC locations facing the interior of the cask. Based on the

small magnitude of the plate critical tolerance, a possible 0.01-inch reduction, and the

peripheral locations of the DFC weldments, application of these tolerances will not
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significantly affect system reactivity. Increased plate thickness would add parasitic
absorber to the system, while further separating fissile material masses and, therefore,

does not represent a criticality concern.

6.7.8.3 Sample Input Files

Three sample damaged fuel basket input files are provided. Figure 6.7.8-2 contains an input file

for an undamaged assembly loaded into the four DFCs. Figure 6.7.8-3 contains an input file for

an unclad rod array input file without inserts. Figure 6.7.8-4 contains a mixture input file that is
also partially flooded. In this input file, the flooded mixture elevation is at the top of the active

fuel in the DFC.

6.7.8.4 Damaged Fuel Characterization

Starting with the most reactive basket configuration determined for undamaged fuel, various

damaged fuel configurations are evaluated. Each DFC configuration is evaluated at 0.036, 0.030
and 0.027 g 10 /cm 2 effective absorber densities with and without inserts in the fuel assembly

guide tubes. Use of the maximum reactivity configuration for undamaged fuel as the baseline is

appropriate because it maintains the most reactive configuration of the 33 undamaged fuel

assemblies and minimizes the separation between the damaged fuel assemblies and the rest of the

payload.

Clad Rods - Grid Undamaged

Undamaged rods within a nominal lattice/pitch configuration are identified by the acronym

"IAA" in the DFC content description.

With all 37 assemblies modeled as undamaged at their limiting enrichments (see Section

6.7.3.2), the DFC has no statisically significant effect on system

reactivity with average reactivity changes of 0.44, 0.55 and 0.48 Ak/a for the 0.036, 0.030 and
0.027 g lB/cm2 absorbers, respectively. Sample results for the 0.036 g 'lB/cm2 without inserts

are presented in Table 6.7.8-1. Similar to results of the undamaged fuel basket evaluations, the

presence or absence of the inserts has no statistically significant effect on system performance.

As the undamaged fuel basket enrichment limits resulted in reactivties (eigenvalues) within a

very small margin to the USL, the statistical nature of the Monte Carlo evaluation resulted in a

limited number of enrichment/soluble boron/fuel type combinations exceeding the USL. The
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maximum required reduction in enrichment for all combinations to remain below the USL is 0.1
Wt % 235U under the undamaged fuel basket limits.

The system is designed to allow loading of undamaged fuel assemblies into the four designated

DFC locations in the DF basket assembly without the use of a DFC. The difference between this

configuration and undamaged fuel in the DFC evaluated previously in this section is the presence

of the 0.048-inch thick DFC wall. Given that the 1.125-inch inner wall plate separates DFC

content from adjoining assemblies in both models, there is no expectation of statistically

resolvable reactivity differences between models with and without a DFC. Evaluating each

primary array type at 0.036 and 0.027 g/cm2 °B concentration in the absorber sheets, with

minimum (1500 ppm) and maximum (2500ppm) borated water concentrations, resulted in an
absolute average change in reactivity of 0.30 Ak/a. All cases remain under the USL of 0.9376.

Loading of undamaged fuel into the four designated DFC locations in the DF basket assembly

without a DFC is, therefore, acceptable.

Unclad Rods - Loose Pellet Stack

In this stage of the DFC evaluations, damaged fuel is postulated to lose its cladding and pellets

are allowed to separate. As PWR assemblies are typically undermoderated, the removal of
cladding, in conjunctions with pitch variations, has the potential to increase system reactivity.

Pellet array pitch is allowed to increase until it fills the DFC opening. Clad removal and pitch

modification affects system reactivity by varying moderator between fuel rods, therefore,
changing neutron thermalization and utilization, while simultaneously varying the neutron

absorber quantity in the form of soluble boron in the moderator. These are offsetting phenomena

(i.e., increasing pitch increases the borated moderator quantity between fuel rods, which
improves thermalization of fast fission neutron for absorption in the fuel, while also increasing

the l0B absorber quantity between rods and thereby reducing thermal neutron flux). As shown in

Table 6.7.8-2, a sample analysis using the 0.036 g B1 0/cm 2 absorber at a 2250 ppm soluble boron

content, the result of the offsetting phenomena is that there is no statistically resolvable trend of

pellet pitch to system reactivity (pitch indicated is either the nominal, as assembly design pitch,
the maximum pitch allowed by the DFC opening, or the average pitch between nominal and

maximum). As lower soluble boron shifts the trend towards increasing system reactivity as a

function of increasing pitch, maximum pitch is applied to the remaining pellet evaluations.

Similar to the umdamaged fuel assembly in the DFC evaluation, the loose pellets study results in

no statisically significant change in system reactivity, with average reactivity changes of 0.56,

0.52, and 0.49 Ak/a for the 0.036, 0.030, and 0.027 g 1lB/cm2 absorbers, respectively. Sample

results for the 0.036 g 1°B/cm 2 without inserts are presented in Table 6.7.8-3.
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As the undamaged fuel basket enrichment limits resulted in reactivties (eigenvalues) within a

very small margin to the USL, the statistical nature of the Monte Carlo evaluation resulted in a

limited number of enrichment/soluble boron/fuel type combinations exceeding the USL. The

maximum required reduction in enrichment for all combinations to remain below the USL is 0.1

Wt % 235U under the undamaged fuel basket limits.

Included in the damaged fuel definition are fuel assemblies with fuel rods removed and not

replaced by either fuel rods or inert rods. As the physical change in the system is similar to that

of the clad removal and pitch evaluation, i.e., increasing the moderator quantity while adding

absorber in the form of soluble boron, with the additional negative reactivity effect of removing

fissile material, it is expected that this configuration is bounded by the reactivity of the

undamaged fuel in the basket. The results presented in Table 6.7.8-4 for a sample evaluation at

1500 ppm (chosen to minimize the additional soluble boron added) demonstrate that the system

behaves as expected, i.e., removal of fuel rods does not affect system reactivtity.

Fuel/Water Mixture

In addition to the heterogeneous (rod array) evaluations, a set of mixture analyses are run.

Mixtures are designed to fill various heights of the DFC and simulate small fuel rubble inside the

canister. Mixtures are assumed to fill the DFC from the DFC bottom plate up, which places

fissile material below the neutron absorber (maximum exposure is less than 3 inches).

Conservatively, the water-fuel mixture was modeled not to contain soluble boron.

The fuel mixture studies model fuel material at various material fractions, expressed as mixture

height (i.e., fuel/water mixture height in DFC). At the lower bound, the material is modeled at a

mixture height of 50% of the DFC (50% of DFC cavity height is 214 cm, which presents 40%

collapse for a 144-inch [366-cm] typical active fuel height). At the upper bound, the fuel water

mixture fills the DFC cavity. Mixtures are evaluated at 10% height increments. Water within

the mixture is set to full density (0.9982 g/cm 3) in all base cases as moderator density scoping

studies confirmed that maximum moderator density is bounding. This is confirmed in the

optimum moderator density section of the analysis.

Each fuel type is evaluated as a function of mixture height at each effective absorber level, with

and without the nonfuel insert in the undamaged fuel guide tube. Sample results for each
primary fuel assembly array (e.g., WE15HI) at three of the soluble boron concentrations are

listed in Table 6.7.8-5 at a 0.036 g '0B /cm 2 effective absorber sheet. As demonstrated in this
table, variations in the maximum allowed enrichment are primarily due to statistical variations

from the Monte Carlo analysis, but do account for a slight increase in reactivity resulting from
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the geometry and material change associated with the debris/mixture in the DFC. Maximum

reactivites, allowed enrichments, and percent cavity height are summarized in sample Table

6.7.8-6 and Table 6.7.8-7 for the 0.036 g '°B/cm 2 absorber with and without insert. Similar
tables are constructed for the remaining absorbers options to determine a complete matrix of

allowable enrichments. Figure 6.7.8-5 contains an example of reactivity behavior as a function
of mixture height at undamged fuel maximum allowed enrichment and at the reduced enrichment

detemined to be acceptable for loading (note that not the fuel/water mixture, but the removal of

soluble boron from the mixture is primarily responsible, for the reduced enrichment required for

these cases).

With the exception of the BW15H4 hybrid at the 0.027 g 'lB/cm2 effective absorber sheet

density and 2500 ppm soluble boron, all loading combinations are found to be below the USL

with either no or a 0.1% 235U reduction in initial enrichment. The BW15H4 hybrid required a

0.2 wt% 235U reduction at the 2500 ppm soluble boron, 0.027 g '0 B/cm 2 sheet statepoint.

6.7.8.5 Optimum Moderation

Moderator density studies are performed on the preferentially flooded DFC, partially flooded

cask, and mixture moderator density. Similar to the undamaged fuel analysis, a uniform

reduction in moderator density reduces reactivity.

Preferential Flooding

Preferential flooding cases consider:

* TSC cavity is wet and the DFC moderator density varies

" TSC cavity is void (low density moderator) and the DFC moderator density varies

* TSC cavity varies with a wet DFC

" TSC cavity varies with a dry DFC

Results of these analysis, plotted in Figure 6.7.8-6 for the BW15H3 hybrid, clearly demonstrate

that maximum system reactivity is achieved by a fully flooded TSC and DFC.

Partial Flooding
Within the scope of the moderator density evaluations is a partial drain-down of the TSC to the
top of the active fuel, which is also called partial flooding. Draining the cask to the top of the

active fuel region changes the axial reflection from the moderator to the steel TSC lid. The

partial flooding study in Section 6.7.3.1 determined that there is no statistically significant
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reactivity change from the undamaged fuel assembly region due to partial flooding. Additional

evaluations are performed to address a drain-down of the DFC-in particular, when related to

the fuel mixture cases, as the fissile material in this region may extend higher than the fissile

material in the undamaged assemblies. Figure 6.7.8-7 indicates that partial DFC flooding in this

region results in lower reactivity for mixture heights.

Mixture Moderator Density

Decreasing the density of the moderator in the mixture configuration lowers the system

reactivity. This is summarized in Table 6.7.8-8 and Figure 6.7.8-8. The moderator in the TSC is

left at a constant 0.9982 g/cc for this study. The highest reactivity is. for a mixture with 0.9982

g/cc moderator in both the canister and DFC.

6.7.8.6 Storage Cask Evaluations

Each DFC content configuration (i.e., undamaged assembly, unclad pellets, fuel/water mixture)

is evaluated to determine the maximum system reactivity in the storage cask (i.e., dry TSC

configuration). At dry TSC conditions, system'reactivity is determined by fast neutron fission

versus a thermal fission spectrum in the wet TSC. At the fast fission spectrum in the dry TSC,

minor variations in fuel geometry (i.e., location of fuel within the DFC or presence of neutron

transparent zircaloy clad ), or quantity of thermal neutron absorber in the basket sheets has no

significant effect on system reactivity. The BW15H3 assembly was chosen for evaluation

because it has the highest fuel mass, which is the fundamental consideration in a dry system.

Results of this evaluation are shown in Table 6.7.8-9.

6.7.8.7 PWR Damaged Fuel Limiting Enrichments

Based on the results of the previous sections, limiting 235U enrichments for effective l0B loadings

of 0.036, 0.030 and 0.027 g/cm 2 are summarized in Table 6.7.8-10. The listed enrichments

bound undamaged fuel assemblies with and without nonfuel inserts. Nonfuel inserts are not

expected to be loaded into DFCs.

NAC International 6.7.8-7



MAGNASTOR System FSAR
Docket No. 72-1031

August 2010

Revision IOB

Figure 6.7.8-1 PWR Damaged Fuel Basket
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Figure 6.7.8-2 Transfer Cask Sample Input File - Damaged PWR Fuel TSC.- Intact
Array with Inserts

Transfer Cask Model - CEI4HI
c
c MAGNASTOR Canister Class 1
c Neutron Poison Loading - 75 %
c Nominal Fuel Characteristics
c Insert Configuration - Yes
c
c Boron Content in Water - 1750 ppm
c Cavity Water Density 1.0012 g/cc

c Fuel to Clad Gap - Wet-UnBorated.
c Exterior Water Density 0.0001 g/cc
c
c Selected Partial Flood - No

c Damaged Fuel Can Option - Yes
c Damaged Fuel Can Configuration - IAA
c
c
c
c Model Revision 4.90
c
c
1
2
3
4
c
7

Cells - Fuel Rod - CEl4Hl - CE Core - 14x14
1 -1.0522E+01 -1 u=13 $ Fuel,
13 -0.9982 -2 +1 u=13 $ Plenum + Fuel to Clad Gap
2 -6.56 -3 +2 u=13 $ Clad + End Plugs
3 -1.0012 +3 u=13 $ Outside Fuel Rod
Array_14x14_176
3 -1.0012 -7 +8 -9 +10

trcl=(0.7366 0.7366,8.1399) lat=l u=12 fill=77:6 -7:6 0:0
13 13 13 13
13 13 13 13
13 13 12 12
13 13 12 12
13 13 13.13
13 13 13 13
13 13 13 13
13 13 13 13
13 13 13 13
13 13 13 13
13 13 12 12
13 13 12 12
13 13 13 13
13 13 13 1-3

c Cells - Fuel As
11 3 -1.0012 -11
12 2 -6.5600 -5
13 2 -6.56 -6 +5
14 like 12 but
15 like 13 but
16 like 12 but
17 like 13 but
18 like,12 but
19 like 13 but
20 like 12 but
21 like 13 but
22 3 -1.0012 -12
23 4 -2.4224 -12
24 5 -2.4439 -12
25 3 -1.0012 +i2
c Cell Cards - DE
60 3 -1.0012 -60
61 6 -7.94 -61 +6

13 13 13 13 13 13 13 13 13 13
13 13 13 13 13 13 13 13 13 13
13 13 13 13 13 13 12 12 13 13
13 13 13 13 13 13 12 12 13 13
13 13 13 13 13 13 13 13 13 13
13 1313 13 13 13 13 13 13 13
13 13 12 12 13 13 13 13 13 13
13 13 12 12 13 13 13 13 13 13
13 13 13 13 13. 13 13 13 13 13
13 13 13 13 13 13 13 13 13 13
13 13 13 13 13 13 12 12 13 13
13 13 13 13 13 13 12 12 13 13
13 13 13 13 1313 13 13 13 13
13 13 13 13 13 13 13 13 13 13

sembly Array Inserted Into Assembly
#12 #13 #14 #15 #16 #17 #18 #19 #20
-11 u=ll $ Inside CE Guide,
-11 u=ll $,CE Guide Tube
*trcl=( 5.8928 5.8928 0.0000
*trcl=( 5.8928 5.8928 0.0000
*trcl=( -5.8928 5.8928 0.0000
*trcl=( -5.8928 5.8928 0.0000
*trcl=( 5.8928 -5.8928 0.0000
*trcl=( 5.8928 -5;8928 0.0000
*trcl=( -5.8928 -5.8928 0.0000
*trcl=( -5.8928 -5.8928 0.0000
+11 -11.6 -11.5 u=ll $ Fuel Width

+11.6 u=l1 $ Lower Nozzle
+11.5 u=ll $ Upper Nozzle

- cellCEAssy
#21 fill=i2 u=ll $ Array

u=ll $ Inside CE Guide
u=ll $ CE Guide Tube
u=ll $ Inside CE Guide
u=ll $ CE Guide Tube
u=li $ Inside CE Guide
u=ll $ CE Guide Tube
u=ll $ Inside CE Guide

..u=ll $ CE Guide Tube
Envelope

'C

0

u=il $ Remaining Space

u=10 $ DFC Cavity
u=10 $ DFC Body
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Figure 6.7.8-2 Transfer Cask Sample Input File - Damaged PWR Fuel TSC - Intact
Array with Inserts

62 3 -1.0012 +61 u=10 $ Exterior Space -
c Cell Cards - Tube, Absorber and Retainer
101 12 -1.965 -101. +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=9

102 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=9

103 12 -1.965 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=9

$ Absorber -y

$ Absorber Clad

$ Absorber +Y

-Y

104 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 4-117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +-127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216' u=9 $ Absorber Clad +"

105 6 -7.940 -105 +215 +216 u=9 $ Retainer -Y
106 6 -7.940 -106 +215 +216 u=9 $ Retainer+Y
107 6 -7.940 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=9 $ Weld Post in Absorber -Y

108 3 -1.0012 -102 #101 #102 #107 u=9 $ Gap Weld Post to Absorber -Y
109 6 -7.940 -104

(-179:-180:-181:-182 :-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=9 $ Weld Post in Absorber +Y

110 3 -1.0012 -104 #103 #104 #109 u=9 $ Gap Weld Post to Absorber +Y
111 12 -1.965 -217 +223 +224 +225 +226 +227 +228 +229 +230 +231

+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +2-56 +257 +258 +331 +332 u=9 $ Absorber -X

112 7 -2.702 -218 +217 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=9 $ Absorber Clad -:

113 12 -1.965 -219 +223 +224 +225.+226 +227 +228 +229 +230 +231
+232' +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=9 $ Absorber +X

114 7 -2.702 -220 +219 +223 +224 +225 +226 +227 +228'+229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=9 $ Absorber Clad +

115 6 -7.940 -221 +331 +332 u=9 $ Retainer -X
116 6 -7.940 -222 +331 +332 u=9 $ Retainer+X
117 6 -7.940 -218

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312) u=9 $ Weld Post in Absorber -X

118 3 -1.0012 -218 #111 #112 #117 u=9 $ Gap Weld Post to Absorber -X
119 6 -7.940 -220

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:,-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312). u=9 $ Weld Post in Absorber

120 3 -1.0012 -220 #113 #114 #119 u=9 $ Gap Weld Post to Absorber +X
121 3 -1.0012 -333

X

X
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Figure 6.7.8-2 Transfer Cask Sample Input File - Damaged PWR Fuel TSC - Intact
Array with Inserts

+102 +104 #105 #106
+218 +220 #115 #116 u=9 $ Space in Tube

122 8 -7.821 -334 +333
+143 +144 +145 +146 +147 +148 +149 +150 +151
+152 +153 +154 +155 +156 +157 +158 +159 +160
+161 +162 +163 +164 +165 +166 +167 +168 +169
+170 +171 +172 +173 +174 +175 +176 +177 +178
+259 +260 +261 +262 +263 +264 +265 +266 +267
+268 +269 +270 +271 +272 +273 +274 +275 +276
+277 +278 +279 +280 +281 +282 +283 +284 +285
+286 +287 +288 +289 +290 +291 +292 +293 +294 +215 +216 +331 +332 u=9 $ Fuel

Tube
123 6 -7.940 -334 +333

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
-295:-296:-297:-298:-299:-300:-301:-302:-303:
-304:-305:-306:-307:-308:-309:-310:-311:-312:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330) u=9 $ Fuel Tube Weld Posts

124 3 -1.0012 -334 +333 #122 #123
u=9 $ Space Around Weld Posts

125 3 -1.0012 +333 +334 u=9 $ Exterior Space
c Cell Cards - Q1 Peripheral Tube, Absorber and Retainer
126 12 -1.965 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120.+121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=8 $ Absorber -Y

127 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=8 $ Absorber Clad -Y

128 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=8 $ Absorber +Y

129 7 -2.7020 -104 +103 +107 +108 +109 4-110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=8 $ Absorber Clad +Y

130 6 -7.940 -105 +215 +216 u=8 $ Retainer -Y
131 6 -7.9400 -106 +215 +216 u=8 $ Retainer+Y
132 6 -7.940 -102

*(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=8 $ Weld Post in Absorber -Y

133 3 -1.0012 -102 #126 #127 #132 u=8 $ Gap Weld Post to Absorber -Y
134 6 -7.9400 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=8 $ Weld Post in Absorber +Y

135 3 -1.0012 -104 #128 #129 #134 u=8 $ Gap Weld Post to Absorber +Y
136 12 -1.965 -217 +223 +224 +225 +226 +227 +228 +229 +230 +231

+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=8 $ Absorber -x

137 7 -2.702 -218 +217 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 '+244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=8 $ Absorber Clad -X
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Figure 6.7.8-2 Transfer Cask Sample Input File - Damaged PWR Fuel TSC - Intact
Array with Inserts:

1387 -2.7020 -219 +223 +224 +225 +226 +227 +228 +229 +230.+231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=8 $ Absorber +X

139 7 -2.7020 -220 +219 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243.+244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=8 $ Absorber Clad +X

140 6 -7.940 -221 +331 +332 u=8 $ Retainer -X
141 6 -7.9400 -222 +331 +332 u=8 $ Retainer+X

0

142 6 -7.940 -218
(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312) u=8 $ Weld Post in Plate-X

143 3. -1.0012 -218 #136 #137 #142 u=8 $ Gap Weld Post to Plate -X
144 6 -7.9400 -220

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312) u=8 $ Weld Post in Plate +2

145 3 -1.0012 -220 #138 #139 #144 u=8 $ Gap Weld Post to Plate +X
146 3 -1.0012 -333

+102 +104 #105 #106
+218 +220 #115 #116 u=8 $ Space in Tube

1478 -7.821 -334 +333
+143 +144 +145 +146 +147 +148 +149 +150 +151
+152 +153 +154 +155 +156 +157 +158 +159 +160
+161 +162 +163 +164 +165 +166 +167 +168 +169
+170 +171 +172 +173 +174 +175 +176 +177 +178
+259 +260 +261 +262 +263 +264 +265 +266 +267
+268 +269 +270 +271 +272 +273 +274 +275 +276
+277 +278 +279 +280 +281 +282 +283 +284 +285
+286 +287 +288 +289 +290 +291 +292 +293 +294 +215 +216 +331 +332 u=8 $ Fu

X

el
Tube
148 6 -7.940 -334 +333

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
-295:-296:-297:-298:-299:-300:-301:-302:-303:
-304:-305:-306:-307:-308:-309:-310:-311:-312:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330)

149 3 -1.0012 -334 +333 #147 #148
u=8 $ Space Around Weld Posts

150 3 -1.0012 +333 +334 u=8 $ Exterior Space
c Cell Cards - Q2 Peripheral Tube, Absorber and Retainer

u=8 $ Fuel Tube Weld Posts

151 12 -1.965 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=7 $ Absorber -Y

152 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=7 $ Absorber Clad -Y

153 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=7 $ Absorber +Y

154 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
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Figure 6.7.8-2 Transfer Cask Sample Input File - Damaged PWR Fuel TSC - Intact
Array with Inserts

+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=7 $
155 6 -7.940 -105 +215 +216 u=7 $ Retainer -Y
156 6 -7.9400 -106 +215 +216 u=7 $ Retainer+Y
157 6 -7.940 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=7 $ Weld Post

158 3 -1.0012 -102 #151 #152 #157 u=7 $ Gap Weld Post to Absorber -Y
159 6 -7.9400 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=7 $ Weld Post

160 3 -1.0012 -104 #153 #154 #159 u=7 $ Gap Weld Post to Absorber +Y
161 7 -2.7020 -217 +223 +224 +225 +226 +227 +228 +229 +230 +231

+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=7 $ A]

162-7 -2.7020 -218 +217 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=7 $.A]

163 12 -1.965 -219 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238.+239 +240
+241 +242 +243 +244 +245 +246'+247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=7 $ A]

osorber Clad +Y

in Absorber -Y

in Absorber +Y

tsorber -X

bsorber Clad -X

bsorber +X

Dsorber Clad +X

164 7 -2.702 -220 +219 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 -245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=7

165 6 -7.9400 -221 +331 +332 u=7 $ Retainer -X
166 6 -7.940 -222 +331 +332 u=7 $ Retainer+X
167'6 -7.9400 -218

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312) u=7 $ Weld

168 3 -1.0012 -218 #161 #162 #167 u=7 $ Gap Weld Post to Plate -X
169 6 -7.940 -220

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312) u=7. $ Weld

170 3 -1.0012 -220 #163 #164 #169 u=7 $ Gap Weld Post to Plate +X
171 3 -1.0012 -333

+102 +104 #105 #106
+218 +220 #115 #116 u=7 $ Space in Tube

172 8 -7.821 -334 +333
-+143 +144 +145. +146 +147 +148 +149 +150 +151
+152 +153 +154 +155 +156 +157 +158 +159 +160
+161 +162 +163 +164 +165 +166 +167 +168 +169
+170 +171 +172 +173 +174 +175 +176 +177 +178
+259 +260 +261 +262 +263 +264 +265 +266 +267
+268 +269 +270 +271 +272 +273 +274 +275 +276
+277 +278 +279 +280 +281 +282 +283 +284 +285
+286 +287 +288 +289 +290 +291 +292 +293 +294 +215 +216 +332

$A]

Post in Plate-X

Post in Plate +X

1 +332 u=7 $ Fuel
Tube
173 6 -7.940 -334 +333

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:

NAC International 6.7.8-13



MAGNASTOR System FSAR
Docket No. 72-1031

August 2010
Revision 1 OB

Figure 6.7.8-2 Transfer Cask Sample Input File - Damaged PWR Fuel TSC - Intact
Array with Inserts

-295:-296:-297:-298i-299:-300:-301:-302:-303:
-304:-305:-306:-307:-308:-309:-310:-311:-312:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330) u=7 $ Fuel

174 3 -1.0012 -334 +333 #172 #173
u=7 $ Space Around Weld Posts

175 3 -1.0012 +333 +334 u=7 $ Exterior Space
c Cell Cards - Q3 Peripheral Tube, Absorber and Retainer
176 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139' +140 +141 +142 +215 +216 u=6

177 7 -2.7020 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126+127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=6

178 12 -1.965 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=6

179 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=6

180 6 -7.9400 -105 +215 +216 u=6 $ Retainer -Y

Tube Weld Posts

$ Absorber -Y

$ Absorber Clad

$ Absorber +Y

$ Absorber Clad

-y

181 6 -7.940 -106 +215 +216 u=6 $ Retainer+Y
182 6 -7.9400 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=6 $ Weld Post in Absorber -Y

183 3 -1.0012 -102 #176 #177 #182 u=6 $ Gap Weld Post to Absorber -Y
184 6 -7.940 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=6 $ Weld Post in Absorber +Y

185 3 -1.0012 -104 #178 #179 #184 u=6 $ Gap Weld Post to Absorber +Y
186 7 -2.7020 -217 +223 +224 +225 +226 +227 +228 +229 +230 +231

+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=6 $ Absorber -x

187 7 -2.7020 -218 +217 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=6 $ Absorber Clad -:

188 12 -1.965 -219 +223 +224 +225 +226 +227 +228 +229 +230 +231
p232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=6 $ Absorber +X

189 7 -2.702 -220 +219 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=6 $ Absorber Clad +:

190 6 -7.9400 -221 +331 +332 u=6 $ Retainer -X
191 6 -7.940 -222 +331 +332 u=6 $ Retainer+X
192 6 -7.9400 -218

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312) u=6 $ Weld Post in Plate-X

193 3 -1.0012 -218 #186 #187 #192 u=6 $ Gap Weld Post to Plate -X
194 6 -7.940 -220

X
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Figure 6.7.8-2 Transfer Cask Sample Input File - Damaged PWR Fuel TSC - Intact
Array with Inserts

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312) u=6 $ Weld Post in Plate +X

195 3 -1.0012 -220 #188 #189 #194 u=6 $. Gap Weld Post to Plate +X
196 3 -1.0012 -333

+102 +104 #105 #106
+218 +220 #115 #116 u=6 $ Space in Tube

197 8 -7.821 -334 +333
+143 +144 +145 +146 +147 +148 +149 +150 +151
+152 +153 +154 +155 +156 +157 +158 +159 +160
+161 +162 +163 +164 +165 +166 +167 +168 +169
+170 +171 +172 +173 +174 +175 +176 +177 +178
+259 +260 +261 +262 +263 +264 +265 +266 +267
+268 +269 +270 +271 +272 +273 +274 +275 +276
+277 +278 +279 +280 +281 +282 +283 +284 +285
+286 +287 +288 +289 +290 +291 +292 +293 +294 +215 +216 +331 +332 u=6 $ Fuel

Tube
198 6 -7.940 -334 +333

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193':-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
-295:-296:-297:-298:-299:-300:-301:-302:-303:
-304:-305:-306:-307:-308:-309:-310:-3i1:-312:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330) u=6 $ Fuel Tube Weld Posts

199 3 -1.0012 -334 +333 #197 #198
u=6 $ Space Around Weld Posts

200 3 -1.0012 +333 +334 u=6 $ Exterior Space
c Cell Cards - Q4 Peripheral Tube, Absorber and Retainer
201 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=5 $

202 7 -2.7020 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=5 $

203 12 -1.965 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+i34 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=5 $

204 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=5 $

Absorber -Y

Absorber Clad

Absorber +Y

Absorber Clad

-y

205 6 -7.9400 -105 +215 +216 u=5 $ Retainer -Y
206 6 -7.940 -106 +215 +216 u=5 $ Retainer+Y
207 6 -7.9400 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=5 $ Weld Post in Absorber -Y

208 3 -1.0012 -102 #201 #202 #207 u=5 $ Gap Weld Post to Absorber -Y
209 6 -7.940 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=5 $ Weld Post in Absorber +Y

210 3 -1.0012 -104 #203 #204 #209 u=5 $ Gap Weld Post to Absorber +Y
211 12 -1.965 -217 +223 +224 +225 +226 +227 +228 +229 +230 +231

+232 +233 +234 +235 +236 +237 +238 +239 +240
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Figure 6.7.8-2 Transfer Cask Sample Input File - Damaged PWR Fuel TSC - Intact
Array with Inserts

+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=5

212 7 -2.702 -218 +217 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=5

213 7 -2.7020 -219 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 4251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=5

214 7 -2.7020 -220 +219 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=5

$ Absorber -X

$ Absorber Clad

$ Absorber +X

$ Absorber Clad

-X

215 6 -7.940 -221 +331 +332 u=5 $ Retainer -X
216 6 -7.9400 -222 +331 +332 u=5 $ Retainer+X
217 6 -7.940 -218

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312)

218 3 -1.0012 -218 #211 #212 #217 u=5 $ Gap Weld Post
219 6 -7.9400 -220

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312)

220 3 -1.0012 -220 #213 #214 #219 u=5 $ Gap Weld Post
221 3 -1.0012 -333

+102 +104 #105 #106
+218 +220 #115 #116 u=5 $ Space in Tube

222 8 -7.821 -334 +333
+143 +144 +145 +146 +147 +148 +149 +150 +151
+152 +153 +154 +155 +156 +157 +158 +159 +160
+161 +162 +163 +164 +165 +166 +167 +168 +169
+170 +171 +172 +173 +174 +175 +176 +177 +178
+259 +260 +261 +262 +263 +264 +265 +266 +267
+268 +269 +270 +271 +272 +273 +274 +275 +276
+277 +278 +279 +280 +281 +282 +283 +284 +285
+286 +287 +288 +289 +290 +291 +292 +293 +294 +

u=5 $ Weld Post in Plate-X
to Plate -X

u=5 $ Weld Post in Plate +X
to Plate +X

215 +216 +331 +332 u=5 $ Fuel

u=5 $ Fuel Tube Weld Posts

on

Tube
223 6 -7.940 -334 +333

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
-295:-296:-297:-298:-299:-300:-301:-302:-303:
-304:-305:-306:-307:-308:-309:-310:-311:-312:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330)

224 3 -1.0012 -334 +333 #222 #223
u=5 $ Space Around Weld Posts

225 3 -1.0012 +333 +334 u=5 $ Exterior Space
c Cell Cards - Plates, Absorber, and Retainer in Y directd
351 8 -7.821 -351 +357 +358 +395 +396 +397 +398 +399 +400

+401 +402 +403 +404 +405 +406 +407 +408 +409 +410
+411 +412 +413 +414 +415 +416 +417 +418 +419 +420
+421 +422 +423 +424 +425 +426 +427 +428 +429 +430 u=4 $

352 12 -1.965 -353 +351 +357 +358 +359 +360 +361 +362 +363 +364
+365 +366 +367 +368 +369 +370 +371 +372 +373 +374
+375 +376 +377 +378 +379 +380 +381 +382 +383 +384
+385 +386 +387 +388 +389 +390 +391 +392 +393 +394 u=4 $

353 7 -2.702 -352 +353 +357 +358 +359 +360 +361 +362 +363 +364

DFC Inner Formed Plt

Absorber
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Figure 6.7.8-2 Transfer Cask Sample Input File - Damaged PWR Fuel TSC - Intact
Array with Inserts

+365 +366 +367 +368 +369 +370 +371 +372 +373 +374
+375 +376 +377 +378 +379 +380 +381 +382 +383 +384
+385 +386 +387 +388 +389 +390 +391 +392 +393 +394 u=4 $ Absorber Clad

354 6 -7.940 -354 +357 +358 u=4 $ Retainer +Y
355 6 -7.940 -352

(-431:-432:-433:-434:-435:-436:-437:-438:-439:
-440:-441:-442:-443:-444:-445:-446:-447:-448:
-449:-450:-451:-452:-453:-454:-455:-456:-457:
-458:-459:-460:-461:-462:-463:-464:-465:-466) u=4 $ Weld Post in Absorber +Y

356 3 -1.001 -352 #352 #353 #355 u=4 $ Gap Weld Post to Absorber +Y
357 6 -7.940 -351

(-431:-432:-433:-434:-435:-436:-437:-438:-439:
-440:-441:-442:-443:-444:-445:-446:-447:-448:
-449:-450:-451:-452:-453:-454:-455:-456:-457:
-458:-459:-460:-461:-462:-463:-464:-465:-466) u=4 $ Weld Posts in Plate +Y

358 3 -1.0012 -351 #351 #357 u=4 $ Space Around Weld Posts+Y
359 3 -1.0012 -354 #354 u=4 $ Space Inside Retainer +Y
360 8 -7.821 -355 u=4 $ Outer Plate Part +Y
361 8 -7.821 -356 +351 u=4 $ Inner Plate Part +Y
362 3 -1.0012 +351 +352 +353 +354 +355 +356 +357 +358

u=4 $ Exterior Space
c Cell Cards - Plates, Absorber, and Retainer in X direction
471 8 -7.821 -471 +476 +477 +514 +515 +516 +517 +518 +519

+520 +521 +522 +523 +524 +525 +526 +527 +528 +529
+530 +531 +532 +533 +534 +535 +536 +537 +538 +539
+540 +541 +542 +543 +544 +545 +546 +547 +548 +549 u=3

472 12 -1.965 -473 +476 +477 +478 +479 +480 +481 +482 +483
+484 +485 +486 +487 +488 +489 +490 +491 +492 +493 +494 +495
+496 +497 +498 +499 +500 +501 +502 +503 +504 +505 +506 +507
+508 +509 +510 +511 +512 +513 u=3 $ Absorber

473 7 -2.702 -472 +473 +476 +477 +478 +479 +480 +481 +482 +483
+484 +485 +486 +487 +488 +489 +490 +491 +492 +493 +494 +495
+496 +497 +498 +499 +500 +501 +502 +503 +504 +505 +506 +507
+508 +509 +510 +511 +512 +513 u=3 $ Absorber Clad

474 6 -7.940 -474 +476 +477 u=3 $Retainer +X

$ DFC Inner Formed Pit I

475 6 -7.940 -472
(-550:-551:-552:-553:-554:-555:-556:-557:-558:
-559:-560:-561:-562:-563:-564:-565:-566:-567:
-568:-569:-570:-571:-572:-573:-574:-575:-576:
-577:-578:-579:-580:-581:-582:-583:-584:-585) u=3 $ Weld Post in Absorber +X

476 3 -1.0012 -472 #472 #473 #475 u=3 $ Gap Weld Post to Absorber +X
477 6 -7.940 -471

(-550:-551:-552:-553:-554:-555:-556:-557:-558:
-559:-560:-561:-562:-563:-56,4:-565:-566:-567:
-568:-569:-570:-571:-572:-573:-574:-575:-576:
-577:-578:-579:-580:-581:-582:-583:-584:-585) u=3 $ Weld Posts in Plate +X

478 3 -1.0012 -471 #471 #477 u=3 $ Space Around Weld Posts +X
479 3 -1.0012 -474 #474 u=3 $ Space Inside Retainer +X
480 8 -7.821 -475 u=3 $ Outer Plate Part +X
481 3 -1.0012 +471 +472 +473 +474 +475 +476 +477

u=3 $ Exterior Space
C Cells - Basket
601 3 -1.0012 -601
602 like 601 but
603 like 601 but
604 like 601 but
605 like 601 but
606 like 601 but
607 like 601 but
608 like 601 but
609 like 601 but
610 like 601 but
611 like 601 but

-602 fill=7 *trcl=( -23.4925 70.4774 0.000
fill=8
fill=9
fill=7
fill=9
fill=9
fill=8
fill=9
fill=9
fill=9
fill=6

*trcl=
*trcl=
*trcl=
*trcl=
*trcl=

*trcl=
*trcl=
*trcl=
*trcl=
*trcl=

23.4925 70.4774 0.0000
0.0000 46.9849 0.0000
-70.4774 23.4925 0.0000
-23.4925 23.4925 0.0000
23.4925 23.4925 0.0000
70.4774 23.4925 0.0000
-46.9849 0.0000 0.0000
0.0000 0.0000 0.0000
46.9849 0.0000 0.0000
-70.4774 -23.4925 0.0000

00 ) u=2 $ Tube Loc 1
u=2 $ Tube Loc 2

u=2 $ Tube Loc 4
u=2 $ Tube Loc 6
u=2 $ Tube Loc 7

u=2 $ Tube Loc 8
u=2 $ Tube Loc 9
u=2 $ Tube Loc 10

u=2 $ Tube Loc 11
u=2 $ Tube Loc 12

u=2 $ Tube Loc 13
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Figure 6.7.8-2 Transfer Cask Sample Input File - Damaged PWR Fuel TSC - Intact
Array with Inserts

612
613
614
615
616
617
618
619
620
621

like
like
like
like
like
like
3 -1
like
like
like

601 but
601 but
601 but
601 but
601 but
601 but
0012 -61
618 but
618 but
618 but

fill=9 *trcl=( -23.4925 -23.4925 0.0000
fill=9 *trcl=( 23.4925 -23.4925 0.0000
fill=5 *trcl=( 70.4774 -23.4925 0.0000
fill=9 *trcl=( 0.0000 -46.9849 0.0000 )
fill=6 *trcl=( -23.4925 -70.4774 0.0000
fill=5 *trcl=( 23.4925 -70.4774 0.0000

fill=10 *trcl=( -49.4170 49.4170 13.8684
*trcl=( 49.4170 49.4170 13.8684 ) u=2 $
*trcl=( -49.4170 -49.4170 13.8684 ) u=2

u=2 $ Tube Loc 14
u=2 $ Tube Loc 15
u=2 $ Tube Loc 16

u=2 $ Tube Loc 18
u=2 $ Tube Loc 20

u=2 $ Tube Loc 21
u=2 $ Empty DFC Loc 3
Empty DFC Loc 5
$ Empty DFC Loc 17
Empty DFC Loc 19*trcl=( 49.4170 -49.4170 13.8684 ) u=2 $

622 8 -7.821

623 8 -7.821

-603 +604
#601 #602 #616 #617

-605 +606
u=2 $ Side Weldment Y

#604 #611 #607
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639

8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8

-7.821
-7.821
-7.821
-7.821
-7.821
-7.821
-7.821
-7.821
-7.821
-7.821
-7.821
-7.821
-7.821
-7.821
-7.821
-7.821

-607
-608
-609
-610
-611
-612
-613
-614
-615
-616
-617
-618
-619
-620
-621
-622

#601
#601
+610
#601
#602
#602
+614
#602
#616
#616
+618
#616
#617
#617
+622
#617

#604
#604

#601
#604
#606
#606

#602
#606
#611
#611

#616
#611
#613
#613

#617
#613
#603

#605
#605
#604
#605
#607
#607
#606
#607
#612
#612
#611
#612
#614
#614
#613
#614
#604

#614 u=2 $
fill=3 (5)
fill=4 (5)

#605 u=2 $
u=2 $ Loc

fill=4 u=2
+611 fill=3

#607 u=2 $
u=2 $ Loc

fill=4 (4)
fill=3 (4)

#612 u=2 $
u=2 $ LOC

fill=3 (3)
fill=4 (3)

#614 u=2 $
u=2 $ LOC

Side Weldment X
u=2 $ Loc 3 DFC In Formed Plt
u=2 $ Loc 3 DFC In Formed Plt
Loc 3 DFC Out Formed P1
3 DFC Out Formed P1
$ Loc 5 DFC In Formed Plt
u=2 $ Loc 5 DFC In Formed Plt
Loc 5 DFC Out Formed P1
5 DFC Out Formed P1
u=2 $ Loc 17 DFC In Formed Plt
u=2 $ Loc 17 DFC In Formed Plt
Loc 17 DFC Out Formed P1
17 DFC Out Formed P1
u=2 $ Loc 19 DFC In Formed Plt
u=2 $ Loc 19 DFC In Formed Plt
Loc 19 DFC Out Formed P1
19 DFC Out Formed P1

640 3 -1.0012 #601 #602 #605 #606 #607 #608 #609 #610
+607 +608 +609 +610 +611 +612 +613 +614
#622 #623 #618 #619 +623 u=2 $ Remaining Space +Y=0

641 3 -1.0012 #608 #609 #610 #611 #612 #613 #614 #615 #616 #617
+615 +616 +617 +618 +619 +620 +621 +622
#622 #623 #620 #621 -623 u=2 $ Remaining Space -Y=0

c Cell Cards - Canister
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726

3 -1.0012 -12
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but

fill=ll *trcl=( -22.5871 69.5720 15.4559 ) u=l $ Assy loC 1
*trcl=
*trcl=
*trcl=
*trcl=)
*trcl=)
*trcl=)
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=

22.5871 69.5720 15.4559
-48.5662 48.5662 15.4559
0.0000 46.0796 15.4559
48.5662 48.5662 15.4559
-69.5720 22.5871 15.4559
-22.5871 22.5871 15.4559
22.5871 22.5871 15.4559
69.5720 22.5871 15.4559
-46.0796 0.0000 15.4559
0.0000 0.0000 15.4559
46.0796 0.0000 15.4559
-69.5720 -22.5871 15.4559
-22.5871 -22.5871 15.4559
22.5871 -22.5871 15.4559
69.5720 -22.587115.4559
-48.5662 -48.5662 15.4559
0.0000 -46.0796 15.4559
48.5662 -48.5662 15.4559
-22.5871 -69.5720 15.4559
22.5871 -69.5720 15.4559
0.0000 69.5531 15.4559 )
-22.5682 46.0607 15.4559
22.5682 46.0607 15.4559
-46.0607 22.5682 15.4559
0.0000 22.5682 15.4559)

u=l $ Assy loc 2
u=l $ Assy loc 3 DFC

u=l $ Assy loc 4
u=l $ Assy loc 5 DFC

u=l $ Assy loc 6
u=1 $ Assy loc 7

u=l $ Assy loc 8
u=l $ Assy loc 9
u=l $ Assy loC 10

u=l $ Assy loC 11
u=l $ Assy loc 12

u=l $ Assy loc 13
u=l $ Assy loc 14

u=l $ Assy loc 15
u=l $ Assy loc 16
u=l $ Assy loc 17 DFC

u=l $ Assy loc 18
u=l $ Assy loc 19 DFC
u=l $ Assy loc 20

u=l $ Assy loc 21
u=l $ Assy loc 22

u=l $ Assy loc 23
u=l$ Assy loc 24
u=l $ Assy loc 25

u=l $ Assy loc 26
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Array with Inserts

727
728
729
730
731
732
733
734
735
736
737
738

like 701 but
like'701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
3 -1.0012 -701

*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=

46.0607 22.5682 15.4559
-69.5531 0.0000 15.4559
-22.5682 0.0000 15.4559
22.5682 0.0000 15.4559
69.5531 0.0000 15.4559
-46.0607 -22.5682 15.4559
0.0000 -22.5682 15.4559 )
46.0607 -22.5682 15.4559 1
-22.5682 -46.0607 15.4559
22.5682 -46.0607 15.4559
0.0000 -69.5531 15.4559

u=! $ Assy loc 27
u=1 $ Assy loc 28
u=l $ Assy loc 29

u=l $ Assyloc 30
u=l $ Assy loc 31

u=l $ Assy loc 32
u=1 $ Assy loc 33
u=1 $ Assy loc 34

u=l $ Assy loc 35
u=l $ Assy loc 36

u=l $ Assy loc 37

#701 #702 #703 #704 #705 #706 #707 #70'8 #709 #7
#711 #712 #713 #714 #715 #716 #717 #718 #719 #7
#721 #722 #723 #724 #725 #726 #727 #728 #729 #7
#731 #732 #733 #734 #735 #736 #737 - fill=2

739 6 -7.940 -702 +701 u=l $ Canister Shell / Lid / Bottom
740 13 -0.0001 +702 u=1'$ Remaining Space
c Cell Cards - Transfer Cask Geometry
801 13 -0.0001 -801 -802 fill=l ( 0.0000 0.0000 6.9850 ) $ Ca
802 8 -7.821 -801 +802 -806 $ Bottom plate
803 8 -7.821 -803 +802 +806--807 $ Inner shell -
804 9 -11.344 -804 +803 +806 -807 $ Lead' shell
805 10 -1.632 -805 +804 +806 -807 $ NS-4-FR
806 8 -7.821 -801 +805 +806 -807 $ Outer shell
807 8 -7.821 -801 +802 +807 $ Top plate
808 8,,-7.821 -808 +809 -814 $ Door rail
809 8 -7.821 -808 -810 -814 $ Door rail
810 8 -7.821 -813 -811 +812 -814 $ Door'steel

710
720
730

u=l $ Cavity

ask cavity

811 13 -0.0001 -814 +801 #808 #809 #810
812 0 +814 $ Exterior space

$ Exterior space to Reflector

c Surfaces - Fuel Rod - CEI4HI - CE Core - 14x14
1 RCC 0.0000 0.0000 2.4511 0.0000 0.0000 347.9800 0.4833 $ Fuel pellet stack
2 RCC 0.0000 0.0000 2.4511 0.0000 0.0000 369.1010 0.4928 $ Annulus + Plenum
3 RCC 0.0000 0.0000 0.2227 0.0000 0.0000 372.6705 0.5588 $ Clad + End-Caps
c Surfaces - Guide Tube - CE14HI - CE Core - 14x14
5 CZ 1.3246 $ Guide tube inner surface
6 CZ 1.4161 $ Guide tube outer surface
c Surfaces - Pitch - CE14HI - CE Core - 14x14
7 PX 0.7366 $ Lattice Cell Boundaries
8 PX -0.7366
9 PY 0.7366
10 PY -0.7366
c Surfaces - Fuel Assembly Array Inserted Into Assembly - CE14HI - CE Core - 14x14
11 RPP -10.1346 10.1346 -10.1346 10.1346 8.1399 385.4882 $ Array
12 RPP -10.1981 10.1981 -10.1981 10.1981 0.0000 398.7275 $ Assembly Outer Dims
c Surface Cards - DFC
60 RPP -11.0490 11.0490 -11.0490 11.0490 1.5875 418.0904 $ Space inside DFC Shell
61 RPP -11.1709 11.1709 -11.1709 11.1709 0.0000 419.8366 $ DFC body
c Surface Cards - Tube, Absorber and Retainer
101 RPP -10.1346 10.1346 -11.4478 -11.1938 8.8900 428.6250 $ Absorber -Y
102 RPP -10.1346 10.1346 -11.4999 -11.1417 8.8900 428.6250 $ Absorber Clad -Y
103 RPP -10.1346 10.1346 11.1938 11.4478 8.8900 428.6250 $ Absorber +Y
104 RPP -10.1346 10.1346 11.1417 11.4999 8.8900 428.6250 $ Absorber Clad +Y
105 RPP -10.3378 10.3378 -11.1417 -11.1036 7.6200 430.5300 $ Retainer -Y
106 RPP -10.3378 10.3378 11.1036 11.1417 7.6200 430.5300 $ Retainer +Y
107 RPP 4.2799 5.8801 -12.3698 12.3698 10.4648 13.6652 $ Weld Post Slot Y Absorber
108 RPP 4.2799 5.8801 -12.3698 12.3698 26.9748 30.1752 $ WeldPost Slot Y Absorber
109 RPP 4.2799 5.8801 -12.3698 12.3698 52.3748 55.5752 $ Weld Post Slot Y Absorber
110 RPP4.2799 5.8801 -12.3698 12.3698 77.7748 80.9752 $ Weld Post Slot Y Absorber
111 RPP 4.2799 5.8801 -12.3698 12.3698 103.1748 106.3752 $ Weld Post Slot Y Absorber
112 RPP 4.2799 5.8801 -12.3698 12.3698 128.5748 131..7752 $ Weld Post Slot Y Absorber
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Array with Inserts

113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175

RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C!Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y

4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5. 0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5. 08o

5.8801 -12
5.8801 -12
5.8801 -1i
5.8801 -1i
5.8801 -12
5.8801 -12
5.8801 -1:
5.8801 -i:
5.8801 -12
5.8801 -12
5.8801 -i1
5.8801 -12

-4.2799
-4.2799
-4.2799 -

-4.2799 -

-4.2799
-4.2799
-4.2799
-4.2799
-4.2799 -
-4.2799
-4.2799
-4.2799 -
-4.2799 -
-4.2799
-4.2799
-4.2799 -

-4.2799 -
-4.2799-

12.0650 0.
28.5750 0.
53.9750 0.
79.3750 0.
104.7750
130.1750
155.5750 C
180.9750 C
206.3750 C
231.7750
257.1750 C
282.5750 C
307.9750 C
333.3750 C
358.7750 C
384.1750 C
409.5750 C
426.0850 C

12.0650 C
28.5750 C
53.9750 C
79.3750 C
104.7750
130.1750
155.5750
180.9750
206.3750
231.7750
257.1750
282.5750
307.9750
333.3750
358.7750

.3698

.3698
2.3698
2.3698

.3698

.3698

.3698
2.3698
2.3698
2.3698
.3698
.3698

-12.36S
-12.36S
-12.36S
-12.36S
-12.36S
-12.36S
12.36S

-12.36S
-12.36S
-12.36S
-12.363
-12.36S
-12.36S
-12.36S
-12.36S
-12.36S
-12.36S
-12.36S
.4191
.4191
.4191
.4191
0.4191
0.4191
.4191
.4191
.4191
.4191
.4191

0.4191
.4191
.4191
.. 4191
.4191
.4191
.4191
.4191
.4191
.4191
.4191

12.3698 13
12.3698 1
12.3698 2(
12.3698 23
12.3698 23
12.3698 23
12.3698 33
12.3698 33
12.3698 3
12.3698 33
12.3698 43
12.3698 4:

98 12.3698
)8 12.3698
)8 12.3698
)8 12.3698
98 12.3698
18 12.3698
98 12.3698
98 12.3698
98 12.3698
38 12.3698
98 12.3698
98 12.3698
)8 12.3698
98 12.3698
98 12.3698
98 12.3698
38 12.3698
98 12.3698

53.9748 15
79.3748 18
04.7748 2(
30.1748 23
55.5748 25
80.9748 28
06.3748 3C
31.7748 33
57.1748 36
82.5748 38
07.9748 41
24.4848 42
10.4648 1
26.9748 3
52.3748 5
77.7748
103.1748

128.5748
153.9748
179.3748
204.7748
230.1748
255.5748
280.9748
306.3748
331.7748
357.1748
382.5748
407.9748
424.4848

57.1752
32.5752
07.9752
33.3752
58.7752
84.1752
9.5752

34.9752
60.3752
35.7752
1.1752
27.6852
3.6652

30.1752
55.5752

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld

Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post

Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot

Y Absorber
Y.Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber
Y Absorber880.9752 $

106.3752
131.7752
157.1752
182.5752
207.9752
233.3752
258.7752
284.1752
309.5752
334.9752
360.3752
385.7752
411.1752
427.6852
Y
Y
Y,
Y

$
$
$
$
$
$
$
$
$
$
$
$
$
$

Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld

Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post

Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber

$

$
S

Weld Post Hole
Weld Post Hole
Weld Post Hole
Weld Post Hole

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

$
$

$
$
$
$
$
$
$
$
$
$
$

Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld

Post Hole Y
Post Hole Y
Post Hole Y
Post Hole YT
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y
Post Hole Y

0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
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Array with Inserts

176 C/Y
177 C/Y
178 C/Y
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214

c/Y
c/Y
C/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y

-5.0800
-5.0800
-5.0800
5.0800
5:0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800

384.1750
409.5750
426.0850

12.0650 0
28.5750 0
53.9750 0
79.3750 0
104.7750
130.1750
155.5750
180.9750
206.3750
231.7750
257.1750
282.5750
307.9750
333.3750
358.7750
384.1750
409.5750
426.0850

12.0650
28.5750
53.9750
79.3750
104.7750
130.1750
155.5750
180.9750
206.3750
231.7750
257.1750
282.5750
307.9750
333.3750
358.7750
384.1750
409.5750
426.0850

0.4191
0.4191
0.4191

.3175

.3175

.3175

.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175

0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0,3175
0.3175
0. 3175
0.3175

1.5875

$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
Weld Post Y
Weld Post Y
Weld Post Y
Weld Post Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

$ Water Circulation Hole Y
$ Water Circulation Hole Y

215 C/Y 0.0000 415.2900
216 C/Y 0.0000 22.8600 1.5875
217 RPP -11.4478 -11.1938 -10.1346 10.1346 8.8900 428.6250
218 RPP -11.4999 -11.1417 L10.1346 10.1346 8.8900 428.6250
219 RPP 11.1938.11.4478 -10.1346 10.1346 8.8900 428.6250 $
220 RPP 11.1417 11.4999 -10.1346 10.1346 8.8900 428.6250 $
221 RPP -11.1417 -11.1036 -10.3378 10.3378 7.6200 430.5300

$ Absorber -X
$ Absorber Clad -X
Absorber +X
Absorber Clad +X
$ Retainer -X

222 RPP 11.1036 11.1417
223 RPP -12.3698 12.3698
224 RPP -12.3698 12.3698
225 RPP -12.3698 12.3698
226 RPP -12.3698 12.3698
227 RPP -12.3698 12.3698
228 RPP -12.3698 12.3698
229 RPP -12.3698 12.3698
230 RPP -12.3698 12.3698
231 RPP -12.3698 12.3698
232 RPP -12.3698 12.3698
233 RPP -12.3698 12.3698
234 RPP -12.3698 12.3698
235 RPP -12.3698 12.3698
236 RPP -12.3698 12.3698
237 RPP -12.3698 12.3698
238 RPP -12.3698 12.3698

-10.3378 10.3378 7.6200 430.5300
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799

5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801

10.4648 13.6652 $
26.9748 30.1752 $
52.3748 55.5752 $
77.7748 80.9752 $
103.1748 106.3752
128.5748 131.7752
153.9748 157.1752
179.3748 i82.5752
204.7748 207.9752
230.1748 233.3752
255.5748 258,7752
280.9748 284.1752
306.3748 309.5752
331.7748 334.9752
357.1748 360.3752
382.5748 385.7752

$ Retainer +X
Weld Post Slot
Weld Post Slot
Weld Post Slot
Weld Post Slot

X
X
X
X

$
$
$
$
$
$
S
$
$
$
$
$

Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld

Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post

Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot

Absorber
Absorber
Absorber
Absorber
X Absorber
X'Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber-
X Absorber
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239 RPP -12.3698 12.3698 4.2799 5.8801 407.9748 411.1752 $ Weld Post Slot X Absorber
240 RPP -12.3698 12.3698 4.2799 5.8801 424.4848 427.6852 $ Weld Post Slot X Absorber
241 RPP -12.3698 12.3698 -5.8801 -4.2799 10.4648 13.6652 $ Weld Post Slot X Absorber
242 RPP -12.3698 12.3698 -5.8801 -4.2799 26.9748 30.1752 $ Weld Post Slot X Absorber
243 RPP -12.3698 12.3698 -5.8801 -4.2799 52.3748 55.5752 $ Weld Post Slot X Absorber
244 RPP -12.3698 12.3698 -5.8801 -4.2799 77.7748 80.9752 $ Weld Post Slot X Absorber
245 RPP -12.3698 12.3698 -5.8801 -4.2799 103.1748 106.3752 $ Weld Post Slot X Absorber
246 RPP -12.3698 12.3698 -5.8801 -4.2799 128.5748 131.7752 $ Weld Post Slot X Absorber
247 RPP -12.3698 12.3698 -5.8801 -4.2799 153.9748 157.1752 $ Weld Post Slot X Absorber
248 RPP -12.3698 12.3698 -5.8801 -4.2799 179.3748 182.5752 $ Weld Post Slot X Absorber
249 RPP -12.3698 12.3698 -5.8801 -4.2799 204.7748 207.9752 $ Weld Post Slot X Absorber
250 RPP -12.3698 12.3698 -5.8801 -4.2799 230.1748 233.3752 $ Weld Post Slot X Absorber
251 RPP -12.3698 12.3698 -5.8801 -4.2799 255.5748 258.7752 $ Weld Post Slot X Absorber
252 RPP -12.3698 12.3698 -5.8801 -4.2799 280.9748 284.1752 $ Weld Post Slot X Absorber
253 RPP -12.3698 12.3698 -5.8801 -4.2799 306.3748 309.5752 $ Weld Post Slot X Absorber
254 RPP -12.3698 12.3698 -5.8801 -4.2799 331.7748 334.9752 $ Weld Post Slot X Absorber
255 RPP -12.3698 12.3698 -5.8801 -4.2799 357.1748 360.3752 $ Weld Post Slot X Absorber
256 RPP -12.3698 12.3698 -5.8801 -4.2799 382.5748 385.7752 $ Weld Post Slot X Absorber
257 RPP -12.3698 12.3698 -5.8801 -4.2799 407.9748 411.1752 $ Weld Post Slot X Absorber
258 RPP -12.3698 12.3698 -5.8801 -4.2799 424.4848 427.6852 $ Weld Post Slot X Absorber
259 C/X 5.0800 12.0650 0.4191 $ Weld Post Hole X
260 C/X 5.0800 28.5750 0.4191 $ Weld Post Hole X
261 C/X 5.0800 53.9750 0.4191 $ Weld Post Hole X
262 C/X 5.0800 79.3750 0.4191 $ Weld Post Hole X
.263 C/X 5.0800 104.7750 0.4191 $ Weld Post Hole X
264 C/X 5.0800 130.1750 0.4191 $ Weld Post Hole X
265 C/X 5.0800 155.5750 0.4191 $ Weld Post Hole X
266 C/X 5.0800 180.9750 0.4191 $ Weld Post Hole X
267 C/X 5.0800 206.3.750 0.4191 $ Weld Post Hole X
268 C/X 5.0800 231.7750.0.4191 $ Weld Post Hole X
269 C/X 5.0800 257.1750 0.4191 $ Weld Post Hole X
270 C/X 5.0800 282.5750 0.4191 $ Weld Post Hole X
271 C/X 5.0800 307.9750 0.4191 $ Weld Post Hole X
272 C/X 5.0800 333.3750 0.4191 $ Weld Post Hole X
273 C/X 5.0800 358.7750 0.4191 $ Weld Post Hole X
274 C/X 5.0800 384.1750 0.4191 $ Weld Post Hole X
275 C/X 5.0800 409.5750 0.4191 $ Weld Post Hole X
276 C/X 5.0800 426.0850 0.4191 $ Weld Post Hole X
277 C/X -5.0800 12.0650 0.4191 $ Weld Post Hole X
278 C/X -5.0800 28.5750 0.4191 $ Weld Post Hole X
279 C/X.-5.0800 53.9750 0.4191 $ Weld Post Hole X
280 C/X -5.0800 79.3750 0.4191 $ Weld Post Hole X
281 C/X -5.0800 104.7750 0.4191 $ Weld Post Hole X
282 C/X -5.0800 130.1750 0.4191 $ Weld Post Hole X
283 C/X -5.0800 155.5750 0.4191 $ Weld Post Hole X
284 C/X -5.0800 180.9750 0.4191 $ Weld Post Hole X
285 C/X -5.0800 206.3750 0.4191 $ Weld Post Hole X
286 C/X -5.0800 231.7750 0.4191 $ Weld Post Hole X
287 C/X -5.0800 257.1750 0.4191 $ Weld Post Hole X
288 C/X -5.0800 282.5750 0.4191 $ Weld Post Hole X
289 C/X -5.0800 307.9750 0.4191 $ Weld Post Hole X
290 C/X -5.0800 333.3750 0.4191 $ Weld Post Hole X
291 c/X -5.0800 358.7750 0.4191 $ Weld Post Hole X
292 C/X -5.0800 384.1750 0.4191 $ Weld Post Hole X
293 C/X -5.0800 409.5750 0.4191 $ Weld Post Hole X
294 C/X -5.0800 426.0850 0.4191 $ Weld Post Hole X
295 C/X 5.0800 12.0650 0.3175 $ Weld Post X
296 C/X 5.0800 28.5750 0.3175 $ Weld Post X
297 C/X 5.0800 53.9750 0.3175 $ Weld Post X
298 C/X 5.0800 79.3750 0.3175 $ Weld Post X
299 C/X 5.0800 104.7750 0.3175 $ Weld Post X
300 C/X 5.0800 130.1750 0.3175 $ Weld Post X
301 C/X 5.0800 155.5750 0.3175 $ Weld Post X
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302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330

c/x
c/x
c/x
c/x
c/x
c/x
c/x
c/x
C/X
c/x
c/x
c/x
c/x
c/x
c/x
C/x
c/x
C/x
c/x
c/x
c/x
C/X
c/x
c/x
c/x
C/x
c/x
c/x
c/x

5.0800 180.9750 0.3175 $ Weld Post X
5.0800 206.3750 0.3175 $ Weld Post X
5.0800 231.7750 0.3175 $ Weld Post X
5.0800 257.1750 0.3175 $ Weld Post X
5.0800 282.5750 0.3175 $ Weld Post X
5.0800 307.9750 0.3175 $ Weld Post X
5.0800 333.3750 0.3175 $ Weld Post X
5.0800 358.7750 0.3175 $ Weld Post X
5.0800 384.1750 0.3175 $ Weld Post X
5.0800 409.5750 0.3175 $ Weld Post X
5.0800 426.0850 0.3175 $ Weld Post X
-5.0800 12.0650 0.3175 $ Weld Post X
-5.0800 28.5750 0.3175 $ Weld Post X
-5.0800 53.9750 0.3175 $ Weld Post X
-5.0800 79.3750 0.3175 $ Weld Post X
-5.0800 104.7750 0.3175 $ Weld Post X
-5.0800 130.1750 0.3175 $ Weld Post X
-5.0800 155.5750 0.3175 $ Weld Post X
-5.0800 180.9750 0.3175 $ Weld Post X
-5.0800 206.3750 0.3175 $ Weld Post X
-5.0800 231.7750 0.3175 $ Weld Post X
-5.0800 257.1750 0.3175 $ Weld Post X
-5.0800 282.5750 0.3175 $ Weld Post X
-5.0800 307.9750 0.3175 $ Weld Post X
-5.0800 333.3750 0.3175 $ Weld Post X
-5.0800 358.7750 0.3175 $ Weld Post X
-5.0800 384.1750 0.3175 $ Weld Post X
-5.0800 409.5750 0.3175 $ Weld Post X
-.50800 426.0850 0.3175 $ Weld Post X
0.0000 415.2900 1.5875 $ Water Circulation Hole X
0.0000 22.8600 1.5875 $ Water Circulation Hole X
-11.4999 11.4999 -11.4999 11.4999 0.0000 440.6900 $ Space inside tube - cavity

331 C/X
332 C/X
333 RPP
extent
334 RPP
c Surfac
351 RPP
352 RPP
353 RPP
354 RPP
355 RPP
356 RPP
357 C/X
358 C/X

-12.3698 12.3698 -12.3698 12.3698 7.6200 430.5300 $ Fuel tube
e Cards - Plates, Absorber, and Retainer in Y direction
34.9921 37.8497 34.9921 82.5919 7.6200 430.5300 $ DFC Inner Formed Plt
37.8497 38.2078 39.4372 61.5098 8.8900 428.6250 $ DFC Absorber Clad
37.9018 38.1558 39.4372 61.5098 8.8900 428.6250 $ DFC Absorber
38.2078 38.2460 39.2340 61.7130 8.8900 428.6250 $ DFC Retainer
37.8497 40.8497 63.1100 65.0150 7.6200 430.5300 $ Plate Outer Part
37.8497 40.8497 34.9921 37.8497 7.6200 430.5300 $. Plate Inner Part
50.4735 415.2900 1.5875 $ Water Circulation Hole 5
50.4735 22.8600 1.5875 $ Water Circulation Hole 5

359 RPP 34.9921
360 RPP 34.9921
361 RPP 34.9921
362 RPP 34.9921
363 RPP 34.9921
364 RPP 34.9921
365 RPP 34.9921
366 RPP 34.9921
367 RPP 34.9921
368 RPP 34.9921
369 RPP 34.9921
370 RPP 34.9921
371 RPP 34.9921
372 RPP 34.9921
373 RPP 34.9921
374 RPP 34.9921
375 RPP 34.9921
376 RPP 34.9921
377 RPP 34.9921
378 RPP 34.9921

38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38. 2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460

44.5934
44.5934
44.5934
44.5934
44.5934
44.5934
44.5934
44.5934
44.5934
44.5934
44.5934
44.5934
44.5934
44.5934
44.5934
44.5934
44.5934
44.5934
54.7534
54.7534

46.1936
46.1936
46.1936
46.1936
46.1936
46.1936
46.1936
46.1936
46.1936
46.1936
46.1936
46.1936
46.1936.
46.1936
46.1936
46.1936
46.1936
46.1936
56.3536
56.3536

10.4648
26.9748
52.3748
77.7748
103.1748
128.5748
153.9748
179.3748
204.7748
230.1748
255.5748
280.9748
306.3748
331.7748
357.1748
382.5748
407.9748
424.4848

13.6652
30.1752
55.5752
80.9752

$
$
$
$

Weld Post Slot Y Absorber
Weld Post Slot Y Absorber
Weld Post Slot Y Absorber
Weld Post Slot Y Absorber

106.3752
131.7752
157.1752
182.5752
207.9752
233.3752
258.7752
284.1752
309.5752
334.9752
360.3752
385.7752
411.1752
427.6852

$
$
$
$
$
$
$
$
$
$
$
$
$

Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld

Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post

Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber

10.4648 13.6652 $ Weld Post Slot Y Absorber
26.9748 30.1752 $ Weld Post Slot Y Absorber
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379 RPP 34.9921 38.2460 54.7534 56.3536 52.3748 55.5752 $ Weld Post Slot Y Absorber
380 RPP 34.9921 38.2460 54.7534 56.3536 77.7748 80.9752 $ Weld Post Slot Y Absorber
381 RPP 34.9921 38.2460 54.7534 56.3536 103.1748 106.3752 $ Weld Post Slot Y Absorber
382 RPP 34.9921 38.2460 54.7534 56.3536 128.5748 131.7752 $ Weld Post Slot Y Absorber
383 RPP 34.9921 38.2460 54.7534 56.3536 153.9748 157.1752 $ Weld Post Slot Y Absorber
384 RPP 34.9921 38.2460 54.7534 56.3536 179.3748 182.5752 $ Weld Post Slot Y Absorber
385 RPP 34.9921 38.2460 54.7534 56.3536 204.7748 207.9752 $ Weld Post Slot Y Absorber
386 RPP 34.9921 38.2460 54.7534 56.3536 230.1748 233.3752 $ Weld Post Slot Y Absorber
387 -RPP 34.9921 38.2460 54.7534 56.3536 255.5748 258.7752 $ Weld Post Slot Y Absorber
388 RPP 34.9921 38.2460 54.7534 56.3536 280.9748 284.1752 $ Weld Post Slot Y Absorber
389 RPP 34.9921 38.2460 54.7534 56.3536 306.3748 309.5752 $ Weld.Post Slot, Y Absorber
390 RPP 34.9921 38.2460 54.7534 56.3536 331.7748 334.9752 $ Weld Post Slot.Y Absorber
391 RPP 34.9921 38.2460 54.7534 56.3536 357.1748 360.3752 $.Weld Post SlotYt YAbsorber
392 RPP 34.9921 38.2460 54.7534 56.3536 382.5748 385.7752' $.Weld Post SlotY Absorber.
393 RPP 34.9921 38.2460 54.7534 56.3536 407.9748 411.1752 $ Weld Post-Slot Y Absorber
394 RPP 34.992138.2460 54.7534 56.3536 424.4848 427.6852 $ Weld Post Slot Y Absorber
395 C/X 55.5535 12.0650 0.4191 $ Weld Post Hole Y
396 C/X 55.5535 28.5750 0.4191 $ Weld Post Hole Y
397 C/X 55.5535 53.9750 0.4191 $ Weld Post Hole Y
398 C/X 55.5535 79.3750 0.4191 $ Weld Post Hole Y
399 C/X 55.5535 104.7750 0.4191 $ Weld Post Hole Y
400 C/X 55.5535 130.1750 0.4191 $ Weld Post Hole Y
401 C/X 55.5535 155.5750 0.4191 $ Weld.Post Hole Y
402 C/X 55.5535 180.9750 0.4191 $ Weld Post Hole Y
403 C/X 55.5535 206.3750 0.4191 $ Weld Post Hole Y
404 C/X 55.5535 231.7750 0.4191 $ Weld Post Hole Y
405 C/X 55.5535 257.1750 0.4191 $ Weld Post Hole Y
406 C/X 55.5535 282.5750 0.4191 $ Weld Post Hole Y
407 C/X 55.5535 307.9750 0.4191 $ Weld Post Hole Y
408 C/X 55.5535 333.3750 0.4191 $ Weld Post Hole Y
409 C/X 55.5535 358.7750 0.4191 $ Weld Post Hole Y
410 C/X 55.5535 384.1750 0.4191 $ Weld Post Hole Y
411 C/X 55.5535 409.5750 0.4191 $ Weld Post Hole Y
412 C/X 55.5535 426.0850 0.4191 $ Weld Post Hole Y
413 C/X 45.3935 12.0650 0.4191 $ Weld Post Hole Y
414 C/X 45.3935 28.5750 0.4191 $ Weld Post Hole Y
415 C/X 45.3935 53.9750 0.4191 $ Weld Post Hole Y
416 C/X 45.3935 79.3750 0.4191 $ Weld Post Hole Y
417 C/X 45.3935 104.7750 0.4191 $ Weld Post Hole Y
418 C/X 45.3935 130.1750 0.4191 $ Weld Post Hole Y
419 C/X 45.3935 155.5750 0.4191 $ Weld Post Hole Y
420 C/X 45.3935 180.9750 0.4191 $ Weld Post Hole Y
421 C/X 45.3935 206.3750 0.4191 $ Weld Post Hole Y
422 C/X 45.3935 231.7750 0.4191 $ Weld Post Hole Y
423 C/X 45.3935 257.1750 0.4191 $ Weld Post Hole Y
424 C/X 45.3935 282.5750 0.4191 $ Weld Post Hole Y
425 C/X 45.3935 307.9750 0.4191 $ Weld Post Hole Y
426 C/X 45.3935 333.3750 0.4191 $ Weld Post Hole Y
427 C/X 45.3935 358.7750 0.4191 $ Weld Post Hole Y
428 C/X 45.3935 384.1750 0.4191 $ Weld Post Hole Y
429 C/X 45.3935 409.5750 0.4191 $ Weld Post Hole Y
430 C/X 45.3935 426.0850 0.4191 $ Weld Post Hole Y
431 C/X 55.5535 12.0650 0.3175 $ Weld Post Y
432 C/X 55.5535 28.5750 0.3175 $ Weld Post Y
433 C/X 55.5535 53.9750 0.3175 $ Weld Post Y
434 C/X 55.5535 79.3750 0.3175 $ Weld Post Y
435 C/x 55.5535 104.7750 0.3175 $ Weld Post Y
436 C/X 55.5535 130.1750 0.3175 $ Weld Post Y
437 C/X 55.5535 155.5750 0.3175 $ Weld Post Y
438 C/X 55.5535 180.9750 0.3175 $ Weld Post Y
439 C/X 55.5535.206.3750 0.3175 $ Weld Post Y
440 C/X 55.5535 231.7750 0.3175 $ Weld Post Y
441 C/X 55.5535 257.1750 0.3175 $ Weld Post Y
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442 C/X 55.5535 282.5750 0.3175
443 C/X 55.5535 307.9750 0.3175
444 C/X 55.5535 333.3750 0.3175
445 C/X 55.5535 358.7750 0.3175
446 C/X 55.5535 384.1750 0.3175
447 C/X 55.5535 409.5750 0.3175
448 C/X 55.5535 426.0850 0.3175
449 C/X 45.3935 12.0650 0.3175
450 C/X 45.3935 28.5750 0.3175
451 C/X 45.3935 53.9750 0.3175
452 C/X 45.3935 79.3750 0.3175
453 C/X 45.3935 104.7750 0.3175
454 C/X 45.3935 130.1750 0.3175
455 C/X 45.3935 155.5750 0.3175
456 C/X 45.3935 180.9750 0.3175
457 C/X 45.3935 206.3750 0.3175
458 C/X 45.3935 231.7750 0.3175
459 C/X 45.3935 257.1750 0.3175
460 C/X 45.3935 282.5750 0.3175
461 C/X 45.3935 307.9750 0.3175
462 C/X 45.3935 333.3750 0.3175
463 C/X 45.3935 358.7750 0.3175
464 C/X 45.3935 384.1750 0.3175
465 C/X 45.3935 409.5750 0.3175
466 C/X 45.3935 426.0850 0.3175
c Surface Cards - Plates, Absorb
471 RPP 37.8496 82.6046 34.9921
472 RPP 39.4372 61.5098 37.8497
473 RPP 39.4372 61.5098 37.9018
474 RPP 39.2340 61.7130 38.2078
475 RPP 63.1100 65.0150 37.8497
476 C/Y 50.4735 415.2900 1.5875
477 C/Y 50.4735 22.8600 1.5875
478 RPP 44.5934 46.1936 34.9921
479 RPP 44.5934 46.1936 34.9921
480 RPP 44.5934 46.1936 34.9921
481 RPP 44.5934 46.1936 34.9921
482 RPP 44.5934 46.1936 34.9921
483 RPP 44.5934 46.1936 34.9921
484 RPP 44.5934 46.1936 34.9921
485 RPP 44.5934 46.1936 34.9921
486 RPP 44.5934 46.1936 34.9921
487 RPP 44.5934 46.1936 34.9921
488 RPP 44.5934 46.1936 34.9921
489 RPP 44.5934 46.1936 34.9921
490 RPP 44.5934 46.1936 34.9921
491 RPP 44.5934 46.1936 34.9921
492 RPP 44.5934 46.1936 34.9921
493 RPP 44.5934 46.1936 34.9921
494 RPP 44.5934 46.1936 34.9921
495 RPP 44.5934,46.1936 34.9921
496 RPP 54.7534 56.3536 34.9921
497 RPP 54.7534 56.3536 34.9921
498 RPP 54.7534 56.3536 34.9921
499 RPP 54.7534 56.3536 34.9921
500 RPP 54.7534 56.3536 34.9921
501 RPP 54.7534 56.3536 34.9921
502 RPP 54.7534 56.3536 34.9921
503 RPP 54.7534 56.3536 34.9921
504 RPP 54.7534 56.3536 34.9921
505 RPP 54.7534 56.3536 34.9921
506 RPP 54.7534 56.3536 34.9921
507 RPP 54.7534 56.3536 34.9921

e

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

•r, and Retainer in X direction
37.8497 7.6200 430.5300 $ DFC Inner Formed Plt
38.2078 8.8900 428.6250 $ DFC Absorber Clad
38.1558 8.8900 428.6250 $ DFC Absorber
38.2460 8.8900 428.6250 $ DFC Retainer
42.8497 7.6200 430.5300 $ Plate Outer Part

$ Water Circulation Hole 5
$ Water Circulation Hole 5

38.2460 10.4648 13.6652 $ Weld Post Slot X Absorber
38.2460 26.9748 30.1752 $ Weld Post Slot X Absorber
38.2460 52.3748 55.5752 $ Weld Post Slot X Absorber
38.2460 77.7748 80.9752 $ Weld Post Slot X Absorber
38.2460 103.1748 106.3752 $ Weld Post Slot X Absorber
38.2460 128.5748 131.7752 $ Weld Post Slot X Absorber
38.2460.153.9748 157.1752 $ Weld Post Slot X Absorber
38.2460 179.3748 182.5752 $ Weld Post Slot X Absorber
38.2460 204.7748 207.9752 $ Weld Post Slot X Absorber
38.2460 230.1748 233.3752 $ Weld Post Slot X Absorber
38.2460 255.5748 258.7752 $ Weld Post Slot X Absorber
38.2460 280.9748 284.1752 $ Weld Post Slot X Absorber
38.2460 306.3748 309.5752 $ Weld Post Slot X Absorber
38.2460 331.7748 334.9752 $ Weld Post Slot X Absorber
38.2460 357.1748 360.3752 $ Weld Post Slot X Absorber
38.2460 382.5748 385.7752 $ Weld Post Slot X Absorber
38.2460 407.9748 411.1752 $ Weld Post Slot X Absorber
38.2460 424.4848 427.6852 $ Weld Post Slot X Absorber
38.2460 10.4648 13.6652 $ Weld Post Slot X Absorber
38.2460 26.9748 30.1752 $ Weld Post Slot X Absorber
38.2460 52.3748 55.5752 $ Weld Post Slot X Absorber
38.2460 77.7748 80.9752 $ Weld Post Slot X Absorber
38.2460 103.1748 106.3752 $ Weld Post Slot X Absorber
38.2460.128.5748 131.7752 $ Weld Post Slot X Absorber
38.2460 153.9748 157.1752 $ Weld Post Slot X Absorber
38.2460 179.3748 182.5752 $ Weld Post Slot X Absorber
38.2460 204.7748 207.9752 $ Weld Post Slot X Absorber
38.2460 230.1748 233.3752 $ Weld Post Slot X Absorber
38.2460 255.5748 258.7752 $ Weld Post Slot X Absorber
38.2460 280.9748 284.1752 $ Weld Post Slot X Absorber
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508 RPP 54.7534 56.3536 34.9921 38.2460 306.3748 309.5752 $ Weld Post Slot X Absorber
509 RPP 54.7534 56.3536 34.9921 38.2460 331.7748 334.9752 $ Weld Post Slot X Absorber
510 RPP 54.7534 56.3536 34.9921 38.2460 357.1748 360.3752 $ Weld Post Slot X Absorber
511 RPP 54.7534 56.3536 34.9921 38.2460 382.5748 385.7752 $ Weld Post Slot X Absorber
512 RPP 54.7534 56.3536 34.9921 38.2460 407.9748 411.1752 $ Weld Post Slot X Absorber
513 RPP 54.7534 56.3536 34.9921 38.2460 424.4848 427.6852 $ Weld Post Slot X Absorber
514 C/Y 55.5535 12.0650 0.4191 $ Weld Post Hole X
515 C/Y 55.5535 28.5750 0.4191 $ Weld Post Hole X
516 C/Y 55.5535 53.9750 0.4191 $ Weld Post Hole X
517 C/Y 55.5535 79.3750 0.4191 $ Weld Post Hole X

.518 C/Y 55.5535 104.7750 0.4191 $ Weld Post Hole X
519 C/Y 55.5535 130.1750 0.4191 $ Weld Post Hole!X

.520 C/Y 55.5535 155.5750 0.4191 $ Weld Post Hole X
521 C/Y 55.5535 180.9750 0.4191 $ Weld Post Hole X
522 C/Y 55.5535 206.3750 0.4191 $ Weld Post Hole X
523 C/Y 55.5535 231.7750 0.4191 $ Weld Post Hole X
524 C/Y 55.5535 257.1750 0.4191 $ Weld Post Hole X
525 C/Y 55.5535 282.5750 0.4191 $ Weld Post Hole X
526 C/Y 55.5535 307.9750 0.4191 $ Weld Post Hole X
527 C/Y 55.5535 333.3750 0.4191 $ Weld Post Hole X
528 C/Y 55.5535 358.7750 0.4191 $ Weld Post Hole X
529 C/Y 55.5535 384.1750 0.4191 $ Weld Post Hole X
530 C/Y 55.5535 409.5750 0.4191 $ Weld Post Hole X
531 C/Y 55.5535 426.0850 0.4191 $ Weld Post Hole X
532 C/Y 45.3935 12.0650 0.4191 $ Weld Post Hole X
533 C/Y 45.3935 28.5750 0.4191 $ Weld Post Hole X
534 C/Y 45.3935 53.9750 0.4191 $ Weld Post Hole X
535 C/Y 45.3935 79.3750 0.4191 $ Weld Post Hole X
536 CY 45.3935 104.7750 0.4191 $,Weld Post Hole X
537 C/Y 45.3935 130.1750 0.4191 $ Weld Post Hole X
538 C/Y 45.3935 155.5750 0.4191 $ Weld Post Hole X
539 C/Y 45.3935 180.9750 0.4191 $ Weld Post Hole X
540 C/Y 45.3935 206.3750 0.4191 $ Weld Post Hole X
541 C/Y 45.3935 231.7750 0.4191 $ Weld Post Hole X
542 C/Y 45.3935 257.1750 0.4191 $ Weld Post Hole X
543 C/Y 45.3935 282.5750 0.4191 $ Weld Post Hole X
544 C/Y 45.3935 307.9750 0.4191 $ Weld Post Hole X
545 C/Y 45.3935 333.3750 0.4191 $ Weld Post Hole X
546 C/Y 45.3935 '358.7750 0.4191 $ Weld Post Hole X
547 C/Y 45.3935 384.1750 0.4191 $ Weld Post Hole X
548 C/Y 45.3935 409.5750 0.4191 $ Weld Post Hole X
549 C/Y 45.3935 426.0850 0.4191 $ Weld Post Hole X
550 C/Y 55.5535 12.0650 0.3175 $ Weld Post X
551 C/Y 55.5535 28.5750 0.3175 $ Weld Post X
552 C/Y 55.5535 53.9750 0.3175 $ Weld Post X
553 C/Y 55.5535 79.3750 0.3175 $ Weld Post X
554 C/Y 55.5535 104.7750 0.3175 $ Weld Post X
555 C/Y 55.5535 130.1750 0.3175 $ Weld Post X
556 C/Y 55.5535 155.5750 0.3175 $ Weld Post X
557 C/Y 55.5535 180.9750 0.3175 $ Weld Post X
558 C/Y 55.5535 206.3750 0.3175 $ Weld Post X
559 C/Y 55.5535 231.7750 0.3175 $ Weld Post X
560 C/Y 55.5535 257.1750 0.3175 $ Weld Post X
561 C/Y 55.5535 282.5750 0.3175 $ Weld Post X
562 C/Y 55.5535 307.9750 0.3175 $ Weld Post X
563 C/Y 55.5535 333.3750 0.3175 $ Weld Post X
564 C/Y 55.5535 358.7750 0.3175 $ Weld Post X
565 C/Y 55.5535 384.1750 0.3175 $ Weld Post X
566 C/Y 55.5535 409.5750 0.3175 $ Weld Post X
567 C/Y 55.5535 426.0850 0.3175 $ Weld Post X
568 C/Y 45.3935 12.0650 0.3175 $ Weld Post X
569 C/Y 45.3935 28.5750 0.3175 $ Weld Post X
570 C/Y 45.3935 53.9750 0.3175 $ Weld Post X
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571
572
573
574
575
576
577
578
579
580
581
582
583
584
585

c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y

45.3935
45.3935
45.3935
45.3935.
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935

79.3750 0.3175
104.7750
130.1750
155.5750
180.9750
206.3750
231.7750
257.1750
282.5750
307.9750
333.3750
358.7750
384.1750
409.5750
426.0850

0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post x
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X

C Surfaces - Basket
601 RPP -12.3698 12.3698 -12.3698 12.3698 0.0000 440.6900
602 1 RPP -16.6116 16.6116 -16.6116 16.6116 0.0000 440.6900
603
604
605
606
607
608
609
610

RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP

-33.9471
-33.9471
-83 . 6409
-81.7359
-38.2459
-82.5918
-65.0150
-65.0150

33.9471 -83.6409
33.9471 -81.7359
83.6409 -33.9471
81.7359 -33.9471
-34.9922 38.2459
-34.9922 34.9922
-38.2459 63.1100
-63.1100 38.2459

83.6409
81.7359
33.9471
33.9471
82.6045
38.2459
65.0150
65.0150

7.6200
7.6200
7.6200
7.6200
7.6200
7.6200
7.6200
7.6200

430.5300
430.5300
430.5300
430.5300
430.5300
430.5300
430.5300
430.5300

$ Tube Cavity Height
$ Tube Corner Cuts

$ Outer Surface Side Weld.
$ Inner Surface Side Weld.
$ Outer Surface Side Weld.
$ Inner Surface Side Weld.
$ Loc 3 DFC In. Formed Pit
$ Loc 3 DFC In. Formed Plt
$ Loc 3 DFC Out Formed P1
$ Loc 3 DFC Out Formed P1

611 RPP 34.9922 38.2459 34.9922 82.5918 7.6200 430.5300 $ Loc 5 DFC In. Formed P1
612 RPP 38.2459 82.6045 34.9922 38.2459 7.6200 430.5300 $ Loc 5 DFC In. Formed P1
613 RPP 38.2459 65.0150 63.1100 65.0150 7.6200 430.5300 $ Loc 5 DFC Out Formed P1
614 RPP 63.1100 65.0150 38.2459 65.0150 7.6200 430.5300 $ Loc 5 DFC Out Formed P1
615 RPP -38.2459 -34.9922 -82.5918 -34.9922 7.6200 430.5300 $ Loc 17 DFC In. Form
616 RPP -82.6045 -38.2459 -38.2459 -34.9922 7.6200 430.5300 $ Loc 17 DFC In. Form
617 RPP -65.0150 -38.2459 -65.0150 -63.1100 7.6200 430.5300 $ Loc 17 DFC Out Form
618 RPP -65.0150 -63.1100 -65.0150 -38.2459 7.6200 430.5300 $ Loc 17 DFC Out Form
619 RPP 34.9922 38.2459 -82.6045 -38.2459 7.6200 430.5300 $ Loc 19 DFC In; Formed
620 RPP 34.9922 82.5918 -38.2459 -34.9922 7.6200 430.5300 $ Loc 19 DFC In. Formed
621 RPP 38.2459 65.0150 -65.0150 -63.1100 7.6200 430.5300 $ Loc 19 DFC Out Formed
622 RPP 63.1100 65.0150 -65.0150 -38.2459 7.6200 430.5300 $ Loc 19 DFC Out Formed
623 PY 0.0000 $ Cut Plane for Remaining Area
c Surface Cards -Canister
701 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 440.6900 90.1700 $ Canister cavity
702 RCC 0.0000 0.0000 -6.9850 0.0000 0.0000 469.2650 91.4400 $ Canister
c Surface Cards - Transfer Cask Geometry
801 RCC 0.000 0.000-0.000 0.000 0.000 488.9500 111.7600 $ Cask Cylindrical Section

t
t

ed Plt
ed Pit
ed P1
ed P1
Pit
Plt
P1
P1

802
803
804
805
806
807
808
809
810
811
812

CZ 92.7100
CZ 94.6150
CZ 102.7430
CZ 108.5850
PZ 30.4800
PZ 453.3900
RPP -104.3178
PY 97.0026"
PY -97.0026
PY 96.52
PY -96.52

$ Cask cavity radius
$ Inner shell OR

$ Lead shell OR
$ Outer shell IR

$ Top of bottom plate
$ Bottom of top plate

104.3178 -111.7600 111.7600 -12.7000 0.0000
$ Inside rail surface

$ Inside rail surface
$ Door surface
$ Door surface

$ Door Enclosing Shape

813 RHP 0.0000 0.0000 -12.7000 0.0000 0.0000 12.7000
108.4699 0.0000 0.0000 89.73736 -73.7172 0.0000
-89.7374 -73.7172 0.0000 $ Door prism

*814 RCC 0.000 0.000--32,.700 0.000 0.000 541.6500 131.7600 $ Cylinder to Reflect

c
c Materials List
c
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Figure 6.7.8-2 Transfer Cask Sample Input File - Damaged PWR Fuel TSC - Intact
Array with Inserts

c Fuel Pellet Material 4.70% Weight U02 [amu)
ml 92235.66c -4.143E-02
c Clad Material
m2 26054.62c -7.063E-05

26056.62c -1.149E-03
26057.62c -2.702E-05
26058.62c -3.631E-06
40000.66c -9.823E-01

92238.66c -8.400E-01

24050.62c
24052.62c
24053.62c
24054.62c
50000.42c

-4.179E-05
-8.370E-04
-9.673E-05
-2. 448E-05
-1. 500E-02

269.9085
8016.62c -1.186E-01

7014.62c -4.980E-04
7015.66c -1.981E-06

5010.66c -3.093E-04
5011.66c -1.441E-03

c Water
m3 1001.62c -1.108E-01 8016.62c -8.792E-01

1001.62c -4.890E-04 8016.62c -7.762E-03

mt3 lwtr.Olt
c Lower Nozzle Material
m4

1001.62c -3.642E-02 8016.62c -2.890E-01
1001.62c -1.607E-04 8016.62c -2.551E-03

24050.62c
24052.62c
24053.62c
24054.62c

-5.330E-03
-1. 068E-01
-1.234E-02
-3.123E-03

26054.62c
26056.62c
26057.62c
26058.62c

-2.636E-02
-4.288E-01
-1.008E-02
-1.355E-03

25055.62c -1.343E-02
mt4 lwtr.Olt
c Upper Nozzle Material
m5

1001.62c -3.595E-02 8016.62c -2.853E-01
1001.62c -1.587E-04 8016.62c -2.519E-03

501Q.. 66c
5011.66c

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

5010. 66c
5011. 66c

28058. 62c
28060. 62c
28061. 62c
28062. 62c
28064. 62c

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

-l.017E-04
-4.735E-04
-4.286E-02
-1. 707E-02
-7.548E-04
-2.443E-03-
-6.460E-04

-1.004E-04
-4. 675E-04
-4. 312E-02
-1.718E-02
-7.594E-04
-2.458E-03
-6.500E-04

-6.384E-02
-2.543E-02
-1.124E-03
-3 .639E-03
-9.623E-04

24050.62c
24052.62c
24053.62c
24054.62c

-5.363E-03
-'1.074E-01
-1.241E-02
-3.142E-03

25055.62c -1.351E-02
mt5 lwtr.Olt
c SS304
m6 24050.62c -7.939E-03

26054.62c
26056.62c
26057.62c
26058.62c

26054.62c
26056.62c
26057.62c
26058.62c

-2.653E-02
-4.314E-01
-1.015E-02
-1.364E-03

-3. 927E-02
-6.387E-01
-1.502E-02
-2. 019E-03

24052.62c
24053.62c
24054.62c

-1. 590E-01
-1.838E-02
-4. 652E-03

25055.62c -2.000E-02
c Aluminum
m7 13027.62c -1.000E+00
c Carbon Steel
m8 26054.62c -5.594E-02

26056.62c -9.098E-01
26057.62c -2.140E-02
26058.62c -2.876E-03

6000.66c -1.000E-02

c Lead
m9 82206.66c

82207.66c
82208.66c

c NS-F-FR
mlO 5010.66c

5011.66c
13027.62c

c Concrete
mll 26054.62c

26056.62c
26057.62c

-2.534E-01
-2.207E-01
-5.259E-01

-9.313E-04
-3.772E-03
-2.142E-01

-7. 911E-04
-1.287E-02
-3.026E-04

7014.62c
7015.66c
1001.62c

-1. 974E-02
-7.852E-05
-6.001E-02

8016.62c -4.250E-01

6000.66c -2.763E-01

14000.60c -3.370E-01 0
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Figure 6.7.8-2 Transfer Cask Sample Input File - Damaged PWR Fuel TSC - Intact
Array with Inserts

26058.62c -4.067E-05
1001.62c -1.000E-02
8016.62c -5.320E-01

c Absorber Material B4C-Al
m12 5010.66c -6.011E-02

5011.66c -2.799E-01
c Water Exterior
m13 1001.62c 2.0

8016.62c 1.0
mtl3 lwtr.Olt
c Uranium Blanket 0.711%
m14 92235.66c -6.267E-03
c Borated SS304
m15 28058.62c -9.072E-02

28060.62c -3.614E-02
28061.62c -1.598E-03
28062.62c -5.171E-03
28064.62c -1.367E-03
5010.66c -3.535E-03
5011.66c -1.646E-02

13027.62c -3.400E-02 20000.62c -4.400E-02
11023.62c -2.900E-02
Plate
13027.62c -5.656E-01 6000.66c -9.430E-02

Weight U02 [amul 270.0284
92238.66c -8.752E-01 8016.62c -1.185E-01

26054.62c
26056.62c
26057.62c
26058.62c
25055.62c
14000.60c
16000.62c

-3.523E-02
-5.729E-01
-1.348E-02
-1.811E-03
-2.OOOE-02
-1.OOOE-02
-3. OOOE-04

24050.62c
24052.62c
24053.62c
24054.62c
15031.66c

6000.66c

-7. 939E-03
-1. 590E-01
-1. 838E-02
-4.652E-03
-4. 500E-04
-8.OOOE-04

c B4C
m16 5010.66c -1.384E-01 5011.66c -6.445E-01 6000.66c -2.171E-01
c Pyrex
m17 8016.62c -5.350E-01 14000.60c -3.770E-01 11023.62c -4.100E-02

13027.62c -I.OOOE-02 5010.66c -6.540E-03 5011.66c -3.046E-02
C Borated Aluminum 25% B4C
m18 5010.66c -3.460E-02 13027.62c -7.500E-01 6000.66c -5.428E-02

5011.66c -1.611E-01
c DFC fuel mixture material (if applicable) Mix Height=291.552in
m24 92235.66c -3.436E-02 92238.66c -6.967E-01 8016.62c -9.833E-02

1001.62c -1.910E-02 8016.62c -1.515E-01
c
c Rotation Matrix
*TRl 0.0 0.0 0.0 45 135 90 -45 45 90 90 90 0
*TR2 0.0 0.0 0.0 135 225 90 45 135 90'90 90 0
*TR3 0.0 0.0 0.0 90 180 90 0 90 90 90 90 0 $
*TR4 0.0 0.0 0.0 180 270 90 90 180 90 90 90 0
*TR5 0.0 0.0 0.0 -90 0 90 -180 -90 90 90 90 0
c
c Cell Importances
c
mode n
imp:n 1 262r 0
c
c
c Criticality Controls
c
kcode 2000 1.00 30 530
c
c Source Distribution for Initial Generation
SDEF CEL= .801:D2:11:7:-l

ERG= D1
POS= 0.0000 0.00 2.4511
RAD= D3
AXS= 0.00 0.00 1.00
EXT= D4

C - Neutron Source Energy Source Distribution
# SPI

-3
c Assembly Source Distribution
# S12 SP2

1 d
701 1

$ z-rotation 45 degrees
$ z-rotation 135 degrees

z-rotation 90 degrees
$ z-rotation 180 degrees
$ z-rotation -90 degrees
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Figure 6.7.8-2 Transfer Cask Sample Input File - Damaged PWR Fuel TSC - Intact
Array with Inserts

702 1
703 1
704 1
705 1
706 1
707 1
708 1
709 1
710 1

•711 1

712 1
713 1
714 1
715 1
716 1
717 1
718 1
719 1
720 1
721 1
722 1
723 1
724 1
725 1
726 1
727 1
728 1
729 1
730 1
731 1
732 1
733 1
734 1
735 1
736 1
737 1

C - Uniform Radial Distribution in Fuel Rod
# S13 SP3

0.0000 -21
0.4833 1

C - Axial Source Profile
# S14 SP4

0 0.0
347.98 1.0

c
c Random Number Generator Controls
c
RAND GEN=2 SEED=19073486328125
c
c
c Print Control
c
PRINT
c
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Figure 6.7.8-3 Transfer Cask Sample Input File - Damaged PWR Fuel TSC -
Unclad Rod Array

Transfer Cask Model - BWl5H3
C
c MAGNASTOR Canister Class 1
c Neutron Poison Loading - 90 %
c Nominal Fuel Characteristics
c Insert Configuration - No
c
c Boron Content in Water - 2250 ppm
c Cavity Water Density 1.0021 g/cc
c
c Fuel to Clad Gap - Wet-UnBorated
c Exterior Water Density 0.0001 g/cc

c Selected Partial Flood - No
c
c Damaged Fuel Can Option - Yes
c Damaged Fuel Can Configuration - URA
c
c
c
c Model Revision 4.90
c
c Cells - Fuel Rod - BWI5H3 - B&W Core - 15x15
1
2
3
4
c
5
6
7

1 -1.0522E+01
13 -0.9982 -2
2 -6.56 -3 +2
3 -1.0021 +3
Cells - Guide
3 -1.0021 -5
2 -6.56 -6 +5
3 -1.0021 +6

-1 u=18 $ Fuel
+1 u=18 $ Plenum + Fuel to Clad Gap
u=18 $ Clad + End Plugs
u=18 $ Outside Fuel Rod

Tube - BWI5H3 - B&W Core - 15xlS
u=17 $ Inside Guide Tube
u=17 $ Guide Tube
u=17 $ Outside Guide Tube

c Cell Cards Instrument Tube - BWI5H3 - B&W Core - 15x15
8 3 -1.0021 -8 u=16 $ Inside Inst. Tube
9 2 -6.56 -9 +8 u=16 $ Inst. Tube
10 3 -1.0021 +9 u=16 $ Outside Inst. Tube
c Array _15xl5_208
13 3 -1.0021 -13 +14 -15 +16

trcl=(0 0 5.08) ,
18 18 18 18 18 18
18 18 18 18 18 18
18 18 18 -18 18 17
18 18 18 17 18 18
18 18 18 18 18 18
18 18 17 18 i8 17
18 18 18 18 18 18
18 18 18 18 18 18
18 18 18 18 18 18
18 18 17 18 18 17
18 18 18 18 18 18
18 18 18 17 18 18
18 18 18 18 18 17
18 18 18 18 18 18
18 18 18 18 18 18

lat=l
18 18
18 18
18 18
18 18
18 18
18 18
18 18
18 16
18 18
18 18
18 18
18 18
18 18
18 18
18 18

u=15 fill=-7:7 -7:7 0:0
18 18 18 18 18 18 18
18 18 18 18 18 18 18
18 17 18 18 18 18 18
18 18 18 17 18 18 18
18 18 18 18 18 18 18
18 17 18 18 17 18 18
18 18 18 18 18 18 18
18 18 18 18 18 18 18
18 18 18 18 18 18 18
18 17 18 18 17 18 18
18 18 18 18 18 18 18
18 18 18 17 18 18 18
18 17 18 18 18 18 18
18 18 18 18 18 18 18
18 18 18 18 18 18 18

c Cells - Fuel Assembly Array Inserted Into Asser
17 3 -1.0021 -17 fill=15 u=14 $ Array
18 3 -1.0021 -18 +17 -17.6 -17.5 u=14 $ Fuel
19 4 -4.5184 -18 +17.6 u=14 $ Lower Nozzle
20 5 -1.7995 -18 +17.5 u=14 $ Upper Nozzle
21 3 -1.0021 +18 u=14 $ Remaining Space
c Cells - DFC Content
30 1 -10.522 -30 u=13 $ Pellet Stack
31 3 -0.9982 30 u=13 $ Exterior
c cellDFCPelletArrayArray_15xl5_208

nbly - cellPWRAssy

Width Envelope
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Figure 6.7.8-3 Transfer Cask Sample Input File - Damaged PWR Fuel TSC -
Unclad Rod Array

35 3 -0.9982 -35 +36 -37 +38
trcl=(0 0 0) lat=l u=12 fill=-7:7 -7:7 0:0
13 13 13 13 13 13 13 13 13 13 13 13 13 13 13
13 13 13 13 13 13 13 13 13 13 13 13 13 13 13
13 13 13 13 13 17 13 13 13 17 13 13 13 13 13
13 13 13 17 13 13 13 13 13 13 13 17 13 13 13
13 13 13 13 13 13 13 13 13 13 13 13 13 13 13
13 13 17 13 13 17 13 13 13 17 13 13 17 13 13
13 13 13 13 13 13 13 13 13 13 13 13 13 13 13
13 13 13 13 13 13 13 16 13 13 13 13 13 13 13
13 13 13 13 13 13 13 13 13 13 13 13 13 13 13
13 13 17 13 13 17 13 13 13 17 13 13 17 13 13
13 13 13 13 13 13 13 13 13 13 13 13 13 13 13
13 13 13 17 13 13 13 13 13 13 13 17 13 13 13
13 13 13 13 13 17 13 13 13 17 13 13 13 13 13
13 13 13 13 13 13 13 13 13 13 13 13 13 13 13
13 13 13 13 13 13 13 13 13 13 13 13 13 13 13

c Cells - Fuel Assembly Array Inserted Into Assembly
40 3 -1.0021 -40 fill=12 trcl=(0 0 16.6688)
41 3 -0.9982 #40 u=ll $ Remaining Space
c Cell Cards - DFC

- cellAssyDFC
u=ll $ Array

60 3 -1.0021 -60 u=10 $ DFC Cavity
61 6 -7.94 -61 +60 u=10 $ DFC Body
62 3 -1.0021 +61 u=10 $ Exterior Space
c Cell Cards - Tube, Absorber and Retainer
101 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=9

102 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=9

103 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +i35 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=9

104 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 -ý123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=9

$ Absorber -Y

$ Absorber Clad

$ Absorber +Y

$ Absorber Clad

-y

105 6 -7.940 -105 +215 +216
106 6 -7.940 -106 +215 +216

u=9 $ Retainer -Y
u=9 $ Retainer+Y

107 6 -7.940 -102
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=9 $ Weld Post in Absorber -Y

108 3 -1.0021 -102 #101 #102 #107 u=9 $ Gap Weld Post to Absorber -Y
109 6 -7.940 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=9 $ Weld Post in Absorber +Y

110 3 -1.0021 -104 #103 #104 #109 u=9 $ Gap Weld Post to Absorber +Y
Ill 12 -2.358 -217 +223 +224 +225 +226 +227 +228 +229 +230 +231

+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=9 $ Absorber -X

112 7 -2.702 -218 +217 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=9 $ Absorber Clad -X 0
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Figure 6.7.8-3 Transfer Cask Sample Input File - Damaged PWR Fuel TSC -
Unclad Rod Array

113 12 -2.358 -219 +223 +224 +225 +226 +227 +228 +229 +230 +231.
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=9

114 7 -2.702 -220 +219 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=9

115 6 -7.940 -221 +331 +332 u=9 $ Retainer -X
116 6 -7.940 -222 +331 +332 u=9 $ Retainer+X
117 6 -7.940 -218

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314.-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312)

118 3 -1.0021 -218 #111 #112 #117 u=9 $ Gap Weld Post
119 6 -7.940 -220

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312)

120 3 -1.0021 -220 #113 #114 #119 u=9 $ Gap Weld Post
121 3 -1.0021 -333

+102 +104 #105 #106
+218 +220 #115 #116 u=9 $ Space in Tube

122 8 -7.821 -334 +333
+143 +144 +145 +146 +147 +148 +149 +150 +151
%-152 +153 +154 +155 +156 +157 +158 +159 +160
+161 +162 +163 +164 +165 +166 +167 +168 +169
+170 +171 +172 +173 +174 +175 +176 +177 +178
+259 +260 +261 +262 +263- +264 +265 +266 +267
+268 +269 +270 +271 +272 +273 +274 +275 +276
+277 +278 +279 +280 +281 +282 +283 +284 +285
+286 +287 +288 +289 +290 +291 +292 +293 +294 +:

123 6 -7.940 -334 +333
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
-295:-296:-297:-298:-299:-300:-301:-302:-303:
-304:-305:-306:-307:-308:-309:-310:-311:-312:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330)

124 3 -1.0021 -334 +333 #122 #123
u=9 $ Space Around Weld Posts

125 3 -1.0021 +333 +334 u=9 $ Exterior Space

$ Absorber +X

$ Absorber Clad +X

ost in Absorber -X
-X

?ost in Absorber
+X

u=9 $ Weld P
to Absorber

u=9 $ Weld P
to Absorber

215 +216 +331 +332 u=9 $ Fuel Tube

u=9 $ Fuel Tube Weld Posts

c Cell Cards - Q1 Peripheral Tube, Absorber and Retainer
126 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=8

127 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=8

128 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133.
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=8

129 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=8

$ Absorber -Y

$ Absorber Clad .- Y

$ Absorber +Y

$ Absorber Clad +Y
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130 6 -7.940 -105 +215 +216 u=8 $ Retainer -Y
131 6 -7.9400 -106 +215 +216 u=8 $ Retainer+Y
132 6 -7.940 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=8 $ Weld Post in Absorber -Y

133 3 -1.0021 -102 #126 #127 #132 u=8 $ Gap Weld Post to Absorber -Y
134 6 -7.9400 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=8 $ Weld Post in Absorber +Y

135 3 -1.0021 -104 #128 #129 #134 u=8 $ Gap Weld Post to Absorber +Y
136 12 -2.358 -217 +223 +224 +225 +226 +227 +228 +229 +230 +231

+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=8 $ Absorber -X

137 7 -2.702 -218 +217 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=8

138 7 -2.7020 -219 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245.+246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=8

139 7 -2.7020 -220 +219 +223 +224 +225 +226 +227 +228-+229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=8

140 6 -7.940 -221 +331 +332 u=8 $ Retainer -X
141 6 -7.9400 -222 +331 +332 u=8 $ Retainer+X

$ Absorber Clad

$ Absorber +X

$ Absorber Clad

-x

142 6 -7.940 -218.
(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329i-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312) u=8 $ Weld Post in Plate-X

143 3 -1.0021 -218 #136 #137 #142 u=8 $ Gap Weld Post to Plate -X
144 6 -7.9400 -220

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312) u=8 $ Weld Post in Plate +X

145 3 -1.0021 -220 #138 #139 #144 u=8 $ Gap Weld Post to Plate +X
146 3 -1.0021 -333

+102 +104 #105 #106
+218 +220 #115 #116 u=8 $ Space in Tube

147 8 -7.821 -334 +333
+143 +144 +145 +146 +147 +148 +149 +150 +151
+152 +153 +154 +155 +156 +157 +158 +159 +160
+161 +162 +163 +164 +165 +166 +167 +168 +169
+170 +171 +172 +173 +174 +175 +176 +177 +178
+259 +260 +261 +262 +263 +264 +265 +266 +267
+268 +269 +270 +271 +272 +273 +274 +275 +276.
+277 +278 +279 +280 +281 +282 +283 +284 +285
+286 +287 +288 +289 +290 +291 +292 +293 +294 +215 +216 +331 +332 u=8 $ Fue

148 6 -7.940 -334 +333
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-1952:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
-295:-296:-297:-298:-299:-300:-301:-302:-303:
-304:-305:-306:-307:-308:-309:-310:-311:-312:

K

1 Tube
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-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330)

149 3 -1.0021 -334 +333 #147 #148
u=8 $ Space Around Weld Posts

150 3 -1.0021 +333 +334 u=8 $ Exterior Space

u=8 $ Fuel-Tube Weld Posts

c Cell Cards - Q2 Peripheral Tube, Absorber and Retainer
151 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=7

152 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112-+113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=7

153 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=7

154 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=7

155 6 -7.940 -105 +215 +216 u=7 $ Retainer -Y
156 6 -7.9400 -106 +215 +216 u=7 $ Retainer+Y

$ Absorber -Y

$ Absorber Clad

$ Absorber +Y

$ Absorber Clad

-y

157 6 -7.940 -102
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=7 $ Weld Post in Absorber -Y

158 3 -1.0021 -102 #151 #152 #157 u=7 $ Gap Weld Post to Absorber -Y
159 6 -7.9400 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=7 $ Weld Post in Absorber +Y

160 3 -1.0021 -104 #153 #154 #159 u=7 $ Gap Weld Post to Absorber +Y
161 7 -2.7020 -217 +223 +224 +225 +226 +227 +228 +229 +230 +231

+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=7 $

162 7 -2.7020 -218 +217 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=7 $

163 12 -2.358 -219 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=7 $

ýbsorber -X

ýbsorber Clad

ýbsorber +X

-X

164 7 -2.702 -220 +219 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=7 $ Absorber Clad +X

165 6 -7.9400 -221 +331 +332 u=7 $ Retainer -X
166 6 -7.940 -222 +331 +332 u=7 $ Retainer+X
167 6 -7.9400 -218

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312) u=7 $ Weld Post in Plate-X

168 3 -1.0021 -218 #161 #162 #167 u=7 $ Gap Weld Post to Plate -X
169 6 -7.940 -220

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
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-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312) u=7 $ Weld Post in Plate +X

170 3 -1.0021 -220 #163 #164 #169 u=7 $ Gap Weld Post to Plate +X
171 3 -1.0021 -333

+102 +104 #105 #106
+218 +220 #115 #116 u=7 $ Space in Tube

172 8 -7.821 -334 +333
+143 +144 +145 +146 +147 +148 +149 +150 +151
+152 +153 +154 +155 +156 +157 +158 +159 +160
+161 +162 +163 +164 +165 +166 +167 +168 +169
+170 +1.71 +172 +173 +174 +175 +176 +177 +178
+259 +260 +261 +262 +263 +264 +265 +266 +267
+268 +269 +270 +271-+272 +273 +274 +275 +276
+277 +278 +279 +280 +281 +282 +283 +284 +285
+286 +287 +288 +289 +290 +291 +292 +293 +294 +215 +216 +331 +332 u=7 $ Fuel Tube

173 6 -7.940 -334 +333
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
=188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
-295:-296:-297:-298:-299:-300:-301:-302:-303:
-304:-305:-306:-307:-308:-309:-310:-311:-312:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330) u=7 $ Fuel Tube Weld Posts

174 3 -1.0021 -334 +333 #172 #173
u=7 $ Space Around Weld Posts

175 3 -1.0021 +333 +334 u=7 $ Exterior Space
c Cell Cards - Q3 Peripheral Tube, Absorber and Retainer
176 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=6

177 7 -2.7020 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=6

178 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=6

179 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=6

$ Absorber -Y

$ Absorber Clad

$ Absorber +Y

$ Absorber Clad

-y

180 6 -7.9400 -105 +215 +216 u=6 $ Retainer -Y
181 6 -7.940 -106 +215 +216 u=6 $ Retainer+Y
182 6 -7.9400 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=6 $ Weld Post in Absorber -Y

183 3 -1.0021 -102 #176 #177 #182 u=6 $ Gap Weld Post to Absorber -Y
184 6 -7.940 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=6 $ Weld Post in Absorber +Y

185 3 -1.0021 -104 #178 #179 #184 u=6 $ Gap Weld'Post to Absorber +Y
186 7 -2.7020 -217 +223 +224 +225 +226 +227 +228 +229 +230 +231

+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=6 $ Absorber -X

187 7 -2.7020 -218 +217 +223 +224 +225 +226 +227 +228 +229 +230 +231 0
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+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=6

188 12 -2.358 -219 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=6

189 7 -2.702 -220 +219 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 .+331 +332 u=6

$ Absorber Clad

$ Absorber +X

$ Absorber Clad

-X

190 6 -7.9400 -221 +331 +332 u=6 $ Retainer -X
191 6 -7.940 -222 +331 +332 u=6 $ Retainer+X
192 6 -7.9400 -218

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312)

193 3 -1.0021 -218 #186 #187 #192 u=6 $ Gap Weld Post
194 6 -7.940 -220

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312)

195 3 -1.0021 -220 #188 #189 #194 u=6 $ Gap Weld Post
196 3 -1.0021 -333

+102 +104 #105 #106
+218 +220 #115 #116 u=6 $ Space in Tube

197 8 -7.821 -334 +333

u=6 $ Weld Post in Plate-X
to Plate -x

u=6 $ Weld Post
to Plate +X

in Plate +X

+143
+152
+161
+170
+259
+268
+277
+286

+144
+153
+162
+171
+260
+269
+278
+287

+145
+154
+163
+172
+261
+270
+279
+288

+146
+155
+164
+173
+262
+271
+280
+289

+147
+156
+165
+174
+263
+272
+281
+290

+148
+157
+166
+175
+264
+273
+282
+291

+149
+158
+167
+176
+265
+274
+283
+292

+150
+159
+168
+177
+266
+275
+284
+293

+151
+160
+169
+178
+267
+276
+285
+294

198 6 -7.940 -334 +333
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
-295:-296:-297:-298:-299:-300:-301:-302:-303:
-304:-305:-306:-307:-308:-309:-310:-311:-312:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330)

199 3 -1.0021 -334 +333 #197 #198
u=6 $ Space Around Weld Posts

200 3 -1.0021 +333 +334 u=6 $ Exterior Space
c Cell Cards - Q4 Peripheral Tube, Absorber and Retainer

+215 +216 +331 +332 u=6 $ Fuel, Tube

u=6 $ Fuel Tube Weld Posts

201 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=5

202 7 -2.7020 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116"+117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=5

203 12 -2.358 -103 +107 +108 +109 +110 +ill +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=5

204 7 -2.702 -104 +103 +107.+108 +109 +110 +111 +112 +113 +114 +115

$ Absorber -Y

$ Absorber Clad -Y

$ Absorber +Y
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+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 t215 +216 u=5 $ Absorber Clad +Y

205 6 -7.9400 -105 +215 +216 u=5 $ Retainer -Y I
206 6 -7.940 -106 +215 +216 u=5 $ Retainer+Y
207 6 -7.9400 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=5 $ Weld Post in Absorber -Y

208 3 -1.0021 -102 #201 #202 #207 u=5 $ Gap Weld Post to Absorber -Y
209 6 -7.940 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=5 $ Weld Post in Absorber +Y

210 3 -1.0021 -104 #203 #204 #209 u=5 $ Gap Weld Post to Absorber +Y
211 12 -2.358 -217 +223 +224 +225 +226 +227 +228 +229 +230 +231

+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 *246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=5 $ Absorber -X

212 7 -2.702 -218 +217 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235
+241 +242 +243 +244
+250 +251 +252 +253

213 7 -2.7020 -229 +223 +224
+232 +233 +234 +235
+241 +242 +243 +244
+250 +251 +252 +253

214 7 -2.7020 -220 +219 +223
+232 +233 +234 +235
+241 +242 +243 +244
+250 +251 +252 +253

215 6 -7.940 -221 +331 +332
216 6 -7.9400 -222 +331 +332

+236 +237 +238 +239 +240
+245 +246 +247 +248 +249
+254 +255 +256 +257 +258 +331 +332 u=5
+225 +226 +227 +228 +229 +230 +231
+236 +237 +238 +239 +240
+245 +246 +247 +248 +249
+254 +255'+256 +257 +258 +331 +332 u=5

+224 +225 +226 +227 +228 +229 +230 +231
+236 +237 +238 +239 +240
+245 +246 +247 +248 +249
+254 +255 +256 +257 +258 +331 +332 u=5
u=5 $ Retainer -X

u=5 $ Retainer+X

$ Absorber Clad

$ Absorber +X

$ Absorber Clad

-X

217 6 -7.940 -218
(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312)

218 3 -1.0021 -218 #211 #212 #217 u=5 $ Gap Weld Post
219 6 -7.9400 -220

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312)

220 3 -1.0021 -220 #213 #214 #219 u=5 $ Gap Weld Post
221 3 -1.0021 -333

+102 +104 #105 #106
+218 +220 #115 #116 u=5 $ Space in Tube

222 8 -7.821 -334 +333

u=5 $ Weld Post in Plate-X
to Plate -X

u=5 $ Weld Post
to Plate +X

in Plate +X.

+143
+152
+161
+170
+259
+268
+277
+286

+144
+153
+162
+171
+260
+269
+278
+287

+145
+154
+163
+172
+261
+270
+279
+288

+146
+155
+164
+173
+262
+271
+280
+289

+147
+156
+165
+174
+263
+272
+281
+290

+148
+157
+166
+175
+264
+273
+282
+291

+149
+158
+167
+176
+265
+274
+283
+292

+150 +151
+159 +160
+168 +169
+177 +178
+266 +267'
+275 +276
+284 +285
+293 +294 +215 +216 +331 +332 u=5 $ Fuel Tube

223 6 -7.940 -334 +333
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205: 0
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-206:-207:-208:-209:-210:-211:-212:-213:-214:
-295:-296:-297:-298:-299:-300:-301:-302:-303:
-304:-305:-306:-307:-308:-309:-310:-311:-312:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322':-323:-324:-325:-326:-327:-328:-329:-330) u=5 $ Fu

224 3 -1.0021 -334 +333 #222 #223u=5 $ Space Around Weld Posts
225 3 -1.0021 +333 +334 u=5 $ Exterior Space
c Cell Cards - Plates, Absorber, and Retainer in Y direction
351 8 -7.821 -351 +357 +358 +395 +396 +397 +398 +399 +400

+401 +402 +403 +404 +405 +406 +407 +408 +409 +410
+411 +412 +413 +414 +415 +416 +417 +418 +419 +420
+421 +422 +423 +424 +425 +426 +427 +428 +429 +430 u=4

352 12 -2.358 -353 +351 +357 +358 +359 +360 +361 +362 +363'+364

el Tub

$ DFC

+365 +366 +367 +368 +369 +370 +371 +372 +373 +374
+375 +376 +377 +378 +379 +380 +381 +382 +383 +384
+385 +386 +387 +388 +389 +390 +391 +392 +393 +394 u=4 $ Ab:

353 7 -2.702 -352 +353 +357 +358 +359 +360 +361 +362 +363 +364
+365 +366 +367 +368 +369 +370 +371 +372 +373 +374
+375 +376 +377,+378 +379 +380 +381 +382 +383 +384
+385 +386 +387 +388 +389 +390 +391 +392 +393 +394 u=4 $ Abs

354 6 -7.940 -354 +357 +358 u=4 $ Retainer +Y
355 6 -7.940 -352

(-431:-432:-433:-434:-435:-436:-437:-438:-439:
-440:-441:-442:-443:-444:-445:-446:-447:-448:
-449:-450:-451:-452:-453:-454:-455:-456:-457:
-458:-459:-460:-461:-462:-463:-464:-465:-466) u=4 $ Weld Po0

356 3 -1.001 -352 #352 #353 #355 u=4 $ Gap Weld Post to Absorber +Y
357 6 -7.940 -351

(-431:-432:-433:-434:-435:-436:-437:-438:-439:
-440:-441:-442:-443:-444:-445:-446:-447:-448:
-449:-450:-451:-452:-453:-454:-455:-456:-457:
-458:-459:-460:-461:-462:-463:-464:-465:-466) u=4 $ Weld Po0

358 3 -1.0021 -351 #351 #357 u=4 $ Space Around Weld Posts+Y
359. 3 -1.0021 -354 #354 u=4 $ Space Inside Retainer +Y
360 8 -7.821 -355 u=4 $ Outer Plate Part +Y
361 8 -7.821 -356 +351 u=4 $ Inner Plate Part +Y
362 3 -1.0021 +351 +352 +353 +354 +355 +356 +357 +358

u=4 $ Exterior Space.
c Cell Cards - Plates, Absorber, and Retainer in X direction
471 8 -7.821 -471 +476 +477 +514 +515 +516 +517 +518 +519

e Weld Posts

Inner Formed Plt

sorber

orber Clad

st in Absorber +Y

sts in Plate +Y

+520 +521 +522 +523 +524 +525 +526 +527 +528 +529
+530 +531 +532 +533 +534 +535 +536 +537 +538 +539
+540 +541 +542 +543 +544 +545 +546 +547 +548 +549 u=3 $

472 12 -2.358 -473 +476 +477 +478 +479 +480 +481 +482 +483
+484 +485 +486 +487 +488 +489 +490 +491 +492 +493 +494 +495
+496 +497 +498 +499 +500 +501 +502 +503 +504 +505 +506 +507
+508 +509 +510 +511 +512 +513 u=3 $ Absorber

473 7 -2.702 -472 +473 +476 +477 +478 +479 +480 +481 +482 +483
+484 +485 +486 +487 +488 +489 +490 +491 +492 +493 +494 +495
+496 +497 +498 +499 +500 +501 +502 +503 +504 +505 +506 +507
+508 +509 +510 +511 +512 +513 u=3 $ Absorber Clad

474 6 -7.940 -474 +476 +477 u=3 $Retainer +X

DFC Inner Formed Plt

475 6-7.940 -472
(-550:-551:-552:-553:-554:-555:-556:-557:-558:
-559:-560:-561:-562:-563:-564:-565:-566:-567:
-568:-569:-570:-571:-572:-573:-574:-575:-576:
-577:-578:-579:-580:-581:-582:-583:-584:-585) u=3 $ Weld Post in Absorber +X

476 3 -1.0021 -472 #472 #473 #475 u=3 $ Gap Weld Post to Absorber +X
477 6 -7.940 -471

(-550:-551:-552:-553:-554:-555:-556:-557:-558:
-559:-560:-561:-562:-563:-564:-565:-566:-567:
-568:-569:-570:-571:-572:-573:-574:-575:-576:
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-577:-578:-579:-580:-581:-582:-583:-584:-585) u=3 $ Weld Posts in Plate +X
478 3 -1.0021 -471 #471 #477 u=3 $ Space Around Weld Posts +X
479 3 -1.0021 -474 #474 u=3 $ Space Inside Retainer +X
480 8 -7.821 -475 u=3 $ Outer Plate Part +X
481 3 -1.0021 +471 +472 +473 +474 +475 +476 +477

u=3 $ Exterior Space
C Cells - Basket
601 3 -1.0021 -601 -602 fill=7 *trcl=( -23.4925 70.4774 0.0000 ) u=2 $ Tube Loc 1
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621

like 601 but
like 601 but
like 601 but
like 601 but
like 601 but
like 601 but
like 601 but
like 601 but
like 601 but
like 601 but
like 601 but
like 601 but
like 601 but
like 601 but
like 601 but
like 601 but
3 -1.0021 -61
like 618 but
like 618 but
like 618 but

fill=8
fill=9
fill=7
fill=9
fill=9
fill=8
fill=9
fill=9
fill=9
fill=6
fill=9
fill=9
fill=5
fill=9
fill=6
fill=5

*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=

23.4925 70.4774 0.0000
0.0000 46.9849 0.0000
-70.4774 23.4925 0.0000
-23.4925 23.4925 0.0000
23.4925 23.4925 0.0000
70.4774 23.4925 0.0000
-46.9849 0.0000 0.0000
0.0000 0.0000 0.0000 ) u
46.9849-0.0000 0.0000
-70.4774 -23.4925 0.0000
-23.4925 -23.4925 0.0000
23.4925 -23.4925 0.0000
70.4774 -23.4925 0.0000
0.0000 -46.9849 0.0000
-23.4925 -70.4774 0.0000
23.4925 -70.4774 0.0000

u=2 $ Tube Loc 2
u=2 $ Tube Loc 4

u=2 $ Tube Loc 6
u=2 $ Tube Loc 7

u=2 $ Tube Loc 8
u=2 $ Tube Loc 9
u=2 $ Tube Loc 10

=2 $ Tube Loc 11
u=2 $ Tube Loc 12

u=2 $ Tube Loc 13
u=2 $ Tube Loc 14

u=2 $ Tube Loc 15
u=2 $ Tube Loc 16

u=2 $ Tube Loc 18
u=2 $ Tube Loc 20

u=2 $ Tube Loc 21
u=2 $ Empty DFC Loc 3
Empty DFC Loc 5
$ Empty DFC Loc 17

$ Empty DFC Loc 19

fill=10 *trcl=( -49.417.0 49.4170 0.0000 )
*trcl=( 49.4170 49.4170 0.0000 ) u=2 $
*trcl=( -49.4170 -49.4170 0.0000 ) u=2
*trcl=( 49.4170 -49.4170 0.0000 u=2

622 8 -7.821

623 8 -7.821

-603 +604
#601 #602 #616 #617

-605 +606
u=2 $ Side Weldment Y

#604 #611 #607
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639

8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8

-7.821
-7.821
-7.821
-7.821
-7.821
-7.821
-7. 821
-7.821
-7.821
-7.821
-7.821
-7.821
-7.821
-7.821
-7.821
-7.821

-607
-608
-609
-610
-611
-612
-613
-614
-615
-616
-617
-618
-619
-620
-621
-622

#601
#601
+610
#601
#602
#602
+614
#602
#616
#616
+618
#616
#617
#617
+622
#617

#604
#604

#601
#604
#606
#606

#602
#606
#611
#611

#616
#611
#613
#613

#617
#613

#605
#605
#604
#605
#607
#607
#606
#607
#612
#612
#611
#612
#614
#614
#613
#614
#604

#614 u=2 $
fill=3 (5)
fill=4 (5)

#605 u=2 $
u=2 $ Loc

fill=4 u=2
+611 fill=3

#607 u=2 $
u=2 $ Loc

fill=4 (4)
fill=3 (4)

#612 u=2 $
u=2 $ Loc

fill=3 (3)
fill=4 (3)

#614 u=2 $
u=2 $ Loc

Side Weldment X
u=2 $ Loc 3 DFC In Formed Plt
u=2 $ Loc 3 DFC In Formed Plt
Loc 3 DFC Out Formed P1
3 DFC Out Formed P1
$ Loc 5 DFC In Formed Plt
u=2 $ Loc 5 DFC In Formed Plt
Loc 5 DFC Out Formed P1
5 DFC Out Formed P1
u=2 $ Loc 17 DFC In Formed Plt
u=2 $ Loc 17 DFC In Formed Pit
Loc 17 DFC Out Formed P1
17 DFC Out Formed P1
u=2 $ Loc 19 DFC In Formed Plt
u=2 $ Loc 19 DFC In Formed Plt
Loc 19 DFC Out Formed P1
19 DFC Out Formed P1

640 3 -1.0021 #601 #602 #603 #605 #606 #607 #608 #609 #610
+607 +608 +609 +610 +611 +612 +613 +614
#622 #623 #618 #619 +623 u=2 $ Remaining Space +Y=0

641 3 -1.0021 #608 #609 #610 #611 #612 #613 #614 #615 #616 #617
+615 +616 +617 +618 +619 +620 +621 +622
#622 #623 #620 #621 -623 u=2 $ Remaining Space -Y=0

c Cell Cards - Canister
701
702
703
704
705
706
707
708

3 -1.0021 -18
like 701 but
3 -1.0021 -60
like 701 but
3 -1.0021 -60
like 701 but
like 701 but
like 701 but

fill=14 *trcl=( -23.2298 70.2147 0.0000 ) u=l $ Assy loc 1
*trcl=( 23.2298 70.2147 0.0000 ) u=l $ Assy lod 2

fill=ll *trcl=( -49.4170 49.4170 0.0000 ) u=l $ Assy loc 3 DFC
*trcl=( 0.0000 46.7222 0.0000 ) u=l $ Assy loc 4

fill=ll *trcl=( 49.4170 49.4170 0.0000 ) u=l $ Assy loc 5 DFC
*trcl=( -70.2147 23.2298 0.0000 ( u=l $ Assy loc 6
*trcl=( -23.2298 23.2298 0.0000 ( u=l $ Assy loc 7
*trcl=( 23.2298 23.2298 0.0000 ( u=l $ Assy loc 8
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709 like 701 but *trcl=( 70.2147 23.22.98 0.0000 ) u=l $ Assy loc 9
710 like 701 but *trcl=( -46.7222 0.0000 0.0000 ) u=l $ ASSy 10c 10
711 like 701 but *trcl=( 0.0000 0.0000 0.0000 ) u=l $ Assy 1c 11
712 like 701 but *trcl=( 46.7222 0.0000 0.0000 ) u=l $ Assy loc 12
713 like 701 but *trcl=( -70.2147 -23.2298 0.0000 ) u=l $ Assy loc 13
714 like 701 but *trcl=( -23.2298 -23.2298 0.0000 ) u=l $ Assy 10c 14
715 like 701 but *trcl=( 23.2298 -23.2298 0.0000 ) u=l $ Assy loc 15
716 like 701 but *trcl=( 70.2147 -23.2298 0.0000 ) u=1 $ Assy loc 16
717 3 -1.0021 -60 fill=ll *trcl=( -49.4170 -49.4170 0.0000 ) u=l $ Assy loc 17 DFC
718 like 701 but *trcl=( 0.0000 -46.7222 0.0000 ) u=l $ Assy loc 18
719 3 -1.0021 -60 fill=ll *trcl=( 49.4170 -49.4170 0.0000 ) u=l $ Assy loc 19 DFC
720 like 701 but *trcl=( -23.2298 -70.2147 0.0000 ) u=1 $ Assy loc 20
721 like 701 but *trcl=( 23.2298 -70.2147 0.0000 u=l $ Assy loc 21
722 like 701 but *trcl=( 0.000070.1957 0.0000 ) u=l $ Assy loc 22
723 like 701 but *trcl=( -23.2108 46.7033 0.0000 u=l $ Assy loc 23
724 like 701 but *trcl=( 23.2108 46.7033 0.0000 ) u=l $ Assy loc 24
725 like 701 but *trcl=( -46.7033 23.2108 0.0000 u=l $ Assy loc 25
726 like 701 but *trcl=( 0.0000 23.2108 0.0000 ) u=l $ Assy loc 26
727 like 701 but *trcl=( 46.7033 23.2108 0.0000 ) u=l $ Assy loc 27
728 like 701 but *trcl=( -70.1957 0.0000 0.0000 ) u=l $ Assy loc 28
729 like 701 but *trcl=( -23.2108 0.0000 0.0000 ) u=l $ Assy loc 29
730 like 701 but *trcl=( 23.2108 0.0000'0.0000 ) u=l $ Assy loc 30
731 like 701 but *trcl=( 70.1957 0.0000 0.0000 ) u=l $ Assy loc 31
732 like 701 but *trcl=( -46.7033 -23.2108 0.0000 ) u=l $ Assy loc 32
733 like 701 but *trcl=( 0.0000 -23.2108 0.0000 ) u=l $ Assy loc 33
734 like 701 but *trcl=( 46.7033 -23.2108 0.0000 ) u=l $ Assy loc 34
735 like 701 but *trcl=( -23.2108 -46.7033 0.0000 ) u=l $ Assy loc 35
736 like 701 but *trcl=( 23.2108 -46.7033 0.0000 ) u=l $ Assy loc 36
737 like 701 but *trcl=( 0.0000 -70.1957 0.0000 ) u=l $ Assy loc 37
738 3 -1.0021 -701

#701 #702 #703 #704 #705 #706 #707 #708 #709 #710
#711 #712 #713 #714 #715 #716 #717 #718 #719 #720
#721 #722 #723 #724 #725 #726 #727 #728 #729 #730
#731 #732 #733 #734 #735 #736 #737 fill=2 u=l $ Cavity

739 6 -7.940 -702 +701 u=l $ Canister Shell / Lid / Bottom
740 13 -0.0001 +702 u=l $ Remaining Space
c Cell Cards - Transfer Cask Geometry
801 13 -0.0001 -801 -802 fill=l ( 0.0000 0.0000 6.9850 ) $ Cask cavity
802
803
804
805
806
807
808
809
810

8 -7.821
8 -7.821
9 -11.344
10 -1.632
8 -7.821
8 -7.821
8 -7.821
8 -7.821
8 -7.821

-801 +802 -806
-803 +802 +806 -807

-804 +803 +806 -8(
-805 +804 +806 -80

-801 +805 +806 -807
-801 +802 +807
-808 +809 -814
-808 -810 -814
-813 -811 +812 -814

70
0
7

$ Bottom plate
$ Inner shell

07 $ Lead shell
07 $ NS-4-FR

$ Outer shell
$ Top plate
$ Door rail
$ Door rail

$ Door steel
811 13 -0.0001 -814 +801 #808 #809 #810
812 0 +814 $ Exterior space

$ Exterior space to Reflector

c Surfaces - Fuel Rod - BWI5H3 - B&W Core - 15x15
1 RCC 0.0000 0.0000 11.5"888 0.0000 0.0000 365.7600 0.4753 $ Fuel pellet stack
2 RCC 0.0000 0.0000 0.2540 0.0000 0.0000 388.4295 0.4852 $ Annulus + Plenum
3 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 388.9375 0.5436 $ Clad + End-Caps
c Surfaces - Guide Tube - BWl5H3 - B&W Core - 15xl5
5 CZ 0.5906 $ Guide tube inner surface
6 CZ 0.6261 $ Guide tube outer surface
c Surfaces - Instrument Tube - BWl5H3 - B&W Core - 15x15
8 CZ 0.5906 $ Inst tube inner surface
9 CZ 0.6261 $ Inst tube outer surface
c Surfaces - Pitch - BWI5H3 - B&W Core - 15x15
13 PX 0.7214 $ Lattice Cell Boundaries
14 PX -0.7214
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15 PY 0.7214
16 PY -0.7214
c Surfaces - Fuel Assembly Array Inserted Into Assembly - BWI5H3 - B&W Core - 15x15
17 RPP -10.6425 10.6425 -10.6425 10.6425 5.0800 395.6050 $ Array
18 RPP -10.8407 10.8407 -10.8407 10.8407 0.0000 420.6875 $ Assembly Outer Dims
c Surfaces - DFC Content - Fuel Pellet Stack
30 RCC 0.000 0.000 0.000 0.000 0.000 365.760 0.47525 $ Fuel pellet stack
c Surfaces - DFC Content - Array
35 PX 0.75515 $ Lattice Cell Boundaries
36 PX -0.75515
37 PY 0.75515
38 PY -0.75515
c Surfaces - DFC Content - Envelope of Array
40 RPP -11.0473 11.0473 -11.0473 11.0473 0.000 365.759 $ Array
c Surface Cards - DFC
60 RPP -11.0490 11.0490 -11.0490 11.0490 1.5875 430.4348 $ Space inside DFC Shell
61 RPP -11.1709 11.1709 -11.1709 11.1709 0.0000 432.1810 $ DFC body
c Surface Cards - Tube, Absorber and Retainer
101 RPP -10.1346 10.1346 -11.4478 -11.1938 8.8900 428.6250 $ Absorber -Y
102 RPP -10.1346 10.1346 -11.4999 -11.1417 8.8900 428.6250 $ Absorber Clad -Y
103 RPP -10.1346 10.1346 11.1938 11.4478 8.8900 428.6250 $ Absorber +Y
104 RPP -10.1346 10.1346 11.1417 11.4999 8.8900 428.6250 $ Absorber Clad +Y
105 RPP -10.3378 10.3378 -11.1417 -11.1036 7.6200 430.5300 $ Retainer -Y
106 RPP -10.3378 10.3378 11.1036 11.1417 7.6200 430.5300 $ Retainer +Y
107 RPP 4.2799 5.8801 -12.3698 12.3698 10.4648 13;6652 $ Weld Post Slot Y Absorber
108 RPP 4.2799 5.8801 -12.3698 12.3698 26.9748 30.1752 $ Weld Post Slot Y Absorber
109 RPP 4.2799 5.8801 -12.3698 12.3698 52.3748 55.5752 $ Weld Post Slot Y Absorber
110 RPP 4.2799 5.8801 -12.3698 12.3698 77.7748 80.9752 $ Weld Post Slot Y Absorber
111 RPP 4.2799 5.8801 -12.3698 12.3698 103.1748 106.3752 S Weld Post Slot Y Absorber
112 RPP 4.2799 5.8801 -12.3698 12.3698 128.5748 131.7752 $ Weld Post Slot Y Absorber
113 RPP 4.2799 5.8801 -12.3698 12.3698 153.9748 157.1752 $ Weld Post Slot Y Absorber
114 RPP 4.2799 5.8801 -12.3698 12.3698 179.3748 182.5752 $ Weld Post Slot Y Absorber
115 RPP 4.2799 5.8801 -12.3698 12.3698 204.7748 207.9752 $ Weld Post Slot Y Absorber
116 RPP 4.2799 5.8801 -12.3698 12.3698 230.1748 233.3752 $ Weld Post Slot Y Absorber
117 RPP 4.2799 5.8801 -12.3698 12.3698 255.5748 258.7752 $ Weld Post Slot Y Absorber
118 RPP 4.2799 5.8801 -12.3698 12.3698 280.9748 284.1752 $ Weld Post Slot Y Absorber
119 RPP 4.2799 5.8801 -12.3698 12.3698 306.3748 309.5752 $ Weld Post Slot Y Absorber
120 RPP 4.2799 5.8801 -12.3698 12.3698 331.7748 334.9752 $ Weld Post Slot Y Absorber
121 RPP 4.2799 5.8801 -12.3698 12.3698 357.1748 360.3752 $ Weld Post Slot Y Absorber
122 RPP 4.2799 5.8801 -12.3698 12.3698 382.5748 385.7752 $ Weld Post Slot Y Absorber
123 RPP 4.2799 5.8801 -12.3698 12.3698 407.9748 411.1752 $ Weld Post Slot Y Absorber
124 RPP 4.2799 5.8801 -12.3698 12.3698 424.4848 427.6852 $ Weld Post Slot Y Absorber
125 RPP -5.8801 -4.2799 -12.3698 12.3698 10.4648 13.6652 $ Weld Post Slot Y Absorber
126 RPP -5.8801 -4.2799 -12.3698 12.3698 26.9748 30.1752 $ Weld Post Slot Y Absorber
127 RPP -5.8801 -4.2799 -12.3698 12.3698 52.3748 55.5752 $ Weld Post Slot Y Absorber
128 RPP -5.8801 -4.2799 -12.3698 12.3698 77.7748 80.9752 $ Weld Post Slot Y Absorber
129 RPP -5.8801 -4.2799 -12.3698 12.3698 103.1748 106.3752 $ Weld Post Slot Y Absorber
130 RPP -5.8801 -4.2799 -12.3698 12.3698 128.5748 131.7752 $ Weld Post Slot Y Absorber
131 RPP -5.8801 -4.2799 -12.3698 12.3698 153.9748 157.1752 $ Weld Post Slot Y Absorber
132 RPP -5.8801 -4.2799 -12.3698 12.3698 179.3748 182.5752 $ Weld Post Slot Y Absorber
133 RPP -5.8801 -4.2799 -12.3698 12.3698 204.7748 207.9752 $ Weld Post Slot Y Absorber
134 RPP -5.8801 -4.2799 -12.3698 12.3698 230.1748 233.3752 $ Weld Post Slot Y Absorber
135 RPP -5.8801 -4.2799 -12.3698 12.3698 255.5748 258.7752 $ Weld Post Slot Y Absorber
136 REP -5.8801 -4.2799 -12.3698 12.3698 280.9748 284.1752 $ Weld Post Slot Y Absorber
137 RPP -5.8801 -4.2799 -12.3698 12.3698 306.3748 309.5752 $ Weld Post Slot Y Absorber
138 RPP -5.8801 -4.2799 -12.3698 12.3698 331.7748 334.9752 $ Weld Post Slot Y Absorber
139 RPP -5.8801 -4.2799 -12.3698 12.3698 357.1748 360.3752 $ Weld Post Slot Y Absorber
140 RPP -5.8801 -4.2799 -12.3698 12.3698 382.5748 385.7752 $ Weld Post Slot Y Absorber
141 RPP -5.8801 -4.2799 -12.3698 12.3698 407.9748 411.1752 $ Weld Post Slot Y Absorber
142 RPP -5.8801 -4.2799 -12.3698 12.3698 424.4848 427.6852 $ Weld Post Slot Y Absorber
143 C/Y 5.0800 12.0650 0.4191 $ Weld Post Hole Y
144 C/Y 5.0800 28.5750 0.4191 $ Weld Post Hole Y 0
145 C/Y 5.0800 53.9750 0.4191 $ Weld Post Hole Y
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146 C/Y 5.0800 79.3750 0.4191
147
148
149
150
151
152
153
154
155
156
157
158
159
'160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185

.186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208

c/Y
C/Y
C/Y
C/Y
C/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
C/Y
C/Y
C/Y
C/Y
C/Y
c/Y
C/Y
c/Y
C/Y
C/Y
c/Y
C/Y
c/Y
C/Y
C/Y
c/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
c/Y
c/Y
C/Y
C/Y
€1Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c/Y
c /Y
c/Y
c/Y
c/Y
c/Y

5.0800 104.7750
5.0800 130.1750
5.0800 155.5750
5.0800 180.9750
5.0800 206.3750
5.0800 231.7750
5.0800 257.1750
5.0800 282.5750
5.0800 307.9750
5.0800 333.3750
5.0800 358.7750
5.0800 384.1750
5.0800 409.5750
5.0800 426.0850
-5.0800 12.0650
-5.0800 28.5750
-5.0800 53.9750
-5.0800 79.3750
-5.0800 104.775
-5.0800 130.175
-5.0800 155.575
-5.0800 180.975
-5.0800 206.375
-5.0800 231.775
-5.0800 257.175
-5.0800 282.575
-5.0800 307.975
-5.0800 333.3.75
-5.0800'358.775
-5.0800 384.175
-5.0800 409.575
-5.0800 426.085
5.0800 12.0650
5.0800 28.5750
5.0800 53.9750
5.0800 79.3750
5.0800 104.7750
5.0800 130.1750
5.0800 155.5750
5.0800 180.9750
5.0800 206.3750
5.0800 231.7750
5.0800 257.1750
5.0800 282.5750
5.0800 307.9750
5.0800 333.3750
5.0800 358.7750
5.080d 384.1750
5.0800 409.5750
5.0800 426.0850
-5.0800 12.0650
-5.0800 28.5750
-5.0800 53.9750
-5.0800 79.3750
-5.0800 104.775
-5.0800 130.175
-5.0800 155.575
-5.0800 180.975
-5.0800 206.375
-5.0800 231.775
-5.0800 257.175
-5.0800 282.575

0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191

.0.4191
0.4191

ý0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191

0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0.3175
0.3175
0.3175
0.3175

0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175

0 0.3175
0 0.3175
0 0.3175
0 0.3175
0 0.3175
0 0.3175
0 0.3175
0 0.3175

$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post-Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y.
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
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209 C/Y -5.0800 307.9750 0.3175 $ Weld Post Y
210 C/Y -5.0800 333.3750 0.3175 $ Weld Post Y
211 C/Y -5.0800 358.7750 0.3175 $ Weld Post Y
212 C/Y -5.0800 384.1750 0.3175 $ Weld Post Y
213 C/Y -5.0800 409.5750 0.3175 $ Weld Post Y
214 C/Y -5.0800 426.0850 0.3175 $ Weld Post Y
215 C/Y 0.0000 415.2900 1.5875 $ Water Circulation HoleY
216 C/Y 0.0000 22.8600 1.5875 $ Water Circulation Hole Y
217 RPP -11.4478 -11.1938 -10.1346 10.1346 8.8900 428.6250 $
218 RPP -11.4999 -11.1417 -10.1346 10.1346 8.8900 428.6250 $
219 RPP 11.1938 11.4478 -10.1346 10.1346 8.8900 428.6250 $ Al
220 RPP 11.1417 11.4999 -10.1346 10.1346 8.8900 428.6250 $ Aj
221 RPP -11.1417 -11.1036 -10.3378 10.3378 7.6200 430.5300 $
222 RPP 11.1036 11.1417 -10.3378 10.3378 7.6200 430.5300 $ RE
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271

RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
C/X
C/x
C/X
C/X
C/X
C/X
C/X
C/x
C/x
C/x
C/X
C/x
C/X

-12.3698 12.36S
-12.3698 12.36S
-12.3698 12.36S
-12.3698 12.36S
-12.3698 12.36S
-12.3698 12.36S
-12.3698 12.36S
-12.3698 12.36S
-12.3698 12.36S
-12.3698 12.36S
-12.3698 12.36S
-12.3698 12.36S
-12.3698 12.36S
-12.3698 12.36S
-12.3698 12.36S
-12.3698 12.369
-12.3698 12.369
-12.3698 12.36S
-12.3698 12.366
-12.3698 12.36S
-12.3698 12.36S
-12.3698 12.36S
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.36S
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
-12.3698 12.369
5.0800 12.0650
5.0800 28.5750
5.0800 53.9750
5.0800 79.3750
5.0800 104.7750
5.0800 130.1750
5.0800 155.5750
5.0800 180.9750
5.0800 206.3750
5.0800 231.7750
5.0800 257.1750
5.0800 282.5750
5.0800 307.9750

98 4.2799
18 4.2799
18 4.2799
18 4.2799
98 4.2799
18 4.2799
18 4.2799
18 4.2799
18 4.2799
18 4.2799
'8 4.2799
98 4.2799.!
18 4.2799
18 4.2799
'8 4.2799
'8 4.2799
18 4.2799
18 4.2799
'8 -5.8801
18 -5.8801
'8 -5.8801
'8 -5.8801
'8 -5.8801
'8 -5.8801
'8 -5.8801
'8 -5.8801
'8 -5.8801
8 -5.8801
8 -5.8801
8 -5.8801
8 -5.8801
8 -5.8801
8 -5.8801
8 -5.8801
8 -5.8801
8 -5.8801
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191

5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
$
$
$
$
$
$
$
$
$
$
$
$
$

801 10.4648 13.6
.801 26.9748 30.1
.801 52.3748 55.5
.801 77.7748 80.9
.801 103.1748 106
801 128.5748 131
801 153.9748 157
.801 179.3748 182
.801 204.7748 207
801 230.1748 233
801 255.5748 258
801 280.9748 284
801 306.3748 309
801 331.7748 334
801 357.1748 360
801 382.5748 385
801 407.9748 411
801 424.4848 427
.2799 10.4648 13
.2799 26.9748 30
.2799 52.3748 55
.2799 77.7748 80
.2799 103.1748 1
.2799 128.5748 1
.2799 153.9748 1
.2799 179.3748 1
.2799 204.7748 2
.2799 230.1748 2
.2799 255.5748 2
.2799 280.9748 2
.2799 306.3748 3
.2799 331.7748 3
.2799 357.1748 3
.2799 382.5748 3
.2799 407.9748 4
.2799 424.4848 4
Weld Post Hole X
Weld Post Hole X
Weld Post Hole X
Weld Post Hole X

Weld Post Hole
Weld Post Hole
Weld Post Hole
Weld Post Hole
Weld Post Hole
Weld Post Hole
Weld Post Hole
Weld Post Hole
Weld Post Hole

652 $ WE
752 $ WE
752 $ WE
752 $ WE
.3752 $
.7752 $
.1752 $
.5752 $
.9752 $
.3752 $
.7752 $
.1752 $
.5752 $
.9752 $
.3752 $
.7752 $
.1752 $
.6852 $
.6652 $
.1752 $
.5752 $
.9752 $
06.3752
31.7752
57.1752
82.5752
07.9752
33.3752
58.7752
84.1752
09.5752
34.9752
60.3752
85.7752
11.1752
27.6852

elc
el(
elc
el(
WE
WE
WE
WE
WE
WE
WE
WE
WE
WE
WE
WE
WE
WE
WE

WE
WE
WE

Absorber -X
Absorber Clad -X

bsorber +X
sorber Clad +X
Retainer -X

etainer +X
d Post Slot X Absorber
. Post Slot X Absorber
I Post Slot X Absorber
d Post Slot X Absorber
eld Post Slot X Absorber
eld Post Slot X Absorber
eld Post Slot X Absorber
eld Post Slot X Absorber
eld Post Slot X Absorber
eld Post Slot X Absorber
eld Post Slot X Absorber
eld Post Slot X Absorber
eld Post Slot X Absorber
eld Post Slot X Absorber
eld Post Slot X Absorber
eld Post Slot X Absorber
eld Post Slot X Absorber
eld Post Slot X Absorber
eld Post Slot X Absorber
eld Post Slot X Absorber
eld Post Slot X Absorber
eld Post Slot X Absorber

$
$
$
$
$
$
$
$
$
$
$
$
$
$

Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld

Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post

Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot

x
x
x
x
x
x
x
x
x
x
x
x
x
x

Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber

x
K
x
K
x
x
K
K
K
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272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330

C/X
c/x
c/x
C/X
c/x
C/x
c/x
c/x
c/x
C/X
cix

c/x
c/x
C/X
c/x
c/x
c/x
c/x
c/x
c/x
C/X
C/X
C/X
C/X
C/X
c/x
c/x
C/X
C/X
c/x
C/X
C/X
C/X
c/x
c/x
c/x
c/x
C/X
C/X
c/x
c/x
c/x
C/X
c/x
€x
C/X
c/x
C/X
c/x
c/x
C/X
C/X
c/x
c/x
c/x
C/X
c/x
C/X
C/X

5.0800
5.0800
5.0800
5.0800
5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800

333.3750
358.7750
384.1750
409.5750
426.0850
12.0650
28.5750
53.9750
79.3750
104.775(
130.175(
155.575(
180.975(
206.375(
231.775(
257.175(
282.575(
307.975(
333.375(
358.775(
384.175(
409.575(
426.085(

0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191

) 0.4191
) 0.4191
) 0.4191
) 0.4191
0 b.4191
) 0.4191
) 0.4191
) 0.4191
) 0.4191
) 0.4191
) 0.4191
) 0.4191
) 0.4191
) 0.4191

12.0650 0.
28.5750 0.
53.9750 0.
79.3750 0.
104.7750 0
130.1750 C
155.5750
180.9750 C
206.3750
231.7750
257.1750 0
282.5750 C
307.9750 C
333.3750,C
358.7750 C
384.1750 C
409.5750 C
426.0850 C
12.0650 C
28.5750 C
53.9750 C
79.3750 C
104.7750
130.1750
155.5750
180.9750
206.3750
231.7750
257.1750
282.5750
307.9750
333.3750
358.7750
384.1750
409.5750
426.0850

.3175

.3175

.3175

.3175
).3175
.3175
.3175
.3175
.3175

0.3175
0.3175
).3175
).3175
0.3175
.3175
.3175
.3175
.3175
.3175
.3175

0.3175
).3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175

$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole,X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X

$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole.X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X

$ Water Circulation Hole X
$ Water Circulation Hole X

331 C/X 0.0000 415.2900 1.5875
332 C/X 0.0000 22.8600 1.5875
333 RPP -11.4999 11.4999 -11.4999 11.4999 0.0000 440.6900 $ ýSpace inside tube - cavity extent
334 RPP -12.3698 12.3698 -12.3698 12.3698 7.6200 430.5300 $ Fuel tube
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c Surface Cards - Plates, Absorber, and Retainer in Y direction
351 RPP 34.9921 37.8497 34.9921 82.5919 7.6200 430.5300 $ DFC Inner Formed Plt
352 RPP 37.8497 38.2078 39.4372 61.5098 8.8900 428.6250 $ DFC Absorber Clad
353 RPP 37.9018 38.1558 39.4372 61.5098 8.8900 428.6250 $ DFC Absorber
354 RPP 38.2078 38.2460 39.2340 61.7130 8.8900 428.6250 $ DFC Retainer
355 RPP 37.8497 40.8497 63.1100 65.0150 7.6200 430.5300 $ Plate Outer Part
356 RPP 37.8497 40.8497 34.9921 37.8497 7.6200 430.5300 $ Plate Inner Part
357 C/X 50.4735 415.2900 1.5875 $ Water Circulation Hole 5
358 C/X 50.4735 22.8600 1.5875 $ Water Circulation Hole 5
359 RPP 34.9921 38.2460 44.5934 46.1936 10.4648 13.6652 $ Weld Post Slot-Y Absorber
360 RPP 34.9921 38.2460 44.5934 46.1936 26.9748 30.1752 $ Weld Post Slot Y Absorber
361 RPP 34.9921 38.2460 44.5934 46.1936 52.3748 55.5752 $ Weld Post Slot Y Absorber
362 RPP 34.9921 38.2460 44.5934 46.1936 77.7748 80.9752 $ Weld Post Slot Y Absorber
363 RPP 34.9921 38.2460 44.5934 46.1936 103.1748 106.3752 $ Weld Post Slot Y Absorber
364 RPP 34.9921 38.2460 44.5934 46.1936 128.5748 131.7752 $ Weld Post Slot Y Absorber
365 RPP 34.9921 38.2460 44.5934 46.1936 153.9748 157.1752 $ Weld Post Slot Y Absorber
366 RPP 34.9921 38.2460 44.5934 46.1936 179.3748 182.5752 $ Weld Post Slot Y Absorber
367 RPP 34.9921 38.2460 44.5934 46.1936 204.7748 207.9752 $ Weld Post Slot Y Absorber
368 RPP 34.9921 38.2460 44.5934 46.1936 230.1748 233.3752 $ Weld Post Slot-Y Absorber
369 RPP 34.9921 38.2460 44.5934 46.1936 255.5748 258.7752 $ Weld Post Slot Y Absorber
370 RPP 34.9921 38.2460 44.5934 46.1936 280.9748 284.1752 $ Weld Post Slot Y Absorber
371 RPP 34.9921 38.2460 44.5934 46.1936 306.3748 309.5752 $ Weld Post Slot Y Absorber
372 RPP 34.9921 38.2460 44.5934 46.1936 331.7748 334.9752 $ Weld Post Slot Y Absorber
373 RPP 34.9921 38.2460 44.5934 46.1936 357.1748 360.3752 $ Weld Post Slot Y Absorber
374 RPP 34.9921 38.2460 44.5934 46.1936 382.5748 385.7752 $ Weld Post SlotY Absorber
375 RPP 34.9921 38.2460 44.5934 46.1936 407.9748 411.1752 $ Weld Post Slot Y Absorber
376 RPP 34.9921 38.2460 44.5934 46.1936 424.4848 427.6852 $ Weld Post Slot Y Absorber
377 RPP 34.9921 38.2460 54.7534,56.3536 10.4648 13.6652 $ Weld Post Slot Y Absorber
378 RPP 34.9921 38.2460 54.7534 56.3536 26.9748 30.1752 $ Weld Post Slot Y Absorber
379 RPP 34.9921 38.2460 54.7534 56.3536 52.3748 55.5752 $ Weld Post Slot Y Absorber
380 RPP 34.9921 38.2460 54.7534 56.3536 77.7748 80.9752 $ Weld Post Slot Y Absorber
381 RPP 34.9921 38.2460 54.7534 56.3536 103.1748 106.3752 $ Weld Post Slot Y Absorber
382 RPP 34.9921 38.2460 54.7534 56.3536 128.5748 131.7752 $ Weld Post Slot Y Absorber
383 RPP 34.9921 38.2460 54.7534 56.3536 153.9748 157.1752 $ Weld Post Slot Y Absorber
384 RPP 34.9921 38.2460 54.7534 56.3536 179.3748 182.5752 $ Weld Post Slot Y Absorber
385 RPP 34.9921 38.2460 54.7534 56.3536 204.7748 207.9752 $ Weld Post Slot Y Absorber
386 RPP 34.9921 38.2460 54.7534 56.3536 230.1748 233.3752 $ Weld Post Slot Y Absorber
387 RPP 34.9921 38.2460 54.7534 56.3536 255.5748 258.7752 $ Weld Post Slot Y Absorber
388 RPP 34.9921 38.2460 54.7534 56.3536 280.9748 284.1752 $ Weld Post Slot Y Absorber
389 RPP 34.9921 38.2460 54.7534 56.3536 306.3748 309.5752 $ Weld Post Slot Y Absorber
390 RPP 34.9921 38.2460 54.7534 56.3536 331.7748 334.9752 $ Weld Post Slot Y Absorber
391 RPP 34.9921 38.2460 54.7534 56.3536 357.1748 360.3752 $ Weld Post Slot Y Absorber
392 RPP 34.9921 38.2460 54.7534 56.3536 382.5748 385.7752 $ Weld Post Slot Y Absorber
393 RPP 34.9921 38.2460 54.7534 56.3536 407.9748 411.1752 $ Weld Post Slot Y Absorber
394 RPP 34.9921 38.2460 54.7534 56.3536 424.4848 427.6852 $ Weld Post Slot Y Absorber
395 C/X 55.5535 12.0650 0.4191 $ Weld P6st Hole Y
396 C/X 55.5535 28.5750 0.4191 $ Weld Post Hole Y
397 C/X 55.5535 53.9750 0.4191 $ Weld Post Hole Y
398 C/X 55.5535 79.3750 0.4191 $ Weld Post Hole Y
399 C/X 55.5535 104.7750 0.4191 $ Weld Post Hole Y
400 C/X 55.5535 130.1750 0.4191 $ Weld Post Hole Y
401 C/X 55.5535 155.5750 0.4191 $ Weld Post Hole Y
402 C/X 55.5535 180.9750 0.4191 $ Weld Post Hole Y
403 C/X 55.5535 206.3750 0.4191 $ Weld Post Hole Y
404 C/X 55.5535 231.7750 0.4191 $ Weld Post Hole Y
405 C/X 55.5535 257.1750 0.4191 $ Weld Post Hole Y
406 C/X 55.5535 282.5750 0.4191 $ Weld Post Hole Y
407 C/X 55.5535 307.9750 0.4191 $ Weld Post Hole Y
408 C/X 55.5535 333.3750 0.4191 $ Weld Post Hole Y
409 C/X 55.5535 358.7750 0.4191 $ Weld Post Hole Y
410 C/X 55.5535 384.1750 0.4191 $ Weld Post Hole Y
411 C/X 55.5535 409.5750 0.4191 $ Weld Post Hole Y
412 C/X 55.5535 426.0850 0.4191 $ Weld Post Hole Y
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413 C/X 45.3935 12.0650 0.4191
414 C/X 45.3935 28.5750 0.4191
415 C/X 45.3935 53.9750 0.4191
416 C/X 45.3935 79.3750 0.4191
417 C/X 45.3935 104.7750 0.4191
418 C/X 45.3935 130.1750 0.4191
419 C/X 45.3935 155.5750 0.4191
420 C/X 45.3935 180.9750 0.4191
421 C/X 45.3935 206.3750 0.4191
422 C/X 45.3935 231.7750 0.4191
423 C/X 45.3935 257.1750 0.4191
424 C/X 45.3935 282.5750 0.4191
425 C/X 45.3935 307.9750 0.4191
426 C/X 45.3935 333.3750 0.4191
427 C/X 45.3935 358.7750 0.4191
428 C/X 45.3935 384.1750 0.4191
429 C/X 45.3935 409.5750 0.4191
430 C/X 45.3935 426.0850 0.4191
431 C/X 55.5535 12.0650 0.3175
432 C/X 55.5535 28.5750 0.3175
433 C/X 55.5535 53.9750 0.3175
434 C/X 55.5535 79.3750 0.3175
435 C/X 55.5535 104.7750 0.3175
436 C/X 55.5535 130.1750 0.3175
437 C/X 55.5535 155.5750 0.3175
438 C/X 55.5535 180.9750 0.3175
439 C/X 55.5535 206.3750 0.3175
440 C/X 55.5535 231.7750 0.3175
441 C/X 55.5535 257.1750 0.3175
442 C/X 55.5535 282.5750 0.3175
443 C/X 55.5535 307.9750 0.3175
444 C/X 55.5535 333.3750 0.3175
445 C/X 55.5535 358.7750 0.3175
446 C/X 55.5535 384.1750 0.3175
447 C/X 55.5535 409.5750 0.3175
448 C/X 55.5535 426.0850 0.3175
449 C/X 45.3935 12.0650 0.3175
450 C/X 45.3935 28.5750 0.3175
451 C/X 45.3935 53.9750 0.3175
452 C/X 45.3935 79.3750 0.3175
453 C/X 45.3935 104.7750 0.3175
454 C/X 45.3935 130.1750 0.3175
455 C/X 45.3935 155.5750 0.3175
456 C/X 45.3935 180.9750 0.3175
457 C/X 45.3935 206.3750 0.3175
458 C/X 45.3935 231.7750 0.3175
459 C/X 45.3935 257.1750 0.3175
460 C/X 45.3935 282.5750 0.3175
461 C/X 45.3935 307.9750 0.3175
462 C/X 45.3935 333.3750 0.3175
463 C/X 45.3935 358.7750 0.3175
464 C/X 45.3935 384.1750 0.3175
465 C/X 45.3935 409.5750 0.3175
466 C/X 45.3935 426.0850 0.3175
c Surface Cards - Plates, Absorb
471 RPP 37.8496 82.6046 34.9921
472 RPP 39.4372 61.5098 37.8497
473 RPP 39.4372 61.5098 37.9018
474 RPP 39.2340 61.7130 38.2078
475 RPP 63.1100 65.0150 37.8497
476 C/Y 50.4735 4i5.2900 1.5875
477 C/Y 50.4735 22.8600 1.5875
478 RPP 44.5934 46.1936 34.9921

$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y

$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y

1$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

-,$ Weld Post.Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

£
£
{
£
{
{
{
{
f
{
{
{
{
{

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

er, and Retainer in X direction
37.8497 7.6200 430.5300 $ DFC Inner Formed Plt
38.2078 8.8900 428.6250 $ DFC Absorber Clad
38.1558 8.8900 428.6250 $ DFC Absorber
38.2460 8.8900 428.6250 $ DFC Retainer
42.8497 7.6200 430.5300 $ Plate Outer Part

$ Water Circulation Hole 5
$ Water Circulation Hole 5

38.2460 10.4648 13.6652 $ Weld Post Slot X Absorber
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479 RPP 44.5934 46.1936
480 RPP 44.5934.46.1936
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541

RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y

44.5934
44.5934
44.5934
.44.5934
44.5934
44.5934
44.5934
44.5934
44.5934
44.5934
44.5934
44.5934
44 .5934
44.5934
44.5934
54.7534
54.7534
54.7534
54.7534
54.7534
54.7534
54.7534
54.7534
54.7534
54.7534
54.7534
54.7534
54.7534
54.7534
54.7534
54.7534
54.7534
54.7534
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55. 5535
55.5535
55.5535
55.5535
55. 5535
55.5535
55.5535
55. 5535
55.5535
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935

46.1936
46.1936
46.1936
46.1936
46.1936
46.1936
46.1936
46.1936
46.1936
46.1936
46.1936
46.1936
46.1936
46.1936
46.1936
56.3536
56.3536
56.3536
56.3536
56.3536
56.3536
56.3536
56.3536
56.3536
56.3536
56.3536
56.3536
56.3536
56.3536
56.3536
56.3536
56.3536
56.3536
12.0650
28.5750
53.9750
79.3750
104.7750
130.1750
155.5750
180.9750
206.3750
231.7750
257.1750
282.5750
307.9750
333.3750
358.7750
384.1750
409.5750
426.0850
12.0650
28.5750.
53.9750
79.3750
104.7750
130.1750
155.5750
180.9750
206.3750
231.7750

34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
34.9921
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191

0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191

38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460
38.2460

26.9748
52.3748
77.7748
103.1748
128.5748
153.9748
179.3748
204.7748
230.1748
255.5748
280.9748
306.3748
331.7748
357.1748
382.5748
407.9748
424.4848
10.4648
26.9748
52.3748
77.7748
103.1748
128.5748
153.9748
179.3748
204.7748
230.1748
255.5748
280.9748
306.3748
331.7748
357.1748
382.5748
407.9748
424.4848

30.1752
55.5752
80.9752

$
$
$

Weld Post Slot X
Weld Post Slot X
Weld Post Slot X

Absorber
Absorber
Absorber

106.3752
131.7752
157.1752
182.5752
207.9752
233 3752
258.7752
284.1752
309.5752
334.9752
360.3752
385.7752
411.1752
427.6852

$
$
$
$
$
$
$
$
$
$
$
$
$
$

Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld

Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post

Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot

x
x
x
x
A
A
A
A
x
x
x
x
x
A

Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber

13.6652
30.1752
55.5752
80.9752

$
$
$
$

Weld Post Slot X
Weld Post Slot X
Weld Post Slot X
Weld Post Slot X

Absorber
Absorber
Absorber
Absorber

106.3752
131.7752
157.1752
182.5752
207.9752
233.3752
258.7752
284.1752
309.5752
334.9752
360.3752
385.7752
411.1752
427.6852

$
$
S
$
$
$
$
$
$
$
$
$
$
$

Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld

Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post

Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot

A

x

x
A
x
A
A
A
A
A
A

Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber

$$
$
$

Weld Post Hole X
Weld Post Hole X
Weld Post Hole X
Weld Post Hole X

$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
Weld Post Hole X
Weld Post Hole X
Weld Post Hole X
Weld Post Hole X

$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X

$$
$
$

0
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542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585

C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y

45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45..3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935

257.1750
282.5750
307.9750
333.3750
358.7750
384.1750
409.5750
426.0850
12.0650 C
28.5750 C
53.9750 C
79.3750 C
104.7750
130.1750
155.5750
180.9750
206.3750
231.7750
257.1750
282.5750
307.9750
333.3750
358.7750
384.1750
409.5750
426.0850
12.0650 C
28.5750 C
53.9750 C

.79.3750 C
104.7750
130.1750
155.5750
180.9750
206.3750
231.7750
257.1750
282.5750
307.9750
333.3750
358.7750
384.1750
409.5750
426.0850

0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
.3175

9.3175
.3175
.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
.3175

).3175
.3175
.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175

$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X

C Surfaces - Basket
601 RPP -12.3698 12.3698 -12.3698 12.3698 0.0000 440.6900 $ Tube Cavity Height
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618

1 RPP -16.6116 16.6116 -16.6116 16.6116 0.0000 440.6900
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP

-33.9471
-33.9471
-83.6409
-81.7359
-38.2459
-82.5918
-65.0150
-65.0150
34.9922
38.2459
38.2459

63.1100
-38.2459
-82.6045
-65.0150
-65.0150

i 33.9471 -83.6409
33.9471 -81.7359
83.6409 -33.9471
81.7359 -33.9471
-34.9922 38.2459
-34.9922 34.9922
-38.2459 63.1100
-63.1100 38.2459

83.6409
81.7359
33.9471
33.9471
82.6045
38.2459
65.0150
65.0150

7.6200
7.6200
7.6200
7.6200
7, 6200
7.6200
7.6200
7.6200

430.5300
430.5300
430.5300
430.5300
430.5300
430.5300
430.5300
430.5300

$ Tube Corner Cuts
$ Outer Surface SideWeld.
$ Inner Surface Side Weld.
$ Outer Surface Side Weld.
$ Inner Surface Side Weld.
$ Loc 3 DFC In. Formed Plt
$ Loc 3 DFC In. Formed Plt
$ Loc 3 DFC Out Formed P1
$ Loc 3 DFC Out Formed P1
Loc 5 DFC In. Formed Plt
Loc 5 DFC In. Formed Plt
Loc 5 DFC Out Formed P1
Loc 5 DFC Out Formed P1

$ Loc 17 DFC In. Formed 1
$ Loc 17 DFC In. Formed P
$ Loc 17 DFC Out Formed P
$ Loc 17 DFC Out Formed P

38.2459 34.9922 82.5918 7.6200 430.5300 $
82.6045 34.9922 38.2459 7.6200 430.5300 $
65.0150 63.1100 65.0150 7.6200 430.5300 $
65.0150 38.2459 65.0150 7.6200 430.5300 $
-34.9922 -82.5918 -34.9922 7.6200 430.5300
-38.2459 -38.2459 -34.9922 7.6200 430.5300
-38.2459 -65.0150 -63.1100 7.6200 430.5300
-63.1100 -65.0150 -38.2459 7.6200 430.5300

ilt
lt
'1
'1
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619 RPP 34.9922 38.2459 -82.6045 -38.2459 7.6200 430.5300 $ Loc 19 DFC In. Formed Plt
620 RPP 34.9922 82.5918 -38.2459 -34.9922 7.6200 430.5300 $ Loc 19 DFC In. Formed Plt
621 RPP 38.2459 65.0150 -65.0150 -63.1100 7.6200 430.5300 $ Loc 19 DFC Out Formed P1.
622 RPP 63.1100 65.0150 -65.0150 -38.2459 7.6200 430.5300 $ Loc 19 DFC Out Formed P1
623 PY 0.0000 $ Cut Plane for Remaining Area
c Surface Cards - Canister
701 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 440.6900 90.1700 $ Canister cavity
702 RCC 0.0000 0.0000 -6.9850 0.0000 0.0000 469.2650 91.4400 $ Canister
c Surface Cards - Transfer Cask Geometry
801 RCC 0.000 0.000 0.000 0.000 0.000 488.9500 111.7600 $ Cask Cylindrical Section
802 CZ 92.7100 $ Cask cavity radius
803 CZ 94.6150 $ Inner shell OR
804 CZ 102.7430 $ Lead shell OR
805 CZ 108.5850 $ Outer shell IR
806 PZ 30.4800 $ Top of bottom plate
807 PZ 453.3900 $ Bottom of top plate
808 RPP -104.3178 104.3178 -111.7600 111.7600 -12.7000 0.0000 $ Door Enclosing Shape
809 PY 97.0026 $ Inside rail surface
810 Py -97.0026 $ Inside rail surface
811 PY 96.52 $ Door surface
812 PY -96.52 $ Door surface
813 RHP 0.0000 0.0000 -12.7000 0.0000 0.0000 12.7000

108.4699 0.0000 0.0000 89.73736 -73.7172 0.0000
-89.7374 -73.7172 0.0000 $ Door prism

*814 RCC 0.000 0.000 -32.700 0.000 0.000 541.6500 131.7600 $ Cylinder to Reflect

c
c Materials List
c
c Fuel Pellet Material 4.60% Weight U02 [amul 269.9115
ml 92235.66c -4.055E-02 92238.66c -8.409E-01 8016.62c -1.186E-01
c Clad Material
m2 26054.62c -7.063E-05 24050.62c -4.179E-05 7014.62c -4.980E-04

26056.62c -1.149E-03 24052.62c -8.370E-04 7015.66c -1.981E-06
26057.62c -2.702E-05 24053.62c -9.673E-05
26058.62c -3.631E-06 24054.62c -2.448E-05
40000.66c -9.823E-01 50000.42c -1.500E-02

c Water
m3 1001.62c -1.105E-01 8016.62c -8.767E-01

1001.62c -6.288E-04 8016.62c -9.979E-03 5010.66c -3.977E-04
5011.66c -1.852E-03

mt3 lwtr.Olt
c Lower Nozzle Material
m4

1001.62c -1.208E-02 8016.62c -9.589E-02
1001.62c -6.877E-05 8016.62c -1.091E-03 5010.66c -4.350E-05

5011.66c -2.026E-04
24050.62c -7.071E-03 26054.62c -3.498E-02 28058.62c -5.686E-02
24052.62c -1.416E-01 26056.62c -5.688E-01 28060.62c -2.265E-02
24053.62c -1.637E-02 26057.62c -1.338E-02 28061.62c -1.001E-03
24054.62c -4.143E-03 26058.62c -1.798E-03 28062.62c -3.241E-03

28064.62c -8.570E-04
25055.62c -1.781E-02

mt4 lwtr.Olt
c Upper Nozzle Material
m5

1001.62c -5.445E-02 8016.62c -4,.321E-01
1001.62c -3.099E-04 8016.62c -4.919E-03 5010.66c -1.960E-04

5011.66c -9.129E-04
24050.62c -4.026E-03 26054.62c -1.991E-02 28058.62c -3.238E-02
24052.62c -8.065E-02 26056.62c -3.239E-01 28060.62c -1.290E-02
24053.62c -9.320E-03 26057.62c -7.618E-03 28061.62c -5.702E-04
24054.62c -2.359E-03 26058.62c -1.024E-03 28062.62c -1.845E-03
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28064.62c -4.880E-04
25055.62c -1.014E-02

mt5 lwtr.Olt
c SS304
m6 24050.62c -7.939E-03

24052.62c -1.590E-01
24053.62c -1.838E-02
24054.62c -4.652E-03

25055.62c -2.000E-02
c Aluminum
m7 13027.62c -1.OOOE+00
c Carbon Steel
m8 26054.62c -5.594E-02

26056.62c -9.098E-01
26057.62c -2.140E-02
26058.62c -2.876E-03

26054.62c
26056.62c
26057.62c
26058.62c

-3. 927E-02
-6. 387E-01
-1.502E-02
-2. 019E-03

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

-6.384E-02
-2. 543E-02
-1.124E-03
-3.639E-03
-9. 623E-04

6000.66c -1.OOOE-02

c Lead
m9 82206.66c

82207.66c
82208.66c

c NS-F-FR
mlO 5010.66c

5011.66c
13027.62c

c Concrete
mll 26054.62c

26056. 62c
26057. 62c
26058. 62c
1001. 62C
8016. 62c

-2.534E-01
-2.207E-01
-5. 259E-01

-9.313E-04
-3.772E-03
-2.142E-01

-7. 911E-04
-1.287E-02
-3.026E-04
-4.067E-05
-1. OOOE-02
-5.320E-01

7014.62c
7015.66c
1001. 62c

-1.974E-02
-7. 852E-05
-6. 001E-02

8016.62c -4.250E-01

6000.66c -2.763E-01

14000.60c -3.370E-01

13027.62c -3.400E-02
11023.62c -2.900E-02
Plate
13027.62c -5.656E-01

20000.62c -4.400E-02

6000.66c -9.430E-02
c Absorber Material B4C-Al
m12 5010.66c -6.011E-02

5011.66c -2.799E-01
c Water Exterior
m13 1001.62c 2.0

8016.62c 1.0
mtl3 lwtr.Olt
c Uranium Blanket 0.711%
m14 92235.66c -6.267E-03
c Borated SS304
m15 28058.62c -9.072E-02

28060.62c -3.614E-02
28061.62c -1.598E-03
28062.62c -5.171E-03
28064.62c -1.367E-03

5010.66c -3.535E-03
5011.66c -1.646E-02

Weight U02 [amu] 270.0284
92238.66c -8.752E-01 8016.62c -1.185E-01

26054.62c
26056.62c
26057.62c
26058.62c
25055.62c
14000.60c
16000.62c

-3.523E-02
-5. 729E-01
-1.348E-02
-1. 811E-03
-2. OOOE-02
-1.OOOE-02
-3. OOOE-04

24050.62c
24052.62c
24053.62c
24054.62c
15031.66c

6000.66c

-7.939E-03
-1. 590E-01
-1. 838E-02
-4. 652E-03
-4. 500E-04
-8. OOOE-04

c B4C
m16 5010.66c -1.384E-01 5011.66c -6.445E-01 6000.66c -2.171E-01
c Pyrex
m17 8016.62c -5.350E-01 14000.60c -3.770E-01 ii023.62c -4.100E-02

13027.62c -1.000E-02 5010.66c -6.540E-03 5011.66c -3.046E-02
c Borated Aluminum 25% B4C
m18 5010.66c -3.460E-02 13027.62c -7.500E-01 6000.66c -5.428E-02

5011.66c -1.611E-01
c DFC fuel mixture material (if applicable) Mix Height=428.8473in
m24 92235.66c -3.185E-02 92238.66c -6.605E-01 8016.62c -9.312E-02

1001.62c -2.401E-02 8016.62c -1.905E-01
c
c Rotation Matrix
*TRI 0.0 0.0 0.0 45 135 90 -45 45 90 90 90 0 $ z-rotation 45 degrees
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*TR2 0.0 0.0 0.0 135 225 90 45 135 90 90 90 0 $ z-rotation 135 degrees
*TR3 0.0 0.0 0.0 90 180 90 0 90 90 90 90 0 $ z-rotation 90 degrees
*TR4 0.0 0.0 0.0 180 270 90 90 180 90 90 90 0 '$ z-rotation 180 degrees
*TR5 0.0 0.0 0.0 -90 0 90 -180 -90 90 90 90 0 $ z-rotation -90 degrees

c
c Cell Importances
c
mode n
imp:n 1 263r 0
C
c
c Criticality Controls
c
kcode 2000 1.00 30 530
c
c Source Distribution for Initial Generation
SDEF CEL= D2

ERG= D1
POS= 0.0000 0.00 11.5888
RAD= D3
AXS= 0.00 0.00 1.00
EXT= D4

C - Neutron Source Energy Source Distribution
# SPI

-3
c Assembly Source Distribution
# S12 SP2

1 d
801:701:17:13:-l 1
801:702:17:13:-l 1
801:703:40:35:-30 1
801:704:17:13:-l 1
801:703:40:35:-30 1
801:706:17:13:-l 1
801:707:17:13:-l 1
801:708:17:13:-l 1
801:709:17:13:-l 1
801:710:17:13:-l 1
801:711:17:13:-l 1
801:712:17:13:-l 1
801:713:17:13:-l 1
801:714:17:13:-l 1
801:715:17:13:-l 1
801:716:17:13:-l 1
801:703:40:35:-30-1
801:718:17:13:-l 1
801:703:40:35:-30 1
801:720:17:13:-l 1
801:721:17:13:-l 1
801:722:17:13:-l 1
801:723:17:13:-l 1
801:724:17:13:-l 1
801:725:17:13:-l 1
801:726:17:13:-l 1
801:727:17:13:-l 1
801:728:17:13:-l 1
801:729:17:13:-l 1
801:730:17:13:-l 1
801:731:17:13:-l 1
801:732:17:13:-l 1
801:733:17:13:-l 1
801:734:17:13:-l 1
801:735:17:13:-l 1
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801:736:17:13:-l 1
801:737:17:13:-l 1

C - Uniform Radial Distribution in Fuel Rod
# S13 SP3

0.0000 -21
0.4753 1

C - Axial Source Profile
# S14 SP4

0 0.0
365.76 1.0

c
c Random Number Generator Controls
C
RAND GEN=2 SEED=19073486328125
C
C
c Print Control
c
PRINT

c
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Transfer Cask Model - WEl7H2
c
c MAGNASTOR Canister Class 1
c Neutron Poison Loading - 90 %
c Nominal Fuel Characteristics
c Insert Configuration - No
c
c Boron Content in Water - 2500 ppm
c Cavity Water Density 1.0025 g/cc
c
c Fuel to Clad Gap - Wet-UnBorated
c Exterior WaterDensity 0.0001 g/cc
c
c Selected Partial Flood - Yes
c
c
c
c
c
c
c
c
c
1
2
c

Damaged Fuel Can Option - Yes
Damaged Fuel Can Configuration - MIX
Mixture Height - 87% Can Cavity Height DFC Moderator: 0.9982 g/cc

Model Revision 4.90

Cells- Partial
0 +1
3 -1.0025 -1
Cells - Fuel R

Flood Fill
u=17 $ Above Active Fuel
u=17 $ Below Active Fuel

od - WEI7H2 - WE Core - 17x17
3 1 -1.0522E+01 -3 u=16 $ Fuel
4 13 -0.9982 -4 +3 fill=17 ( 0 0 -5.0984 ) u=16 $ Plenum + Fuel to Clad Gap
5 2 -6.56 -5 +4 u=16 $ Clad + End Plugs
6 3 -1.0025 +5 fill=17 ( 0 0 -5.0984 ) u=16 $ Out~ide Fuel Rod
c Cells - Guide Tube - WEI7H2 - WE Core - 17x17
7 3 -1.0025 -7 fill=17 ( 0 0 -5.0984 ) u=15 $ Inside Guide Tube
8 2 -6.56 -8 +7 u=15 $ Guide Tube
9 3 -1.0025 +8 fill=17 ( 0 0 -5.0984 ) u=15 $ Outside Guide Tube
c Cell Cards Instrument Tube - WE17H2 - WE Core - 17x17
10 3 -1.0025 -10 fill=17 ( 0 0 -5.0984 ) u=14 $ Inside Inst. Tube
11 2 -6.56 -11 +10 u=14 $ Inst. Tube
12 3 -1.0025 +11 fill=17 ( 0 0 -5.0984 ) u=14 $ Outside Inst. Tube
c Array_17xl7-264
15 3 -1.0025 -15 +16 -17 +18

trcl=(0 0 6.919)
16 16 16 16 16 16
16 16 16 16 16 16
16 16 16 16 16 15
16 16 16 15 16 16
16 16 16 16 16 16
16 16 15 16 16 15
16 16 16 16 16 16
16 16 16 16 16 16
16 16 15 16 16 15
16 16 16 16 16 16
16 16 16 16 16 16
16 16 15 16 16 15
16 16 16 16 16 16
16 16 16 15 16 16
16 16 16 16 16 15
16 16 16 16 16 16
16 16 16 16 16 16

lat=l u=13 fill=-8:8 -8:8 0:0
16 16 16 16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16 16 16 16
16 16 15 16 16 15 16 16 16 16 16
16 16 16 16 16 16 16 15 16 16 16
16 16 16 16 16 16 16 16 16 16 16
16 16 15 16 16 15 16 16 15 16 16
16 16 16 16 16,16 16 16 16 16 16
16 16 16 16 16 16 16 16 16 16 16
16 16 14 16 16 15 16 16 15 16 16
16 16 16 16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16 16 16 16
16 16 15 16 16 15 16 16 15 16 16
16 16 16 16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 15 16 16 16
16 16 15 16 16 15 16 16 16 16 16
16 16 16 16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16 16 16 16

c Cells - Fuel Assembly Array Inserted Into Assembly - cellPWRAssy
19 3 -1.0025 -19 fill=13 u=12 $ Array
20 3 -1.0025 -20 +19 -19.6 -19.5 fill=17 ( 0.0000 0.0000 1.8206 ) u=12 $ Fuel Width
Envelope
21 4 -2.6182 -20 +19.6 u=12 $ Lower Nozzle
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22 5 -1.8805 -20 +19.5 u=12 $ Upper Nozzle
23 3 -1.0025 +20 fill=17 ( 0.0000 0.0000 1.8206 ) u=12 $ Remaining Space
c Cells - DFC Content
52 24 -2.775 -52 u=ll $ Fuel / Moderator Mixture
53 3 -0.9982 +52 fill=17 ( 0.0000 0.0000 -6.9494 ) u=ll $ Canister Moderator
c Cell Cards - DFC
60 3 -1.0025 -60 fill=17 ( 0.0000 0.0000 3.4081 ) u=10 $ DFC Cavity
61 6 -7.94 -61 +60 u=10 $ DFC Body
62 3 -1.0025 +61 fill=i7 ( 0.0000 0.0000 3.4081 ) i=10 $ Exterior Space
c Cell Cards - Tube, Absorber and Retainer
101 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=9 $ Absorber -Y

102 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131-+132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=9 $ Absorber Clad -Y

103 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=9 $ Absorber +Y

104 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=9 $ Absorber Clad +Y

105 6 -7.940 -105 +215 +216 u=9 $ Retainer -Y
106 6 -7.940 -106 +215 +216 u=9 $ Retainer+Y
107 6 -7.940 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=9 $ Weld Post in Absorber -Y

108 3 -1.0025 -102 #101 #102 #107 fill=17 ( 0.0000 0.0000 6.9190 ) u=9 $ Gap Weld Post
to Absorber -Y
109 6 -7.940 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=9 $ Weld Post in Absorber +Y

110 3 -1.0025 -104 #103 #104 #109 fill=17 ( 0.0000 0.0000 6.9190 u=9 $ Gap Weld Post
to Absorber +Y
111 12 -2.358 -217 +223 +224 +225 +226 +227 +228 +229 +230 +231

+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=9 $ Absorber -X

112 7 -2:702 -218 +217 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=9 $ Absorber Clad -x

113 12 -2.358 -219 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=9 $ Absorber +X

114 7 -2.702 -220 +219 +223 +224 +225 +226,+227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238.+239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=9 $ Absorber Clad +X

115 6 -7.940 -221 +331 +332 u=9 $ Retainer -X
116 6 -7.940 -222 +331 +332 u=9 $ Retainer+X
117 6 -7.940 -218

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
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-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312) u=9 $ Weld Post in Absorber -X

118 3 -1.0025 -218 #111 #112 #117 fill=17 ( 0.0000 0.0000 6.9190 ) u=9 $ Gap Weld Post
to Absorber -X
119 6 -7.940 -220

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312) u=9 $ Weld Post in Absorber

120 3 -1.0025 -220 #113 #114 #119 fill=17 ( 0.0000 0.0000 6.9190 ) u=9 $ Gap Weld Post
to Absorber +X
121 3 -1.0025 -333

+102 +104 #105 #106
+218 +220 #115 #116 fill=17 ( 0.0000 0.0000 6.9190 ) u=9 $ Space in Tube

122 8 -7.821 -334 +333
+143
+152
+161
+170
+259
+268
+277
+286

+144
+153
+162
+171
+260
+269
+278
+287

+145
+154
+163
+172
+261
+270
+279
+288

+146
+155
+164
+173
+262
+271
+280
+289

+147
+156
+165
+174
+263
+272
+281
+290

+148
+157
+166
+175
+264
+273
+282
+291

+149
+158
+167
+176
+265
+274
+283
+292

+150
+159
+168
+177
+266
+275
+284
+293

+151
+160
+169
+178
+267
+276
+285
+294 +215 +216 +331 +332 u=9 $ Fuel

Tube
123 6 -7.940 -334 +333

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
-295:-296:-297:-298:-299:-300:-301:-302:-303:
-304:-305:-306:-307:-308:-309:-310:-311:-312:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330) u=9 $ Fuel

124 3 -1.0025 -334 +333 #122 #123
fill=17 ( 0.0000 0.0000 6.9190 ) u=9 $ Space Around Weld

125 3 -1.0025 +333 +334 fill=17 ( 0.0000 0.0000 6.9190 ) u=9 $ Exten
c Cell Cards - Q1 Peripheral Tube, Absorber and Retainer
126 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=8

127 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=8

128 7 -2.7020 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=8

129 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=8

Tube Weld Posts

Posts
rior Space

$ Absorber -Y

$ Absorber Clad -Y

$ Absorber +Y

$ Absorber Clad +Y
130 6 -7.940 -105 +215 +216 u=8 $ Retainer -Y
131 6 -7.9400 -106 +215 +216 u=8 $ Retainer+Y
132 6 -7.940 -102

(-179:-180:-181:-182:-183:-184:-i85:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=8 $ Weld Post in Absorber -Y

133 3 -1.0025 -102 #126 #127 #132 fill=17 ( 0.0000 0.0000 6.9190 ) u=8 $ Gap Weld Post
to Absorber -Y
134 6 -7.9400 -104
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(-179:-180:-181:-182:-183:-184:-185':-186:-187:
-188:-189:-190:-191:-192:-193:-194.:-195:-196:
-197 :-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=8*$ Weld Post in Absorber +Y

135 3 -1.0025 -104 #128 #129 #134 fill=17 ( 0.0000 0.0000 6.9190 ) u=8 $ Gap Weld Post
to Absorber +Y
136 12 -2.358 -217 +223 +224 +225 +226 +227 +228 +229 +230 +231

+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=8 $ Absorber -X

137 7 -2.702 -218 +217 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=8

138 7 -2.7020 -219 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=8

139 7 -2.7020 -220 +219 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=8

$ Absorber Clad -X

$ Absorber +X

$ Absorber Clad +X
140 6 -7.940 -221 +331 +332 u=8 $ Retainer -X
141 6 -7.9400 -222 +331 +332 u=8 $ Retainer+X
142 6 -7.940 -218

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312) u=8 $ Weld Post in Plate-X

143 3 -1.0025 -218 #136 #137 #142 fill=17 ( 0.0000 0.0000 6.9190 ) u=8 $ Gap Weld Post
to Plate -X
144 6 -7.9400 -220

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312) u=8 $ Weld Post in Plate +X

145 3 -1.0025 -220 #138 #139 #144 fill=17 ( 0.0000 0.0000 6.9190 ) u=8 $ Gap Weld Post
to Plate +X
146 3 -1.0025 -333

+102 +104 #105 #106
+218 +220 #115 #116 fill=17 ( 0.0000 0.0000 6.9190 ) u=8 $ Space in Tube

147 8 -7.821 -334 +333
+143 +144 +145 +146 +147 +148 +149 +150 +151
+152 +153 +154 +155 +156 +157 +158 +159 +160
+161 +162 +163 +164 +165 +166 +167 +168 +169
+170 +171 +172 +173 +174 +175 +176 +177 +178
+259 +260 +261 +262 +263 +264 +265 +266 +267
+268 +269 +270 +271 +272 +273 +274 +275 +276
+277 +278 +279 +280 +281 +282 +283 +284 +285
+286 +287 +288 +289 +290 +291 +292 +293 +294 +215 +216 +331 +332 u=8 $ Fuel

Tube
148

149

150

6 -7.940 -334 +333
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
-295:-296:-297:-298:-299:-300:-301:-302:-303:
-304:-305:-306:-307:-308:-309:-310:-311:-312:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:.-326:-327:-328:-329:-330) u=8 $ Fuel Tube Weld

3 -1.0025 -334 +333 #147 #148
fill=17 ( 0.0000 0.0000 6.9190 ) u=8 $ Space Around Weld Posts

3 -1.0025 +333 +334 fill=17 ( 0.0000 0.0000 6.9190 ) u=8 $ Exterior.Space

Posts
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c Cell Cards - Q2 Peripheral Tube, Absorber and Retainer
151 12 -2.358 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=7

152 7 -2.702 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=7

153 7 -2.7020 -103 +107 +108 +109 +110 +11• +112 +113 +114 +115
+116+117+118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=7

154 7 -2.7020 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=7

155 6 -7.940 -105 +215 +216 u=7 $ Retainer -Y
156 6 -7.9400 -106 +215 +216 u=7 $ Retainer+Y

$ Absorber -Y

$ Absorber Clad -y

$ Absorber +Y

$ Absorber Clad +Y

157 6 -7.940 -102
(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214). u=7 $ Weld Post in Absorber -Y

158 3 -1.0025 -102 #151 #152 #157 fill=17 ( 0.0000 0.0000 6.9190 u=7 $ Gap Weld Post
to Absorber -Y
159 6 -7.9400 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=7 $ Weld Post in Absorber +Y

160 3 -1.0025 -104 #153 #154 #159 fill=17 ( 0.0000 0.0000 6.9190 ) u=7 $ Gap Weld Post
to Absorber +Y
161 7 -2.7020 -217 +223 +224 +225 +226 +227 +228 +229 +230 +231

+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=7

162 7 -2.7020 -218 +217 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=7

163 12 -2.358 -219 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=7

$ Absorber -X

$ Absorber Clad -X

$ Absorber +X
164 7 -2.702 -220 +219 +223 +224 +225 +226 +227 +228 +229 +230 +231

+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=7 $ Absorber Clad +X

165 6 -7.9400 -221 +331 +332 u=7 $ Retainer -X
166 6 -7.940 -222 +331 +332 u=7 $ Retainer+X
167 6 -7.9400 -218

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312) u=7 $ Weld Post in Plate-X

168 3 -1.0025 -218 #161 #162 #167 fill=17 ( 0.0000 0.0000 6.9190 ) u=7 $ Gap Weld Post
to Plate -X
169 6 -7.940 -220

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:ý-305:-306:-307:-308:-309:-310:-311:-312) u=7 $ Weld Post in Plate +X

NAC International 6.7.8-58



MAGNASTOR System FSAR August 2010
Docket No. 72-1031 Revision 1 OB

Figure 6.7.8-4 Transfer Cask Sample Input File - Damaged PWR Fuel TSC -
Partially Flooded Mixture

170 3 -1.0025 -220 #163 #164 #169 fill=17 ( 0.0000 0.0000 6.9190 ) u=7 $ Gap Weld Post
to Plate +X
171 3 -1.0025 -333

+102 +104 #105 #106
+218 +220 #115 #116 fill=17 ( 0.0000 0.0000 6.9190 ) u=7 $ Space in Tube

172 8 -7.821 -334 +333
+143 +144 +i45 +146 +147 +148 +149 +150 +151
+152 +153 +154 +155 +156 +157 +158 +159 +160
+161 +162 +163 +164 +165 +166 +167 +168 +169
+170 +171 +172 +173 +174 +175 +176 +177 +178
+259 +260 +261 +262 +263 +264 +265 +266 +267
+268 +269 +270 +271 +272 +273 +274 +275 +276
+277 +278 +279 +280 +281 +282 +283 +284 +285
+286 +287 +288 +289 +290 +291 +292 +293 +294 +215 +216 +331 +332 u=7 $ Fuel

Tube
173 6 -7.940 -334 +333

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
-295:-296:-297:-298:-299:-300:-301:-302:-303:
-304:-305:-306:-307:-308:-309:-310:-311:-312:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330) u=7 $ Fuel Tube Weld Posts

174 3 -1.0025 -334 +333 #172 #173
fill=17 ( 0.0000 0.0000 6.9190 ) u=7 $ Space Around Weld Posts

175 3 -1.0025 +333 +334 fill=17 ( 0.0000 0.0000 6.9190 ) u=7 $ Exterior Space
c Cell Cards - Q3 Peripheral Tube, Absorber and Retainer
176 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=6 $ Absorber -Y

177 7 -2.7020 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=6 $ Absorber Clad -Y

178 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=6 $ Absorber +Y

179 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=6 $ Absorber Clad +Y

180 6 -7.9400 -105 +215 +216 u=6 $ Retainer -Y
181 6 -7.940 -106 +215 +216 u=6 $ Retainer+Y
182 6 -7.9400 -102

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=6 $ Weld Post in Absorber -Y

183 3 -1.0025 -102 #176 #177 #182 fill=17 ( 0.0000 0.0000 6.9190 ) u=6 $ Gap Weld Post
to Absorber -Y
184 6 -7.940 -104

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=6 $ Weld Post in Absorber +Y

185 3 -1.0025 -104 #178 #179 #184 fill=17 ( 0.0000 0.0000 6.9190 ) u=6 $ Gap Weld Post
to Absorber +Y
186 7 -2.7020 -217 +223 +224 +225 +226 +227 +228 +229 +230 +231

+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
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+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=6 $ Absorber -X
187 7 -2.7020 -218 +217 +223 +224 +225 +226 +227 +228 +229 +230 +231

+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=6 $ Absorber Clad -X

188 12 -2.358 -219 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=6 $ Absorber +X

189 7 -2.702 -220 +219 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=6 $ Absorber Clad +X

190 6 -7.9400 -221 +331 +332 u=6 $ Retainer -X
191 6 -7.940 -222 +331 +332 u=6 $ Retainer+X
192 6 -7.9400 -218

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312) u=6 $ Weld Post in Plate-X

193 3 -1.0025 -218 #186 #187 #192 fill=17 ( 0.0000 0.0000 6.9190 ) u=6 $ Gap Weld Post
to Plate -X
194 6 -7.940 -220

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312) u=6 $ Weld Post in Plate +X

195 3 -1.0025 -220 #188 #189 #194 fill=17 ( 0.0000 0.0000 6.9190 ) u=6 $ Gap Weld Post
to Plate +X
196 3 -1.0025 -333

+102 +104 #105 #106
+218 +220 #115 #116 fill=17 ( 0.0000 0.0000 6.9190 ) u=6 $ Space in Tube

197 8 -7.821 -334 +333
+143 +144 +145 +146 +147 +148 +149 +150 +151
+152 +153 +154 +155 +156 +157 +158 +159 +160
+161 +162 +163 +164 +165 +166 +167 +168 +169
+170 +171 +172 +173 +174 +175 +176 +177 +178
+259 +260 +261 +262 +263 +264 +265 +266 +267
+268 +269 +270 +271 +272 +273 +274 +275 +276
+277 +278 +279 +280 +281 +282 +283 +284 +285
+286 +287 +288 +289 +290 +291 +292 +293 +294 +215 +216 +331 +332 u=6 $ Fuel

Tube
198 6 -7.940 -334 +333

(-179:-180:-181:-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
-295:-296:-297:-298:-299:-300:-301:-302:-303:
-304:-305:-306:-307:-308:-309:-310:-311:-312:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330) u=6 $ Fuel Tube Weld Posts

199 3 -1.0025 -334 +333 #197 #198
fill=17 ( 0.0000 0.0000 6.9190 ) u=6 $ Space Around Weld Posts

200 3 -1.0025 +333 +334 fill=17 ( 0.0000 0.0000 6.9190 ) u=6 $ Exterior Space
c Cell Cards - Q4 Peripheral Tube, Absorber and Retainer
201 7 -2.7020 -101 +107 +108 +109 +110 +111 +112 +113 +114 +115

+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=5 $ Absorber -Y

202 7 -2.7020 -102 +101 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216 u=5 $ Absorber Clad -Y

0

0
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203 12 -2.358 -103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120.+121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133
+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 +216'u=5 $

204 7 -2.702 -104 +103 +107 +108 +109 +110 +111 +112 +113 +114 +115
+116 +117 +118 +119 +120 +121 +122 +123 +124
+125 +126 +127 +128 +129 +130 +131 +132 +133

,+134 +135 +136 +137 +138 +139 +140 +141 +142 +215 4216 u=5 $
205 6 -7.9400 -105 +215 +216 u=5 $ Retainer -Y
206 6 -7.940 -106 +215 +216 u=5 $ Retainer+Y
207 6 -7.9400 -102

(-179:-180:-181:-182:-183:-184: -185:-186: -187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=5 $ Weld Pos

208 3 -1.0025 -102 #201 #202 #207 fill=17 ( 0.0000 0.0000 6.9190 ) uz
to Absorber -Y
209 6 -7.940 -104

(-179:-180:-181:-182:-183:'-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:'-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214) u=5 $ Weld Pot

210 3 -1.0025 -104 #203 #204 #209 fill=17 ( 0.0000 0.0000 6.9190 ) u=
to Absorber +Y
211 12 -2.358 -217 +223 +224 +225 +226 +227 +228 +229 +230 +231

+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=5 $

212 7 -2.702 -218 +217 +223 +224 +225 +226 +227 +228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243+244 +245 +246 *+247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=5 '$

213 7 -2.7020 -219 +223 +224 +225 +226 +227+228 +229 +230 +231
+232 +233 +234 +235 +236 +237 +238-+239 +240
+241 +242 +243 +244 +245 +246 +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257 +258 +331 +332 u=5 $

214 7 -2.7020 -220 +219 +223 +224 +225 +226 +227 +228 +229 +230 +231
±232 +233 +234 +235 +236 +237 +238 +239 +240
+241 +242 +243 +244 +245 +246. +247 +248 +249
+250 +251 +252 +253 +254 +255 +256 +257-+258 +331 +332 u=5 $

Absorber +Y

Absorber Clad +Y

st in Absorber -Y
=5 $ Gap Weld Post

st in Absorber +Y
=5 $ Gap Weld Post

Absorber -X

Absorber Clad

Absorber +x

Absorber Clad

-x

215 6 -7.940 -221 +331 +332 u=5 $ Retainer -X
216 6 -7.9400 -222 +331 +332 u=5 $ Retainer+X
217 6 -7.940 -218

(-295:-296:-297:-298:-299:-300:-301:-302:-303:
-313:-314:-315:-316:-317: -318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311::-312) u=

218 3 -1.0025 -218 #211 #212 #217 fill=17 ( 0.0000 0.0000
to Plate -X
219 6 -7.9400 -220

(-295:-296:-297:-298:-299:-300:-301:-302: -303:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330:
-304:-305:-306:-307:-308:-309:-310:-311:-312) u=

220 3 -1.0025 -220 #213 #214 #219 fill=17 ( 0.0000 0.0000
to Plate +X
221 3 -1.0025 -333

+102 +104 #105 #106
+218 +220 #115 #116 fill=17 ( 0.0000 0.0000 6.9190

222 8 -7.821 -334 +333
+143 +144 +145 +146 +147 +148 +149 +150 +151
+152 +153 +154 +155 +156 +157 +158 +159 +160
+161 +162 +163 +164 +165 +166 +167 +168 +169

5 $ Weld Post in Plate-X
6.9190 ) u=5 $ Gap'Weld Post

5 $ Weld Post in Plate +X
6.9190 ) u=5 $ Gap Weld Post

u=5 $ Space in Tube
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+170 +171
+259 +260
+268 +269
+277 +278
+286 +287

+172 +173 +174 +175 +176 +177 +178
+261 +262 +263 +264 +265 +266 +267
+270 +271 +272 +273 +274 +275±+276
+279 +280 +281 +282 +283 +284 +285
+288 +289 +290 +291 +292 +293 +294 +215 +216 +331 +332 u'5 $ Fuel

Tube
223 6 -7.940 -334 +333

(-179:-180:-181:,-182:-183:-184:-185:-186:-187:
-188:-189:-190:-191:-192:-193:-194:-195:-196:
-197:-198:-199:-200:-201:-202:-203:-204:-205:
-206:-207:-208:-209:-210:-211:-212:-213:-214:
-295:-296:-297:-298:-299:-300:-301:-302:-303:
-304:-305:-306:-307:-308:-309:-310:-311:-312:
-313:-314:-315:-316:-317:-318:-319:-320:-321:
-322:-323:-324:-325:-326:-327:-328:-329:-330) u=5 $ Fuel Tube Weld

224 3 -1.0025 -334 +333 #222 #223
fill=17 ( 0.0000 0.0000 6.9190 ) u=5 $ Space Around Weld Posts

225 3 -1.0025 +333 +334 fill=17 ( 0.0000 0.0000 6.9190 ) u=5 $ Exterior Space
c Cell Cards - Plates, Absorber, and Retainer in Y direction
351 8 -7.821 -351 +357 +358 +395 +396 +397 +398 +399 +400

+401 +402 +403 +404 +405 +406 +407 +408 +409 +410
+411 +412 +413 +414 +415 +416 +417 +418 +419 +420
+421 +422 +423 +424 +425 +426 +427 +428 +429 +430 u=4 $ DFC Inner

352 12 -2.358 -353 +351 +357 +358 +359 +360 +361 +362 +363 +364
+365 +366 +367 +368 +369 +370 +371 +372 +373 +374
+375 +376 +377 +378 +379 +380 +381 +382 +383 +384
+385 +386 +387 +388 +389 +390 ±391 +392 +393 +394 u=4 $ Absorber

353 7 -2.702 -352 +353 +357 +358 +359 +360 +361 +362 +363 +364
+365 +366 +367 +368 +369 +370 +371 +372 +373 +374
+375 +376 +377 +378 +379 +380.+381 +382 +383 +384
+385 +386 +387 +388 +389 +390 ±391 +392 +393 +394 u=4 $ Absorber C

354 6 -7.940 -354 +357 +358 u=4 $ Retainer +Y

Posts

Formed Plt

lad

355 6 -7.940 -352
(-431:-432:-433:-434:-435:-436:7437:-438:-439:

•-440:-441:-442:-443:-444:-445:-446:-447:-448:

-449:-450:-451:-452:-453:-454:-455:-456:-457:
-458:-459:-460:-461:-462:-463:-464:-465:-466) u=4 $ Weld Post in Absorber +Y

356 3 -1.001 -352 #352 #353 #355 fi1l-=17 ( 0.0000 0.0000 6.9190 ) u=4 $ Gap Weld Post
to Absorber +Y
357 6 -7.940 -351

(-431:-432:-433:-434:-435:-436:-437:-438:-439:
-440:-441:-442:-443:-444:-445:-446:-447:-448:
-449:-450:-451:-452:-453:-454:-455:-456:-457:
-458:-459:-460:-461:-462:-463:-464:-465:-466) u=4 $ Weld Posts in Plate +Y

358 3 -1.0025 -351 #351 #357 fill=17 ( 0.0000 0.0000 6.9190 ) u=4 $ Space Around Weld
Posts+Y
359 3 -1.0025 -354 #354 fill=17 ( 0.0000 0.0000 6.9190 ) u=4 $ Space Inside Retainer
+Y
360
361
362

8
8
3

-7.821 -355 u=4 $ Outer Plate Part +Y
-7.821 -356 +351 u=4 $ Inner, Plate Part +Y
-1.0025 +351 +352 +353 +354 +355 +356 +357 +358

fill=17 ( 0.0000 0.0000 6.9190 ) u=4 $ Exterior Space
c Cell Cards - Plates, Absorber, and Retainer in X direction
471 8 -7.821 -471 +476 +477 +514 +515! +516 +517 +518 +519

+520 +521 +522 +523 +524 +525 +526 +527 +528 +529
+530 +531 +532 +533 +534 +535 '+536 +537 +538 +539
+540 +541 +542 +543 +544 +545 +546 +547 +548 +549 u=3 $ DFC Inner Formed Plt

472 12 -2.358 -473 +476.+477 +478 +479 +480 +481 +482 +483
+484 +485 +486 +487 +488 +489 !490 +491 +492 +493 +494 +495
+496 +497 +498 +499 +500 +501 +502 +503 +504 +505 +506 +507
+508 +509 +510 +511 +512 +513', u=3 $ Absorber

473 7 -2.702 -472 +473 +476 +477 +478 +479 +480 +481 +482 +483
+484 +485 +486 +487 +488 +489 +490 +491 +492 +493 +494 +495
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+496 +497 +498 +499 +500 +501 +502 +503 +504 +505 +506 +507
+508 +509 +510 +511 +512 +513 u=3 $ Absorber Clad

474 6 -7.940 -474 +476 +477 u=3 $Retainer +X
475 6 -7.940 -472

(-550:-551:-552:-553:-554:-555:-556:-557:-558:
-559:-560:-561:-562:-563:-564:-565:-566:-567:
-568:-569:-570:-571:-572:-573:-574:-575:-576:
-577:-578:-579:-580:-581:-582:-583:-584:-585) u=3 $ Weld Post in Absorber +X

476 3 -1.0025 -472 #472 #473 #475 fill=17 ( 0.0000-0.0000 6.9190 ) u=3 $ Gap Weld
Post to Absorber +X
477 6 -7.940 -471

(-550:-551:-552:-553:-554:-555:-556:-557:-558:
-559:-560:-561:-562:-563:-564:-565:-566:-567:
-568:-569:-570:-571:-572:-573:-574:-575:-576:
-577:-578:-579:-580:-581:-582:-583:-584:-585) u=3 $ Weld Posts in Plate +X

478 3 -1.0025 -471 #471 #477 fill=17 ( 0.0000 0.0000 6.9190 ) u=3 $ Space Around Weld
Posts +X
479 3 -1.0025 -474 #474 fill=17 ( 0.0000 0.0000 6.9190 ) u=3 $ Space Inside Retainer
+X

480 8 -7.821 -475 u=3 $ Outer Plate Part +X
481 3 -1.0025 +471 +472 +473 +474 +475 +476 +477.

fill=17 (
C Cells - Basket
601 3 -1.0025 -601 -60
602 like 601 but f
603 like 601 but f:
604 like. 601 but f:
605 like 601 but f:
606 like 601 but f:
607 like 601. but f:
608 like 601 but f:
609 like 601 but f:
610 like 601 but f:
611 like 601 but f:
612 like 601 but f:
613 like 601 but f:
614 like 601 but f:
615 like 601 but f:
616 like 601 but f:
617 like 601 but f:
618 3 -1.0025 -61 fil:
619 like 618 but
620 like 618 but
621 like 618 but
622 8 -7.821 -603 +604

0.0000 0.0000 6.9190 ) u=3 $ Exterior Space

2 fill=7 *trcl=( -23.4925 70.4774 0.0000 ) u=2 $ Tube Loc 1
ill=8
ili=9
ill=7
ili=9
ill=9
ill=8
ill=9
ill=9
ill=9
ili=6
ill=9
ill=9
ili=5
ill=9
ill=6
ill=5

*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=

23.4925 70.4774 0.0000
0.0000 46.9849 0.0000
-70.4774 23.4925 0.0000
-23.4925 23.4925 0.0000
23.4925 23.4925 0.0000
70.4774 23.4925 0.0000
-46.9849 0.0000 0.0000
0.0000 0.0000 0.0000 )
46.9849 0.0000 0.0000
-70.4774 -23.4925 0.0000
-23.4925 -23.4925 0.0000
23.4925 -23.4925 0.0000
70.4774 -23.4925 0.0000
0.0000 -46.9849 0.0000
-23.4925 -70.4774 0.0000
23.4925 -70.4774 0.0000

u=2 $ Tube Loc 2
u=2 $ Tube Loc 4

u=2 $ Tube Loc 6
u=2 $ Tube Loc 7

u=2 $ Tube Loc 8
u=2 $ Tube Loc 9
-u=2 $ Tube Loc 10

i=2 $ Tube Loc 11
u=2 $ Tube Loc 12

u=2 $ Tube Loc 13
u=2 $ Tube Loc 14

u=2 $ Tube Loc 15
u=2 $ Tube Loc 16

u=2 $ Tube Loc 18
u=2 $ Tube Loc 20

u=2 $ Tube Loc 21
u=2 $ Empty DFC Loc 3

$ Empty DFC Loc 5
1=10 *trcl=( -49.4170 49.4170 13.8684 )
*trcl=( 49.4170 49.4170 13.8684 ) u=2

*trcl=( -49.4170 -49.4170 13.8684 ) u=2 $ Empty DFC Loc 17
*trcl=( 49.4170 -49.4170 13.8684 ) u=2 $ Empty DFC Loc 19

623 8 -7.821
#601 #602 #616

-605 +606
#604 #611 #607

#617 u=2 $ Side Weldment Y

624
625
626
627
628
629
630
631
632
633
634'
635
636
637

8
8
8
8
8
8
8
8
8
.8
8
8
8
8

-7.821
-7.821
-7.821
-7.821
-7.821
-7. 821
-7.821
-7.821
-7.821
-7.821
-7-.821
-7.821
-7. 821
-7.821

-607
-608
-609
-610
-611
-612
-613
-614
-615
-616
-617
-618
-619
-620

#601
#601
+610
#601
#602
#602
-+614
#602
#616
#616
+618
#616
#617
#617

#604
#604

#601
#604
#606
#606

#602
#606
#611
#611

#616
#611
#613
#613

#605
#605
#604
#605
#607
#607
#606
#607
#612
#612
#611
#612
#614
#614

#614 u=2 $
fill=3 (5)
fill=4 (5)

#605 u=2 $
u=2 $ Loc

fill=4 U=2
+611 fill=3

#607 u=2 $
u=2 $ Loc

fill=4 (4)
fill=3 (4)

#612 u=2 $
u=2 $ Loc

fill=3 (3)
fill=4 (3)

#614 u=2 $

Side Weldment X
u=2 $ Loc 3 DFC In Formed Plt
u=2 $ Loc 3 DFC In Formed Plt
Loc 3 DFC Out Formed P1
3 DFC Out Formed P1
$ Loc 5 DFC In Formed Plt
u=2 $ Loc 5 DFC In Formed Plt
Loc 5 DFC Out Formed P1
5 DFC Out Formed P1
u=2 $ Loc 17 DFC In Formed Plt
u=2 $ Loc 17 DFC In Formed Plt
Loc 17 DFC OutFormed P1
17 DFC Out Formed P1
u=2 $ Loc 19 DFC In Formed Plt
u=2 $ Loc 19 DFC In Formed Plt
Loc 19 DFC Out Formed P1638 8 -7.821 -621 +622 #617 #613
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639 8 -7.821 -622 #617 #613 #614 u=2 $ Loc 19 DFC Out Formed P1
640 3 -1.0025 #601 #602 #603 #604 #605 #606 #607 #608 #609 #610

+607 +608 +609 +610 +611 +612 +613 +614
#622 #623 #618 #619 +623 -2 u=2 $ Space Below Flood Plane

641 3 -1.0025 #608 #609 #610 #611 #612 #613 #614 #615 #616 #617
+615 +616 +617 +618 +619 +620 +621 +622
#622 #623 #620 #621 -623 -2 u=2 $ Space Below Flood Plane

642 0 #601 #602 #603 #604 #605 #606 #607 #608 #609 #610
+607 +608 +609 +610 +611 +612 +613 +614
#622 #623 +623 +2 #618 #619 u=2 $ Space Above Flood Plane

643 0 #608 #609 #610 #611 #612 #613 #614 #615 #616 #617
+615 +616 +617 +618 +619 +620 +621 +622
#622 #623 -623 +2 #620 #621 u=2 $ Space Above Flood Plane

c Cell Cards - Canister
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738

3 -1.0025 -20
like 701 but
3 -1.0025 -60
like 701 but
3 -1.0025 -60
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
3 -1.0025 -60
like 701 but
3 -1.0025 -60
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
like 701 but
3 -1.0025 -701

fill=12 *trcl=( -23.0901 70.0750 5.0984 ) u=l $ Assy loc 1
*trcl=( 23.0901 70.0750 5.0984 ) u=l $ Assy loc 2

fill=ll *trcl=( -49.4170 49.4170 13.8684 ) u=l $ Assy loc 3 DFC
*trcl=( 0.0000 46.5825 5.0984 ) u=l $ Assy loc 4

fill=11l *trcl=( 49.4170 49.4170 13.8684 ) u=l $ Assy loc 5 DFC
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*trcl=
*,trcl=
*trcl=

-70.0750 23;0901 5.0984
-23.0901,23.0901 5.0984
23.0901 23.0901 5.0984
70.0750 23.0901 5.0984
-46.5825 0.0000 5.0984
0.0000 0.0000 5.0984
46.5825 0.0000 5.0984
-70.0750 -23.0901 5.0984
-23.0901 -23.0901 5.0984
23.0901 -23.0901 5.0984
70.0750 -23;0901 5.0984

u=1 $ Assy loc 6
u=l $ Assy. loc 7

u=l $ Assy loC 8
u=1 $ Assy loc 9
u=l $ Assy loc 10

u=l $ Assy loC 11
u=1 $ Assy loc 12

u=l $ Assy loc 13
u=l $ Assy loc 14

u=l $ Assy loc 15
u=l $ Assy loc 16

fill=11 *trcl=( -49.4170 -49.4170 13.8684 )
*trcl=( 0.0000 -46.5825 5.0984 ) u=l $

fill=ll *trcl=( 49.4170 -49.4170 13.8684 )
*trcl=( -23.0901 -70.0750 5.0984 ) u=l
*trcl=( 23.0901-70.0750 5.0984 ) u=l
*trcl=( 0.0000 70.0560 5.0984 ) u=l $
*trcl=( -23.0711 46.5636 5.0984 ) u=1
*trcl=( 23.0711 46.5636 5.0984 ) u=l $
*trcl=( -46.5636 23.0711 5.0984 ) u=1
*trcl=( 0.0000 23.0711 5.0984 ) u=l $
*trcl=( 46.5636 23.0711 5.0984 ) u=l $
*trcl=( -70.0560 0.0000 5.0984 ) u=l $
*trcl=( -23.0711 0.0000 5.0984 ) u=l $
*trcl=( 23.0711 0.0000 5.0984 ) u=l $
*trcl=( 70.0560 0.0000 5.0984 ) u=l $
*trcl=( -46.5636 -23.0711 5.0984 ) u=l
*trcl=( 0.0000 -23.0711 5.0984 ) u=l $
*trcl=( 46.5636 -23.0711 5.0984 ) u~l
*trcl=( -23.0711 -46.5636 5.0984 ) u=l
*trcl=( 23.0711 -46.5636 5.0984 ) u=l
*trcl=( 0.0000 -70.0560 5.0984 ) u=l $

u=l $ Assy loc
Assy loc 18 ..

u=l $ Assy loc
$ Assy loc 20

$ Assy loc 21
Assy loc 22
$ Assy loc 23
Assy loc 24

$ Assy loc 25
Assy loc 26
Assy loc 27
Assy loc 28
Assy loc 29

Assy loc 30
Assy loc 31
$ Assy loc 32
Assy loc 33
$ Assy loc 34
$ Assy loc 35

$ Assy loc 36
Assy loc 37

17 DFC

19 DFC

#701 #702 #703 #704 #705 #706 #707 #708
#711 #712 #713 #714 #715 #716 #717 #718
#721 #722 #723 #724 #725 #726 #727 #728
#731 #732 #733 #734 #735 #736 #737

739 6 -7.940 -702 +701 u=l $ Canister Shell / Lid/
740 13 -0.0001 +702 .u=l $ Remaining Space
c Cell Cards - Transfer'Cask Geometry

#709 #710
#719 #720
#729 #730
fill=2 u=l $ Cavity

Bottom

801 13 -0.0001 -801 -802 fill=l ( 0.0000 0.0000 6.9850 ) $ Cask cavity
802 8 -7.821 -801 +802 -806 $ Bottom plate
803 8 -7.821 -803 +802 +806 -807 $ Inner shell
804 9 -11.344 -804 +803 +806'-807 $ Lead shell
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805 10 -1.632 -805 +804 +806 -807 $ NS-4-FR
806 8 -7.821 -801 +805 +806 -807 $ Outer shell
807 8 -7.821 -801 +802 +807 $ Top plate
808 8 -7.821 -808 +809 -814 $ Door rail
809 8 -7.821 -808 -810 -814 $ Door rail
810 8 -7.821 -813 -811 +812 -814 $ Door steel
811 13 -0.0001 -814 +801 #808 #809 #810 $ Exterior space to Reflector
812 0 +814 $ Exterior space

c Surfaces - Partial Flood Plane
1 PZ 374.2969 $ Flood plane - fuel lattice
2 PZ 381.2159 $ Flood plane - assembly
c Surfaces - Fuel Rod - WEI7H2 - WE Core - 17x17
3 RCC 0.0000 0.0000 3.4385 0.0000 0.0000 365.7600 0.3922 $ Fuel pellet stack
4 RCC 0.0000 0.0000 3.4385 0.0000 0.0000 382.5876 0.4000 $ Annulus + Plenum
5 RCC 0.0000 0.0000 1.4224 0.0000 0.0000 386.2261 0.4572 $ Clad + End-Caps
c Surfaces - Guide Tube - WE17H2 - WE Core - 17x17
7 CZ 0.5715 $ Guide tube inner surface
8 CZ 0.6096 $ Guide tube outer surface
c Surfaces - Instrument Tube - WE17H2 - WE Core - 17x17
10 CZ 0.5715 $ Inst tube inner surface
11 CZ 0.6096 $ Inst tube outer surface
c Surfaces - Pitch - WE17H2 - WE Core - 17x17
15 PX 0.6299 $ Lattice Cell Boundaries
16 PX -0.6299
17 PY 0.6299
18 PY -0.6299
c Surfaces - Fuel Assembly"Array Inserted Into Assembly - WE17H2 - WE Core - 17x17
19 RPP -10.5356 10.5356 -10.5356 10.5356 6.9190 397.2560 $ Array
20 RPP -10.7010 10.7010 -10.7010 10.7010 0.0000 406.2159 $ Assembly Outer Dims
c Surfaces - DFC Content - Mixture Axial Extent
52 PZ 363.945
c Surface Cards - DFC
60 RPP -11.0490 11.0490 -11.0490 11.0490 1.5875 418.0904 $ Space inside DFC Shell
61 RPP -11.1709 11.1709 -11.1709 11.1709 0.0000 419.8366 $ DFC body
c Surface Cards - Tube, Absorber and Retainer
101 RPP -10.1346 10.1346 -11.4478 -11.1938 8.8900 428.6250 $ Absorber -Y
102 RPP -10.1346 10.1346 -11.4999 -11.1417 8.8900 428.6250 $ Absorber Clad -Y
103 RPP -10.1346 10.1346 11.1938 11.4478 8.8900 428.6250 $ Absorber +Y
104 RPP -10.1346 10.1346 11.1417 11.4999 8.8900 428.6250 $ Absorber Clad +Y
105 RPP -10.3378 10.3378 -11.1417 -11.1036 7.6200 430.5300 $ Retainer -Y
106 RPP -10.3378 10.3378 11.1036 11.1417 7.6200 430.5300
107
108
109
110
ill
112
113
114
115
116
117
118
119
120
121
122
123
124

RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP

4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
-5.8801
-5.8801
-5.8801

5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801

-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698

12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698

10.4648 13.6652 $
26.9748 30.1752 $
52.3748 55.5752 $
77.7748 80.9752 $
103.1748 106.3752
128.5748 131.7752
153.9748 157.1752
179.3748 182.5752
204.7748 207.9752
230.1748 233.3752
255.5748 258.7752
280.9748 284.1752
306.3748 309.5752
331.7748 334.9752
357.1748 360.3752
382.5748 385.7752
407.9748 411.1752
424.4848 427.6852

$ Retainer +Y
Weld Post Slot Y Absorber
Weld Post Slot Y Absorber
Weld Post Slot Y Absorber
Weld Post Slot Y Absorber
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld

Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post

Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber

125 RPP
126 RPP
127 RPP

-4.2799 -12.3698 12.3698 10.4648 13.6652
-4.2799 -12.3698 12.3698 26.9748 30.1752
-4.2799 -12.3698 12.3698 52.3748 55.5752
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128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190

RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
"C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y

-5.880:
-5.880:
-5.8801
-5.8801
-5.880:
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
5.0800
5.0800
5.0800
5-0800
5. 0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800
5.0800

-4.2795
-4.2799
-4.2799
-4.2799
-4.2799
-4.2795
-4.2799
-4.2799
-4.2799
-4.2799
-4.2799
-4.2799
-4.2799
-4.2799
-4.2799

12.0650
28.5750
53.9750
79.3750
104.7750
130.1750
155.5750
180.9750
206.3750
231.7750
257.1750
282.5750
307.9750
333.3750
358.7750
384.1750
409.5750
426.0850

12.0650
28.5750
53.9750
79.3750
104.775
130.175
155.575
180.975
206.375
231.775
257.175
282.575
307.975
333.375
358.775
384.175
409.575
426.085

12.0650
28.5750
53.9750
79.3750
104.7750
130.1750
155.5750
180.9750
206.3750
231.7750
257.1750
282.5750

-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698

0.4191
0.4191
0.4191
0.4191

0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191

0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0 0.4191
0.3175
0.3175
0.3175
0.3175

0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175

12. 3698
12.3698
12.3698
12.3698
12.3698
12. 3698
12.3698
12. 3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698

77.7748 80.9752 $
103.1748 106.3752

Weld Post Slot Y Absorber

128.5748
153.9748
179.3748
204.7748
230.1748
255.5748
280.9748
306.3748
331.7748
357.1748
382.5748
407.9748
424.4848

131.7752
157.1752
182.5752
207.9752
233.3752
258.7752
284.1752
309.5752
334.9752
360.3752
385.7752
411.1752
427.6852

$
$
$
$
$
$
$
$
$
$
$
$
$
$

Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post

Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber
Slot Y Absorber

$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y

$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y S
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191 C/Y 5.0800 307.9750 0.3175 $ Weld Post Y
192 C/Y 5.0800 333.3750 0.3175 $ Weld Post Y
193 C/Y 5.0800 358.7750 0.3175 $ Weld Post Y
194 C/Y 5.0800 384.1750 0.3175 $ Weld Post Y
195 C/Y 5.0800 409.5750 0.3175 $ Weld Post Y
196 C/Y 5.0800 426.0850 0.3175 $ Weld Post Y
197 C/Y -5.0800 12.0650 0.3175 $ Weld Post Y
198 C/Y -5.0800 28.5750 0.3175 $ Weld Post Y
199 C/Y -5.0800 53.9750 0.3175 $ Weld Post Y
200 C/Y -5.0800 79.3750 0.3175 $ Weld Post Y
201 C/Y -5.0800 104.7750 0.3175 $ Weld Post Y
202 C/Y -5.0800 130.1750 0.3175 $ Weld Post Y
203 C/Y -5.0800 155.5750 0.3175 $ Weld Post Y
204 C/Y -5.0800 180.9750 0.3175 $ Weld Post Y
205 C/Y -5.0800 206.3750 0.3175 $ Weld Post Y
206 C/Y -5.0800 231.7750 0.3175 $ Weld Post Y
207 C/Y -5.0800 257.1750 0.3175 $ Weld Post Y
208 C/Y -5.0800 282.5750 0.3175 $ Weld Post Y
209 C/Y -5.0800 307.9750 0.3175 $ Weld Post Y
210 C/Y -5.0800 333.3750 0.3175 $ Weld Post Y
211 C/Y -5.0800 358.7750 0.3175 $ Weld Post Y
212 C/Y -5.0800 384.1750 0.3175 $ Weld Post Y
213 C/Y -5.0800 409.5750 0.3175 $ Weld Post Y
214 C/Y -5.0800 426.0850 0.3175 $ Weld Post Y
215 C/Y 0.0000 415.2900 1.5875 $ Water Circulation Hole Y
216 C/Y 0.0000 22.8600 1.5875 $ Water Circulation Hole Y
217 RPP -11.4478 -11.1938 -10.1346 10.1346 8.8900428.6250 $ Absorber -X
218 RPP -11.4999 -11.1417 -10.1346 10.1346 8.8900 428.6250 $ Absorber Clad -X
219 RPP 11.1938 11.4478 -10.1346 10.1346 8.8900 428.6250 $ Absorber +X
220 RPP 11.1417 11.4999 -10.1346 10.1346 8.8900 428.6250 $ Absorber Clad +X
221 RPP -11.1417 -11.1036 -10.3378 10.3378'7.6200 430.5300 $ Retainer -X
222 RPP 11.1036 11.1417 -10.3378 10.3378 7.6200 430.530
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251

252
253

RPP
RPP,
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP

-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
-12.3698

12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698
12.3698

4.2799
4.2799
4.2799 5
4.2799
4.2799 5
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799
4.2799 5
4.2799 5
4.2799 5
4.2799 5
4.2799 5
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
-5. 8801
-5.8801
-5.8801

5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
5.8801
3.8801
5.8801
3.8801
3.8801
3.8801
-4.279
-4.279
-4.279
-4.279
-4.279
-4.279
-4.279
-4.279
-4.279
-4.279
-4.279
-4.279
-4.279

10.4648 1
26.9748 3
52.3748 5
77.7748 8
103.1748-
128.5748
153.9748
179.3748
204.7748
230.1748
255.5748
280.9748
306.3748
331.7748
357.1748
382.5748
407.9748
424.4848

99 10.4648
99 26.9748
99 52.3748
99 77.7748
99 103.174
9 128.574

99 153.974
99 179.374
99 204.774
99 230.174
99 255.574
99 280.974
99 306.374

.3.6652
0.1752

0
$

$ Retainer +X
Weld Post Slot X
Weld Post Slot X
Weld Post Slot X
Weld Post Slot X

53.5.5752 $
0.9752 $
106.3752
131.7752
157.1752
182.5752
207.9752
233.3752
258.7752
284.1752
309.5752
334.9752
360.3752
385.7752
411.1752
427.6852

13.6652
30.1752
55.5752
80.9752

Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld

Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post
Post

Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot

Absorber
Absorber
Absorber
Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
.X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber
X Absorber

106.3752
131.7752
157.1752
182.5752
207.9752
233.3752
258.7752
284.1752
309.5752

$
$
$

$
$
$
$

Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post
Weld Post

Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot
Slot

X
X
X
X
X
X
X
X
X

Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
Absorber
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254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312

RPP
RPP
RPP
RPP
RPP
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
CI/X
C/X
C/X
C/X
C/X
C/X
C/X

-12.3698
-12.3698
-12.3698
-12.3698
-12.3698
5;0800 1.
5.0800 2
5.0800 5
5.0800 7
5.0800 1
5.0800 1
5.0800 1
5.0800 1
5.0800 2
5.0800 2
5.0800 2
5.0800 2
5.0800 3
5.0800 3
5.0800 3
5.0800 3
5.0800 4
5.0800 4
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
-5.0800
5.0800 1.
5.0800 2
5.0800 5.
5.0800 7
5.0800 1
5.0800 1.
5.0800 1
5.0800 1
5.0800 2
5.0800 2:
5.0800 2.
5.0800 2.
5.0800 '3
5.0800 3:
5.0800 3.
5.0800 3.
5.0800 4•
5.0800 4:

12.3698
12.3698
12.3698
12.3698
12.3698

2.0650 0.
8.5750 0.
3.9750 0.
9.3750 0.
04.7750
30.1750
55.5750
80.9750
06.3750
31.7750
57.1750
82.5750
07.9750
33,3750
58.7750
84.1750
09.5750
26.0850
12.0650
28.5750
53.9750
79.3750
104.7750
130.1750
155.5750
180.9750
206.3750
231.7750
257.1750
282.5750
307.9750
333.3750
358.7750
384.1750
409.5750
426.0850

-5.8801
-5.8801
-5.8801
-5.8801
-5.8801
4191
.4191
.4191
.4191
.4191

3.4191
.4191
.4191

0.4191
.4191

0.4191
0.4191
.4191

0.4191
0.4191
0.4191
0.4191
.4191

0.4191
.4191

0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191

-4.2799 331.7748 334.9752 $
-4.2799 357.1748 360.3752 $
-4.2799 382.5748 385.7752 $
-4.2799 407.9748 411.1752 $
-4.2799 424.4848 427.6852 $
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X

$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X

$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X

$ Weld Post X
$ Weld Post X
$ Weld PostX
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X

Weld Post
Weld Post
Weld Post
Weld Post
Weld Post

Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber
Slot X Absorber

2.0650
8.5750
3.9750
9.3750

0.3175
0.3175
0.3175
0.3175

04.7750 0.3175
30.1750 0.3175
55.5750 0.3175
80.9750 0.3175
06.3750 0.3175
31.7750 0.3175
57.1750 0.3175
82.5750 0.3175
07.9750 0.3175
33.3750 0.3175
58.7750 0.3175
84.1750 '0.3175
09.5750 0.3175
26.0850 0.3175
12.0650 0.3175
28.5750 0.3175
53.9750 0.3175
79.3750 0.3175

313 C/X -5.0800
314 C/X -5.0800
315 C/X -5.0800
316 C/X -5.0800
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317 C/X -5.0800 104.7750 0.3175 $ Weld Post X
318 C/X -5.0800 130.1750 0.3175 $ Weld Post X
319 C/X -5.0800 155.5750 0.3175 $ Weld Post X
320 C/X -5.0800 180.9750 0.3175 $ Weld Post X
321 C/X -5.0800 206.3750 0.3175 $ Weld Post X
322 C/X -5.0800 231.7750 0.3175 $ Weld Post X
323 C/X -5.0800 257.1750 0.3175 $ Weld Post x
324 C/X -5.0800 282.5750 0.3175 $ Weld Post X
325 C/X -5.0800 307.9750 0.3175 $ Weld Post X
326 C/X -5.0800 333.3750 0.3175 $ Weld Post X
327 C/.X -5.0800 358.7750 0.3175 $ Weld Post X
328 C/X -5.0800 384.1750 0.3175 $ Weld Post X
329 C/X -5.0800 409.5750 0.3175 $ Weld Post X
330 C/X -5.0800 426.0850 0.3175 $ Weld Post X
331 C/X 0.0000 415.2900 1.5875 $ Water Circulation Hole X
332 C/X 0.0000 22.8600 1.5875 $ Water Circulation Hole X
333 RPP -11.4999 11.4999 -11.4999 11.4999 0.0000 440.6900 $ Space inside tube - cavity
extent
334 RPP -12.3698 12.3698 -12.3698 12.3698 7.6200 430.5300 $ Fuel tube
c Surface Cards - Plates, Absorber, and Retainer in Y direction
351 RPP 34.9921 37.8497 34.9921 82.5919 7.6200 430.5300 $ DFC Inner Formed Plt
352 RPP 37.8497 38.2078 39.4372 61.5098 8.8900 428.6250 $ DFC Absorber Clad
353 RPP 37.9018 38.1558 39.4372 61.5098 8.8900'428.6250 $ DFC Absorber
354 RPP 38.2078 38.2460 39.2340 61.7130 8.8900 428.6250 $ DFC Retainer
355 RPP 37.8497 40.8497 63.1100 65.0150 7.6200 430.5300 $ Plate Outer Part
356 RPP 37.8497 40.8497 34.9921 37.8497 7.6200 430.5300 $ Plate Inner Part
357 C/X 50.4735 415.2900 1.5875 $ Water Circulation;Hole 5
358 C/X 50.4735 22.8600 1.5875 $ Water Circulation Hole 5
359 RPP 34.9921 38.2460 44.5934 46.1936 10.4648 13.6652 $ Weld Post Slot Y Absorber
360 RPP 34.9921 38.2460 44.5934 46.1936 26.9748 30.1752 $ Weld Post Slot Y Absorber
361 RPP 34.9921 38.2460 44.5934 46.1936 52.3748 55.5752 $ Weld Post Slot Y Absorber
362 RPP 34.9921 38.2460 44.5934 46.1936 77.7748 80.9752 $ Weld Post Slot Y Absorber
363 RPP 34.9921 38.2460 44.5934 46.1936 103.1748 106.3752 $ Weld Post Slot Y Absorber
364 RPP 34.9921 38.2460 44.5934 46.1936 128.5748 131.7752 $Weld Post Slot Y Absorber
365 RPP 34.9921 38.2460 44.5934 46.1936 153.9748 157.1752 $ Weld Post Slot Y Absorber
366 RPP 34.9921 38.2460 44.5934 46.1936 179.3748 182.5752 .$ Weld Post Slot Y Absorber
367 RPP 34.9921 38.2460 44.5934 46.1936 204.7748 207.9752 $ Weld Post Slot Y Absorber
368 RPP 34.9921 38.2460 44.5934 46.1936 230.1748 233.3752 $ Weld Post Slot Y Absorber
369 RPP 34.9921 38.2460 44.5934 46.1936 255.5748 258.7752 $ Weld Post Slot Y Absorber
370 RPP 34.9921 38.2460 44.5934 46.1936 280.9748 284.1752 $ Weld Post Slot Y Absorber
371 RPP 34.9921 38.2460 44.5934 46.1936 306.3748 309.5752 $ Weld Post Slot Y Absorber
372 RPP 34.9921 38.2460 44.5934 46.1936 331.7748 334.9752 $ Weld Post Slot Y Absorber
373 RPP 34.9921 38.2460 44.5934 46.1936 357.1748 360.3752 $ Weld Post Slot Y Absorber
374 RPP 34.9921 38.2460 44.5934 46.1936 382.5748 385.7752 $ Weld Post Slot Y Absorber
375 RPP 34.9921 38.2460 44.5934 46.1936 407.9748 411.1752 $ Weld Post Slot Y Absorber
376 RPP 34.9921 38.2460 44.5934 46.1936 424.4848 427.6852 $ Weld Post Slot Y Absorber
377 RPP 34.9921 38.2460 54.7534 56.3536 10.4648 13.6652 $ Weld Post Slot Y Absorber
378 RPP 34.9921 38.2460 54.7534 56.3536 26.9748 30.1752 $ Weld Post Slot Y Absorber
379 RPP 34.9921 38.2460 54.7534 56.3536 52.3748 55.5752 $ Weld Post Slot Y Absorber
380 RPP 34.9921 38.2460 54.7534 56.3536 77.7748 80.9752 $ Weld Post Slot Y Absorber
381 RPP 34.9921 38.2460 54.7534 56.3536 103.1748 106.3752 $ Weld Post Slot Y Absorber
382 RPP 34.9921 38.2460 54.7534 56.3536 128.5748 131.7752 $ Weld Post Slot Y Absorber.
383 RPP 34.9921 38.2460 54.7534 56.3536 153.9748 157.1752 $ Weld Post Slot Y Absorber
384 RPP 34.9921 38.2460 54.7534 56.3536 179.3748 182.5752 $ Weld Post Slot Y Absorber
385 RPP 34.9921 38.2460 54.7534 56.3536 204.7748 207.9752 $ Weld Post Slot Y Absorber
386 RPP 34.9921 38.2460 54.7534 56.3536 230.1748 233.3752 $ Weld Post Slot Y'Absorber
387 RPP 34.9921 38.2460 54.7534 56.3536 255.5748 258.7752 $ WeldPost Slot Y Absorber
388 RPP 34.9921 38.2460 54.7534 56.3536 280.9748 284.1752 $ Weld'Post Slot Y Absorber
389 RPP 34.9921 38.2460 54.7534 56.3536 306.3748 309.5752 $ Weld Post Slot Y Absorber
390 RPP 34.9921 38.2460 54.7534 56.3536 331.7748 334.9752 $ Weld Post Slot Y Absorber
391 RPP 34.9921 38.2460 54.7534 56.3536 357.1748 360.3752 $ Weld Post Slot Y Absorber
392 RPP 34.9921 38.2460 54.7534 56.3536 382.5748 385.7752 $ Weld Post Slot Y Absorber
393 RPP 34.9921 38.2460 54.7534 56.3536 407.9748 411.1752 $ Weld Post Slot Y Absorber
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394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456

RPP
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X
C/X

34.9921
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55..5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935

38.2460 54.7534
12.0650 0.4191
28.5750 0.4191
53.9750 0.4191
79.3750 0.4191
104.7750 0.4191
130.1750 0.4191
155.5750 0.4191
180.9750 0.4191
206.3750 0.4191
231.7750 0.4191
257.1750 0.4191
282.5750 0.4191
307.9750 0.4191
333.3750 0.4191
358.7750 0.4191
384.1750 0.4191
409.5750 0.4191
426.0850 0.4191
12.0650 0.4191
28.5750 0.4191
53.9750 0.4191
79.3750 0.4191
104.7750 0.4191
130.1750 0.4191
155.5750 0.4191
180.9750 0.4191
206.3750 0.4191
231.7750 0.4191
257.1750 0.4191
282.5750 0.4191
307.9750 0.4191
333.3750 0.4191
358.7750 0.4191
384.1750 0.4191
409.5750 0.4191
4ý26.0850 0.4191
12.0650 0.3175
28.5750 0.3175
53.9750 0.3175
79.3750 0.3175
104.7750 0.3175
130.1750 0.3175
155.5750 0.3175
180.9750 0.3175
206.3750 0.3175
231.7750 0.3175
257.1750 0.3175
282.5750 0.3175
307.9750 0.3175
333.3750 0.3175
358.7750 0.3175
384.1750 0.3175
409.5750 0.3175
426.0850 0.3175
12.0650 0.3175
28.5750 0.3175
53.9750 0.3175
79.3750 0.3175
104.7750 0.3175
130.1750 0.3175
155.5750 0.3175
180.9750 0.3175

56.3536 424.4848 427.6852
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y

$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y

$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y
$ Weld Post Hole Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

$ Weld Post Y
$ Weld Post Y
$ Weld Post Y
$ Weld Post Y

$ Weld Post Slot Y Absorber

0
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457 C/X 45.3935 206.3750
458 C/X 45.3935 231.7750
459 C/X 45.3935 257.1750
460 C/X 45.3935 282.5750
461 C/X 45.3935 307.9750
462 C/X 45.3935 333.3750
463 C/X 45.3935 358.7750
464 C/X 45.3935 384.1750
465 C/X 45.3935 409.5750
466 C/X 45.3935 426.0850
c Surface Cards - Plates,
471 RPP 37.8496 82.6046 3
472 RPP 39.4372 61.5098 3
473 RPP 39.4372 61.5098
474 RPP 39.2340 61.7130
475 RPP 63.1100 65.0150
476 C/Y 50.4735 415.2900
477 C/Y 50.4735 22.8600 1
478 RPP 44.5934 46.1936
479 RPP 44.5934 46.1936 3
480 RPP 44.5934 46.1936
481 RPP 44.5934 46.1936 3
482 RPP 44.5934 46.1936 3
483 RPP 44.5934 46.1936 3
484 RPP 44.5934 46.1936 3
485 RPP 44.5934 46.1936 3
486 RPP 44.5934 46.1936 3
487 RPP 44.5934 46.1936 3
488 RPP 44.5934 46.1936 3
489 RPP 44.5934 46.1936 3
490 RPP 44.5934 46.1936 3
491 RPP 44.5934 46.1936 3
492 RPP 44.5934 46.1936 3
493 RPP 44.5934 46.1936 3
494 RPP 44.5934 46.1936 3
495 RPP 44.5934,46.1936 2
496 RPP 54.7534 56.3536 3
497 RPP 54.7534 56.3536 3
498 RPP 54.7534 56.3536 3
499 RPP 54.7534 56.3536 2
500 RPP 54.7534 56.3536 3
501 RPP 54.7534 56.3536 2
502 RPP 54.7534 56.3536 2
503 RPP 54.7534 56.3536 3
504 RPP 54.7534 56.3536 3
505 RPP 54.7534 56.3536 2
506 RPP 54.7534 56.3536 2
507 RPP 54.7534 56.3536 2
508 RPP 54.7534 56.3536 2
509 RPP 54.7534 56.3536 2
510 RPP 54.7534 56.3536 2
511 RPP 54.7534 56.3536 2
512 RPP 54.7534 56.3536 2
513 RPP 54.7534 56.3536 3
514 C/Y 55.5535 12.0650 0
515 C/Y 55.5535 28.5750 C
516 C/Y 55.5535 53.9750 C
517 C/Y 55.5535 79.3750 C
518 C/Y 55.5535 104.7750
519 C/Y 55.5535 130.1750
520 C/Y 55.5535 155.5750
521 C/Y 55.5535 180.9750
522 C/Y 55.5535 206.3750

0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175
0.3175

$
$
$
$
$
$
$
$
$
$

Weld
Weld
Weld
Weld.
Weld
Weld
Weld
Weld
Weld
Weld

Post Y
Post Y
Post Y
Post Y
Post Y
Post Y
Post Y
Post Y
Post Y
Post Y

33
3
3
3

1
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

Absorber, and Retainer in X direction
4.9921 37.8497 7.6200 430.5300 $ DFC Inner Formed Plt
7.8497 38.2078 8.8900 428.6250 $ DFC Absorber Clad
7.9018 38.1558 8.8900 428.6250 $ DFC Absorber
8.2078 38.2460 8.8900 428.6250 $ DFC Retainer
7.8497 42.8497 7.6200 430.5300 $ Plate Outer Part
1.5875 $ Water Circulation Hole 5
.5875 $ Water Circulation Hole 5

14.9921 38.2460 10.4648 13.6652 $ Weld Post Slot X Absorber
4.9921 38.2460 26.9748 30.1752 $ Weld Post Slot X Absorber
4.9921 38.2460 52.3748 55.5752 $ Weld Post Slot X Absorber
4.9921 38.2460 77.7748 80.9752 $ Weld Post Slot X Absorber
4.9921 38.2460 103.1748 106.3752 $ Weld Post Slot X Absorb•
4.9921 38.2460 128.5748 131.7752 $ Weld Post Slot X Absorb
4.9921 38.2460 153.9748 157.1752 $ Weld Post Slot X Absorb
34.9921 38.2460 179.3748 182.5752 $ Weld Post Slot X Absorb
4.9921 38.2460 204.7748 207.9752 $ Weld Post Slot X Absorb
4.9921 38.2460 230.1748 233.3752 $ Weld Post Slot X Absorb
4.9921 38.2460 255.5748 258.7752 $ Weld Post Slot X Absorb
4.9921 38.2460 280.9748 284.1752 $ Weld Post Slot X Absorb
34.9921 38.2460 306.3748 309.5752 $ Weld Post Slot X Absorb
34.9921 38.2460 331.7748 334.9752 $ Weld Post Slot X Absorb
4.9921 38.2460 357.1748 360.3752 $ Weld Post Slot X Absorb
34.9921 38.2460 382.5748 385.7752 $ Weld Post Slot X Absorb
4.9921 38.2460 407.9748 411.1752 $ Weld Post Slot X Absorb
4.9921 38.2460 424.4848 427.6852 $ Weld Post-Slot X Absorb•
4.9921 38.2460 10.4648 13.6652 $ Weld Post Slot X Absorber
4.9921 38.2460 26.9748 30.1752 $ Weld Post Slot X Absorber
4.9921 38.2460 52.3748 55.5752 $ Weld Post Slot X Absorber
4.9921 38.2460 77.7748 80.9752 $ Weld Post Slot X Absorber
4.9921 38.2460 103.1748 106.3752 $ Weld Post Slot X AbsorbE
4.9921 38.2460 128.5748 131.7752 $ Weld Post Slot X AbsorbE
4.9921 38.2460 153.9748 157.1752 $ Weld Post Slot X Absorb•
4.9921 38.2460 179.3748 182.5752 $ Weld Post Slot X Absorb•
4.9921 38.2460 204.7748 207.9752 $ Weld Post Slot X Absorb
4.9921 38.2460 230.1748 233.3752 $ Weld Post Slot X Absorb•
4.9921 38.2460 255.5748 258.7752 $ Weld Post Slot X Absorb•
4.9921 38.2460 280.9748 284.1752 $ Weld Post Slot X AbsorbE
4.9921 38.2460 306.3748 309.5752 $ Weld Post Slot X AbsorbE
4.9921 38.2460.331.7748 334.9752 $ Weld Post Slot X Absorb•
4.9921 38.2460 357.1748 360.3752 $ Weld Post Slot X Absorb
4.9921 38.2460 382.5748 385.7752 $ Weld Post Slot X AbsorbE
4.9921 38.2460 407.9748 411.1752 $ Weld Post Slot X Absorb
4.9921 38.2460 424.4848 427.6852 S Weld Post Slot X AbsorbE

er
er
er
er
er
er
er
er
er
er
er
er
er
er

er
er
er
er
er
er
er
er
er
er
er
er
er
er

0.4191
0.4191
0.4191
.4191
0.4191
0.4191
0.4191
0.4191
0.4191

$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X

$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
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523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585

C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y
C/Y,

55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
.55. 5535
55.5535
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
55.5535
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935
45.3935

231.7750
257.1750
282.5750
307.9750
333.3750
358.7750
384.1750
409.5750
426.0850

0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191
0.4191

12.0650 0.4191
28.5750 0.4191
53.9750 0.4191
79.3750 0.4191
104.7750 0.4191
130.1750 0.4191
155.5750 0.4191
180.9750 0.4191
206.3750 0.4191
231.7750 0.4191
257.1750 0.4191
282.5750 0.4191
307.9750 0.4191
333.3750 0.4191
358.7750 0.4191
384.1750 0.4191
409.5750 0.4191
426.0850 0.4191
12.0650 0.3175
28.5750 0.3175
53.9750 0.3175
79.3750 0.3175
104.7750 0.3175
130.1750 0•3175
155.5750 0.3175
180.9750 0.3175
206.3750 0.3175
231.7750 0.3175
257.1750 0.3175
282.5750 0.3175
307.9750 0.3175
333.3750 0.3175
358.7750 0.3175
384.1750 0.3175
409.5750 0.3175
426.0850 0.3175
12.0650 0.3175
28.5750 0.3175
53.9750 0.3175
79.3750 0.3175
104.7750 0.3175
130.1750 0.3175
155.5750 0.3175
180.9750 0.3175
206.3750 0.3175
231.7750 0.3175
257.1750 0.3175
282.5750 0.3175
307.9750 0.3175
333.3750 0.3175
358.7750 0.3175
384.1750 0.3175
409.5750 0.3175
426.0850 0.3175

$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X

$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X

$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld Post Hole X
$ Weld. Post Hole X
$ Weld Post Hole X

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X

$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X
$ Weld Post X 0
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C Surfaces - Basket
601 RPP -12.3698 12.3698 -12.3698 12.3698 0.0000 440.6900 $ Tube Cavity Height
602 1 RPI
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622

RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP
RPP

P-16.6116 16.6116 -16.6116 16.6116 0.0000 440.6900 $ Tube Corner Cuts
-33.9471 33.9471 -83.6409 83.6409 7.6200 430.5300 $ Outer Surface Side Weld.
-33.9471 33.9471 -81.7359 81.7359 7.6200 430.5300 $ Inner Surface Side Weld..
-83.6409 83.6409 -33.9471 33.9471 7.6200 430.5300 $ Outer Surface Side Weld.
-81.7359 81.7359 -33.9471 33.9471 7.6200 430.5300 $ Inner Surface Side Weld.
-38.2459 -34.9922 38.2459 82.6045 7.6200 430.5300 $ Loc 3 DFC In. Formed Plt
-82.5918 -34.9922 34.9922 38.2459 7.6200 430.5300 $ Loc 3 DFC In. Formed Plt
-65.0150 -38.2459 63.1100 65.0150 7.6200 430.5300 $ Loc 3 DFC Out Formed P1
-65.0150 -63.1100 38.2459 65.0150 7.6200 430.5300 $ Loc 3 DFC Out Formed Pl
34.9922 38.2459 34.9922 82.5918 7.6200 430.5300 $ Loc 5 DFC In. Formed Plt
38.2459 82.6045 34.9922 38.2459 7.6200 430.5300 $ Loc 5 DFC In. Formed Plt
38.2459 65.0150 63.1100 65.0150 7.6200 430.5300 $ Loc 5 DFC Out Formed P1.
63.1100 65.0150 38.2459 65.0150 7.6200 430.5300 $ Loc 5 DFC Out Formed P1
-38.2459 -34.9922 -82.5918 -34.9922 7.6200 430.5300 $ Loc 17 DFC In. Formed Plt
-82.6045 -38.2459 -38.2459 -34.9922 7.6200 430.5300 $ Loc 17 DFC In. Formed Plt
-65.0150 -38.2459 -65.0150 -63.1100 7.6200 430.5300 $ Loc 17 DFC Out Formed P1
-65.0150 -63.1100 -65.0150 -38.2459 7.6200 430.5300 $ Loc 17 DFC Out Formed P1
34.9922 38.2459 -82.6045 -38.2459 7.6200 430.5300 $ Loc 19 DFC In. Formed Plt
34.9922 82.5918 -38.2459 -34.9922 7.6200 430.5300 $ Loc 19 DFC In. Formed Plt
38.2459 65.0150 -65.0150 -63.1100 7.6200 430.5300 $ Loc 19 DFC Out Formed P1
63.1100 65.0150 -65.0150 -38.2459 7.6200 430.5300 $ Loc 19 DFC Out Formed P1

623 PY 0.0000 $ Cut Plane for Remaining.Area
c Surface Cards - Canister
701 RCC 0.0000 0.0000 0.0000 0.0000 0.0000 440.6900 90.1700 $ Canister cavity
702 RCC 0.0000 0.0000 -6.9850 0.0000 0.0000 469.2650 91.4400 $ Canister
c Surface Cards - Transfer Cask Geometry
801 RCC 0.000 0.000 0.000 0.000 0.000 488.9500 111.7600 $ Cask Cylindrical Section
802 CZ 92.7100
803 CZ 94.6150
804 CZ 102.7430
805 CZ 108.5850
806 PZ 30.4800
807 PZ 453.3900
808 RPP -104.3178
809 PY 97.0026
810 PY -97.0026
811 PY 96.52
812 PY -96.52

$ Cask cavity radius
$ Inner shell OR

$ Lead shell OR
$ Outer shell IR

$ Top of bottom plate
$ Bottom of top plate

104.3178 -111.7600 111.7600 -12.7000 0.0000
$ Inside rail surface

$ Inside rail surface
$ Door surface

$ Door surface

$ Door Enclosing Shape

813 RHP 0.0000 0.0000 -12.7000 0.0000 0.0000 12.7000
108.4699 0.0000 0.0000 89.73736 -73.7172 0.0000
-89.7374 -73.7172 0.0000 $ Door prism

*814 RCC 0.000 0.000 -32.700 0.000 0.000 541.6500,131.7600 $ Cylinder to Reflect

c
c Materials List
c
c Fuel Pellet Material 5.00% Weight U02 [amul
ml 92235.66c -4.407E-02 92238.66c -8.374E-01
c Clad Material
m2 26054.62c -7.063E-05 24050.62c -4.179E-05

26056.62c -1.149E-03 24052.62c -8.370E-04
26057.62c -2.702E-05 24053.62c -9.673E-05
26058.62c -3.631E-06 24054.62c -2.448E-05
40000.66c -9.823E-01 50000.42c -1.500E-02

269.8995
8016.62c -1.186E-01

7014.62c -4.980E-04
7015.66c -1.981E-06

c Water
m3 1001.62c -1.103E-01 8016.62c -8.754E-01

1001.62c -6.986E-04 8016.62c -1.109E-02 5010.66c -4.419E-04
5011.66c -2.058E-03

mt3 lwtr.01t
c Lower Nozzle Material
m4
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ý1001.62c -3.240E-02 8016.62c -2.571E-01
1001.62c -2.052E-04 8016.62c -3.257E-03

24050.62c.
24052.62c
24053.62c
24054.62c

-5. 607E-03
-1.123E-01
-1. 298E-02
-3.285E-03

26054.62c
26056.62c
26057.62c
26058.62c

-2. 774E-02
-4-.S5IE-01
-1.061E-02
-1.426E-03

25055.62c -1.413E-02
mt4 lwtr.Olt
c Upper Nozzle Material
m5

24050.62c
24052.62c
24053.62c
24054.62c

-7. 939E-03
-1.590E-01
-1. 838E-02
-4. 652E-03

25055.62c -2.OOOE-02
mt5 lwtr.Olt
c SS304
m6 24050.62c -7.939E-03

24052.62c -1.590E-01
24053.62c -1.838E-02
24054.62c -4.652E-03

25055.62c -2.OOOE-02
c Aluminum
m7 13027.62c -1.OOOE+00
c Carbon Steel
m8 26054.62c -5.594E-02

26056.62c -9.098E-01
26057.62c -2.140E-02
26058.62c -2.876E-03

26054.62c
26056.62c
26057.62c
26058.62c

26054.62c
26056.62c
26057.62c
26058.62c

-3.927E-02
-6.387E-01
-1. 502E-02
-2.019E-03

5010. 66c
5011. 66c

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

28058.62c
28060.62c
28061.62c
28062.62c
28064.62c

-1.298E-04
-6.045E-04
-4.509E-02
-1. 796E-02
-7. 940E-04
-2.570E-03
-6. 796E-04

-6. 384E-02
-2. 543E-02
-1.124E-03
-3.639E-03
-9.623E-04

-6. 384E-02
-2.543E-02
-1. 124E-03
-3 .639E-03
-9. 623E-04

-3. 927E-02
-6.387E-01
-1.502E-02
-2. 019E-03

6000.66c -1.OOOE-02

c Lead
m9 82206.66c

82207.66c
82208.66c

c NS-F-FR
mlO 5010.66c

5011.66c
13027.62c

c Concrete
mll 26054.62c

26056.62c
26057.62c
26058.62c

1001.62c
8016.62c

-2.534E-01
-2.207E-01
-5.259E-01

-9.313E-04
-3.772E-03
-2. 142E-01

-7. 911E-04
-1.287E-02
-3.026E-04
-4.067E-05
-I.000E-02
-5. 320E-01

7014. 62c
7015. 66c
1001.62c

-1.974E-02
-7.852E-05
-6. 001E-02

8016.62c -4.250E-01

6000.66c -2.763E-01

14000.60c -3.370E-01

13027.62c -3.400E-02
11023.62c -2.900E-02
Plate
13027.62c -5.656E-01

20000.62c -4.400E-02

6000.66c -9.430E-02
c Absorber Material B4C-Al
m12 5010.66c -6.011E-02

5011.66c -2.799E-01
c Water Exterior
m13 1001.62c 2.0

8016.62c 1.0
mtl3 lwtr.Olt
c Uranium Blanket 0.711% Weight U02 [amu] 270.0284
m14 92235.66c -6.267E-03 92238.66c -8.752E-01 8016.62c -1.185E-01
c Borated SS304
m15 28058.62c -9.072E-02 26054.62c -3.523E-02 24050.62c -7.939E-03

28060.62c -3.614E-02 26056.62c -5.729E-01 24052.62c -1.590E-01
28061.62c -1.598E-03 26057.62c -1.348E-02 24053.62c -1.838E-02
28062.62c -5.171E-03 26058.62c -1.811E-03 24054.62c -4.652E-03
28064.62c -1.367E-03 25055.62c -2.OOOE-02 15031.66c -4.500E-04
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c B4C
m16
c Pyre.

5010.66c -3.535E-03 14000.60c -I.000E-02 6000.66c -8.000E-04
5011.66c -1.646E-02 16000.62c -3.000E-04

5010.66c -1.384E-01 5011.66c -6.445E-01 6000.66c -2.171E-01

m17 8016.62c -5.350E-01 14000.60c -3.770E-01 11023.62c -4.100E-02
13027.62c -I.OOOE-02 5010.66c -6.540E-03 5011.66c -3.046E-02

c Borated Aluminum 25% B4C
M18 5010.66c -3.460E-02 13027.62c -7.500E-01 6000.66c -5.428E-02

5011.66c -1.611E-01
c DFC fuel mixture material (if applicable) Mix Height=362.3575in
m24 92235.66c -3.484E-02 92238.66c -6.620E-01 8016.62c -9.373E-02

1001.62c -2.344E-02 8016.62c -1.860E-01
c
c Rotation Matrix
*TRI 0.0 0.0 0.0 45 135 90 -45 45 90 90 90 0
*TR2 0.0 0.0 0.0 135 225 90 45 135 90 90 90 0
*TR3 0.0 0.0 0.0 90 180 90 0 90 90 90 90 0 $
*TR4 0.0 0.0 0.0 180 270 90 90 180 90 90 90 0
*TR5 0.0 0.0 0.0 -90 0 90 -180 -90 90 90 90 0

c
c Cell Importances
c
mode n
imp:n 1 264r 0
c
c
c Criticality Controls
c
kcode 2000 1.00 30 530
c
c Source Distribution for Initial Generation
SDEF CEL= D2

ERG= Dl
POS= 0.0000 0.00 3.4385
RAD= D3
AXS= 0.00 0.00 1.00
EXT= D4

C - Neutron Source Energy Source Distribution
# SPi

-3
c Assembly Source Distribution
# S12 SP2

1 d
801:701:19:15:-3 1
801:702:19:15:-3 1
801:703:-52 1
801:704:19:15:-3 1
801:703:-52 1
801:706:19:15:-3 1
801:707:19:15:-3 1
801:708:19:15:-3 1
801:709:19:15:-3 1
801:710:19:15:-3 1
801:711:19:15:-3 1
801:712:19:15:-3 1
801:713:19:15:-3 1
801:714:19:15:-3 1
801:715:19:15:-3 1
801:716:19:15:-3 1
801:703:-52 1
801:718:19:15:-3 1
801:703:-52 1

$ z-rotation 45 degrees
$ z-rotation 135 degrees

z-rotation 90 degrees
$ z-rotation 180 degrees
$ z-rotation -90 degrees
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Figure 6.7.8-4 Transfer Cask Sample Input File - Damaged PWR Fuel TSC -
Partially Flooded Mixture

801:720:19:15:-3 1
801:721:19:15:-3 1
801:722:19:15:-3 1
801:723:19:15:-3 1
801:724:19:15:-3 1
801:725:19:15:-3 1
801:726:19:15:-3 1
801:727:19:15:-3 1
801:728:19:15:-3 1
801:729:19:15:-3 1
801:730:19:15:-3 1
801:731:19:15:-3 1
801:732:19:15:-3 1
801:733:19:15:-3 1
801:734:19:15:-3 1
801:735:19:15:-3 1
801:736:19:15:-3 1
801:737:19:15:-3 1

C - Uniform Radial Distribution in Fuel Rod
# S13 SP3

0.0000 -21
0.3922 1

C - Axial Source Profile
# s14 SP4

0 0.0
365.76 1.0

c
c Random Number Generator Controls
c
RAND GEN=2 SEED=I9073486328125
c
c
c Print Control
c
PRINT
c
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Figure 6.7.8-5 DFC Fuel Mixture Height versus Reactivity
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Figure 6.7.8-6 DFC Preferential Flood Analysis

1.0
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$0.6

0;5

0.4 -*-Wet (0.9982 g/cc) Canister and Variable Density in DFC
--a-Dry (0.0001 g/cc) Canister and Variable Density in DFC
---&-Variable Canister and Dry (0.0001 g/cc) DFC
-Oi-Variable Canister and Wet (0.9982 g/cc) DFC
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0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Moderator Density (glcc)

NAC International 6.7.8-78



MAGNASTOR System FSAR

Docket No. 72-1031

August 2010

Revision 1OB

Figure 6.7.8-7 DFC Cask Partial Flooding Study

0.940

0.930

0.920
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Figure 6.7.8-8 DFC Moderator Density in Fuel/Water Mixture

0.936 1
0.934

0.932

0.930
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02 
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Table 6.7.8-1 Sample Results for Undamaged Fuel in DFC (Damaged Fuel Basket)

Minimum
1500 ppm
Max. Initial
Enrichme~nt

Minimum
2000 ppm
Max. Initial

wnrir~hmant

Minimum
2500 ppm
Max. Initial
Pnrip-hm-nf

Assembly
)a5efillifif

... ........ ... m.n ...... ,•-Q 1 k . - . * %ra%*l| *|

(wt% 235U) 0r keft + 2a Akia (wt% 235U) O keff + 2a Akfc (wt% 235U) o ken + 2u Ak/a

BW15H1 3.7% 0.00073 0.92965 4.4% 0.00073 0.93538 5.0% 0,00070 0.93416
3.7% 0.00073 0.93240 2.66 4.4% 0.00072 0.93503 -0.34 5.0% 0.00073 0.93594 1.76
3.7% 0.00068 0.93581 4.3% 0.00071 0.93498 4.9% 0.00072 0.93317

BW15H2 3.7% 0.00073 0.93607 4.3% 0.00073 0.93763 2.60 4.9% 0.00077 0.93435
4.2% 0.00076 0.92842

3.7% 0.00071 0.93700 4.3% 0.00074 0.93514 4.9% 0.00072 0.93415
BW15H3 3.7% 0.00070 0.93818 1.18 4.3% 0.00074 0.93697 1.75 4.9% 0.00074 0.93686 2.62

3.6% 0.00070 0.93066

BW15H4 3.8% 0.00071 0.93146 4.5% 0.00073 0.93364 5.0% 0.00073 0.92368
3.8% 0.00074 0.93284 4.5% 0.00078 0.93488 1.16 5.0% 0.00075 0.92548
3.7% 0.00073 0.93296 4.3% 0.00070 0.93382 5.0% 0.00072 0.93716

BW17H1 3.7% 0.00071 0.93589 2.88 4.3% 0.00072 0.93432 0.50 5.0% 0.00072 0.94043 3.21
4.9% 0.00072 0.93171

CE14H1 4.5% 0.00073 0.93518 5.0% 0.00078 0.91583 5.0% 0.00078 0.87766
4.5% 0.00081 0.93353 5.0% 0.00074 0.91808 2.09 5.0% 0.00071 0.87934

WE14H1 4.7% 0.00073 0.93682 5.0% 0.00073 0.90625 5.0% 0.00077 0.86657
4.7% 0.00077 0.93520 -1.53 5.0% 0.00075 0.90620 -0.05 5.0% 0.00074 0.86864 1.94

WE15H1 3.8% 0.00072 0.93295 4.5% 0.00078 0.93614 5.0% 0.00074 0.92470
3.8% 0.00079 0.93092 4.5% 0.00074 0.93534 -0.74 5.0% 0.00075 0.92747

WE15H2 4.0% 0.00077 0.93454 4.7% 0.00072 0.93520 5.0% 0.00071 0.91355
4.0% 0.00071 0.93602 1.41 4.7% 0.00074 0.93494 -0.25 5.0% 0.00073 0.91313 -0.41

WE17H1 3.7% 0.00074 0.92921 4.4% 0.00076 0.93628 5.0% 0.00070 0.93402
3.7% 0.00070 0.93064 4.4% 0.00074 0.93712 0.79 5.0% 0.00073 0.93419

WE17H2 40% 0_00073I 0.93415i 4 7%/ 0 00071 0 3349 no/n% 0l 00071 0 Q1~flQ
000073 093415 47% 000071 093342 50% 0 0071 n 6 1 inq

4.0% 0.00076 1 0.93355 -0.57 1 4.7% 0.00072 0.93507 1.63 1 5.0% 0.00070 0.91196 -1.13
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Table 6.7.8-2 DFC Unclad Rod Array Pitch Study Results

Reactivity with Reactivity with Average, Reactivity with Nominal
Assembly Enrichment Maximum Pitch Pitch Pitch'

(wt% 235U) a [keff + 2a a_ keff + 2a [Ak/a a keff + 2a 1 Ak/a
BW15H1

•BW15H2

BW15H3

BW15H4

BW17H1

CE14H1

WE14H1

WE15H1

WE15H2

WE17H1

WE17H2

4.7%

4.6%

4.6%

4.8%

4.6%

5.0%

5.0%

4.8%

5.0%

4.7%

5.0%

0.00071

0.00073

0.00066

0.00071

0.00073

0.00079

0.00077

0.00074

0.00079

0.00073

0.00073

0.93472

0.93589

0.93711

0.93398

0.93383

0.89735

0.88574

0.93410

0.93251

0.93349

0.93227

0.00072

0,00075

0.00073

0.00077

0.00072

0.00077

0.00078

0.00075

0.00075

0.00075

0,00071

0.93607

0.93641

0.93765

0.93390

0.93446

0.89484

0.88600

0.93307

0.93201

0.93626

0.93048

1.34

0.50

0.55

-0.08

0.61

-2.28

0.24

-0.98

-0.46

2.65

-1.76

0.00075

0.00076

0.00078

0.00075

0.00073

0H00074

0.00079

0.00075

0.00073

0.00074

0.00077

0.93646

0.93473

0.93778

0.93433

0.93466

0.89522

0.88591

0.93368

0.93239

.0.93546

0.93145

1.68

-1.10

0.66

0.34

0.80

-1.97

0.15

-0.40

-0.11

1.90

-0.77

0
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Table 6.7.8-3 Sample Results for Unclad Rod/Loose Pellet Fuel in DFC (Damaged Fuel Basket)

Minimum
1500 ppm
Max. Initial
Irnrighmanf

Minimum
2000 ppm
Max. Initial
:nritehmant

Minimum
2500 ppm
Max. Initial
Fnrirhmont

Assembly
Tunai 2,f~tiefuifw

•! ~ ~ ~ I! -v !•i •1 I l•L [ l, I V 1 ,% 4I -g.LIV -W I-..|. v. . |.....U~l• L

(Wt% 235U) a kef + 2a Ak/o (wt% 235U) o" keff + 2a IAk/a (Wt% 235U) a keff + 2a Ak/u

BW15H1 3.7% 0.00073 0.92965 4.4% 0.00073 0.93538 5.0% 0.00070 0.93416
3.7% 0.00072 0.93127 1.58 4.4%, 0.00073 0.93700 1.57 5.0% 0.00075 0.93608 1.87

BW15H2 3.7% 0.00068 0.93581 4.3% 0.00071 0.93498 4.9% 0.00072 0.93317
3.7% 0.00070 0.93704 1.26 4.3% 0.00075 0.93589 0.88 4.9% 0.00073 0.93554 2.31
3.7% 0.00071 0.93700 4.3% 0.00074 0.93514 4.9% 0.00072 0.93415

BW15H3 3.7% 0.00069 0.93818 1.19 4.3% 0.00069 0.93668 1.52 4.9% 0.00071 0.93579 1.62
3.6% 0.00072 0.93134

BW15H4 3.8% 0.00071 0.93146 4.5% 0.00073 0.93364 5.0% 0.00073 0.92368
3.8% 0.00072 0.93393 2.44 4.5% 0.00073 0.93438 0.72 5.0% 0.00074 0.92418 0.48
3.7% 0.00073 0.93296 4.3% 0.00070 0.93382 5.0% 0.00072 0.93716

BW17H1 3.7% 0.00072 0.93545 2.43 4.3% 0.00071 0.93443 0.61 5.0% 0.00069 0.93818 1.02
1 4.9% 0.00072 0.93174

CE14H1 4.5% 0.00073 0.93518 5.0% 0.00078 0.91583 5.0% 0.00078 0.87766
4.5% 0.00077 0.93387 -1.23 5.0% 0.00079 0.91801 1.96 5.0% 0.00081 0.87926 1.42
4.7% 0.00073 0.93682 5.0% 0.00073 0.90625 5.0% 0.00077 0.86657

WE14H1 4.7% 0.00074 0.93777 0.91 5.0% 0.00077 0.90693 0.64 5.0% 0.00074 0.86736 0.74
4.6% 0.00074 0.93090 1

WE15H1 3.8% 0.00072 0.93295 4.5% 0.00078 0.93614 5.0% 0.00074 0.92470
3.8% 0.00070 0.93213 -0.82 4.5% 0.00075 0.93689 0.69 5.0% 0.00072 0.92569 0.96

WE15H2 4.0% 0.00077 0.93454 4.7% 0.00072 0.93520 5.0% 0.00071 0.91355 _

4.0% 0.00074 0.93465 0.10 4.7% 0.00070 0.93439 -0.81 5.0% 0.00076 0.91163 -1.85
WE17H1 3.7% 0.00074 0.92921 4.4% 0.00076 0.93628 5.0% 0.00070 0.93402

3.7% 0.00075 0.92991 0.66 4.4% 0.00070 0.93500 -1.24 5.0% 0.00072 0.93484 0.82
40% I 000073 I 09341~ 4 7O/ 000I0.935422 5.0% 0.00071 1 0.91309

WE17H2 40%___ 1__ 0 00073_ 1_ _ 0 3154 % 07110 34

4.0% 1 0.00072 1 0.93379 1 -0.35 4.7% 0.00074 1 0.93522 1 1.76 5.0% 0.00072 1 0.91258 -0.50
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Table 6.7.8-4 DFC Missing Rod Study

Missing
Rods

Reactivity
keff a keff + 2a Ak/a

0 0.93574 0.00072 0.93718 -

1 0.9357 0.0007 0.93710 -0.08

4 0.93565 0.00075 0.93715 -0.03

8 0.93526 0.00072 0.93670 -0.47

12 0.93574 0.00071 0.93716 -0.02.

16 0.93492 0.00075 0.93642 -0.73

20 0.93544 0.0007 0.93684 -0.34

32 0.93535 0.00075 0.93685 -0.32

50 0.93334 0.00067 0.93468 -2.54

0
NAC International 6.7.8-84



MAGNASTOR System FSAR
Docket No. 72-1031

August 2010
Revision 10B

Table 6.7.8-5 Sample DFC Fuel Mixture Height Study Results

Assembly
Type

Mixture Height
Percent DFC Cavity

Minimum
1500 ppm B
Max. Initial
Enrichment
(wt% 235U)

Reactivity
ke. + 2a

Minimum
2000 ppm B
Max. Initial
Enrichment
(wt% 235U)

Minimum
2500 ppm B
Max. Initial
Enrichment
(wt% 

235 U)
Reactivity

keff + 2(7
Reactivity
keff + 2a

50 3.7% 0.93203 4.4% 0.93744 5.0% 0.93465
60 3.7% 0.93267 4.3% 0.93287 4.9% 0.93410
70 3.7% 0.93273 4.3% 0.93553 4.9% 0.93356

BW1H180 3.7% 0.93300 4.3% 0.93461 4.9% 0.93303
90 3.7% 0.93323 4.3% 0.93335 4.9% 0.93382

100 3.7% 0.93212 4.3% 0.93387 4.9% 0.93372
50 3.7% 0.93527 4.3% 0.93451 4.9% 0.93511
60 3.7% 0.93596 4.3% 0.93658 4.9% 0.93623
70 3.6% 0.92912 4.3% 0.93688 4.9% 0.93675
80 3.7% 0.93683 4.2% 0.93055 4.9% 0.93691
90 3.7% 0.93517 4.2% 0.92919 4.9% 0.93694
100 3.7% 0.93737 4.3% 0.93706 4.9% 0.93686
50 4.5% 0.93318 5.0% 0.91737 5.0% 0.88014
60 4.5% 0.93691 5.0% 0.91876 5.0% 0.88041
70 4.5% 0.93728 5.0% 0.91941 5.0% 0.88169
80 4.5% 0.93586 5.0% 0.91827 5.0% 0.88088
90 4.5% 0.93320 5.0% 0.91968 5.0% 0.88176
100 4.5% 0.93383 5.0% 0.91738 5.0% 0.88101
50 4.7% 0.93751 5.0% 0.90583 5.0% 0.86685
60 4.7% 0.93750 5.0% 0.90787 5.0% 0.87013
70 4.7% 0.93733 5.0% 0.90738 5.0% 0.87007
80 4.7% 0.93717 5.0% 0.90915 5.0% 0.86996
90 4.7% 0.93660 5.0% 090841 5.0% 0.86892
100 4.7% 0.93717 5.0% 0.90721 5.0% 0.86698
50 3.8% 0.93095 4.5% 0.93691. 5.0% 0.92753
60 3.8% 0.93313 4.5% 0.93737 5.0% 0.93028
70 3.8% 0.93436 4.5% 0.93735 5.0% 0.93016
80 3.8% 0.93408 4.4% 0.93060 5.0% 0.92991
90 3.8% 0.93436 4.4% 0.93150 5.0% 0.92964
100 3.8% 0.93538 4.5% 0.93697 5.0% 0.92849
50 4.0% 0.93462 4.7% 0.93661 5.0% 0.91502

WE17H2

60 3.9% 0.92899 4.6% 0.93299 5.0% 0.91 658
70 3.9% 0.92934 4.6% 0.93247 5.0% 0.91559
80 4.0% 0.93563 4.6% 0.93343 5.0% 0.91805
90 4.0% 0.93669 4.6% 0.93159 5.0% 0.91537

100 3.9% 0.92870 4.7% 0.93653 5.0% 0.91664
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Table 6.7.8-6 DFC Fuel Mixture Maximum Reactivity Height for 0.036 g/cm2 °B -
No Inserts

0

Minimum Minimum Minimum Minimum Minimum
1500 Ppm 1750 porm 2000 ppm 2250 ppm 2500 ppmAssembly I Parameter

BW15H1 Enrichment 3.7% 4.0% 4.3% 4.6% 4.9%
keff+2o" 0.93323 0.93439 0.93553 0.93571 0.93410

Configuration MIX90 MIX70 MIX70 MIX70 MIX60

BW15H2 Enrichment 3.6% 3.9% 4.2% 4.5% 4.8%
keff+2a 0.93147 0.93234 0.93312 0.93368 0.93355

Configuration MIX80 MIX80 MIX90 MIX80 MIX70

BW15H3 Enrichment 3.6% 3.9% 4.2% 4.5% 4.8%
keff+20 0.93380 0.93398 0.93450 0.93518 0.93674

Configuration MIX80 MIX100 MIX90 MIX80 MIX80

BW15H4 Enrichment 3.8% 4.1% 4.4% 4.7% 5.0%
keff+2a 0.93650 0.93692 0.93368 0.93302 0.93165

Configuration MIX80 MIX90 MIX70 MIX70 MIX70

BW17H1 Enrichment 3.6% 3.9% 4.2% 4.5% 4.9%

keff+2o 0.92912 0.92805 0.93055 0.93166 0.93694

Configuration MIX70 MIX60 MIX80 MIX90 MIX90

CE14H1 Enrichment 4.5% 4.9% 5.0% 5.0% 5.0%

keff+2a 0.93728 0.93616 0.91968 0.90123 0.88176

Configuration MIX70 MIX70 MIX90 MIX60 MIX90

WE14H1 Enrichment 4.7% 5.0% 5.0% 5.0% 5.0%
kef'+2U 0.93751 0.92989 0.90915 0.88872 0.87013

Configuration MIX50 MIX60 MIX8O MIX80 MIX60

WE15H1 Enrichment 3.8% 4.1% 4.4% 4.7% 5.0%

keff+2o - 0.93538 0.93541 0.93150 0.93075 0.93028

Configuration MIX100 MIX70 MIX90 MIX80 MIX60

WE15H2 Enrichment 3.9% 4.3% 4.6% 5.0% 5.0%

keff+2a 0.93365 0.93581 0.93464 0.93720 0.91729

Configuration MIX70 MIX70 MIX70 MIX60 MIX70

WE17H1 Enrichment 3.7% 4.0% 4.3% 4.6% 4.9%

keff+2o 0.93327 0.93385 0.93517 0.93304 0.93417

Configuration MIX80 MIX90 MIX70 MIX90 MIX90

WE17H2 Enrichment 3.9% 4.3% 4.6% 5.0% 5.0%
_ _ ke1-2U 0.92934 0.93490 0.93343 0.93722 0.91805

Configuration MIX70 MIX70 MIX80 MIX70 MIX80
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Table 6.7.8-7 DFC Fuel Mixture Maximum Reactivity Height for 0.036 g/cm 2 1°B - Inserts

Assembly Parameter
Minimum Minimum
1500 pm 1750 DDm

Minimum Minimum Minimum
2000 pDm 2250 DDm 2500 pDm

BW15H1 Enrichment 3.7% 4.0% 4.3% 4.6% 4.9%
ke•f2o 0.93185 0.93353 0.93536 0.93570 0.93666

Configuration MIX70 MIX90 MIX8O MIX70 MIX100

BW15H2 Enrichment 3.7% 3.9% 4.2% 4.5% 4.8%
kef+20 0.93732 0.92857 0.93295 0.93446 0.93579

Configuration MIX80 MiX100 MIX80 MIX80 MIX70

BW15H3 Enrichment 3.6% 3.9% 4.2% 4.5% 4.8%
keff+2o" 0.92862 0.93150 0.93343 0.93497 0.93723

Configuration MIX80 MIX70 MIX80 MIXlO0 MIX80

BW15H4 Enrichment 3.8% 4.1% 4.4% 4.7% 5.0%
keff+2O 0.93574 0.93435 0.93620 0.93567 0.93522

Configuration MIX70 MIX70 MIX80 MIX70 MIX70

BW17HI Enrichment 3.7% 4.0% 4.3% 4.5% 4.8%
keff+2o 0.93562 0.93574 0.93608 0.93184 0.93432

Configuration MIX70 MIX70 MIX80 MIX80 MIX70

CE14H1 Enrichment 4.4% 4.8% 5.0% 5.0% 5.0%

keff+2U 0.93160 0.93612 0.92831 0.91230 0.89638
Configuration MIX80 MIX70 MIX70 MIX60 MIX80

WE14H1 Enrichment 4.8% 5.0% 5.0% 5.0% 5.0%
keff+2a 0.93667 0.92601 0.90543 0.88775 0.86940

Configuration MIX90 MIX60 MIX80 MIX70 MIX70

WE15H1 Enrichment 3.8% 4.1% 4.4% 4.7% 5.0%
keff+20 0.93169 0.93364 0.93274 0.93291 0.93317

Configuration MIX70 MIX80 MIX70 MIX70 MIX100

WE15H2 Enrichment 4.0% 4.3% 4.6% 4.9% 5.0%
kef+2a 0.93503 0.93522 0.93350 0.93434 0.92239

Configuration MIX90 MIX80 MIX90 MIX80 MIX90

WE17H1 Enrichment 3.8% 4.1% 4.4% 4.7% 4.9%
keff+2" 0.93430 0.93452 0.93541 0.93710 0.93099

Configuration MIX90 MIX70 MIX70 MIX80 MIX90

WE17H2 Enrichment
keff+2o

Configuration

4.0%

0.93202

MIX60

4.3%

0.93278

MIX80

4.7%

0.93680

MIX80

5.0%

0.93721

MIX90

5.0%
0.91961

MIX70
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Table 6.7.8-8 DFC Partial Flooding Mixture Moderator Density Study
(BW Fuel 3.7 wt % 13 5U, 1500 ppm B)

Water Density in Fuel/Water Mixture
Mixture
Fraction
of DFC
Cavity

A to A to
0.9982 g/cm 3  0.9 glcm 3  0.9982 0.8 glcm 3  0.9982

_ glcm 3 glcm 3

keff+2a O" keff+2o Oa Ak/a keff+2a a Ak/a
25% 0.92697 0.00071 0.92642 0.00070 -0.6 0.92611 0.00072 -0.9

30% 0.92726 0.00070 0.92584 0.00074 -1.4 ' 0.92685 0.00071 '-0.4

40% 0.92924 0.00074 0.92973 0.00075 0.5 0.92986 0.00074 0.6

50% 0.93155 0.00072 0.93056 0.00070 -1.0 0.92967 0.00071 -1.9

60% 0.93286 0.00073 0.93171 0.00069 -1.1 0.93009 0.00072 -2.7

70% 0.93492 0.00074 0.93173 0.00072 -3.1 0.93192 0.00069 -3.0

80% 0.93351 0.00074 0.93300 0.00072 -0.5 0.93167 0.00073 -1.8

90% 0.93485 0.00071 0.93417 0.00073 -0.7 0.93347 0.00071 -1.4

100% 0.93212 0.00075 0.93181 0.00073 -0.3 0.93161 0.00075 -0.5

0
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Table 6.7.8-9 PWR Damaged Fuel Storage Cask Analyses Results (BW Fuel 5.0 wt % 235u)

Water Density (g/cm 3) 0 ppm B Reactivity
_DFC Max. Initial

Interior Exterior Inside Configuration EnrichmentDFC
(wt% 2 35 U) keff + 2a

0.0001 0.0001 0.0001 IAA 5.0% 0.48727
0.0001 0.0001 0.0001 URA 5.0% 0.48578
0.0001 0.0001 0.0001 MIX50 5.0% 0.49142
0.0001 0.0001 0.0001 MIX60 5.0% 0.49042
0.0001 0.0001 0.0001 MIX70 5.0% 0.48882
0.0001 0.0001 0.0001 MIX80 5.0% 0.48578
0.0001 0.0001 0.0001 MIX90 5.0% 0.48614
0.0001 0.0001 0.0001 MIX100 -5.0% 0.48210
0.0001 0.9982 0.0001 IAA 5.0% 0.48064
0.0001 0.9982 0.0001 URA 5.0% 0.48140
0.0001 0.9982 0.0001 MIX50 5.0% 0.48211
0.0001 0.9982 0.0001 MIX60 5.0% 0.48014
0.0001 0.9982 0.0001 MIX70 5.0% 0.48015
0.0001 0.9982 0.0001 MIX80 5.0% 0.48030
0.0001 0.9982 0.0001 MIX90 5.0% 0.47815
0.0001 0.9982 0.0001 MIX100 5.0% 0.47796

Notes:
IAA-
URA-
MIX -

undamaged assembly
unclad rod array
fuel mixture cases (in the
moderator)

context of storage analysis various fissle material heights; no
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Table 6.7.8-10 PWR Damaged Fuel Assembly Allowable Loading Without Inserts
(Enrichment/Soluble Boron Limits)

Max. Initial Enrichment (wt % 235U)

Absorbera 0.036 10B glcm2 Absorbera 0.030 10B 1l/cm2 Absorbera 0.027 10B g/cm 2

Soluble 1500 1750 2000 2250 2500 1500 1750 2000 2250 2500 1500 1750 2000 2250 2500
Boron (ppm) (ppm) Mppm (ppm) (ppm) (PPm) (PPm) (Ppm) (ppm) (PPm) (ppm) (ppm) (ppm) (ppm) (ppm)

BW15H1 3.7% 4.0% 4.3% 4.6% 4.9% 3.6% 3.9% 4.2% 4.5% 4.7% 3.6% 3.8% 4.1% 4.4% 4.7%

BW15H2 3.6% 3.9% 4.2% 4.5% 4.8% 3.6% 3.8% 4.1% 4.4% 4.7% 3.5% 3.8% 4.1% 4.3% 4.6%
BW15H3 3.6% 3.9% 4.2% 4.5% 4.8% 3.5% 3.8% 4.1% 4.4% 4.6% 3.5% 3.8% 4.0% 4.3% 4.6%

BW15H4 3.8% 4.1% 4.4% 4.7% 5.0% 3.7% 4.0% 4.3% 4.6% 4.9% 3.6% 3.9% 4.2% 4.5% 4.8%

BW17H1 3.6% 3.9% 4.2% 4.5% 4.8% 3.6% 3.9% 4.1% 4.4% 4.7% 3.5% 3.8% 4.1% 4.4% 4.6%

CE14H1 4.4% 4.8% 5.0% 5.0% 5.0% 4.3% -4.7% 5.0% 5.0% 5.0% 4.3% 4.6% 4.9% 5.0% 5.0%

WE14H1 4.6% 5.0% 5.0% 5.0% 5.0% 4.5% 5.0% 5.0% 5.0% 5.0% 4.5% 4.9% 5.0% 5.0% 5.0%

WE15H1 3.8% 4.1% 4.4% 4.7% 5.0% 3.7% 4.0% 4.3% 4.6% 4.9% 3.6% 4.0% 4.3% 4.6% 4.8%

WE15H2 3.9% 4.3% 4.6% 4.9% 5.0% 3.8% 4.2% 4.5% 4.8% 5.0% 3.8% 4.1% 4.4% 4.7% 5.0%

WE17H1 3.7% 4.0% 4.3% 4.6% 4.9% 3.6% 3.9% 4.2% 4.5% 4.8% 3.6% 3.9% 4.2% 4.5% 4.8%

WE17H2 3.9% 1 4.3% 14.6% 5.0% 1 5.0% 1 3.9% 4.2% 4.S% 4.9% 5.0% 3.8% 4.1% 4.5% 4.8% 5.0%

I a Borated aluminum neutron absorber sheet effective areal '°B density.
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7.1 Confinement Boundary

The welded TSC is the confinement vessel for the PWR or BWR spent fuel assembly contents.

The confinement boundary of the TSC consists of the TSC shell, bottom plate, TSC closure lid,

closure ring, the redundant vent and drain port covers, and the welds that join these components.

The confinement boundary is shown in Figure 7.1-1. The confinement boundary does not

incorporate bolted closures or mechanical seals. The confinement boundary welds are described

in Table 7.1-1.

7.1.1 Confinement Vessel

The TSC consists of three principal components: the TSC shell, bottom plate, and closure lid.

The TSC shell is a right circular cylinder constructed of rolled Type 304/304L (dual certified)

stainless steel plate with the edges of the plate joined by full penetration welds. It is closed at the

bottom end by a circular plate joined to the shell by a full penetration weld. The TSC has two

lengths to accommodate different fuel lengths. The TSC shell is helium leak tested following

fabrication.

After loading, the TSC is closed at the top by a closure lid fabricated from Type 304 stainless

steel. It is joined to the TSC shell using a field-installed groove weld. The closure lid-to-TSC

shell weld is analyzed, installed, and examined in accordance with ISG- 15 [6] guidance. This
closure lid-to-TSC shell weld is a partial penetration weld progressively examined at the root,

midplane, and final surface by liquid penetrant (PT) examination. Following NDE of the closure

lid-to-TSC shell weld, the TSC cavity is reflooded.and the TSC vessel is hydrostatically pressure

tested as described in the Operating Procedures of Chapter 9 and the Acceptance Test Program of

Chapter 10. The acceptance criteria for the test are no leakage and no loss of pressure during the

minimum 10-minute test duration.

After successful completion of the hydrostatic pressure test, the Type 304 stainless steel closure

ring is installed in the TSC-to-closure lid weld groove, and welded to both the closure lid and the

TSC shell. The closure ring welds are inspected by PT examination of the final weld surfaces.

The closure ring provides the double weld redundant sealing of the confinement boundary, as

required by 10 CFR 72.236(e).

The closure lid incorporates drain and vent penetrations, which provide access to the TSC cavity

for canister draining, drying and helium backfilling operations during TSC closure and
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preparation for placement into storage. The design of the penetrations incorporates features to

provide adequate shielding for the operators during these operations and closure welding.

Following final helium backfill and pressurization, the vent and drain port penetrations are closed

with Type 304 stainless steel inner port covers that are partial-penetration welded in place. Each

inner port cover weld is helium leak tested. Each inner port cover weld final surface is then PT

examined. A second (outer),port cover is then installed and welded to the closure lid at each of

the ports to provide the double weld redundant sealing of the confinement boundary. The outer

port cover weld final surfaces are inspected by PT examination.

Prior to sealing, the TSC cavity is backfilled and pressurized with helium. The minimum helium
purity level of 99.995% (minimum) specified in the Operating Procedures maintains the quantity

of oxidizing contaminants to less than one mole per canister for all loading conditions. Based on

the maximum empty canister free volume of 10,400 liters and the design basis helium density

(Section 4.4.4), an empty canister would contain approximately 2,000 moles of gases.

Conservatively, assuming that all of the impurities in the helium are oxidants, a maximum of 0.1

moles of oxidants could exist in the largest canister during storage. By limiting the amount of

oxidants to less than one mole, the recommended limits for preventing cladding degradation

found in the PNL-6365 [4] are satisfied.

The thermal' analysis of the loaded TSC is based, in part, on heat transfer from the fuel to the

TSC shell by convection within the TSC. The provision of a specific density of high-purity

helium, which ensures the establishment of internal convection in the TSC, also ensures that a

positive pressure exists within the TSC during the design life of the system. The maintenance of

a positive helium pressure eliminates any potential for in-leakage of air into -the TSC cavity

during storage operations.

The closure lid weld completed in the field is not helium leakage tested. Interim Staff Guidance

(ISG)- 18 [5] provides that an adequate confinement boundary is established for stainless steel
spent fuel storage canisters that are closed using a closure weld that meets the guidance of ISG-

15 [6]. The TSC closure weld meets the ISG- 15 guidance in that the analysis of the weld

considers a stress reduction factor of 0.8. The weld is qualified and performed in accordance

with the ASME Code, Section IX requirements [7]; and the weld is dye penetrant examined after

the root, midplane, and final surface passes. The final surfaces of the welds joining the closure
ring to the closure lid and shell, and joining the redundant port covers to the closure lid are PT

examined. The inner port cover welds are helium leakage tested as defined in Chapter 10.

During fabrication, the TSC shell and bottom plate welds are volumetrically inspected and the

shell assembly is shop helium leakage tested to the leaktight criteria of 1 x 10-7 ref cm3/sec, or
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2 x 10 -7 cm 3/sec (helium), in accordance with ANSI N 14.5 [8] using the evacuated envelope test

method. A minimum test sensitivity of 1 x 10-7 cm 3/sec (helium) is required.

Based on the shop helium leakage testing of the TSC shell, bottom plate and the joining welds;

the design analyses and qualifications of the closure lid and port cover welds; the performance of

a TSC field hydrostatic pressure test of the closure lid-to-TSC shell weld; thelhelium leakage test

performed:on the inner vent and drain port covers; and the multiple NDE performed on all of the

confinement boundary welds, the loaded TSC is considered and analyzed as having no credible

leakage..

The confinement boundary details at the top of the TSC are shown in Figure 7.1-1. The closure

is welded by qualified welders using weld procedures qualified in accordance with ASME Code,

Section IX. Over its 50-year design life, the TSC precludes the release of radioactive contents to

the environment and the entry of air, or water, that could potentially damage the cladding of the

stored spent fuel.

7.1.2 Confinement Penetrations

Two penetrations fitted with quick-disconnect fittings are provided in the TSC closure lid for

operational functions during system loading and sealing operations. The drain port accesses a

drain tube that extends into a sump located in the bottom plate. The vent port extends to the

underside of the closure lid and accesses the top of the TSC cavity.

After the completion of the closure lid-to-TSC shell weld, TSC pressure test, closure ring

welding and cavity draining, the vent and drain penetrations are utilized for drying the TSC

internals and contents, and for helium backfilling and pressurizing the TSC. After backfilling to

a specific helium density, both penetrations are closed with redundant port covers welded to the

closure lid. As presented for storage, the TSC has no exposed or accessible penetrations, has no

mechanical closures, and does not employ seals to maintain confinement.

7.1.3 Seals and Welds

The confinement boundary welds consist of the field-installed welds that close and seal the TSC,

and the shop welds that joiný the bottomplate to the TSC and that join the rolled platesthat form

the TSC shell. The, TSC shell may incorporate both longitudinal and circumferential weld seams

in joining the rolled plates. No elastomer or metallic seals are used in the confinement boundary

of the TSC.
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All cutting, machining, welding, and forming of the TSC vessel are performed in accordance

with Section III, Article NB-4000 of the ASME Code, unless otherwise specified in the approved

fabrication drawings and specifications. Codealternatives are listed in Table 2.1-2.

Weld procedures, welders, and welding machine operators shall be qualified in accordance with

ASME Code, Section IX. Refer to Chapter 10 for the acceptance criteria for the TSC weld visual

inspections and nondestructive examinations (NDE).

The loaded TSC is closed using field-installed welds. The closure lid to TSC shell weld is liquid

penetrant examined at the root, at the midplane level and the final surface. After the completion

of TSC hydrostatic pressure testing, the closure ring is installed and welded to the TSC shell and

closure lid. The final surface of each of the closure ring welds is liquid penetrant examined.

Following draining, drying, and helium backfilling operations, the vent and drain ports are closed

with redundant port covers that are welded in place. The inner port cover welds are helium

leakage tested. The final surface of each port cover to closure lid weld is liquid penetrant

examined.

Shop and field examinations of TSC confinement boundary welds are performed by personnel

qualified in accordance with American Society of Nondestructive Testing Recommended

Practice No. SNT-TC- TA [9]. Weld examinations are documented in written reports.

7.1.4 Closure

The closure of the TSC consists of the welded closure lid, the welded closure ring, and the

welded redundant .vent and drain port covers. There are no bolted closures or mechanical seals in

the confinement boundary.
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Figure 7.1-1 TSC Confinement Boundary
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Table 7.1-1 TSC Confinement Boundary Welds

ASME Code Category
Weld Location Weld Type (Section III, Subsection NB)

Shell longitudinal Full penetration groove A
(Shop weld)

Shell circumferential Full penetration groove B
(if used) (Shop weld)
Bottom plate to shell Full penetration groove C

(Shop weld)

TSC closure lid to shell Groove
(field weld) C

Redundant vent and drain port Bevel
covers to closure lid (field weld) C

0

Closure ring to TSC shell and to
closure lid

Bevel
(field weld) C
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8.1 Material Selection

Type 304 stainless steel is used in the TSC, except for the shieldplate and shield plate bolts of

the composite closure lid assembly. It is selected for this use because of its high strength,

ductility, resistance to corrosion and brittle fracture, and metallurgical stability for long-term

storage. The steels used in the fabrication of the TSC are as follows.

Shell ASME SA240, Type 304/304L dual-certified, stainless steel

Bottom ASME SA240, Type 304/304L dual-certified, stainless steel

Closure Lid ASME SA240, Type 304 stainless steel

Closure Ring ASME SA479/SA240, Type 304/304L dual-certified, stainless steel

Port Covers ASME SA240, Type 304/304L dual-certified, stainless steel

Shield Plate ASTMA36 carbon steel

Shield Plate Bolts ASME SA193, Grade B6 high alloy bolting steel

Lifting Lug - PWR/BWR ASTM A240/A276, Type 304/304L dual-certified stainless steel

Lifting Lug -
PWR Damaged Fuel ASTM A240/A276, Type 347 stainless steel

Note: SA182/SA336, Type F304/F304L and SA240, Type 304L stainless steel may

be substituted for SA240, Type 304 stainless steel for the closure lid, provided

that their materialyield and ultimate strengths are greater than, or equal to,

those of SA240, Type 304 stainless steel

The carbon steels used in the fuel baskets are selected based on their strength and thermal

conductivity. After fabrication, the basket components are electroless nickel-coated to improve

resistance to corrosion and to significantly reduce the potential for the formation of flammable

gases during in-pool loading. The materials used in the fabrication of the fuel baskets are:

Basket Supports, Plates and Gussets

Comer Support Bars

Fuel Tubes

Connector Pins

Mounting Bolts

Neutron Absorber

ASME SA537, Class 1, carbon steel

ASME SA695, Type B, Grade 40, SA696,
Grade C or SA516, Grade 70 carbon steel
ASME SA537, Class 1, carbon steel

ASME SA695, Type B, Grade 40, SA696,
Grade C or ASME SA36 carbon steel

ASME SA193, Grade B6 high alloy bolting
steel
Borated Metal Matrix Composite, borated
aluminum alloy, or Boral
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The materials used in the concrete cask fabrication are: 0
Shell

Pedestal Plate

Base and Top Plates

Lift Lugs and Anchors

Lift Lug Bolts

Reinforcing bar

Concrete

ASTM A36 Carbon Steel

ASTM A36 Carbon Steel

ASTM A537, Class 2, Carbon Steel

ASTM A537, Class 2, Carbon Steel

ASME SB637, Grade N07718 nickel alloy

ASTM A615/A615M Carbon Steel

ASTM C150 Type II Portland Cement

The materials used in the MTC1 transfer cask fabrication are:

Inner Shell

Outer Shell

Bottom Forging

Top Forging.

Trunnions
Shield Doors and Rails

Retaining Block Pins

Retaining Block

Gamma Shield Brick

Neutron Shield

ASTM A588 low alloy steel

ASTM A588 low alloy steel

ASTM A516, Grade 70

ASTM A516, Grade 70

ASTM A350, LF2 low alloy steel

ASTM A350, LF2 low alloy steel

ASTM A516, Grade 70

ASTM A693/A564 17-4 PH stainless steel

ASTM B29 Lead-Chemical Copper Grade

NS-4-FR

The materials used in the MTC2 transfer cask fabrication are:

Inner Shell

Outer Shell

Bottom Forging

Top Forging

Trunnions

Shield Doors and Rails

Retaining Ring Bolts

Retaining Ring

Gamma Shield Brick

Neutron Shield

ASTMA240, Type 304 stainless steel

ASTMA240, Type 304 stainless steel

ASTMA182, Type F304 stainless steel

ASTMA182, Type F304 stainless steel

ASTMA182, Type F304 stainless steel

ASTMA182, Type F304 stainless steel

ASTMA193 Grade B8 bolting steel

ASTMA240, Type 304 stainless steel

ASTM B29 Lead-Chemical Copper Grade

NS-4-FR
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8.1.1 Fracture Toughness

The TSC structural material is austenitic stainless steel, except for the shield plate and shield

plate bolts of the composite closure lid assembly. In accordance with ASME Code, Section III,

Subsection NB, Article NB-23 11, these materials do not require testing for fracture toughness.

In accordance with ASME Code, Section III, Subsection NF, Article NF-2311, the carbon

steel shield plate of the composite closure lid assembly does not require impact testing since
the maximum stress does not exceed 6,000psi tension.

The fuel basket is comprised of welded tubes and supports primarily fabricated from ASME

Code SA537, Class 1, carbon steel. Fuel basket materials will meet ASME Code, Section III,

Subsection NG, Article NG-2300 requirements for impact tests and will be tested in accordance
with paragraph NG-2320. A procurement/fabrication specification will describe fracture

toughness testing of these materials for each heat of material subjected to the equivalent
forming/bending process or heat-treated condition. Acceptance values shall be per ASTM

A370, Section 26.1, with values meeting the requirements of Table NG-2331 (a)(1) at a Lowest

Service Temperature (LST) of-40'F.

The concrete cask lift lugs and anchors are fabricated from two-inch thick, ASTM A537 Class 2,

carbon steel plate. Utilization of the lift lugs and anchors for handling the concrete cask is
considered a noncritical lift and will be restricted for use only when the surrounding air

temperature is Ž_ 0°F. Therefore, impact testing of the material is not required.

The structural components of the MTC1 transfer cask are fabricated from low alloy carbon steels

selected based on their low-temperature facture toughness. The nil ductility transition
temperature for these steels is established as -40'F. Based on Regulatory Guide 7.11 [1], the

minimum temperature for use is 40'F above the transition temperature, with no credit taken for

heat produced by the contents of the transfer cask. Consequently, a minimum ambient

temperature of 0°F for use of the MTC1 transfer cask is established. This condition is

administratively controlled by procedure and is consistent with the analysis. Since the use of the

MTC1 transfer cask is restricted to conditions when the surrounding air temperature is greater

than, or equal to, 0°F, impact testing of the MTC1 transfer cask materials is not required. The

structural components of the MTC2 transfer cask are fabricated from austenitic stainless steel

In accordance with ASME Code, Section III, Subsection NB, Article NB-2311, these materials
do not require testing for fracture toughness.
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8.3 Material Properties

The mechanical properties of steels used in the fabrication of the MAGNASTOR components
are presented in Table 8.3-1 through Table 8.3-20. The thermal properties of materials used in

the fabrication and evaluation of the storage system are shown in Table 8.3-21 through Table

8.3-32. Derivation of effective thermal conductivities is described in Chapter 4. Table 8.3-21

through Table &83-32 include only the materials that form the heat transfer pathways employed

in the thermal analysis models. Materials for small components, which are not explicitly

modeled, are not included in the property tabulation.

Mechanical material properties for irradiated zircaloy cladding are taken from a PNNL

publication by Geelhood and Beyer [36]. Modulus of elasticity and material yield strength are
conservatively defined at their minimum value through the maximum normal operating

temperature of 752°F , i.e., E = 10.47 x 106 psi and Sy = 69,600 psi.
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Table 8.3-1 Mechanical Properties of SA240, Type 304, Stainless Steel

Value at Temperature (OF)
Property (units) -40 -20 70 200 300 400 500 650 800 900

Ultimate strength, Su (ksi) a 75.0 75.0 75.0 71.0 66.2 64.0 63.4 63.4 62.8 60.8

Yield Stress, Sy (ksi) a 30.0 30.0 30.0 25.0 22.4 20.7 19.4 18.0 16.9 16.2
Design Stress Intensity, Sm 20.0 20.0 20.0 20.0 20.0 18.7 17.5 16.2 15.2 14.6 b

(ksi) a I I I I
Modulus of Elasticity, E 28.8 28.7 28.3 27.6 27.0 26.5 25.8 25.1 24.1 23.5
(x 106 psi) a

Coefficient of Thermal 8.13b 8.2b 8.5 8.9 9.2 9.5 9.7 9.9 10.1 10.2
Expansion, ax (x10-6 in/in/! F) a
Poisson's Ratio a 0.31
Density (lb/in 3) c 0.29

Note deleted by 10 CFR 72.48 Determination.

Table 8.3-2 Mechanical Properties of SA182, Type F304 Stainless Steel (Size > 5 in)

Value at Temperature (OF)
Property (units) -40 70 200 300 400 500 750

Ultimate strength, Su (ksi) a 70.0 70.0 66.3 61.8 59.7 59.2 59.0

Yield Stress, Sy (ksi) a 30.0 30.0 25.0 22.4 20.7 19.4 17.2
Design Stress Intensity, Sm (ksi) a 20.0 20.0 20.0 20.0 18.6 17.5 15.5

Modulus of Elasticity, E 28.8 28.3 27.6 27.0 26.5 25.8 24.4
(x 1 06 psi) a
Coefficient of Thermal Expansion, 8.1 b 8.5 8.9 9.2 9.5 9.7 10.0
a (x 1a6 in/in/O F) a
Poisson's Ratio a 0.31

0

Density (lb/in3) c 0.29

Note: For thickness less than, or equal to, five inches, SA182, Type F304 stainless steel has
equivalent mechanical properties to SA240, Type 304 stainless steel

a ASME Boiler and Pressure Vessel Code [5]

b Extrapolated value

'Metals Handbook Desk Edition [23]
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Table 8.3-3 Mechanical Properties of A693/A564, Type 630, 17-4 PH Stainless Steel

Value at Temperature (OF)

Property (units) -40 70 200 300 400 500 600 700
Ultimate strength, Su (ksi) a 135.0 135.0 135.0 135.0 131.2 128.6 126.7 123.8

Yield Stress, Sy (ksi) a 111.7 105.0 97.1 93.0 89.7 87.0 84.7 82.5
Design Stress Intensity, Sm (ksi) a 45.0 45.0 45.0 45.0 43.7 42.9 42.2 41.3 b

Modulus of Elasticity, E 29.4 28.5 27.8 27.2 26.6 26.1 25.5 24.9
(x 106 psi)a a94 2. 27.8 27.2 26.6 26.1 25.5 24.9

Coefficient of Thermal Expansion, ox 5.9
(x10.6 in/in/! F) a
Poisson's Ratio a 0.31
Density (lb/in3) c 0.29

Table 8.3-4 Mechanical Properties of A350, Grade LF 2, Class 1, Low Alloy Steel

Value at Temperature (OF)
Property (units) -40 70 200 300 400 500 700

Ultimate strength, Su (ksi) a 70.0 70.0 70.0 70.0 70.0 70.0 70.0
Yield strength, Sy (ksi) a 36.0 36.0 33.0 31.8 30.8 29.3 25.8
Design Stress Intensity, Sm (ksi) a 23.3 23.3 22.0 21.2 20.5 19.6 17.2
Modulus of Elasticity, E (x 106 psi) a 29.7 29.2 28.5 28.0 27.4 27.0 25.3
Coefficient of Thermal Expansion, (X (x10-6  6.13 6.4 6.7 6.9 7.1 7.3 7.6
in/in/! F)_a

Poisson's Ratio a 0.31
Density (lb/in 3)c 0.284

a ASME Boiler and Pressure Vessel Code [5]
b Extrapolated value

'Metals Handbook Desk Edition [23]
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Table 8.3-5 Mechanical Properties of SA516/A-516, Grade 70, Carbon Steel

Value at Temperature (OF)
Property (units) -40 70 200 300 400 500 700

Ultimate strength, Su (ksi) a 70.0 70.0 70.0 70.0 70.0 70.0 70.0
Yield Stress, Sy (ksi) a 40.7 38.0 34.8 33.6 32.5 31.0 27.2
Design Stress Intensity, Sm (ksi)a 23.3 23.3 23.2 22.4 21.6 20.6 18.1
Modulus Of Elasticity, E 29.8 29.3 28.6 28.1 27.5 27.1 25.3
(x 106 psi) a

Coefficient of Thermal Expansion, a(XO0-6  6.13 6.4 6.7 6.9 7.1 7.3 7.6
in/in/0 F) a
Thermal Conductivity, k, 27.4 27.5 27.6 27.2 26.7 25.9 24.0
(Btu/hr-ft-.F) a

Poisson's Ratio a 0.31
Density (lb/in 3) b 0.284

Table 8.3-6 Mechanical Properties of SA537, Class 1, Carbon Steel

Value at Temperature (OF)
Property (units) -40 70 200 300 400 500 700 800

Ultimate strength, Su (ksi) a 70.0' 70.0 70.0 69.1 68.4 68.4 68.4 65.4

Yield Stress, Sy (ksi) a 54.9 50.0 44.2 40.5 37.6 35.4 32.3 30.5
Design Stress Intensity, Sm (ksi) a 23.3 23.3 23.3 22.9 22.9 22.9 21.4 20.3c
Modulus of Elasticity, EMu of Esti a 30.0 29.5 28.8 28.3 27.7 27.3 25.5 24.2(x 10Q6 psi) a ____ ___

Coefficient of Thermal Expansion, 6.1 6.4 6.7 6.9 7.1 7.3 7.6 7.8
OC (x10-6 in/inl° F) a
Thermal Conductivity, k, 27.4 27.5 27.6 27.2 26.7 25.9 24.0 27.5

Poisson's Ratio a 0.31
Density (WbWn3) b 0.284

a ASME Boiler and Pressure Vessel Code [5]
b Metals Handbook Desk Edition [23]

c Code Case N-707 [34]. Code Case N-707 requires that the material creep strain is to be

negligible. The only primary load for the normal condition of the basket is dead weight. Since
only the top 3 feet of the basket are above 700'F, the maximum stress due to dead weight is
36x0.284 or 10 psi. The stress level is considered to be negligible and the dead weight loading
at the top of the basket results in a negligible level of creep. Therefore, the requirements of
Code Case N-707 are satisfied.
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Table 8.3-7 Mechanical Properties of A537, Class 2, Carbon Steel

Value at Temperature (°F)

Property (units) -40 70 200 300 400 500 700

Ultimate strength, S, (ksi) a 80.0 80.0 80.0 78.9 78.2 78.1 78.1
Yield Stress, Sy (ksi) a 60.0 60.0 53.0 48.6 45.1 42.4 38.7,
Design Stress Intensity, Sm (ksi) a 26.7 26.7 26.7 26.7 26.7 26.7 24.3
Modulus of Elasticity, E (x 106 psi) a 30.0 29.5 28.8 28.3 27.7 27.3 25.5
Coefficient of Thermal Expansion, .X( 06i/n"F 6.1 6.4 5.9 6.3 9.6 6.9 7.4
x•(x10.6_in/in/0 F)_ a__

Thermal Conductivity, k, (Btu/hr-ft--F) a 27.4 27.5 27.6 27.2 26.7 25.9 24.0

Poisson's Ratio a 0.31
Density (lb/in 3) b 0.284

a ASME Boiler and Pressure Vessel Code [5]

b Metals Handbook Desk Edition [23]
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Table 8.3-8 Mechanical Properties of SA695, Type B, Grade 40, and SA696, Type C,
Carbon Steel

Value at Temperature (OF)
Property (units) -40 70 200 300 400 500 700 800

Ultimate strength, Su (ksi) a 70.0 70.0 70.0 70.0 70.0 70.0 70.0 64.3
Yield Stress, Sy (ksi) a 40.0 40.0 36.6 35.4 34.2 32.6 28.6 26.8
Design Stress Intensity, Sm (ksi) a 23.3 23.3 23.3 23.3 22.8 21.7 19.2 --
Modulus of Elasticity, E 29.8 29.3 28.6 28.1 27.5 27.1 25.3 24.0
(x 106 psi) a I
Coefficient of Thermal Expansion, (x 6.13 6.4 6.7 6.9 7.1 7.3 7.6 7.8
(x10-6 in/in/OF) a
Thermal Conductivity, k, 27.4 27.5 27.6 27.2 26.7 25.9 24.0 27.5
(Btu/hr-ft.OF) a 27.4 27.5 27.6 27.2 26 59 . 7

Poisson's Ratio a 0.31
Density (lb/in 3) b 0.284

Table 8.3-9 Mechanical Properties of A588, Type A and B, Carbon Steel, Small Plates

Value at Temperature (OF)
Property (units) -40 100 200 300 400 500 600 650 700

Ultimate strength, Su (ksi) a 70.0 70.0 70.0 70.0 70.0 70.0 70.0 -70.0 70.0
Yield Stress, Sy (ksi) a 53.5 50.0 47.5 45.6 43.0 41.8 39.9 38.9 37.9
Design Stress Intensity, Sm (ksi) a 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3
Modulus of Elasticity, E 29.7 29.0 28.5 28.0 27.4 27.0 26.4 25.9 25.3
(x 106 psi) a
Coefficient of Thermal Expansion, 6.13 6.5 6.7 6.9 7.1 7.3 7.4 7.5 7.6
ax (x10-6 in/in/!F) a

Poisson's Ratio a 0.31
Density (lb/in 3) b 0.284

a ASME Boiler and Pressure Vessel Code [5]
b Metals Handbook Desk Edition [23]
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Table 8.3-10 Mechanical Properties of SA479, Type 304 Stainless Steel

Value at Temperature (OF)
Property (units) -40 70 200 300 400 500 750

Ultimate strength, Su (ksi) a 75.0 75.0 71.0 66.2 64.0 63.4 63.3
Yield strength, Sy (ksi) a 30.0 30.0 25.0 22.4 20.7 19.4 17.2
Design Stress Intensity, Sm (ksi) a 20.0 20.0 20.0 20.0 18.6 17.5 15.5
Modulus of Elasticity, E (x 106 psi) a 28.8 28.3 27.6 27.0 26.5 25.8 24.4
Coefficient of Thermal Expansion, a (xlO"6  8.lb 8.5 8.9 9.2 9.5 9.7 10.0
in/in/I F) a

Poisson's Ratio a 0.31
Density (lb/i 3)c 0.29

Table 8.3-11 deleted by 10 CFR 72.48 Determination

a ASME Boiler and Pressure Vessel Code [5]

b Extrapolated value

' Metals Handbook Desk Edition [23]
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Table 8.3-12 Mechanical Properties of SA36/A36 Carbon Steel

Value at Temperature (OF)
Property (units) -40 100 200 300 400 500 600 650 700

Ultimate strength, Su (ksi) a 58.0 58.0 58.0 58.0 58.0 58.0 58.0 58.0 58.0

Yield Stress, Sy (ksi) a 36.0 36.0 33.0 31.8 30.8 29.3 27.6 26.7 25.8
Design Stress Intensity, Sm 19.3 19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.3
(ksi)a
Modulus of Elasticity, E 29.95 29.3 28.8 28.3 27.7 27.3 26.7 26.1 25.5
(x 106 psi) a
Coefficient of ThermalCexpanion, of ThrmlO i6.13 6.5 6.7 6.9 7.1 7.3 7.4 7.5. 7.6
Expansion a(x106 in/in/0 F) a
Poisson's Ratio a 0.31

0

Density (lb/in 3) b 0.284

Table 8.3-13 Mechanical Properties of SA193, Grade B6, High Alloy Bolting Steel

Value at Temperature (OF)
Property (units) -40 -20 70 200 300 400 500 700

Ultimate strength, S& (ksi) c 110.0 110.0 110.0 104.9 101.4 98.3 95.6 90.6

Yield Stress, Sy (ksi) c 85.0 85.0 85.0 81.1 78.4 76.0 73.9 70.0
Design Stress Intensity, Sm (ksi) a 28.3 28.3 28.3 27.0 26.1 25.3 24.6 23.3
Bolt Stress Intensity, Smbm (ksi) a 21.2 21.2 21.2 21.2 21.2 21.2 21.2 21.2
Modulus of Elasticity, E 29.8 29.7 29.2 28.5 27.9 27.3 26.7 25.6
(x 106 psi) a

Coefficient of Thermal Expansion, 5.65 d 5.69 d 5.90 6.20 6.30 6.40 6.50 6.60
a (xl 0-6 in/in/! F) a
Poisson's Ratio a 0.31
Density (lb/in 3) b 0.28

a ASME Boiler and Pressure Vessel Code [5]
b Metals Handbook Desk Edition [23]

Calculated based on design stress intensity p (Su70OF) = Su.,-

Smi70 F

d Extrapolated value
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Table, 8.3-14 Mechanical Properties of SA193, Grade B8, Bolting Steel

Value at Temperature (OF)
Property (units) -40 -20 70 200 300 400 500 700

Ultimate Strength, Su (ksi) a 75.0 75.0 71.0 66.2 64.0 63.4 63.4 62.8

Yield Stress, Sy (ksi) a 30.0 30.0 25.0 22.4 20.7 19.4 17.6 16.9
Design Stress Intensity for Bolts, 10.0 10.0 8.3 7.5 6.9 6.5 5.9 5.6
Sm (ksi) a

Modulus of Elasticity, E 28.8 28.3 276 27.0 26.5 25.8 25.1 24.1
(x 106 psi) a I I I I I I I
Coefficient of Thermal 8.13b 8.5 8.9 9.2 9.5 9.7 9.9 10.1
Expansion, a (x 10-6 in/in/0 F) a
Poisson's Ratio a 0.31
Density (lb/in3) c 029

Table 8.3-15 Mechanical Properties of SA240, Type 347 Stainless Steel

Value at Temperature (OF)
Property (units) -40 70 200 300 400 500 600 750

Ultimate strength, Su (ksi) a 75.0 75.0 71.7 65.9 62.1 60.0 59.1 58.8

Yield Stress, Sy (ksi) a 30.0 30.0 27.6 25.7 24.0 22.6 21.5 20.5
Design Stress Intensity, Sm (ksi) a 20.0 20.0 20.0 20.0 20.0 20.0 19.3 18.5
Modulus of Elasticity, E 28.8 28.3 27.6 27.0 26.5 25.8 25.3 24.5
(x 106 psi) a

Coefficient of Thermal Expansion, cx 8.1 b 8.5 8.9 9.2 9.5 9.7 9.8 10.0
(x10-6 in/in!0 F) a
Poisson's Ratio a 0.31
Density (lb/in 3) c 0.29

a ASME Boiler and Pressure Vessel Code [5]

b Extrapolated value

C Metals Handbook Desk Edition [23]
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Table 8.3-16 Mechanical Properties of SB637, Grade N07718, Nickel Alloy Bolting Steel

I ,Value at Temperature (OF)
Property (units) -40 70 200 1 300' 1 400 500 700

Ultimate strength, S, (ksi) a 185.0 185.0 177.6 173.5 170.6 168.7 165.8
Yield Stress, Sy (ksi) a 150.0 150.0 144.0 140.7 138.3 136.8 134.4
Design Stress Intensity, Sm (ksi) b 50.0 50.0 48.0 46.9 46.1 45.6 44.8
Modulus of Elasticity, E (x 106 psi) a 29.6 c 29.0 28.3 27.8 27.6 27.1 26.4
Coefficient of Thermal Expansion, (X (x10-6  7.0 7.1 7.2 7.3 7.5 7.6 7.8
in/in/0F) c I
Poisson's Ratio b 0.31
Density (lb/in 3) a 0.297

Table 8.3-17 Mechanical Properties of A615, Grade 60

Property (units) A615, Grade 60
Ultimate Strength (ksi) d 90.0
Yield Strength (ksi) f 60.0
Modulus of Elasticity, E (x 106 psi) d 29.88
Coefficient of Thermal Expansion, ax (X 10-6 in/in/°F) d 6.1
Density (Ibm/in 3) e 0.284

a Calculated based on design stress intensity Sn_' (Su70OF) = Su,

Sm70°F
b ASME Boiler and Pressure Vessel Code [5]

' Extrapolated value

d Metallic Materials Specification Handbook [6]
' Standard Handbook for Mechanical Engineers [13]

f Annual Book of ASTM Standards [25]
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Table 8.3-18 Mechanical Properties of Chemical Copper Grade Lead

Value at Temperature (OF)
Property (units) -40 -20 70 200 300 600

Tensile Yield Stress, Sy (psi) a 700 b 680 640 490 380 200
Modulus of Elasticity, E (x 106 psi) c 2.45 b 2.42 2.28 2.06 1.94 1.5
Coefficient of Thermal Expansion, a (x0 6 in/in/! F) c 15.6 b 15.7 16.1 16.6 17.2 20.2

Poisson's Ratio d 0.4
.Density (lb/in 3) d 0.41

a Determination of the Mechanical Properties of High Purity Lead and a 0.05% Copper-Lead

Alloy [26]
b Extrapolated value

c NUREG/CR-0481 [27]

d Standard Handbook for Mechanical Engineers [13]
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Table 8.3-19 Mechanical Properties of Concrete

Values at Temperature (OF)
Property (units) -40 70 100 200 300 400 500

Compressive strength (psi) a 4 000b 4000 4000 4000 3800 3600 3400
Modulus of Elasticity, E 4.0b 3.72 b 3.64 3.38 3.09 2.73 2.43
(X 106 psi) a
Coefficient of Thermal 5.5b 5.5 5.5 5.5 5.5 5.5 5.5
Expansion, oX (x10-6 in/in/0 F) a
Density (Ibft 3) c 145

Table 8.3-20 Mechanical Properties of NS-4-FR

Value at Temperature (OF)
Property (units) 86 I 158 I 212 302

Coefficient of Thermal Expansion (xlO-6 in/in/OF) d 22.2 47.2 58.8 57.4
Compressive Modulus of Elasticity (ksi) d 561
Density (Ibm/in 3) d 0.0607

Table 8.3-21 Mechanical Properties of Neutron Absorber

Property (units) Values at Temperature (OF)
Property____(units) _ -320 -112 -18 75 1212 1300 1400 500 600 700

Ultimate Tensile Strength, Su 25.0 15.0 14.0 13.0 10.0 8.0 6.0 4.0 2.9 2.1
(ksi) e
Yield Strength, Sy (ksi) e 6.0 5.5 5.0 5.0 4.6 4.2 3.5 2.6 2.0 1.6
Elongation in 2 inches, % f 50 43 40 40 45 55 65 75 80 85

No value
Mod. of Elasticity, E (106psi) f 11.2 10.5 10.3 10.0 9.6 9.2 8.7 8.1 iv e

given

Coefficient of Thermal I
Expansion, cc, (10- in/in/!F) f 8.2 10.3 11.2 12.2 13.0 13.3 13.6 13.9 14.2 N/A
Poisson's Ratio f 0.33
Density, (lb/in3)f 0.098
Boral Core Modulus of 1000 (assumed)
Elasticity, E (psi)
Boral Core Yield Strength, Sy
(psi) 10 (assumed)

a Handbook of Concrete Engineering [8]
b Extrapolated value
c Specified value
d NS-4-FR Fire Resistant Neutron and/or Gamma Shielding Material [9]
'Aluminum alloy 1100-0 properties

f ASME Boiler and Pressure Vessel Code, Section II, Part D [5]
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Table 8.3-22 Thermal Properties of Dry Air

Value at Temperature (OF) a

Property (units) -40 1 70 1 100 300 1 500 1 700
Conductivity (Btu/hr-in-°F) 0.00101 0.00121 0.00128 0.00161 0.00193 0.00223
Specific Heat (Btu/Ibm-°F) 0.241 0.2417 0.240 0.244 0.247 0.253
Density (x10.5 lb/in 3) 5.1 4.19 4.11 3.01 2.38 1.97

Table 8.3-23 Thermal Properties of Helium

Value at Temperature (OF) b

Property (units) 80 260 440 800

Conductivity (Btu/hr-in-°F) 0.00751 0.00915 0.01068 [ 0.01355
Value at Temperature (OF) c

Property (units) 260 400 600 800
Density (x10-6 lb/in3) 4.83 3.70 3.01 2.52
Specific Heat (Btu/Ibm- F) 1.24

Value at Temperature (OF) d

Property (units) 240 300 350 400 450 500 600 650 700. 750 800 900
Viscosity(xl0-7 N- 170 199 221 243 263 283 320 332 350 364 382 414
s/m2)

Table 8.3-24 Thermal Properties of Water

Value at Temperature (OF) e

Property (units) 70 1 200 1 300 400 1 500 1 600
Conductivity (Btu/hr-in-0 F) 0.029 0.033 0.033 0.032 0.029 0.024
Specific Heat (Btu/bm-° F) 0.998 1.00 1.03 1.08 1.19 1.51
Density (IbmAn 3) 0.036 0.035 0.033 0.031 0.028 0.025

Value at Temperature (OF) f
Property (units) 273 1275 1285 1295 1305 1315 13251 335 1345 1355 1365 1375

Viscosity (xl 06 N-s/m 2) 1750 11652 1 1225 1959 1 7691631 15281 453 13891 34313061274

a Principles of Heat Transfer, Kreith & Bohn, Fifth Edition, Table 2 [15]
b Handbook of Thermal Conductivity of Liquids and Gases [ 18]

' Principles of Heat Transfer, Kreith, Fifth Edition [17]

d Introduction to Heat Transfer [22], Table A.4

'Principles of Heat Transfer, Second Edition [21], Table 3

f Introduction to Heat Transfer [22], Table A.6
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Table 8.3-25 Thermal Properties of NS-4-FR

Property (units) Value a
Conductivity (Btu/hr-in-0 F) 0.0311
Density (borated) (Ibm/in 3) 0.0589
Density (nonborated) (Ibm/in 3) 0.0607

Specific Heat (Btu/Ibm-0 F) 0.319

Table 8.3-26 Thermal Properties of Concrete

I Value at Temperature (OF)
Property (units) 100 I 200 1 300

Conductivity (Btu/hr-in-°F) b 0.091 0.089 0.086
Specific Heat (Btu/Ibm-°F) c 0.20
Emissivity c 0.90
Absorptivity d 0.60

a NS-4-FR Fire Resistant Neutron and/or Gamma Shielding Material [9]
b Handbook of Concrete Engineering [8], Figure 6-3 1, Curve 1

C Principles of Heat Transfer, Kreith and Bohn, Fifth Edition [ 15]

d Introduction to Heat Transfer [22]
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Table 8.3-27ý Neutron Absorber Material Minimum Effective Thermal Conductivity -
BTU/(hr-in-,F)

Fuel Basket
Tvnp p. Radial Axial

1i NN F: _;NN° P 1i nno F ;NN° F

--- = . -- mly .
BWR 4.687 I 4.335 5.054 I 5.017
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Table 8.3-28 Thermal Properties of Carbon Steel

Value at Temperature (OF)
Property (units) -40 1 100 200 400 T 500 700 800

Conductivity (Btu/hr-in-OF) a 2.28 2,30 2.30 2.22 2.16 2.0 1.92
Specific Heat (Btu/Ibm-° F) b 0.113
Emissivity c 0.80
Density (Ib/in 3) d 0.284

Table 8.3-29 Thermal Properties of Chemical Copper Grade Lead

Value at Temperature (OF)
Property (units) -40 70 200 400 600 800

Conductivity (Btu/hr-in- 0 F) e 1.767 1.707 1.636 1.526 1.131 0.309
Specific Heat (Btu/Ibm-°F) e 0.03 (68°F)
Emissivity c 0.28 (75-F)
Density (Ib/in 3) e 0.411 (68°F)

Table 8.3-30 Thermal Properties of SA240, Type 304/304L, Stainless Steel

Value at Temperature (OF)
Property (units) -40 100 200 400 550 750 800 900

Conductivity (Btu/hr-in-°F) a 0.686 0.725 0.775 0.867 0.925 1.0 1.017 1.058
Specific Heat (Btu/Ibm-°F)f 0.10g 0.116 0.12 0.127 0.131 0.136 0.136 0.138
Emissivity g, h 1 0.36 (300°F)
Density (Ib/in 3) h 0.29 1 0.29 1 0.289 10.287 I 0.286 I 0.284 I 0.283 I 0.283

Note: The SA240 stainless steel is dual certified as Type 304 and 304L.

a ASME Boiler and Pressure Vessel Code, Table TCD [5]
b Principles of Heat Transfer, Kreith, Fifth Edition [15]

' Standard Handbook for Mechanical Engineers [13]

d Metallic Materials Specification Handbook [6]

TRUMP, A Computer Program for Transient and Steady State Temperature Distributions in

Multidimensional Systems [16]
f Nuclear Systems Materials Handbook [14]

g Metallic Materials and Elements for Aerospace Vehicle Structures [7]
h Metals Handbook Desk Edition [23]
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Table 8.3-31 Thermal Properties of Zirconium-based Alloy Cladding

Value at Temperature (OF)
Property (units) -40a 392 572 752 932

Conductivity (Btu/hr'in-OF)b 0.594 .0.690 0.730 0.800 0.870
Specific Heat (Btu/Ibmn-°F)b 0.067 0.072 0.074 0.076 0.079
Emissivityb 0.75 (302-F)
Density (Ib/in 3)c 0.237

Table 8.3-32 Thermal Properties of Fuel (U0 2)

I IValue at Temperature (OF)
Property (units) -40a 1 100 1 257 1 482 707 1 932

Conductivity (Btu/hr-in-°F)be 0.409 0.380 0.347 j 0.277 0.236 0.212
Specific Heat (Btu/ibmn-°F)b 0.053 0.057 0.062 0.067 0.071 0.073
Emissivityb 0.85 (1,340°F)
flan•it, (Ihm/in3MC () Iqqr

•./. IJ '*J %#

Table 8.3-33 Thermal Properties of Nickel-Plated Steel

Property I Value
Emissivityd 0.2-0.32

a Extrapolated value
b Matpro-Version 11 A Handbook of Material Properties for Use in the Analysis of Light Water

Reactor Rod Behavior [ 19]
C Nuclear Power Plant Engineering [20]

d Material Emissivity Properties: Electroless Nickel and Mild Steel [24]
e 60% of the conductivities are conservatively used in the evaluations for the PWR

configuration
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9.1 Loading MAGNASTOR

MAGNASTOR is used to load, transfer, and store spent fuel. The three principal components of

the system are: the transportable storage canister (TSC), the transfer cask, and the concrete cask.

The transfer cask contains and supports the TSC during fuel loading, lid welding and closure

operations. The transfer cask, with the transfer adapter, is also used to move the TSC into

position for placement in the concrete cask.

These loading procedures are based on three initial conditions.

" the transfer cask is located in a facility's designated workstation for cask preparation

* an empty TSC (properly receipt inspected and accepted) is located in the transfer cask
cavity

* an accepted concrete cask is available to receive the TSC when loading and preparation
activities are complete

The TSC is filled with clean or pool water and the transfer cask containing the TSC is lowered

into the spent fuel pool for fuel assembly loading and verification. The user must identify and

select the fuel assemblies to be loaded and ensure that all loaded fuel assemblies comply with the

Approved Content provisions of the CoC. Up to four damaged fuel cans (DFCs) containing

damaged or undamaged PWR fuel assemblies or PWR fuel debris may be loaded in a TSC with a

DF Basket Assembly, as authorized in the Approved Contents provisions of the CoC.

Undamaged fuel assemblies may be loaded directly (i.e., without a DFC) into DFC locations in

the DF Basket Assembly.

Following fuel loading, the closure lid'is installed and the transfer cask containing the loaded TSC

is lifted from the bottom of the spent fuel pool. The TSC is partially drained and the closure lid is

welded to the TSC shell. The closure lid-to-shell weld is visual and progressive dye penetrant

examined. The cavity is refilled and the TSC is subjected to a hydrostatic pressure test with no

loss in pressure or observable leakage allowed. Following hydrostatic pressure test acceptance,

the closure ring, which provides the redundant confinement closure barrier, is installed, welded

and inspected. The TSC cavity water is then drained and volumetrically measured.

The residual moisture in the TSC is then removed by vacuum drying techniques and the TSC

dryness is verified. The TSC is then evacuated to •3 torr and backfilled with a known quantity of

pressurized high-purity helium to provide an inert atmosphere and to establish the convective heat

transfer flow for the safe long-term storage of the spent fuel contents. System connections to the

vent and drain openings are removed and the inner port covers are installed, welded, dye

penetrant examined and helium leakage rate tested. The outer port covers, which provide the

redundant sealing of the confinement boundary, are installed, welded and dye penetrant
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examined. Installation and welding of the closure lid, closure ring and port covers complete the

assembly of the confinement boundary.

The concrete cask is positioned for the transfer of the TSC and the transfer adapter is installed.

The transfer cask containing the loaded TSC is positioned on the transfer adapter on the top of the

concrete cask. The TSC is lowered into the concrete cask and the transfer cask and transfer

adapter are removed. The concrete lid assembly is installed and secured to complete the loading

process.

The loaded concrete cask is moved to the ISFSI storage pad using the site-specific transporter and
placed in its long-term storage location. Final radiation surveys are completed and the

temperature monitoring system is installed, if used, which completes the MAGNASTOR loading

and transfer sequence.

9.1.1 Loading and Closing the TSC

This section describes the sequence of operations to load and close the TSC in preparation for

transferring the TSC to the concrete cask. The empty TSC is assumed to be positioned inside the

transfer cask located at the designated workstation.

1. Visually inspect the TSC and basket internals for foreign materials or debris.

Note: When BWR enrichments require the use of the 82-assembly basket
configuration, verify the presence of the center cell weldment and upper
weldments with blocking strap to assure that assemblies cannot physically be

loaded in the five designated nonfuel locations.

2. Visually inspect the top of the TSC shell and closure lid weld preps.
3. Inflate the upper transfer cask annulus seal with air or nitrogen gas. Disconnect the gas

supply.

Note: Either the top or bottom upper annulus seal is used based on the length of the

TSC to be loaded.

4. Verify the three TSC retaining blocks (MTC1) are pinned in the retracted position or the

retaining ring (MTC2) is removed.
5. Verify that at least one lock pin is installed on each transfer cask shield door.

6. Fill the TSC with clean or pool water. For PWR spent fuel contents, the soluble boron
concentration in the TSC shall be verified and monitored in accordance with the LCO 3.2.1.

7. Attach the lift yoke to a crane suitable for handling the loaded TSC, transfer cask and yoke.

Position the lift yoke over the transfer cask and engage it with the two transfer cask trunnions.

Note: The temperature of the transfer cask (surrounding ambient air temperature)

must be verified to be at or above the minimum operating temperature of 0°F,

per Section 4.3.1 .f. of Appendix A of the Technical Specifications (not

applicable to the stainless steel MTC2 design).
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8. Lift the transfer cask containing the empty TSC and move it to the spent fuel pool following

the prescribed load path.

Note: An optional protective cover, attached to the bottom of the transfer cask, may

be used to prevent imbedding contaminated particles in the shield doors and

door rails.
9. Connect the clean water lines to the lower annulus fill ports of the transfer cask. Ensure that

the unused ports are closed or capped to prevent pool water in-leakage.

10. Lower the transfer cask to the pool surface and turn on the clean water supply lines to the

lower annulus fill ports to fill the transfer cask/TSC annulus.

11. Spray the transfer cask and lift yoke with clean water to wet the exposed surfaces.

Note: Wetting the components that enter the spent fuel pool and spraying the
components leaving the pool will reduce the effort required to decontaminate

the components.
12. Lower the transfer cask as the annulus fills with clean water until the upper annulus fill ports

are accessible. Hold this position and connect the clean water annulus fill lines to the upper

fill ports. Ensure the unused ports are closed or capped to prevent pool water in-leakage.
13. Lower the transfer cask to the bottom of the pool in the cask loading area.

14. Disengage the lift yoke and visually verify that the lift yoke is fully disengaged. Remove the

lift yoke from the spent fuel pool while spraying the yoke and crane cables with clean water.
15. Load the previously selected fuel assemblies into the TSC basket.

Note: The fuel assemblies shall be selected in compliance with the requirements of
the approved contents specified in Appendix B of the Technical Specifications
and the boron concentration limits of the Technical Specifications, including
limitations on fuel assembly positions within the basket. Assembly selection
and placement within the basket shall be independently verified.

Note: Up to four DFCs containing authorized PWR contents may be loaded in a
TSC with a DF Basket Assembly. A DFC spacer is.required to be positioned
in the designated DF Basket Assembly comer locations for the shorter length
DFCs. Independently, visually verify proper placement and correct
orientation of each required DFC spacer.

Note: At the option of the user, install fuel assembly spacers for the axial positioning
of the PWR fuel assembly types to be loaded. Verify spacer identification and
install fuel spacers in each intended fuel loading location based on the fuel

spacer plan prepared, which is based on the fuel assembly inventory and
nonfuel hardware to be loaded. Independently, visually verify proper

placement and correct orientation of each required fuel spacer.
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16. Visually verify the fuel assembly (and DFC, as applicable) identifications to confirm the serial

numbers match the approved fuel-loading pattern.
17. Install three swivel hoist rings hand tight in three of the six closure lid lift holes. Install a

three-legged sling set to the hoist rings and connect the sling set to the crane hook or the

attachment point on the lift yoke.

Note: At the discretion of the user, the closure lid can be attached to the lift yoke
and the lid installed during the lowering of the lift yoke.

18. Raise the closure lid. Adjust closure lid rigging to level the closure lid.
19. Move the closure lid over the spent fuel pool and align the lift yoke (if used) to the transfer

cask trunnions and align the closure lid to the match marks of the TSC.
20. Lower the closure lid until it enters the TSC and seats in the top of the TSC. Visually verify

closure lid alignment using the match marks.
Caution: Following closure lid installation, there is a thermal time limit of 19 hours to begin

the Auxiliary Circulating Water System (ACWS), or approved alternative annulus

flow system operation, and to begin temperature measurement of the MTC annulus

outlet flow to verify MTC outlet temperature is maintained < 1 13°F. If ACWS

flow cannot be initiated in the time allowed, return the MTC to the spent fuel pool
and remove the closure lid to allow cooling by the spent fuel pool water.

21. Allow sling cables to go slack and move the lift yoke into position to engage the transfer cask
trunnions. Engage the lift yoke to the trunnions, apply a slight tension, and visually verify
engagement.

22. Raise the transfer cask until its top clears the pool surface. Visually verify that the closure lid
is properly seated. If necessary, lower the transfer cask and reinstall the closure lid. Rinse the

lift yoke and transfer cask with clean water as the equipment is removed from the pool.
23. Rinse and flush the top of the transfer cask and TSC with clean water as necessary to remove

any radioactive particles. Survey the top of the TSC closure lid and the top of the transfer
cask to check for radioactive particles.

24. As the transfer cask is removed from the spent fuel pool, terminate the annulus fill water

supply, remove the annulus fill system hoses and allow annulus water to drain into the spent
fuel pool.

25. Following the prescribed load path, move the transfer cask to the designated workstation for

TSC closure operations.
Note: At the option of the user, the TSC closure operations may be performed with

the transfer cask partially submerged in the spent fuel pool, cask loading pit or

an equivalent structure. This operational alternative provides additional
shielding for the cask operators.
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26. Disengage the three-legged sling set from the closure lid and the lift yoke from the transfer
cask trunnions. Place lift yoke and sling set in storage/lay-down area.

27. Inflate the transfer cask lower annulus seal with air or nitrogen. Disconnect the gas supply

from the transfer cask.

28. Install the annulus circulating water cooling system, or alternative annulus flush/cooling
system, to the lower and upper annulus fill lines.
Note: Annulus circulating water cooling system operation allows the vacuum drying and

TSC transfer times in LCO 3.1.1 to be utilized.

29. Initiate clean water flow into the transfer cask lower fill lines with annulus water discharging
through the upper fill lines. Ensure water flow is maintained to keep the outlet water

temperature •1 13°F.
Note: With the annulus circulating water cooling system operating, there is no time

limit through initiation of the draining of the TSC. However, if the circulating

water cooling system is not utilized or becomes nonoperational, measure the

cavity water temperature every 2 hours. If TSC preparation operations
through draining are not completed prior to the cavity water temperature

reaching 2007F, a cooling water flow will be established through the cavity to

lower the water temperature to < 130'F prior to the start of draining, or the

TSC shall be returned to the spent fuel pool within 2 hours and maintained
with the TSC submerged for a minimum cooling period of 24 hours, or the

annulus circulating water cooling system operation is initiated.

30. Detorque and remove the lifting hoist rings from the closure lid.

31. Using a portable suction pump, remove any standing water from the closure lid weld groove,

and the vent and drain ports.

32. Decontaminatethe top of the transfer cask and TSC closure lid to allow installation of the

welding equipment. Decontaminate external surfaces of the transfer cask and remove the

bottom protective cover, if installed.

33. Insert the drain line with a quick-connector attached through the drain port opening and into

the basket drain port sleeve. Remove the quick-disconnect and any contaminated water

displaced from the cavity.

34. Torque the drain tube connector to the drain opening to the value specified in Table 9.1-2.

Verify quick-disconnect is installed and properly torqued in the vent port opening.

35. Install a venting device to the vent port quick-disconnect to prevent combustible gas or

pressure buildup below the closure lid.
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36. Verify that the top of the closure lid is level (flush) with, or slightly above, the top of the TSC

shell.
37. At the discretion of the user, establish foreign material exclusion controls to prevent objects

from being dropped into the annulus or TSC.

38. Install the welding system, including supplemental shielding, to the top of the closure lid.
Note: At the discretion of the user, supplemental shielding may be installed around

the transfer cask to reduce operator dose. Use of supplemental shielding shall
be evaluated to ensure its use does not adversely affect the safety performance

of MAGNASTOR.
39. Connect a suction pump to the drain port quick-disconnect and verify venting through the vent

port quick-disconnect.

40. Operate the suction pump to remove approximately 70 gallons of water from the TSC.
Disconnect the suction pump.

Note: The radiation level will increase as water is removed from the TSC cavity, as
shielding material is being removed.

Note: : Fuel rods shall not be exposed to air during the 70-gallon pump-down.
41. Attach a hydrogen detector to the vent line. Ensure that the vent line does not interfere with

the operation of the weld machine.
42. Sample the gas volume below the closure lid and observe hydrogen detector for H2

concentration prior to commencing closure lid welding operations. Monitor H2 concentration
in the TSC until the root pass of the closure lid-to-shell weld is completed.'

Note: If H2 concentration exceeds 2.4% prior to or during root pass welding
operations, immediately stop welding operations. Evacuate the TSC gas
volume or purge the gas volume with helium. Verify H2 levels are <2.4%
prior to restarting welding operations.

43. Install shims into the closure lid-to-TSC shell gap, as necessary, to establish a uniform gap for
welding. Tack weld the closure lid and shims, as required.

44. Operate the welding equipment to complete the closure lid-to-TSC shell root pass weld in

accordance with the approved weld procedure.
45. Perform visual and liquid penetrant (PT) examinations of the root pass and record the results.

46. Remove the H 2 detector from the vent line while ensuring the TSC cavity vent line remains
installed and allows venting of gases from the cavity.

47. Operate the welding equipment to perform'the closure lid-to-shell weld to the midplane

between the root and final weld surfaces. Perform visual and PT examinations for the

midplane weld pass, and record the results.
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48. Complete welding through the completion of the final pass of the closure lid weld, perform

final visual and PT examinations, and record the results.

49. Perform the hydrostatic test of the TSC as follows:

a. Connect a drain line to the vent port and a pressure test system to the drain port.

b. Refill the TSC with clean water until water is observed flowing from the vent port

drain line. Close the vent line isolation Valve. Ensure continuing compliance with

the boron concentration requirements of LCO 3.2.1.

c. Pressurize the TSC to 130 (+5, -0) psig and isolate the TSC.

d. Maintain the TSC pressure for a minimum 10-minute hold period. At the end of

the 10-minute hold period, visually examine the closure lid-to-TSC shell weld for

leakage of water, while maintaining the test pressure. The test pressure shall be

maintained until the completion of the visual inspection of the closure lid-to-

TSC shell weld.

e. The hydrostatic test is acceptable if there is no visible water leakage from the

closure lid-to-TSC shell weld based on a visual examination of the weld after a

minimum 10-minute hold period, while maintaining the test pressure.

f. Vent the TSC cavity and remove the pressure test system from the drain port and

the drain line from the vent line. Reinstall a vent line to the vent port to prevent
pressurization of the TSC.

50. Install and tack the closure ring in position in the closure lid-to-TSC shell weld groove.

Note: Depending on the operational loading procedure and intended minimum helium

backfill time (per LCO 3.1.1) to be utilized, the closure ring installation, welding and

NDE sequence can be performed following final helium mass backfill (i.e., after Step

60)..

51. Weld the closure ring to the TSC shell and to the closure lid. Perform visual and PT
examinations of the final surfaces of the welds and record the results.

52. Remove the water from the TSC using one of the following methods: drain down using a

suction pump with a pressurized helium cover gas; or blow down using pressurized helium

gas. Ensure the totalizer in the drain line is reset to zero prior to the start of draining.

Note: Fuel rods shall not be exposed to air during canister draining operations.
Record the start time of TSC draining operations. The maximum drying times
of LCO 3.1.1 are based on the total time from start of TSC draining through
completion of helium backfilling of the TSC cavity.

53. Connect a drain line with or without suction pump to the drain port connector.

54. Connect a regulated helium gas supply to the vent port connector.
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55. Open gas supply valve and start suction pump, if used, and drain water from the TSC until
water ceases to flow out of the drain line. Close gas supply valve and stop suction pump.

56. Record the time at the completion of the draining of the TSC. Record the volume of water

drained from the TSC (VTsc) as measured by the totalizer.

57. At the option of the user, disconnect suction pump, close discharge line isolation valve, and

open helium gas supply line. Pressurize TSC to approximately 25 psig and open discharge
line isolation valve to blow down the TSC. Repeat blow down operations until no significant
water flows out of the drain line. Note that time used for system draining and blow down is

considered part of the vacuum drying time.

58. Disconnect the drain line and gas supply line from the drain and vent port quick-disconnects.

59. Dry the TSC cavity using vacuum drying methods as follows.
Note: Ensure heat load dependent vacuum drying time limits are not exceeded so

that fuel cladding temperatures are maintained below 752°F. Vacuum drying
cycle time limits in LCO 3.1.1 are based on utilizing the annulus circulating
water cooling system or equivalent annulus cooling/flush system.

Note: At the option of the user, the drain and/or vent port quick-disconnects can be
removed and replaced temporarily with suitable straight-through fittings to
increase flow area cross-section and to'reduce resistance to gas flow. The
quick-disconnect fittings must be reinstalled and torqued prior to final helium

backfill.
a. Connect the vacuum drying system to the vent and drain port openings.

b. Operate the vacuum pump until a vapor pressure of < 10 torr is achieved in the

TSC. The time durations of the first vacuum drying cycle shall be in accordance

with the time limits of LCO 3.1.1.
c. Isolate the vacuum pump from the TSC and turn off the vacuum pump. Observe

the vacuum gauge connected to the TSC for an increase in pressure for a minimum

period of 10 minutes. If the TSC pressure is < 10 torr at the end of 10 minutes, the

TSC is dry of free water in accordance with LCO 3.1.1.
Note: If the dryness verification is not met within the first vacuum drying cycle time

as defined in LCO 3.1.1, the TSC shall be backfilled with helium to 103 psig
and cooled by the annulus circulating water cooling system or by placement in
the spent fuel pool for a 24-hour (+1, -0) period. After the cooling period,
subsequent drying cycle operations can continue for the times indicated in
LCO 3.1.1. Drying cycles and cooling periods may be continued until the
TSC cavity passes the dryness verification per LCO 3.1.1. For fuel burnup
greater than 45 GWd/MTU, the number of cooling cycles is limited to ten.
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60. Upon satisfactory completion of the dryness verification, evacuate the TSC cavity to a

pressure of < 3 torr. Isolate the vacuum pump, and backfill and pressurize the TSC cavity

with 99.995% (minimum) pure helium as follows:

a. Determine the free volume of the TSC (VTSc) per Step 56.

b. Multiply the VTsc free volume by the helium loading value per unit volume

(Lhelium) to determine required helium mass (Mhelium) to be backfilled into the

cavity.
c. Set the helium bottle regulator to 90 (+5,-0) psig.

d. Connect the helium backfill system to the vent port and reset the mass-flow meter

to zero.

e. Slowly open the helium supply valve and backfill the TSC with the required

helium mass (Mhelium) in accordance with LCO 3.1.1.

61. Disconnect the vacuum drying helium backfill system from the vent and drain openings. Note

the time the helium backfill is completed.

62. Install and weld the inner port cover on the drain port opening.

63. Install and weld the inner port cover on the vent port opening.

64. Perform visual and PT examinations of the final surface of the port cover welds and record the

results.

65. Perform helium leak test on each of the inner port cover welds to verify the absence of helium

leakage past the inner port cover welds.

66. Install and weld the outer port cover on the drain port opening. Perform visual and PT

examinations of the final weld surface and record the results.

67. Install and weld the outer port cover on the vent port opening. Perform visual and PT

examinations of the final weld surface and record the results.

68. Using an appropriate crane, remove the weld machine and supplemental shield.

69. The annulus circulating water cooling system or equivalent annulus cooling/flush system will

be utilized throughout the TSC closing operations until the minimum helium backfill time is

satisfied (see LCO 3.1.1). Drain the TSC/transfer cask annulus by stopping annulus

circulating water flow to the annulus and connecting one or more drain lines to the lower

annulus fill ports. Once the annulus is drained, deflate the top and bottom annulus seals.

Note the time the annulus circulating water cooling system flow is terminated. Remove the

temporary plugs or ensure that a minimum of four annulus fill lines are open in the base of the

transfer cask.

Note: The time duration of the sequence of operations from stopping the annulus

circulating water cooling system through completion of TSC transfer into the

concrete cask shall not exceed the transfer time limits in LCO 3.1.1. If the
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TSC transfer to the concrete cask cannot be completed in the defined time
period, the transfer operation will be suspended and the TSC shall be cooled

down for a minimum of six hours prior to restarting minimum helium backfill
cooling time and TSC transfer operations. The second, and subsequent,
minimum helium backfill time and maximum TSC transfer time shall be
limited to the heat load specific cooling and specific transfer times in the
maximum TSC transfer Tables 1 .B and 1 .D of LCO 3.1.1. For PWR fuel, the
24-hour minimum helium backfill time is followed by a maximum TSC
transfer time of 48 hours for heat loads _• 25 kW or 22 hours for heat loads
_• 35.5 kW. For BWR fuel, the 24-hour minimum helium backfill time is

followed by a maximum TSC transfer time of 65 hours for heat loads
_• 25 kW or 32 hours for heat loads _• 33 kW.

70. If using MTCJ, remove the lock pins and move the transfer cask retaining blocks inward into

their functional position, and reinstall the lock pins. If using MTC2, install the transfer cask

retaining ring.
71. Install the six swivel hoist rings into the six threaded holes in the closure lid if TSC transfer is

to be performed by two sets of redundant slings. Torque the hoist rings to the manufacturer's

recommended value.

Note: Utilize high temperature-resistant slings (•<__350°F).

Note: Alternative site-specific TSC lifting systems and equipment may be used for
lowering and lifting the TSC in the transfer cask. The lifting system design

must comply with the user's heavy load program and the applicable
requirements of ANSI N 14.6, NUREG-0612, and/or ASME/ANSI B30.1, as
appropriate.

72. Complete final decontamination of the transfer cask exterior surfaces. Final TSC

contamination surveys may be performed after TSC transfer following Step 21 in Section

9.1.2 when TSC surfaces are more accessible.

73. Proceed to Section 9.1.2.

NAC International 9.1-10



MAGNASTOR System FSAR August 2010

Docket No. 72-1031 Revision lOB

9.1.2 Transferring the TSC to the Concrete Cask

This section describes the sequence of operations required to complete the transfer of a loaded

TSC from the transfer cask into a concrete cask, and preparation of the concrete cask for

movement to the ISFSI pad.

1. Position an empty concrete cask with the lid assembly removed in the designated TSC transfer

location.

Note: The concrete cask can be positioned on the ground, or on a deenergized air

pad set, roller skid, heavy-haul trailer, rail car, or transfer cart. The transfer

location can be in a truck/rail bay inside the loading facility or an external area

accessed by the facility cask handling crane.

Note: The minimum ambient air temperature (either in the facility or external air

temperature, as applicable for the handling sequence) must be > 0°F for the

use of the concrete cask, per Section 4.3.1.g. of the Technical Specifications.

2. Inspect all concrete cask openings for foreign objects and remove if present; install

supplemental shielding in four outlets.

3. Install a four-legged sling set to the lifting points on the transfer adapter.

4. Using the crane, lift the transfer adapter and place it on top of the concrete cask ensuring that

the guide ring sits inside the concrete cask lid flange. Remove the sling set from the crane and

move the slings out of the operational area.

5. Connect a hydraulic supply system to the hydraulic cylinders of the transfer adapter.

6. Verify the movement of the connectors an&dmove the connector tees to the fully extended

position.

7. Connect the lift yoke to the crane and engage the lift yoke to the transfer cask trunnions.

Ensure all lines, temporary shielding and work platforms are removed to allow for the vertical

lift of the transfer cask.

Note: The minimum ambient air temperature (either in the facility or external air

temperature, as applicable for the handling sequence) must be > 0°F for the

use of the transfer cask, per Section 4.3.1 .f. of the Technical Specifications.

8. Raise the transfer cask and move it into position over the empty concrete cask.

9. Slowly lower the transfer cask into the engagement position on top of the transfer adapter to

align with the door rails and engage the connector tees.

10. Following set down, remove the lock pins from the shield door lock tabs.

11. Install a stabilization system for the transfer cask, if required by the facility heavy load

handling or seismic analysis programs.
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12. Disengage the lift yoke from the transfer cask trunnions and move the lift yoke from the area.

13. As appropriate to the TSC lifting system being used, move the lifting system to a position

above the transfer cask. If redundant sling sets are being used, connect the sling sets to the

crane hook.

14. Using the TSC lifting system, lift the TSC slightly (approximately ½-I inch) to remove the

TSC weight from the shield doors.

Note: The lifting system operator must take care to ensure that the TSC is not lifted

such that the retaining blocks (MTC1) or the retaining ring (MTC2) is

engaged by the top of the TSC.

15. Open the transfer cask shield doors with the hydraulic system to provide access to the

concrete cask cavity.

16. Using the cask handling crane in slow speed (or other approved site-specific handling

system), slowly lower the TSC into the concrete cask cavity until the TSC is seated on the

pedestal.

Note: The transfer adapter and the standoffs in the concrete cask will ensure the

TSC is appropriately centered on the pedestal within the concrete cask.

Note: The completion of the transfer of the TSC to the concrete cask (i.e., the top of

the TSC is in the concrete cask cavity) completes the TSC transfer evolution

time from Step 69 in Section 9.1.1.

17. When the TSC is seated, disconnect the slings (or other handling system) from the lifting

system, and lower the sling sets through the transfer cask until they rest on top of the TSC.

18. Retrieve the lift yoke and engage the lift yoke to the transfer cask trunnions.

19. Remove the seismic/heavy load restraints from the transfer cask, if installed.

20. Close the shield doors using the hydraulic system and reinstall the lock pins into the shield

door lock tabs.

21. Lift the transfer cask from the top of the concrete cask and return it to the cask preparation

area for next fuel loading sequence or to its designated storage location.

22. Disconnect hydraulic supply system from the transfer adapter hydraulic cylinders.

23. Remove redundant sling sets, swivel hoist rings, or other lifting system components from the

top of the TSC, if installed.

24. Verify all equipment and tools have been removed from the top of the TSC and transfer adapter.

25. Connect the transfer adapter four-legged sling set to the crane hook and lift the transfer

adapter off the concrete cask. Place the transfer adapter in its designated storage location and

remove the slings from the crane hook. Remove supplemental shielding from outlets.

Note: If the optional low profile concrete cask is used, proceed to Step 26. If the

standard concrete cask is provided, proceed to Step 38.

NAC International 9.1-12
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26. Install three swivel hoist rings and the three-legged sling set on the concrete cask shield ring.

27. Using the crane, lift the shield ring and place it into position inside of the concrete cask top

flange.

28. Remove the three-legged sling and swivel hoist rings.

29. Using the designated transport equipment, move the loaded concrete cask out of the low

clearance work area or truck/rail bay.

30. Install the three swivel hoist rings into the three threaded holes and attach the three-legged

sling set to the shield ring.

31. Using an external or mobile crane, lift and remove the shield ring. Place the shield ring in

position for the next loading sequence or return it to its designated storage location.

32. Install four swivel hoist rings in the threaded holes of the concrete cask extension using the

manufacturer-specified torque.

33. Install the four-legged sling set and attach to the crane hook.

Note: A mobile crane of sufficient capacity may be required for concrete cask

extension and lid installations performed outside the building.

34. Perform visual inspection of the top of the concrete cask and verify all equipment and tools

have been removed.

Note: Take care to minimize personnel access to the top of the unshielded loaded

concrete cask due to shine from the TSC.

35. Lift the concrete cask extension and move it into position over the concrete cask, ensuring

alignment of the two anchor cavities with their mating lift anchor embedment.

36. Lower the concrete cask extension into position and remove the sling set from the crane hook.

37. Remove the four swivel hoist rings and cables from the concrete cask extension.

Note: If concrete cask transport is to be performed by a vertical cask transporter,

proceed to Step 38. If transport is to be performed using air pads in

conjunction with a flat-bed transporter, proceed to Step 40.

38. Install the lift lugs into the anchor cavities of the concrete cask extension, or directly on top of

the lifting embedment for the standard concrete cask, if applicable to the concrete cask design

utilized.

39. Install the lift lug bolts through each lift lug and into the threaded holes in'the embedment

base. Torque each of the lug bolts to the value specified in Table 9.1-2.

40. Install three swivel hoist rings into the concrete cask lid and attach the three-legged sling set.

Attach the lifting sling set to the crane hook.

41. At the option of the user, install the weather seal on the concrete cask lid flange. Lift the

concrete cask lid and place it in position on the top of the flange.
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42. Remove the sling set and swivel hoist rings and install the concrete cask lid bolts. Torque to

the value specified in Table 9.1-2.

43. Move the loaded concrete cask into position for access to the site-specific transport

equipment.

44. Proceed to Section 9.1.3.

9.1.3 Transporting and Placing the Loaded Concrete Cask

The section describes the general procedures for moving a loaded concrete cask to the ISFSI pad

using either a vertical cask transporter (Step 1 through Step 9) or a flat-bed transport vehicle

(Steps 10 through 17). Steps following Step 17 are performed for all, concrete casks.

Vertical Cask Transporter
1. Using the vertical cask transporter lift fixture or device, engage the two concrete cask lifting

lugs.

2. Lift the loaded concrete cask and move it to the ISFSI pad following the approved onsite

transport route.

Note: Ensure vertical cask transporter lifts the concrete cask evenly using. the two

lifting lugs.

Note: Do not exceed the maximum lift height for a loaded concrete cask of 24

inches, per Section 4.3.1 .h. of the Technical Specifications.

3. Move the concrete cask into position over its intended ISFSI pad storage location. Ensure the

surface under the concrete cask is free of foreign objects and debris.

Note: The spacing between adjacent loaded concrete casks must be at least 15 feet.

4. Using the vertical transporter, slowly lower the concrete cask into position.
5. Disengage the vertical transporter lift connections from the two concrete cask lifting lugs.

Move the cask transporter from the area.

6. Detorque and remove the lift lug bolts from each lifting lug, if the lugs are to be reused.

Note: At the option of the user, the lift lugs may be left installed during storage

operations.
7. Lift out and remove the concrete cask lift lugs. Store the lift lugs for the next concrete cask

movement.

8. Install the lug bolts through the extension base (or through the cover plate for the standard

concrete cask) and into the threaded holes. Torque each bolt to the value specified in Table

9.1-2.

9. For the casks with extensions containing anchor cavities, install the weather seal and cover

plates. Install the bolts and washers and torque to the value specified in Table 9.1-2.
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Flat-bed Transport Vehicle Loaded with the Closed Concrete Cask

10. Move the transport vehicle with the closed concrete cask to a position adjacent to the ISFSI

pad.

11. If required, install a bridging plate to cover the gap between the vehicle and the ISFSI pad.

12. If not already installed, insert four deflated air pads into the four inlets.

13. Attach a restraining device around the concrete cask and connect to a tow vehicle suitable for

pushing or pulling the concrete cask off of the transport vehicle.

14. Using an air supply and an air pad controller, inflate the air pads.

15. Verify the ISFSI pad surface in the storage location is free of foreign objects and debris.

16. Using the tow vehicle, move the concrete cask into its position on the storage pad.

Note: The center-to-center spacing of loaded concrete casks shall be a minimum of

15 feet.

17. Lower the concrete cask into position by deflating and removing the four air pads.

Note: Ensure that air pads are not installed longer than eight hours to complete the concrete

cask transfer.

All Concrete Casks

18. If optional temperature monitoring is implemented, install the temperature monitoring devices

in each of the four outlets of the concrete cask and connect to the site's temperature

monitoring system.

19. Install inlet and outlet screens to prevent access by debris and small animals.

Note: Screens may be installed on the concrete cask prior to TSC loading to

minimize operations personnel exposure.

20. Scribe and/or stamp the concrete cask nameplate to indicate the loading date. If not already

done, scribe or stamp any other required information.

21. Perform a radiological survey of the concrete cask within the ISFSI array to confirm dose

rates comply with ISFSI administrative boundary and site boundary dose limits.

22. Initiate a daily temperature monitoring program or daily inspection program of the inlet and

outlet screens to verify continuing effectiveness of the heat removal system.
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Table 9.1-1 Major Auxiliary Equipment 0
Item Description

Air Pad Rig Set A device consisting of four air pads, a controller, and an air supply
source that lifts the concrete cask using air supplied at a high
volume.

Annulus Fill System System that supplies clean/filtered spent fuel pool water through
the transfer cask/TSC annulus using the lower and upper transfer
cask fill lines. The system maintains a positive clean water flow to
minimize the exposure of the TSC external surfaces to
contaminated spent fuel pool water.

Annulus Circulating Water The system provides a circulating water flow through the annulus
Cooling System to maintain the TSC shell temperature during TSC preparation and

drying evolutions. The system includes appropriate circulating
pump, pressure gauges, and inlet and outlet water thermometer.

Annulus Seals Inflatable seals provided at the top and bottom of the transfer
cask/TSC annulus for use with the annulus fill and annulus
circulating water cooling systems.

Bottom Protective Cover Optional plate temporarily attached to the base of the transfer cask
to prevent particulate contamination of the transfer cask shield
doors and rails.

Canister Upender Lifting device used to upright a TSC from the horizontal position to
a vertical orientation to allow vertical handling for placing the TSC
in the transfer cask.

Cask Transporter A heavy-haul trailer, a rail car, a vertical cask transporter, or other
specially designed equipment used onsite to move the concrete
cask. The loaded concrete cask is transported vertically resting on
its base (requiring a flat-bed transporter) or it is transported
vertically suspended from its lifting lugs (requiring a vertical cask
transporter).

Closure Lid Lifting Sling Sling system used to install the closure lid into the TSC in the
System spent fuel pool. At the user's option, the sling system can be

suspended from the lift yoke and used to install the lid and engage
the yoke with one crane sequence.

Cooldown System (CDS) Introduces nitrogen, helium and cooling water to the TSC cavity to
cooldown the TSC internals and stored spent fuel to allow the
return of the TSC to the spent fuel pool for the unloading of the
fuel assemblies. This system would only be required in the highly
unlikely event that a loaded TSC had to be unloaded.
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Table 9.1-1 Major Auxiliary Equipment (continued)

Drain and Blow Down System used to pump out and/or blow down the water from the
System (DBS) TSC cavity prior to the start of drying operations, and to refill the

cavity and hydrostatic test the closure lid weld. The system
includes the appropriate suction pump, piping/hoses, flow
meter/totalizer, helium cover gas supply, pressure gauges, and
valves to connect to the TSC vent and drain port connections to
complete the draining and hydrostatic testing of the cavity.

Hydrogen Detection System that detects increased concentration of H2 in the cavity
System resulting from material reactions during closure lid root pass

welding operations and for closure lid weld removal operations.
Helium Mass Spectrometer A system utilized to perform the helium leakage testing of the inner
Leak Detector (MSLD) vent and drain port cover welds.
Lid Retention System An optional component installed on top of the TSC closure lid to

secure the lid during cask handling operations between the spent
fuel pool and the workstation used to close the TSC.

Lift Yoke (with Crane Hook Device for lifting and moving MAGNASTOR transfer cask by
Extension, if required) engaging the lifting trunnions.
Loaded TSC Sling System Redundant sling system (two 3-legged slings) used to transfer a

TSC into a concrete cask or a transfer cask and meeting the
requirements of ANSI N14.6 and the facility crane. Alternative
TSC handling systems that meet site-specific or client
requirements and comply with the facility's heavy lift program
developed per NUREG-0612 may be utilized.

RemotelRobotic Welding System that completes the closure lid and port cover welds with
System minimal operator assistance. The system may include video

cameras and a recording device to remotely observe the welding
activities and to videotape the results of the closure lid PT
examinations.

Supplemental Weld Shield Optional steel plate installed on the closure lid to provide additional
shielding to the cask operators during TSC welding, preparation,
and test activities. The supplemental weld shield may be installed
separately or as the base plate for the welding system.

Vacuum Drying and Helium The system used to vaporize and remove residual water, water
Backfill System vapor, and oxidizing gases from the TSC cavity prior to backfilling

with helium. The system includes the appropriate vacuum
pump(s), vacuum and pressure gauges, helium supply
connections and valves, and hoses to connect the system to the
vent and drain connections.

Weld Removal System Semiautomatic mechanical weld and/or TSC shell cutting system
used to remove the closure lid and port cover welds in the unlikely
event that a TSC needs to be unloaded.
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Table 9.1-2 Threaded Component Torque Values

Threaded Component Torque Value (ft-lb)
Concrete Cask Lid Bolts 40 ± 5
Concrete Cask Body Extension 100 ± 10
Closure Lid Lifting Hoist Rings

" Lid Handling Only 100,+50,-0
• Loaded TSC Handling 100, + 50, -0

Drain Tube Connector
" Viton, EDPM, or Elastomer Seal 200 ± 25
" Metallic Seal 200 ± 25

Vent Port Connector
* Viton, EDPM, or Elastomer Seal 200 ± 25

• Metallic Seal 200 ± 25
Cover Plate Bolts 40 ± 5
Concrete Cask Lift Lug Bolts 600 (+60; -60) ft-lb
Concrete Cask Lid Lifting Hoist Rings 100, + 50,-0
Retaining Ring Bolts (MTC2 only) Snug + I wrench flat

0
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9.2 Removing the Loaded TSC from a Concrete Cask

This procedure assumes the loaded concrete cask is returned to the reactor loading facility for

unloading. However, transfer of the TSC to another concrete cask can be performed at the ISFSI

without the need to return to the loading facility, provided a cask transfer facility that meets the

requirements specified in the Technical Specifications is available.

As the steps to move a loaded concrete cask are essentially the reverse of the procedures in

Section 9.1.2 and Section 9.1.3, the procedural steps are only summarized here.

1. Remove inlet and outlet screens and temperature measuring equipment (if installed).

Note: The minimum ambient air temperature (either in the facility or external air

temperature, as applicable for the handling sequence) must be > 0°F for the

use of the concrete cask, per Section 4.3.1 .g. of the Technical Specifications.

2. For concrete casks to be transported by a vertical cask transporter, remove anchor cavity

cover plates, remove the lid assembly bolts, and install the lift lugs. Torque the lift lug bolts

for each lift lug to the value specified in Table 9.1-2. Attach the concrete cask to the vertical

cask transporter.

3. For concrete casks to be transported on a flat-bed vehicle, install an air pad rig set in the

inlets. Inflate the air pads and move concrete cask onto the vehicle deck.

Note: Ensure that air pads are not installed longer than eight hours to complete concrete

cask transfer.

4. Move the loaded concrete cask to the facility.

5. Remove the concrete cask lid. Install concrete cask shield ring, if required.

6. Install the six hoist rings into the canister closure lid threaded holes. Remove shield ring, if

installed.

Note: Utilize high temperature-resistant slings (< 350'F)

7. Install transfer adapter on top of the concrete cask.

8. Place transfer cask onto the transfer adapter and engage the shield door connectors.

Note: The minimum ambient air temperature (either in the facility or external air

temperature, as applicable for the handling sequence) must be > 0°F for the

use of the transfer cask, per Section 4.3.1 .f. of the Technical Specifications.

9. Open the shield doors, retrieve the lifting slings, and install the slings on the lifting system.
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10. Slowly withdraw the TSC from the concrete cask. The chamfer on the underside of the

transfer adapter assists in the alignment into the transfer cask.

11. Bring the TSC up to just below the retaining blocks (MTC1) or the retaining ring (MTC2).

Close the transfer cask shield doors and install the shield door lock pins.

12. Lift transfer cask off the concrete cask and move to the designated workstation.

After the transfer cask with the loaded TSC is in, or adjacent to, the facility, the operational

sequence to load another concrete cask is performed in accordance with the procedures in

Section 9.1.2. Note that the amount of time that a loaded TSC can remain in the transfer cask

without cooling is limited to 11 hours from the time the TSC is removed from the concrete cask.

Internal or external cooling of the TSC is required to be initiated within 11 hours as described in

Section 9.3.
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9.3 Wet Unloading a TSC

This section provides the basic operational sequence to prepare, open, and unload a TSC in a

spent fuel pool. Due to the rugged design and fabrication of the TSC, users are not'expected to

perform this operational sequence. However, in accordance with the Technical Specifications,

each user shall have the procedures and required equipment available, and perform a dry run of

the unloading process.

The procedure that follows assumes that the TSC is in a transfer cask in the appropriate

workstation.

1. If using MTC 1, pull the lock pins and retract the retaining blocks in the transfer cask, and

reinstall the lock pins. If using MTC2, detach and remove the retaining ring.

2. Survey the TSC and transfer cask to establish radiation areas.

3. Install the weld removal system on the closure lid and bolt the system to the closure lid

threaded holes.

4. Establish appropriate airborne radiation controls.

5. Using the weld removal system, remove the outer and inner port covers from the vent and

drain ports.

6. Remove the weld removal system.
7. Using a vacuum sample bottle, take a gas sample of cavity gas.

8. Determine total gaseous inventory and connect a venting system to the vent connector and

route to HEPA filters or to the off-gas system.

9. Determine TSC internal pressure and vent the cavity gas.

10. Once pressure has been reduced to atmospheric, and using appropriate radiological controls,

remove the vent and drain quick-disconnects and seals.
11. Replace the quick-connects and seals with approved spares, and torque them to the value

.specified in Table 9.1-2.

12. Attach the cooldown system to the vent and drain connections.

Note: Initial TSC cooling can be provided by an external TSC cooling system prior to port
cover removal in order to satisfy the 11-hour maximum transfer time without cooling

operations.
13. Initiate nitrogen gas flow through the TSC to flush out residual radioactive gases. Continue

nitrogen flow for a minimum of 10 minutes.

14. Initiate the controlled filling (5 +3/-0 gpm) of the TSC with clean water through the drain

connector under controlled temperature (minimum 70'F) and pressure conditions (25 +10/-0

psig). Borated water shall be used as required for the PWR fuel contents in accordance with

LCO 3.2.1.

NAC International 9.3-1



MAGNASTOR System FSAR August 2010

Docket No. 72-1031 Revision IOB

15. Monitor steam/water temperature of the discharge from the vent connection.

16. Continue cooldown operations until the discharge water temperature is below 180'F.

17. Terminate cooling water flow and disconnect the cooldown system from the drain and vent

ports. Install a vent line to the vent port.

Note: Cooling of the TSC using the annulus circulating water system or equivalent

annulus cooling/flush system may be required to assure cavity water boiling

will not occur during closure lid weld removal operations per Section 9.1.1.

18. Connect a suction pump to the drain connector. Operate the pump and remove

approximately 70 gallons of water from the cavity. Disconnect and remove the pump.

19. Remove the drain line from the closure lid.

20. Install the hydrogen detector to the vent line and verify hydrogen gas concentration in the gas
volume in the cavity. If the concentration reaches 2.4%, stop all cutting activities and

remove cavity gas, using a vacuum pump.

21. Install the weld removal system on the closure lid. Operate the weld removal system to,

remove the closure ring-to-TSC shell and closure ring-to-closure lid welds. Remove the

closure ring from the lid area.

22. Operate the weld removal system to remove the closure lid-to-shell weld.
23. Remove shims, if installed, to provide a suitable gap to be able to extract the closure lid

under water.

24. Remove the weld removal system. Terminate annulus circulating Water flow, if used.

25. Install three swivel hoist rings into the closure lid threaded holes. Attach three-legged sling

set to the hoist rings and the lifting system (or, alternately, the transfer, cask lifting yoke).

26. Engage the lift yoke to the transfer cask trunnions and bring the transfer cask over•the spent

fuel pool.

27. Install lower annulus fill lines and fill the annulus with clean water while lowering the

transfer cask.

28. When the trunnions are near the pool surface, install upper annulus fill lines and start clean'

water flow.
29. Lower the transfer cask to the bottom of the pool. Disengage the lift yoke.

30. Slowly remove the closure lid and move the lid to an appropriate storage area.

Note: The closure lid may be contaminated and slightly activated.

31. Following fuel unloading, reengage the lift yoke to the transfer cask trunnions and remove

the transfer cask from the pool.

32. While the transfer cask is over the pool, stop the flow of water to the annulus, disconnect the

upper and lower fill lines, and allow the water in the annulus to drain back into the pool.

33. Place transfer cask and empty TSC in the cask decontamination area or other workstation.
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34. Using a suction pump, remove the water from the TSC and pump to radwaste drains or return

the water to the spent fuel pool.

35. Remove and store the contaminated TSC until a determination is made regarding reuse or

disposition of the closure lid and TSC.

36. As appropriate, the user may proceed with the loading of the removed fuel assemblies in a
new TSC in accordance with the procedures in Section 9.1.

1N
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10.1 Acceptance Criteria

This section provides the workmanship and acceptance tests to be performed on the

MAGNASTOR components and systems during their fabrication, as well as prior to and during

loading of the system. These tests and inspections provide assurance that the components and

systems have been procured, fabricated, assembled, inspected, tested, and accepted for use under

the conditions and controls specified in this document and the Certificate of Compliance.

10.1.1 Visual Inspection and Nondestructive Examination

Fabrication, inspection, and testing'are performed in accordance with the applicable design

criteria, codes and standards specified in Chapter 2 and on the license drawings.

The following fabrication controls and inspections shall be performed to assure compliance with

this document and the license drawings:

a) Materials of construction for the MAGNASTOR are identified on the license drawings
and shall be procured with certification and supporting documentation as required by the
ASME Code, Section II [1], when applicable; and the requirements of ASME Code,
Section III, Subsection NB [2], Subsection NF[4] and Subsection NG [3], when
applicable.

b) Materials and components shall be receipt inspected for visual and dimensional
acceptability, material conformance to the applicable Code specification and traceability
markings, as applicable. Materials for the TSC confinement boundary (e.g., TSC shell
plates, base plate, closure lid, and port covers) shall also be inspected per the
requirements of ASME Code, Section III, Subsection NB-2500.

c) The confinement boundary shall be fabricated and inspected in accordance with ASME
Code, Section III, Subsection NB, with the code alternatives as listed in Chapter 2, Table
2.1-2. The TSC fuel baskets, damaged fuel cans (DFCs) and basket supports shall be
fabricated and inspected in accordance with the ASME Code, Section III, Subsection NG,
with the alternatives listed in Table 2.1-2.

d) The steel components of the transfer cask shall be in accordance with ASTM
specifications and fabricated in accordance with ANSI N14.6 [11]. Inspections and NDE
of the transfer cask shall be in accordance with ASME Code, Section III, Subsection NF.

e) The steel components of the concrete cask shall be in accordance with ASTM
specifications and fabricated in accordance with ASME Code, Section VIII [6] (or
fabrication may be in accordance with ANSI/AWS D13.1). Inspections of the welded
steel components of the concrete cask shall be in accordance with ASME Code, Section
VIII or ANSI/AWS D 1.1.

f) ASME Code welding shall be performed using welders and weld procedures qualified in
accordance with ASME Code, Section IX [7] and the ASME Code, Section III subsection
applicable to the component (e.g., NB, NG or NF). ANSI/AWS code welding may be
performed using welders and procedures qualified in accordance with the applicable
AWS requirements or in accordance with ASME Code, Section IX.
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g) Construction and inspections of the concrete component of the concrete cask shall be
performed in accordance with the applicable sections and requirements of ACI-318 [8].

h) Visual examinations of the welds of the confinement boundary shall be performed in
accordance with ASME Code, Section V, Articles 1 and 9 [9], with acceptance per
Section III, Subsection NF, Article NF-5360. The final surface of TSC shell welds shall
be dye penetrant examined (PT) in accordance with ASME Code, Section V, Articles 1,6
and 24, with acceptance per Section III, Subsection NB, Article NB-5350. The TSC shell
longitudinal and circumferential welds shall be radiographic examined (RT) in
accordance with ASME Code, Section V, Articles 1 and 2, with acceptance per Section
III, Subsection NB, Article NB-5320. The weld of the TSC baseplate to the TSC shell
shall be ultrasonic examined (UT) in accordance with ASME Code, Section V, Articles I
and 5, with acceptance per Section III, Subsection NB, Article NB-5330. In accordance
with ISG-15 [14], the TSC closure lid to shell weld, performed following fuel loading,
shall be dye penetrant (PT) examined at the root, mid-plane and final surface in
accordance with ASME Code, Section V, Articles 1 an with acceptance per
Section III, Subsection NB, Article NB-5350. The closure ring to TSC shell and the
closure ring to closure lid welds shall be PT examined in accordance with the same code
and acceptance criteria as the closure lid to TSC shell weld, except that only the weld
final surface will be examined. The inner and outer (redundant) port covers to closure lid
welds shall be PT examined at the final surface in accordance with the same code and
acceptance criteria as for the closure lid to shell weld. Repairs to TSC vessel welds shall
be performed in accordance with ASME Code, Section III, Subsection NB, Article NB-
4450, and the welds reinspected per the original acceptance criteria applicable to the
examination method.

i) Visual examinations of the welds of the fuel baskets, DFCs and basket supports shall be
performed in accordance with ASME Code, Section V, Articles 1 and 9, with acceptance
per Section III, Subsection NG, Article NG-5360. The fuel tube welds shall be magnetic
particle examined (MT) in accordance with ASME Code, Section V, Articles 1 and 2
with acceptance criteria per Section III, Subsection NG, Article NG-5340. Repairs to
fuel basket welds shall be performed in accordance with ASME Code, Section III,
Subsection NG, Article NG-4450, and' the welds reinspected per the original acceptance
criteria applicable to the examination method.

j) Visual examinations of the concrete cask structural steel weldments shall be performed in
accordance with the ASME Code, Section V, Articles 1 and 9, or ANS/AWS D1. 1,
Section 6.9, with acceptance per Section VIII, Division 1, Part UW, Articles UW-35 and
UW-36, or Table 6.1 of ANSI/AWS Dl.1, respectively. Repairs to concrete cask
structural weldment welds shall be performed in accordance with ANSI/AWS D 1.1, and
the welds reinspected per the original acceptance criteria.

k) Visual examination of the welds of the transfer cask shall be performed in accordance
with ASME Code, Section V, Articles 1 and 9, or ANSI/AWS D1.1, Section 6.9, with
acceptance per Section III, Subsection NF, Article NF-5360. Following structural load
testing of the transfer cask, the final surface of all critical load-bearing welds shall be
either dye penetrant (PT) or magnetic particle (MT) examined in accordance with ASME
Code, Section V, Articles 1 and 24 for PT and Articles 1 and 25 for MT. The
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acceptance criteria for the weld examinations shall be in accordance with Section III,
Subsection NF, Article NF-5350 for PT and NF-5340 for MT. Repairs to the transfer
cask vertical load-bearing welds shall be performed in accordance with ASME Code,
Section III, Subsection NF, Article NF-4450 or ANSI/AWS Dl.1. Repaired welds shall
be reinspected per the original acceptance criteria applicable to the examination method.

1) Dimensional inspections of components shall be performed in accordance with written
and approved procedures to verify compliance to the license drawings and fit-up of
individual components. All dimensional inspections and functional fit-up tests shall be
documented.

m) All components shall be inspected for cleanliness and proper packaging for shipping in
accordance with written and approved procedures. All components will be free of any
foreign material, oil, grease, and solvents.

n) Inspection and nondestructive-examination personnel shall be qualified in accordance
with the requirements of SNT-TC- 1A [ 10].

10.1.2 Structural and Pressure Tests

10.1.2.1 Load Testing of Transfer Casks

The transfer cask is designed, fabricated, and tested to the requirements of ANSI N14.6 [11].

The transfer cask is provided with two lifting trunnions near the top of the cask for lifting and

handling. The trunnion pair is designed for a maximum design lift load of 230,000 poundsfor

MTC1 and 228,000 pounds for MTC2. The MTC1 and MTC2 transfer cask shield doors and

supporting door rails are designed to retain and support the maximum TSC loaded weight of

118,000 pounds.

Following completion of fabrication, the load-bearing components of the transfer cask, including
the lifting trunnions, shield doors, and rails, are load tested to verify their structural integrity to
lift and retain the applicable loads.

The lifting and handling of the transfer cask and loaded TSC are defined as critical lifting loads

per NUREG-0612 [12] at a number of nuclear facilities. In accordance with ANSI N14.6,

special lifting devices for critical loads shall be provided with redundant lifting paths, or be
designed and tested to higher safety factors. The transfer cask lifting trunnions, shield doors, and

rails are designed to higher safety factors and are load tested to 300% of the maximum service

load for each type of component.

The lifting trunnion pair shall have a load equal to three times their maximum service load

applied for a minimum of 10 minutes. Likewise, the transfer cask shield doors and rails shall

have a load equal to three times their maximum service load applied for a minimum of 10
minutes. After release of the test loads, the accessible portions of the trunnions and the adjacent

areas, and the shield doors and rails and adjacent areas shall be visually examined to verify no
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deformation, distortion, or cracking occurred. The critical load-bearing welds of the transfer

cask shall be examined by the methods and acceptance criteria defined in Section 10.1.1, Item k).

Any evidence of deformation, distortion, or cracking of the loaded components, critical load-

bearing welds or adjacent areas shall be cause for failure of the load test, and repair and/or

replacement of the component. Following repair or replacement, the applicable portions of the

load test shall be performed again and the components reexamined in accordance with the

original procedure and acceptance criteria.

Load testing of the transfer cask shall be performed in accordance with written and approved

procedures, and the test results shall be documented.

10.1.2.2 Load Testing of Concrete Cask Lifting Lugs and Anchors

The concrete cask is designed to be lifted and transported using two lifting anchors imbedded in

the reinforced concrete of the shell. Lifting lugs are bolted to the anchors and provide a pin

connection to a lifting system. The concrete lifting anchors, lifting lugs and attachment bolting

are designed, fabricated, and tested in accordance with the requirements of ANSI N 14.6 for lifts

not made over safety-related equipment (noncritical lifts).

The concrete cask lifting lug load test shall be. performed on the lugs independently of the

concrete cask. The test will consist of applying a vertical load to the individual lugs at a value

that is equal to one-half of 150% of the maximum concrete cask weight The test load shall be

applied for a minimum of 10 minutes. After the release of the test load, the accessible portions

of the lifting anchors shall be visually examined to verify no deformation, distortion, or cracking

occurred. Critical load-bearing welds of the lifting anchors shall be magnetic particle (MT)

examined in accordance with ASME Code, Section V, Articles 1. 7 and 25, or liquid penetrant

(PT) examined in accordance with ASME Code, Section V. Articles 1, 6 and 24, with acceptance

criteria per Section III, Subsection NF, Article NF-5340 or NF-5350.

Any evidence of deformation, distortion, or cracking of the loaded components, critical load-

bearing welds or adjacent areas shall be cause for failure of the load test, and-repair and/or

replacement of the affected component(s). Following repair or replacement, the applicable

portions of the load test shall be reperformed and the components reexamined in accordance with

the original procedure and acceptance criteria.

Load testing of the concrete cask lifting lugs shall be performed in accordance with written and

approved procedures, and the test results shall be documented.
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10.1.2.3 Pressure Testing of the TSC

Following completion of the closure lid-to-TSC shell weld during the TSC preparation

operations after fuel loading, the TSC shall be hydrostatically pressure tested in accordance with
ASME Code, Section III, Subsection NB, NB-6000 requirements as described in Section 9.1.1.

The minimum test pressure of 130 psig shall be applied to the drain port connection for a
minimum of 10 minutes. The minimum test pressure is 125% of the normal operating pressure
of 104 psig. There shall be no loss in pressure or visible water. leakage from the closure lid weld

during the 10-minute test period. The minimum test pressure is 125% of the normal operating

pressure of 104 psig. There shall be no visible water leakage from the closure lid-to-TSC shell
weld based on visual examination of the weld after a minimum 10-minute hold period, while

maintaining the test pressure. Test pressure shall be maintained until the completion of the
visual weld examination. The normal operating pressure and minimum test pressure are

identical for both PWR and BWR TSCs.

10.1.2.4 Load Testing of Damaged Fuel Can (DFC)

To qualify the design of the MAGNASTOR DFC, the first DFC to be provided to a user shall be
load tested to 150% of the total weight of the DFC plus the heaviest contents to be loaded in the
DFC. The test load on the DFC shall be applied and held for a minimum of 10 minutes.
Following completion of the load test, all load bearing welds and surfaces shall be visually
inspected for permanent deformation, galling or cracking. Load bearing welds shall be inspected

using liquid penetrant examination in accordance with ASME Code, Section V, Article 6.
Acceptance criteria shall be in accordance with ASME Code, Section III, NG-5350.

Any evidence of permanent deformation, cracking or galling of load bearing surfaces, or
unacceptable liquid penetrant examination results shall be cause for rejection, repair,

reperformance of the load test and reexamination of the DFC.

10.1.3 Leakage Tests

The confinement boundary is defined as the TSC shell weldment, closure lid, and vent and drain
port covers. As described in Section 10.1.1, the confinement boundary is designed, fabricated,

examined, and tested in accordance with the requirements of the ASME Code, Section III,
Subsection NB, except for the code alternatives listed in Table 2.1-2.

At the completion of the TSC shell weldment confinement boundary welds (e.g., TSC shell

seam and shell to bottom plate), the TSC shell weldment shall be leakage tested. The leakage
test shall be performed in accordance with the requirements and approved methods of ASME
Code, Section V, Article 10, and ANSI N14.5-1997[201 to confirm the total leakage rate is less
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than, or equal-to, lxlO-7 ref. cm 3/s (iLe., leaktight). The sensitivity of the test shall be one-half

of the acceptance test criteria as specified in ANSI N14.5-1997.

The TSC shell weldment will be closed using a test lid installed over the top of the shell and the

cavity evacuated. A test envelope will be installed around the TSC enclosing all of the TSC

shell confinement welds, and filled with 99.995% (minimum) pure helium to an acceptable test

concentration. The percentage of helium gas in the test envelope shall be accounted for in the

determination of the test sensitivity. A mass spectrometer leak detector (MSLD) will be used to

sample the evacuated volume for helium.

If helium leakage is detected, the area of leakage shall be identified and repaired in accordance

with the ASME Code, Section III, Subsection NB, NB-4450. Following repair, the complete
helium leakage test shall be reperformed to the original test acceptance criteria.

Leakage testing of the TSC shell weldment shall be performed in accordance with written and

approved procedures, and the test results documented.

Based on the confinement system materials, welding requirements and inspection methods,

leakage testing of the closure lid is not required. To ensure the integrity of the vent and drain

inner port cover welds, a helium leakage test of each weld is performed using the evacuated

envelope method, as described in ASME Code, Section V, Article 10, and ANSI N14.5. The

leakage test is to confirm that the leakage rate for each port cover is < 1 x 107 ref, cm 3/s, which

corresponds to a helium test leakage rate of :52x 10-7 ref. .cm 3 /s. Following inner port cover

welding, a test bell is installed over the top of the port cover and the test bell volume is evacuated

to a low pressure by a helium MSLD system. The minimum sensitivity of the helium MSLD

shall be • 1 x 10-7 ref. cm3 /s, helium, which is one-half of the allowable leakage criteria for

leaktight.

If leakage is detected, the area of leakage shall be identified and repaired in accordance with

ASME Code, Section III, Subsection NB, NB-4450. Following repair, the helium leak test shall

be reperformed to the original test acceptance criteria.

10.1.4 Component Tests

10.1.4.1 Valves, Rupture Discs, and Fluid Transport Devices

The MAGNASTOR system design does not include any rupture discs or fluid transport devices.

The closure lid vent and drain openings are each closed by valved quick-disconnect nipples.

These nipples are recessed into the closure lid and are used during TSC preparation activities to

drain, dry, and helium fill the TSC cavity. No credit is taken for the ability of the valved nipples

to confine radioactive material. After completion of final helium backfill pressure adjustment,
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the port covers are welded in the vent and drain openings enclosing the valved nipples. The port

covers provide the confinement boundary for the vent and drain openings.

10.1.4.2 Gaskets

The confinement boundary provided by the welded TSC has no mechanical seals or gaskets. The

concrete cask includes weather seals at the concrete cask lid to cask interface. These gaskets do

not provide a safety function and loss of the gaskets during operation would have no effect on

the safe operation of the concrete cask. The gaskets are provided to facilitate concrete cask

maintenance by minimizing water intrusion into the gasketed area.

10.1.5 Shielding Tests

The MAGNASTOR system design is analyzed based on the materials of fabrication and their

thickness, using conservative shielding codes to evaluate system dose rates at the system's

surface and at selected distances from the surface. The system shield design does not require

performance of a shield test.

Following the loading of each MAGNASTOR and its movement to the ISFSI pad, radiological

surveys are performed by the system user to establish area access requirements and to confirm

that evaluated offsite doses will meet the applicable regulations. These tests are sufficient to

identify any significant defect in the shielding effectiveness of the concrete cask.

10.1.6 Neutron Absorber Tests

NOTE

Sections 10.1.6.4.5, 10.1.6.4.6, 10.1.6.4.7 and 10.1.6.4.8 are incorporated into the

MAGNASTOR CoC Technical Specification by reference, Paragraph 4.1.1, and may not be

deleted or altered in any way without a CoC amendment approval.from the NRC. The text in

these four sections is shown in bold to distinguish it from other sections.

Neutron absorber materials are included in the design and fabrication of the MAGNASTOR fuel
basket assemblies to assist in the control of reactivity, as described in Chapter 6. Criticality

safety is dependent upon the neutron absorber material remaining fixed in position on the fuel
tubes and containing the required amount of uniformly distributed boron. A neutron absorber

material can be a composite of fine particles in a metal matrix or an alloy of boron compounds
with aluminum. Fine particles of boron or boron-carbide that are uniformly distributed are

required to obtain the best neutron absorption. Three types of neutron absorber materials are

commonly used in spent fuel storage and transport cask fuel baskets: Boral (registered
trademark), borated metal matrix composites (MMC), and borated aluminum alloy. The
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fabrication of the neutron absorber material is, controlled to provide a uniform boron carbide

distribution and the specified 10B areal density.

10.1.6.1 Design/Performance Requirements

The MAGNASTOR system utilizes sheets of neutron absorber material that are attached to the
sides of the spent fuel storage locations in the fuel baskets. The materials and dimensions of the
neutron absorber sheets are defined on license drawings 71160-571 and 71160-572. The
material is called out as a metallic composite (includes borated aluminum alloy, borated MMC,
and Boral, which are available under various commercial trade names). Incorporating optional
neutron absorber materials in the design provides fabrication flexibility for the use of the most
economical and available neutron absorber material that meets the critical characteristics

necessary to assure criticality safety. The critical design characteristics of the neutron absorber
materialare:

" A minimum "effective" areal density of 0.036 g/cm2 'lB for the PWR basket and 0.027
g/cm2 10B for the BWR basket; and

" A uniform distribution of boron carbide; and

• A yield strength greater than or equal to that used in Section 10.1.6.4.4; and

* An effective thermal conductivity greater than or equal to that used in Section 10.1.6.4.4.

The required minimum actual 10B loading in a neutron absorber sheet is determined based on the
effectiveness of the material, i.e., 75% for Boral and 90% for borated aluminum alloys and for
borated metal matrix composites. Testing will be used to verify the areal density and the
uniform distribution of 10B in the neutron absorber materials. Section 8.8 presents a tabulation
of the types of neutron absorber materials, the required minimum effective areal density of 01B,
and the required minimum as-fabricated areal density of 01B.

The positions of the neutron absorber sheets with their attachments and retainers to the fuel tubes
are shown on license drawings 71160-551 and 71160-591. The attachments and retainers ensure
that the neutron absorber remains in place for all loading conditions for the lifetime of the

canister.

10.1.6.2 Terminology

Applicable terminology definitions for the neutron absorber materials:

acceptance - tests conducted to determine whether a specific production
lot meets selected material properties and characteristics, or

both, so that the lot can be accepted for commercial use.

areal density - for sheets with flat parallel surfaces, the density of the

neutron absorber times the thickness of the material.
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designer -

lot -

neutron absorber -

neutron absorber material -

neutron attenuation test -

neutron cross-section -

packaging -

qualification -

the organization responsible for the design or the license

holder for the dry cask storage system or transport

packaging. The designervis usually the purchaser of the

neutron absorber material, either directly or indirectly

(through a fabrication subcontractor).

a quantity of a product or material accumulated under

conditions that are considered uniform for sampling

purposes.

a nuclide that has a large thermal or epithermal neutron

absorption cross-section, or both.

a compound, alloy, composite or other material that

contains a neutron absorber.

a process in which a material is placed in a thermal neutron

beam, and the number of neutrons transmitted through the

material in a specified period of time is counted. The

observed neutron counting rate may be converted to areal

density by performing the same test on a series of

calibration standards.

a measure of the probability that a neutron will interact

with a nucleus; a function of the neutron energy and the

structure of the-interacting nucleus.

in transport of radioactive material, the assembly of

components necessary to enclose the radioactive contents

completely.

the process of evaluating and testing, or both, a material

produced by a specific manufacturing process to

demonstrate uniformity and durability for a specific

application.. .

10.1.6.3 Inspections

After manufacturing, each sheet of neutron absorber material will be visually and dimensionally

inspected for damage, embedded foreign material, and dimensional compliance. The neutron

absorber sheets are intended to be defect/damage free, but limited defects/damages are

acceptable. 'Allowed defects are discussed in each material specification section that follows.
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Standard industrial inspections will be performed on the neutron absorber sheets to verify the

acceptability of physical characteristics such as dimensions, flatness, straightness, tensile

properties (if structural considerations are applicable) or other mechanical properties as

appropriate, surface quality and finish. -Inspection and testing of the neutron absorber materials

will be performed in accordance with written procedures, by appropriately certified personnel,

and the inspection and test results will be documented.

10.1.6.4, Specification

Three types of neutron absorber materials are permitted to augment criticality control in the

MAGNASTOR fuel baskets - (1) Boral, a clad composite of aluminum and boronbcarbide, as

specified in Section 10.1.6.4.1; (2) borated metal matrix composites (MMC), as specified in

Section 10.1.6.4.2; and (3) borated aluminum alloy, as specified in Section 10.1.6.4.3. The

required minimum "effective" areal density of '°B in a neutron absorber is defined on license

drawings 71160-571 and 71160-572, in Section 1.8, and is based on the fuel basket geometry and

on the fuel assembly type and reactivity. The analyses of the fuel baskets do not consider the

tensile strength of the neutron absorber material other than that it be sufficient to maintain its

form, i.e., at least equivalent to the properties listed in Section 8.3. Environmental conditions

encountered by the neutron absorber, material may include:

- Immersion in water with the associated chemical, temperature and pressure

concerns

- Dissimilar materials

- Gamma and neutron radiationfluence

- Dry heat-up rates

- Maximum temperatures

Except for materials for which validation has been completed, the durability of the neutron

absorber materials is validated to demonstrate the following results:

- Neutron absorber materials will not incur significant damage due to the pressure,

temperature, radiation, or corrosion environments that may be present in the

loading and storage of spent fuel;

- Aluminum and boron carbide do not react with each other in the range of the

maximum temperatures present in the fuel baskets;

- There are no significant changes in mechanical properties of the neutron absorber

materials due to the fast neutron fluences experienced in spent fuel storage;
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General corrosion does not have time to affect the integrity of the neutron

absorber material due to the very short time of immersion in spent fuel pool

water.

Individual material types and process lots are tested to verify the presence, uniform distribution

and minimum areal density (effectiveness) of l°B specific to each type of neutron absorber

material.

All neutron absorber materials are procured and qualified under a Quality Assurance/Quality

Control program in conformance with the requirements of 10 CFR 72, Subpart G.

10.1.6.4.1 Boral

Boral is a composite core of blended boron carbide and aluminum powders between outer layers

of aluminum. The core is slightly porous. Sheets of Boral are formed and mechanically bonded

by hot-rolling ingots of the core material between aluminum sheets. Boral is credited with an
effectiveness of 75% of the specified minimum areal density of 1°B in Boral based testing of the

material as described in Section 10.1.6.4.8.

Visual inspections of the Boral sheets will verify the presence of a full core and will identify any

cladding damage, cracks or discontinuities, embedded foreign material, or peeled cladding.

Evidence of less than a full core, embedded foreign material, cracks or sharp burrs in the

cladding shall be identified as nonconforming. Nonconforming items are segregated and

evaluated within the NAC International Quality Assurance Program, and assigned one of the

following dispositions: "Use-As-Is," "Rework/Repair" or "Reject." Only material that is

determined to meet all applicable conditions of the license will be accepted. Embedded pieces of

B4 C matrix material are not considered foreign material, but such material shall be removed from
the surface of the Boral. Scratches, creases or other surface indications are acceptable on the

cladding of the Boral, but exposure of the core through the cladding surface of the sheet is not

acceptable.

10.1.6.4.2 Borated Metal Matrix Composites - MMC

Borated metal matrix composite (MMC) material can be produced by powder metallurgy, casting

or thermal spray methods and consists of fine boron carbide particles in a matrix of aluminum.

Borated MMC material is a metallurgically bonded matrix, low porosity product. Borated metal
matrix composites rely on a fine (average 10-40 micron) boron carbide particle size to achieve a

uniform boron distribution. Specifications on the boron carbide particle size in MMCs are

included in Section 10.1.6.4.7. MMCs are credited with an effectiveness of 90% of the specified

minimum areal density of 1°B in the borated MMC material based on acceptance and
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qualification testing of the material as described in the Sections 10.1.6.4.4, 10.1.6.4.5 and

10.1.6.4.6. Visual inspections of the sheets of borated MMC material will be based on

Aluminum Association recommendations, as applicable-i.e., blisters and/or widespread rough

surface conditions such as die chatter or porosity shall be identified as nonconforming.

Nonconforming items are segregated and evaluated within the NAC International Quality

Assurance Program, and assigned one of the following dispositions: "Use-As-Is,"

"Rework/Repair" or "Reject." Only material that is determined to meet all applicable conditions

of the license will be accepted. Local or cosmetic conditions such as scratches, nicks, die lines,

inclusions, abrasion, isolated pores or discoloration are acceptable based on material neutron

attenuation and thermal performance not being impacted by minor fabrication anomalies.

10.1.6.4.3 Borated Aluminum

Borated aluminum material is a direct chill cast metallurgy product with a uniform fine

dispersion of discrete boron particles in a matrix of aluminum. Borated aluminum material is a

metallurgically bonded matrix, low porosity product. Borated aluminum is credited with an

effectiveness of 90% of the specified minimum areal density of 10B in the borated aluminum

material based on acceptance and qualification testing of the material as described in Sections

10.1.6.4.4, 10.1.6.4.5 and 10.1.6.4.6. Visual inspections of the sheets of borated aluminum

material will be based on Aluminum Association recommendations, as applicable-i.e., blisters

and/or widespread rough surface conditions such as die chatter or porosity shall be identified as

nonconforming. Nonconforming items are segregated and evaluated within the NAC

International Quality Assurance Program, and assigned one of the following dispositions: "Use-

As-Is," "Rework/Repair" or "Reject." Only material that is determined to meet all applicable

conditions of the license will be accepted. Local or cosmetic conditions such as scratches, nicks,

die lines, inclusions, abrasion, isolated pores or discoloration are acceptable based on material

neutron attenuation and thermal performance not being impacted by minor fabrication anomalies.

10.1.6.4.4 Thermal Conductivity and Yield Strength Testing of Metal Matrix and

"Borated Aluminum Neutron Absorber Material

Thermal Conductivity Testing

Thermal conductivity qualification testing of the neutron absorber materials shall conform to

ASTM E1225 [15], ASTM E1461 [16], or an equivalent method. The testing shall be performed

on test coupons taken from production material. Note that thermal conductivity increases

slightly with temperature increases.

Sampling will initially be one test per lot and may be reduced if the first five tests meet

the specified minimum thermal conductivity. Additional tests may be performed on the
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material from a lot whose test result does not meet the required minimum value, but the
lot will be rejected if the mean value of the tests does not meet the required minimum

value.

Upon completion of 25 tests of a single type of neutron absorber material having the

same aluminum alloy matrix and boron content (in the same compound), further testing

may be terminated if the mean value of all of the test results minus two standard
deviations meets the specified minimum thermal conductivity. Similarly, testing may be

terminated if the matrix of the material changes to an alloy with a larger coefficient of

thermal conductivity, or if the boron compound remains the same, but the boron content

is reduced.

In the Chapter 4 thermal analyses, the neutron absorber is conservatively evaluated as a 0.125-in

nominal thickness sheet for the PWR fuel basket and a 0.10-in nominal thickness sheet for the

BWR fuel basket. The required minimum thermal conductivities for the MAGNASTOR

absorbers are as follows.
Minimum Effective Thermal Conductivity - BTU/(hr-in-2F)

Fuel Basket Radial Axial
Type 100°F 5000F 100°F 5000F
PWR 4.565 4.191 4.870 4.754
BWR 4.687 4.335 5.054 5.017

The neutron absorber thermal acceptance criterion will be based on the nominal sheet thickness.

Surface anomalies increase radiation heat transfer and have insignificant influence on thermal

conductivity, permitting acceptance of minor surface defects without additional material testing.

Additional thermal conductivity qualification testing of neutron absorber material is not required

if certified quality-controlled test results (from an NAC approved supplier) that meet the

specified minimum thermal conductivity are available as referenced documentation.

Yield Strength Testing

Yield strength qualification testing of the neutron absorber shall conform to ASTM Test Method

B 557/B 557M) E 8 or E 21 H17, 18, 191.

Neutron absorber material yield strength must be equal to or greater than 1.6 ksi at 700'F. Per

Section 8.3, a yield strength of 1.6 ksi is the material strength of the neutron absorber at 700'F

and is applied as a temperature-independent value in the structural evaluations of the absorber.

This yield strength assures that the material will maintain its form when subjected to normal, off-

normal and accident condition loads.
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The neutron absorber yield strength acceptance criterion will be based on the absorber meeting

the specified nominal sheet thickness. Control and limitations on the neutron absorber boron

content (primary driver to material structural performance) permits acceptance without additional

material yield strength acceptance testing.

Additional yield strength qualification testing of neutron absorber material is not required if

certified quality-controlled test results (from an NAC approved supplier) that meet the specified

minimum yield strength are available as referenced documentation.

10.1.6.4.5 Acceptance Testing of Borated Aluminum Alloy and Borated MMC

Neutron Absorber Material by Neutron Attenuation

NOTE

Section 10.1.6.4.5 is incorporated into the MAGNASTOR CoC Technical Specification by

reference, Paragraph 4.1. 1, and may not be deleted or altered in any way without a CoC

amendment approval from the NRC. The text in this section is shown in bold to distinguish it

from other sections.

Acceptance testing shall be performed to ensure that neutron absorber material properties

for sheets in a given production run are in compliance with the materials requirements for
the MAGNASTOR fuel baskets and that the process is operating in a satisfactory manner.

Statistical tests will be run to augment findings relating to isotopic content, impurity
content or uniformity of the 10B distribution.

* Determination of neutron absorber material acceptance shall be performed by
neutron attenuation testing. Neutron attenuation testing of the final product, or the

coupons, shall compare the results with those for calibrated standards, which may
be composed of homogeneous or heterogeneous materials. The heterogeneous
standard will be calibrated to a recognized standard (e.g., homogeneous material

such as ZrB2 plate material or a NIST-produced standard) or by attenuation of a
thermal neutron beam correlated to the known cross-section of 1°B at the beam
energies. These tests shall include a statistical sample of finished product or test

coupons taken from each lot of material to verify the presence, uniform distribution

and the minimum areal density of l°B.

Text removed by MAGNASTOR, Amendment 1
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The l°B areal density is measured using a collimated thermal neutron beam of

up to 2.54 cm in diameter, with a tolerane of 10 percent.

Text removed by MAGNASTOR, Amendment 1

" Based on the MAGNASTOR required minimum effective areal density of.
10B - 0.036 g/cm2 for the PWR basket and 0.027 g/cm2 for the BWR basket - and the

credit taken for the 1lB for the criticality analyses, i.e., 75% for Boral and 90% for

borated aluminum alloys and for borated metal matrix composites, a required

minimum areal density for the as-manufactured neutron absorber sheets is

established.

* Test locations/coupons shall be well distributed throughout the lot of material,

particularly in the areas most likely to contain variances in thickness, and shall not

contain unacceptable defects that could inhibit accurate physical and test

measurements.

* The sampling plan shall require that each of the first 50 sheets of neutron absorber

material from a lot, or a coupon taken therefrom, be tested. Thereafter, coupons

shall be taken from 10 randomly selected sheets from each set of 50 sheets. This 1 in

5 sampling plan shall continue until there is a change in lot or batch of constituent

materials of the sheet (i.e., boron carbide powder or aluminum powder) or a process

change. A measured value less than the required minimum areal density of 10B

during the reduced inspection is defined as nonconforming, along with other
contiguous sheets, and mandates a return to 100% inspection for the next 50 sheets.

The coupons are indelibly marked and recorded for identification. This
identification will be used to document the neutron absorber material test results,

which become part of the quality record documentation package.

* The minimum areal density specified shall be verified for each lot at the 95%

probability, 95% confidence level (also expressed as 95/95 level) or better. The

following illustrates one acceptable method.

The acceptance criterion for individual plates is determined from a statistical

analysis of the test results for that lot. The minimum l°B areal densities

determined by neutron attenuation are converted to volume density, i.e., the
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neutron attenuation measurement or the maximum thickness of the coupon.

The lower tolerance limit of 1B volume density is then determined-defined as

the mean value of 1°B volume density for the sample, less K times the standard

deviation, where K is the one-sided tolerance limit factor for a normal

distribution with 95% probability and 95% confidence.

Finally, the minimum specified value of 1°B areal density is divided by the lower

tolerance limit of l°B volume density to arrive at the minimum plate thickness

that provides the specified l°B areal density.

Any plate that is thinner than this minimum or the minimum design thickness,

whichever is greater, shall be treated as nonconforming, with the following
exception. Local depressions are acceptable, as long as they total no more than

0.5% of the area on any given plate and the thickness at their location is not less

than 90% of the minimum design thickness.

" All neutron absorber material acceptance verification will be conducted in

accordance with the NAC International Quality Assurance Program. The neutron

absorber material supplier shall control manufacturing in accordance with the key

process controls via a documented quality assurance system (approved by NAC or

NAC's approved fabricator), and the designer shall verify conformance by

reviewing the manufacturing records.

" Nonconforming material shall be evaluated within the NAC International Quality

Assurance Program and shall be assigned one of the following dispositions:

"Use-As-Is," "Rework/Repair" or "Reject." Only material that is determined to

meet all applicable conditions of the license will be accepted.

10.1.6.4.6 Qualification Testing of Neutron Absorber Material

NOTE

Section 10.1.6.4.6 is incorporated into the MAGNASTOR CoC Technical Specification by
reference, Paragraph 4.1.1, and may not be deleted or altered in any way without a CoC

amendment approval from the NRC. The text in this section is shown in bold to distinguish it

from other sections.

Qualification tests for each MAGNASTOR System neutron absorber material and its set of
manufacturing processes shall be performed at least once to demonstrate acceptability and

durability based on the critical design characteristics, previously defined in this section.

NAC International 10.1-16



MAGNASTOR System FSAR August 2010

Docket No. 72-1031 Revision IOB

The licensed service life will include a range of environmental conditions associated with

short-term transfer operations, normal storage conditions, as well as off-normal and

accident storage events. Additional qualification testing is not required for a neutron

absorber material previously qualified, i.e., reference can be provided to prior testing with

the same, or similar, materials for similar design functions and service conditions.

* Qualification testing is required for: (1) neutron absorber material specifications

not previously qualified; (2) neutron absorber material specifications previously

qualified, but manufactured by a new supplier; and (3) neutron absorber material

specifications previously qualified, but with changes in key process controls. Key

process controls for producing the neutron absorber material used for qualification
testing shall be the same as those to be used for commercial production.

* Qualification testing shall demonstrate consistency between lots (2 minimum).

* Environmental conditions qualification will be verified by direct testing or by

validation by data on the same, or similar, material, i.e., the neutron absorber

material is shown to not undergo physical changes that would preclude the

performance of its design functions. Conditions encountered by the neutron

absorber material may include: short-term immersion in water, exposure to

chemical, temperature, pressure, and gamma and neutron radiation environments.

Suppliers' testing will document the durability of neutron absorber materials that

may be used in the MAGNASTOR system by demonstrating that the neutron

absorber materials will not incur significant damage due to the pressure,

temperature, radiation, or corrosion environments or the short-term water

immersion that may occur in the loading and storage of spent fuel.

* Thermal conductivity and yield strength qualification testing shall be as previously

described in Section 10.1.6.4.4.

* The uniformity of the boron carbide distribution in the material shall be verified by

neutron attenuation testing of a statistically significant number of measurements of

the areal density at locations distributed throughout the test material production

run, i.e., at a minimum from the ends and the middle of the run. The sampling plan

must be designed to demonstrate 95/95 compliance with the absorber content

requirements. Details on acceptable neutron attenuation testing are previously

provided in this section for Acceptance Testing. Alternate test methods may be

employed provided they are validated (benchmarked) to neutron attenuation tests.

" One standard deviation of the neutron attenuation test sampling results shall be less

than 10% of the sample mean. This requirement provides additional assurance that

a consistent product is achieved by the manufacturing process.
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0
" A material qualification report verifying that all design requirements are satisfied

shall be prepared.

* Key manufacturing process controls in the form of a complete specification for

materials and process controls shall be developed for the neutron absorber material

by the supplier and approved by NAC to ensure that the product delivered for use is

consistent with the qualified material in all respects that are important to the

material's design function.

" Major changes in key manufacturing processes for neutron absorber material shall

be controlled by mutually agreed-upon process controls established by the

certificate holder/purchaser and the neutron absorber supplier. These process

controls will ensure that the neutron absorber delivered will always be consistent

with the qualification test material in any and all respects that are important to the

neutron absorber's safety characteristics. Changes in the agreed-upon process

controls may require requalification of those parts of the qualification that could be

affected by the process changes. Typical changes covered by the agreed-upon

process controls include:

- Changes that could adversely affect mechanical properties (e.g., change in

thermal conductivity, porosity, material strength, change of matrix alloy, boron
carbide content, increase in the B4C content above that used in previously

qualified material, etc.);

- Changes that could affect the uniformity of boron (e.g., change to mixing process

for aluminum and boron carbide powders, change in stirring of melt, change in

boron precipitate phase, etc.).

" Minor neutron absorber material processing changes. i.e., roller machine hardware

or final sheet cutting methods, water jet, shear cut, etc., may be determined to be

acceptable on the basis of engineering review without additional qualification

testing, if such changes do not adversely affect the particle bonding microstructure,

i.e., the durability or the uniformity of the boron carbide particle distribution,

which is the neutron absorber effectiveness.

* Nonconforming material shall be evaluated within the NAC International Quality

Assurance Program and shall be assigned one of the following dispositions:

"Use-As-Is," "Rework/Repair" or "Reject." Only material that is determined to

meet all applicable conditions of the license will be accepted.
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10.1.6.4.7 Additional Material Specifications

NOTE

Section 10.1.6.4.7 is incorporated into the MAGNASTOR CoC Technical Specification by

reference, Paragraph 4.1.1, and may not be deleted or altered in any way without a CoC
amendment approval from the NRC. The text in this section is shown in bold to distinguish it

from other sections.

Boron carbide particles for MMCs shall have an average size in the range 10-40 microns

and no more than 10% of the particles shall be over 60 microns. The material shall have

negligible interconnected porosity exposed at the surface or edges.

Open porosity for borated aluminum and borated MMC neutron absorber material must
be no greater than 0.5% unless qualification tests are performed to ensure that blisters are

not Droduced under submerging and subseauent vacuum drvin2 conditions.

Chemical composition of the boron carbide powder must meet the requirements of Table 1

of ASTM C 750-03, Type 3. Additional chemical requirements, applicable to a particular
absorber material. may be placed on the boron carbide powder as a result of the "key

manufacturing process controls" invoked by Section 10.1.6.4.6. Additional requirements
may include, but are not limited to, upper limits on fluorine and chlorine content.

10.1.6.4.8 Boral Neutron Absorber Tests

NOTE

Section 10.1.6.4.8 is incorporated into the MAGNASTOR CoC TechnicalSpecification by

reference, Paragraph 4.1.1, and may not be deleted or altered in any way without aCoC

amendment approval from the NRC. The text in this section is shown in bold to distinguish it

from other sections.

The Boral neutron absorbing material is an aluminum matrix material formed from

aluminum and boron-carbide. The mixing of the aluminum and boron-carbide powder

forming the neutron absorber material is controlled to assure the required l°B areal

density. The constituents of the neutron absorber material shall be verified by chemical

testing and by dimensional measurement to ensure the quality of the finished plate or sheet.

The results of all neutron absorber material tests and inspections, including the results of
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wet chemistry coupon testing, are documented and become part of the quality records

documentation package for the fuel tube and basket assembly.

The manufacturing process of Boral consists of several steps. The initial step is the mixing
of the aluminum and boron carbide powders that form the core of the finished material.

The amount of each powder is a function of the desired 1°B areal density. The methods
used to control the weight and blend the powders are proprietary processes of the

manufacturer.

After manufacturing, test samples from each Boral batch of neutron absorber sheets shall

be tested using wet chemistry techniques to verify the presence and minimum weight

percent of 10B. The tests shall be performed in accordance with approved written

procedures.

The neutron absorber sampling plan is selected to demonstrate a 95/95 statistical

confidence level in the neutron absorber sheet material in compliance with the

specification. In addition to the specified sampling plan, each sheet of material is visually

and dimensionally inspected using at least six measurements on each sheet. The sampling
plan is supported by written and approved procedures.

The sampling plan requires that a coupon sample be taken from each of the first 100 sheets
of absorber material. Thereafter, coupon samples are taken from 20 randomly selected

sheets from each set of 100 sheets. This 1 in 5 sampling plan continues until there is a

change in lot or batch of constituent materials of the sheet (i.e., boron carbide powder,
aluminum powder, or aluminum extrusion) or a process change. If either of these

circumstances occurs, the sampling plan reverts back to a coupon sample being taken from
each ocircumstances occurs, the sampling plan reverts back to a coupon sample being

taken from each of the first 100 sheets of absorber material, followed by the 20 randomly

selected sheets from each set of 100 sheets. The sheet samples are indelibly marked and

recorded for identification. This identification is used to document neutron absorber test

results, which become part of the quality record documentation package.

Neutron Absorber Wet Chemistry Testing

Wet chemistry testing of the test coupons obtained from the sampling plan is used to verify

the '°B content of the neutron absorber material. Wet chemistry testing is applied because

it provides an accurate and practical direct measurement of the boron and B4C content of

metal materials.

An approved facility with chemical analysis capability, which could include the neutron

absorber vendor's facility, shah be selected to perform the wet chemistry tests. Personnel 0
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performing the testing shall be trained and qualified in the process and in the test

procedure.

Wet chemistry testing is performed by dissolving the aluminum in the matrix, including the
powder and cladding, in a stron2 acid, leaving the B4C material. A comparison of the
amount of B4C material remaining to the amount required to meet the 10B content
specification is made using a mass-balance calculation based on sample size.

A statistical conclusion about the neutron absorber sheet from which the sample was taken
and that batch of neutron absorber sheets may then be drawn based on the test results and

the controlled manufacturing processes.

The adequacy of the wet chemistry method is based on its use to qualify the standards
employed in neutron blackness testing. The neutron absorption performance of a test
material is validated based on its performance compared to a standard. The material
properties of the standard are demonstrated by wet chemistry testing. Consequently, the

specified test regimen provides adequate assurance that the neutron absorber sheet thus

qualified is acceptable.

Acceptance Criteria

The wet chemistry test results shall be considered acceptable if the 10B areal density is

determined to be equal to, or 2reater than, that specified on the fuel tube License

Drawings. Failure of any coupon wet chemistry test shall result in 100% sampling, as
described in the sampling plan, until compliance with the acceptance criteria is

demonstrated.

Yield Strength Testing

Yield strength qualification testing of the neutron absorber shall conform to ASTM Test
Method B 557/B 557M, E 8 or E 21 t17, 18, 191. For Boral, a laminated absorber, yield
stren2th credited in the structural analysis was limited to the outer aluminum cover sheets.
Therefore, only the cover sheet must be shown to meet the required strength.

10.1.7 Thermal Tests

Thermal acceptance testing of the MAGNASTOR system following fabrication and construction

is not required. Continued effectiveness of the heat-rejection capabilities of the system may be
monitored during system operation using a remote temperature-monitoring system.
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The heat-rejection system consists of convection air cooling where air flow is established and

maintained by a chimney effect, with air moving from the lower inlets to the upper outlets.
Since this system is passive, and air flow is established by the decay heat of the contents of the

TSC, it is sufficient to ensure by inspection that the inlet and outlet screens are clear and free of
debris that could impede air flow. Because of the passive design of the heat-rejection system, no

thermal testing is required.

10.1.8 Cask Identification

Each TSC and concrete cask shall be marked with a model number and an identification number.

Each concrete cask will additionally be marked for empty system weight and date of loading.

Specific marking instructions are provided on the license drawings for these system components.
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10.2 Maintenance Program

A generic maintenance program is defined in an operations manual, which will be provided to
system users. The operations manual will provide instructions for the inspection, testing, and
component replacements required to ensure continued safe and effective operation and handling

of the MAGNASTOR system. System users will develop site-specific maintenance programs

and documents.

The MAGNASTOR is totally passive by design. There are no active components or systems
required to assure the continued performance of its safety functions during storage operations.
This results in a minimal inspection and maintenance program for the lifetime of the system.
The routine maintenance requirements and schedule are shown in Table 10.2-1. As shown in the

table, the requirements include concrete surface condition inspections and repairs, and
reapplication of corrosion-inhibiting coatings on accessible external carbon steel surfaces.

Maintenance activities for the MAGNASTOR shall be performed under the user's approved
quality assufance (QA) program. Maintenance activities shall be administratively controlled and
the results documented, as required by the QA program.

10.2.1 Structural and Pressure Tests

As described and analyzed in this document, there is no credible event leading to the structural

failure of the TSC resulting in the loss of radioactive material confinement. Therefore, periodic
structural or pressure tests on the TSC following initial acceptance and loading are not required.

The transfer cask shall be maintained, tested, and inspected in accordance with the routine
inspection, maintenance, and annual testing requirements of ANSI N14.6. Prior to each use of
the transfer cask, the trunnions and shield door assembly will be inspected for gross damage,
adequate lubrication, and proper function. On a maintenance schedule established by the user,

the transfer cask corrosion-inhibiting coating will be inspected and repaired in accordance with
the coating supplier application procedures. Areas of minor scratching or damage to the coating

of the transfer cask found during use may be temporarily repaired using a nuclear grade, pool-

compatible grease.

10.2.2 Leakage Tests

The TSC confinement boundary is provided by a welded vessel and, as described in Chapters 3

and 12, no credible normal conditions or off-normal or accident events result in a loss of
confinement. Therefore, maintenance leakage testing of the TSC is not required.
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10.2.3 Subsystem Maintenance 0
The MAGNASTOR does not include any active subsystems that provide safety functions during

storage operations. Therefore, no subsystem maintenance is required.

Auxiliary systems used during operations, such as equipment, rigging, and instrumentation used

to handle, prepare, and weld the TSC or concrete cask, are maintained and calibrated by the users
in accordance with their QA program and the safety importance of the auxiliary system,

equipment, instrument, or rigging.

10.2.4 Shielding Tests

The shielding materials of the TSC, concrete cask, and transfer cask are designed for long-term

use with negligible degradation over time as a result of normal operations. Chipping, spalling, or

other defects of the concrete cask surface shall be identified by annual visual inspection. Repairs

to defects larger than approximately one-inch deep or square shall be performed using grout

repair materials applied in accordance with the manufacturer's instructions. Accessible external

carbon steel surfaces are inspected annually to verify the integrity of corrosion-inhibiting

coatings. Coatings are reapplied as necessary for the repair of the coating in accordance with

manufacturer's instructions.

0
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Table 10.2-1 MAGNASTOR Maintenance Program Schedule

Task Frequency
Visual inspection and repair or recoating of
concrete cask concrete and accessible coated Annually during storage operations
carbon steel surfaces
Visual inspection of concrete cask identification Annually
markings
Load testing and/or visual and dimensional Annually while transfer cask is in operation, or
inspection of the transfer cask prior to returning to service
Visual inspection and repair or recoating of
MTC1 transfer cask exposed carbon steel Annually while transfer cask is in operation, or
surfaces, except on sliding surfaces (does not prior to returning the transfer cask to service
apply to MTC2)
Visual inspection of MTC1 transfer cask
exposed carbon steel surfaces and temporary Quarterly while transfer cask is in operation, or
repair of coating surfaces using site-approved prior to returning the transfer cask to service
materials (does not apply to MTC2)
Functional check of transfer cask sliding parts to Each use
verify adequate lubrication
Functional check of transfer cask inflatable Each use
seals to confirm operability
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11.3 Estimated Onsite Collective Dose Assessment

Operations personnel exposure estimates are based on identifying the operational cask sequence,

estimating the duration and number of personnel required to perform the tasks, determining the

location of the personnel in relation to the cask, and multiplying the dose rates at the particular

task location by the number of personnel and the task duration. The operational tasks identified

are based on the MAGNASTOR operating procedures provided in this document and operational

experiences in loading other canister-based systems.

A collective dose estimate is provided for placing a single MAGNASTOR on the ISFSI, and for

exposures related to routine storage operations of a 20-cask (2xl 0 array) ISFSI. Each cask in the

array is assumed to be loaded with the contents that produce the maximum dose rate.

The personnel exposure estimates associated with loading and routine operations are presented in

Table 11.3-1 through Table 11.3-4. The estimated durations, task sequences, and personnel

requirements are based on the MAGNASTOR design features, operational experiences in loading

systems of similar design, and operational and equipment improvements based on previous

experience. These estimates are provided to allow the user to perform ALARA evaluations on

MAGNASTOR implementation and use, and to establish personnel exposure guidelines for

operating personnel. For each user, the site-specific design features, location and configuration

of work stations, equipment staging, standard practices, operating crew size, use of temporary

shielding, etc., will result in personnel exposures that may be higher or lower than those

presented.

11.3.1 Estimated Dose Due to Loading Operations

The estimated dose due to loading operations considers the collective dose due to the loading,

closure, transfer, and placement of a single TSC containing bounding fuel assembly contents.

This analysis assumes that the exposure incurred by the operators is independent of background

radiation, as background will vary with site conditions. A two mrem/hr dose rate is assigned to

tasks not performed within four meters of the equipment or component surface. An example for

these tasks is the monitoring of the operation of the welding system using cameras. This task

may be performed at more than four meters from the cask body, and behind significant auxiliary

shielding. The number of persons allocated to task completion is generally the minimum

number of actual operators required for the task and excludes supervisory, health physics,

security, and other nonoperating personnel.
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Area dose rates are assigned based on the orientation of the worker(s) with respect to the source

for a given operational task or sequence. Exposure estimates for the PWR and BWR systems are

shown in Table 11.3-1 and Table 11.3-2. The number of individual tasks required for loading

and transfer of the TSCs is collapsed to eight groups for this presentation. Dose rates shown are

time-averaged values across the individual subtasks. Activities 7 and 8 of Table 11.3-1 and

Table 11.3-2 include a crane operator who is considered to be outside of the radiation zone

around the cask. Exposures due to loading operations are based on design basis casks

conservatively loaded with 37 kW PWR and 35 kW BWR heat loads. Because the PWR

exposures are based on a 37 kW cask heat load and a hybrid CCJ/CC2 model and MTC1, they

bound exposures calculated at 35.5 kWfor any of the three concrete casks and either of the

transfer casks. Similarly, PWR exposures presented for undamaged fuel bound those of

damaged fuel due to the negligible contribution from damaged fuel to cask surface dose rates

near the top of the cask, which is the predominant exposure location for accumulation of

occupational dose.

11.3.2 Estimated Dose Due to Routine Operations

Once the MAGNASTOR is in storage at the ISFSI, limited ongoing maintenance and

surveillance will be required. The annual dose evaluations presented herein consider the tasks

that are anticipated to be representative of an operational facility. Exposure due to certain events,

such as clearing the material blocking the air vents, is taken into account.

Routine operations may include the following.

* An optional daily electronic measurement of ambient air and outlet air temperatures for
each TSC in service. Outlet temperature measurements are recorded at a location away
from the cask array, and operators are not expected to incur dose as a result of the
temperature measurement.

* An optional inspection of the concrete cask inlet and outlet screens to verify that they are
unobstructed. The time required to perform the inspection, and the expected dose, will be
site-specific due to ISFSI pad dimensions and configurations, the concrete cask array,
distance of the inspector, etc.

* A daily inspection of the security fence and equipment surrounding the ISFSI storage
area. This surveillance is assumed to require 15 minutes and is performed by one security
officer.

* Radiological surveillance. The surveillance consists of a radiological survey comprised
of a surface radiation measurement on each cask, the determination and/or verification of
general area exposure rates and radiological postings. This surveillance is assumed to
require 30 minutes, and be performed quarterly by one health physics technician.
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* Annual visual inspection of the general condition of the concrete casks. This inspection
is estimated to require 10 minutes per cask and require one technician. For each cask,
three minutes of health physics support is also included.,

" Corrective maintenance. As the MAGNASTOR is a passively cooled and shielded
system, no significant maintenance is expected over the lifetime of the IFSFI. To account
for activities such as minor concrete repairs, air inlet and outlet cleaning, or temperature-
monitoring equipment replacement, 10% of the array is assumed to require maintenance
each year. Maintenance exposure is evaluated based on two operators for 30 minutes
each and one fiealth physics technician for 10 minutes.

" Grounds maintenance performed twice a month by one maintenance technician. Grounds
maintenance is assumed to require 60 minutes.

Storage operation exposures for a 2x1 0 array of either PWR or BWR concrete casks loaded with

TSCs containing bounding fuel assembly sources are presented in Table 11.3-3 and Table 11.3-4.

ISFSI exposures are based on design basis casks conservatively loaded with 40 kW PWR and 38

kW BWR heat loads. Because the PWR exposures are based on a 40 kW cask heat load and a

hybrid CC1/CC2 model, they bound the exposures calculated at 35.5 kWfor any of the three

concrete casks. Similarly, PWR exposures presented for undamaged fuel are applicable to casks

containing damaged fuel as there is only a minor contribution from damaged fuel to the cask

surface average dose rate.
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0Table 11.3-1 Estimated Person-mrem Exposure for Loading Operations of the PWR
System

Exposurel Average
# of

Subtasks
Duration

(min)
Dose Rate
(mrem/hr)

Exposure
(mrem)Description

1 Fuel Assembly Loading and Transfer Cask 4 908 2.7 83
Removal from Pool

2 HP Survey and Decon Top of TSC/Transfer 3 30 26.0 13
Cask

Install Weld Shield/Weld Machine, and 40
Perform Partial Drain of TSC 4

4 Perform Closure Lid and Ring Welding and 16 480 24.6 197
PT Exams, Hydrostatically Test TSC

5 Drain TSC and Decontaminate Transfer Cask 5 230 32.3 124

Dry TSC Cavity, Backfill/Pressure TSC, Install
6 Port Covers, Weld and Inspect Covers,

Remove Weld Shield/Weld Machine, and 13 475 7.2 57

Survey Cask/TSC Surfaces

Install Hoist Rings, Place Transfer Cask on
7 Concrete Cask, Transfer TSC, Install 17 220 42.0 154

Concrete Cask Lid, and Perform HP Survey

Move Concrete Cask to ISFSI, Position

8 Concrete Cask on ISFSI Pad, and 11 180 23.0 69Install/Connect Screens and Temperature
Measuring System

Total 712
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Table 11.3-2 Estimated Person-mrem Exposure for Loading Operations of the BWR
System

# of
Subtasks

Exposure
Duration

(min) '

Average
Dose Rate
(mrem/hr)

Exposure
(mrem)Description

1 Fuel Assembly Loading and Transfer Cask 4 2033 2.3 159
Removal from Pool
HP Survey and Decon Top of TSC/Transfer2Cs,330 36. 10 18
Cask

Install Weld Shield/Weld Machine, Connect
3 Drain System, and Perform Partial Drain of 4 45 22.7 17

TSC

Perform Closure Lid and Ring Welding and 16 480 31.3 250
PT Exam, Hydrostatically Test TSC

5 Drain TSC and Decontaminate Transfer Cask 5 230 35.0 134

Dry TSC Cavity, Backfill/Pressure TSC, Install
6 Port Covers, Weld and Inspect Covers, 13 475 13.5 107

Remove Weld Shield/Weld Machine, and
Survey Cask/TSC Surfaces

Install Hoist Rings, Place Transfer Cask on
7 Concrete Cask, Transfer TSC, Install 17 220 45.8 168

Concrete Cask Lid and Perform HP Survey

Move Concrete Cask to ISFSI, Position

8 Concrete Cask on ISFSI Pad, and 11 180 20.0 60
Install/Connect Screens and Temperature
Measuring System

Total 913
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Table 11.3-3 Estimate of Annual Exposures Due to Routine Operations for a PWR
20-Cask Array

Activity Location # of
Casks

Frequency
(/year)

Time
(min)

Dose Rate # of
(mrem/hr) Personnel

Exposure
(mrem)

Security Surveillance Outside
Fence Array 365 15 < 2 1 183

Radiological Surveillance 4 m Array 4 30 30.4 1 61
Annual Inspection 1 m 20 1 10 54.8 1 183

Radiological Support 1 m 20 1 3 54.8 1 55
Corrective Maintenance 1 ft 2 1 30 67.0 2 134

Radiological Support 1 m 2 1 10 54.8 1 18
Grounds Maintenance Outside

Fence Array 26 60 < 2 1 52
Total Person-mrem for the Array 686
Total Person-mrem -Average Dose Per Cask 34

Table 11.3-4 Estimate of Annual Exposures Due to Routine Operations for a BWR
20-Cask Array

Activity Location # of
Casks

Frequency
I (/year)

Time
(min)

Dose Rate
(mremlhr)

# of
Personnel

Exposure
(mrem)

Security Surveillance Outside
Fence Array 365 15 < 2 1 183

Radiological Surveillance 4 m Array 4 30 27.6 1 55
Annual Inspection 1 m 20 1 10 49.4 1 165

Radiological Support 1 m 20 1 3 49.4 1 49
Corrective Maintenance 1 ft 2 1 30 61.9 2 124

Radiological Support 1 m 2 1 10 49.4 1 16

Grounds Maintenance Outside
Fence Array 26 60 < 2 1 52

Total Person-mrem for the Array 644
Total Person-mrem - Average Dose Per Cask 32
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Accident Analyses

Table of Contents

12 A CCID EN T A N A LY SES ............................................................................................. 12-1

12.1 Off-Normal Events ............................................. 12.1-1
12.1.1 Severe Ambient Temperature Events (106'F and -40'F) ............................... 12.1-1
12.1.2 Blockage of One-Half of the Air Inlets ........................................................... 12.1-2
12.1.3 Off-Normal TSC Handling Load .................................................................... 12.1-4
12.1.4 Failure of Instrum entation ............................................................................... 12.1-5
12.1.5 Small Release of Radioactive Particulate From the TSC Exterior ................. 12.1-6

12.2 Accidents and Natural Phenomena ............................................................................. 12.2-1
12.2.1 A ccident Pressurization .................................................................................. 12.2-1
12.2.2 Failure of All Fuel Rods With a Ground-level Breach of the TSC ................. 12.2-2
12.2.3 Fresh Fuel Loading in the TSC .......... ...................... 12.2-2
12.2.4 24-Inch Drop of the Concrete Cask ................................................................ 12.2-3
12.2.5 Explosion ............... 12.2-5
12.2.6 F ire A ccident ................................................................................................... 12.2-6
12.2.7 Maximum Anticipated Heat Load (133°F Ambient Temperature) ................. 12.2-7
12.2.8 E arthquake Event ............................................................................................ 12.2-9
12 .2 .9 F lood ............................................................................................................. 12 .2 -10
12.2.10 Lightning Strike ............................................................................................ 12.2-11
12.2.11 Tornado and Tornado-Driven Missiles ......................................................... 12.2-12
12.2.12 Tip-O ver of Concrete Cask ........................................................................... 12.2-16
12.2.13 Full Blockage of the Concrete Cask Air Inlets ............................................. 12.2-19

12 .3 R eferences ................................................................................................................... 12 .3-1

NAC International 12-i



MAGNASTOR System FSAR August 2010

Docket No. 72-1031 Revision 10B

12.1 Off-Normal Events

This section evaluates postulated off-normal events that might occur once during any calendar

year of operations. The actual occurrence of any of these events is, therefore, infrequent.

12.1.1 Severe Ambient Temperature Events (106 0F and -400F)

This section provides the results of the evaluation of MAGNASTOR for the steady-state effects

of severe ambient temperature events (106'F and -40'F).

12.1.1.1 Cause of Severe Ambient Temperature Event

Large geographical areas of the United States are subjected to sustained summer temperatures in

the 90'F to 1 00°F range and winter temperatures that are significantly below zero. To bound the
expected steady-state temperatures of the TSC and storage cask during severe ambient

temperature events, analyses are performed to calculate the steady-state concrete cask, TSC, fuel

basket, and fuel cladding temperatures for a 1060F ambient temperature and solar loads.

Similarly, winter weather analyses are performed for a -40'F ambient temperature with no solar
load. Neither ambient temperature event is expected to last longer than several days.

12.1.1.2 Detection of Severe Ambient Temperature Event

Detection of off-normal ambient temperatures would occur during measurement of ambient

temperature.

12.1.1.3 Analysis of Severe Ambient Temperature Event

The analysis foi the off-normal temperature events is presented in Chapter 4. Two-dimensional

axisymmetric models are used to determine the temperatures of the concrete, the TSC, fuel

basket, and fuel cladding. Steady-state conditions are considered in all analyses. Based on the

analysis, the calculated principal component temperatures for each of the ambient temperature
conditions and the allowable temperatures are summarized as follows.

1060F Ambient -40°F Ambient
Max Temp. (OF) Max Temp. (OF)

CC1CC2 M CC ] C1CC2 M C Allowable
Temp. (OF)Component I PWR I BWR I PWR I PWR BWR PWR

Fuel Cladding 752 719 756 , 603 569 617 1,058
Fuel Basket* 752 719 756 j 603 569 617 1,000
TSC Shell 485 459 490 336 312 353 800
Concrete 311 282 296 118 93 96 350

Note that the maximum temperatures of the fuel cladding are conservatively used as the

maximum temperatures of the fuel basket.
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As shown in Section 4.4.1 and Section 4.4.3, the thermal analysis temperature results for the

standard PWR basket bound the temperature results for the damaged fuel basket for normal

operating conditions due to the higher thermal conductivity of the damaged fuel basket. For the
same reasons the temperature results for the severe ambient temperature events are also bounded.

The thermal stress evaluations for the concrete cask for these off-normal events are bounded by
those for the accident event of "Maximum Anticipated Heat Load (1337F Ambient

Temperature)" as presented in Section 12.2.7. Thermal stress analyses for the TSC and the

basket components are performed using ANSYS finite element models as described in Section

3.6. A bounding thermal gradient is applied to the TSC to bound the severe ambient temperature

conditions. The maximum bounding stress intensity in the TSC is 13.1 ksi, which occurs in the

bottom plate. Similarly, a bounding temperature gradient is also applied to the PWR and BWR

fuel baskets. The maximum bounding stress intensity in the fuel baskets is 48.3 ksi, which

occurs in the PWR fuel tubes. Factors of safety for off-normal events are presented in

Section 3.6.

12.1.1.4 Corrective Actions

No corrective actions are required for these off-normal events.

12.1.1.5 Radiological Impact

There is no radiological impact due to these off-normal events.

12.1.2 Blockage of One-Half of the Air Inlets

This section provides the results of the evaluation of MAGNASTOR for the steady-state effects

of a blockage of one-half of the air inlets at the normal ambient temperature (76 0 F).

12.1.2.1 Cause of Blockage of One-Half of the Air Inlets Event

Although unlikely, blockage of one-half of the air inlets may occur due to blowing debris, snow,

intrusion of a burrowing animal, etc. The screens over the inlets are expected to minimize any

blockage of the inlet channels and expedite recovery by restricting the blockage to the exterior of

the concrete cask.

12.1.2.2 Detection of One-Half of the Air Inlets Blockage Event

The blockage of one-half of the air inlet screens would be detected visually by persons

performing a daily surveillance of the ISFSI or observing an increase in the concrete cask outlet

temperature if measured, which would result from the reduced airflow caused by the blockage.

The air inlet screens blockage event may also be detected by security forces, or other operations
personnel, engaged in other routine activities such as fence inspection or grounds maintenance.
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12.1.2.3 Analysis of One-Half of the Air Inlets Blockage Event

Using the same methods and the same thermal models for the severe ambient temperature events,

thermal evaluations are performed for the concrete cask and the TSC and its contents for the one-
half air inlet blockage event. The boundary condition of the two-dimensional axisymmetric

concrete cask and TSC model is modified to allow only one-half of the airflow into the air inlet

to simulate the one-half of the air inlets blocked condition. The detailed analysis is provided in

Section 4.5.

The calculated maximum component temperatures are compared to the allowable component

temperatures. As shown, the calculated component temperatures are less than the component

allowable temperatures.

One-Half of Air Inlets Blocked
Maximum Temperature (IF) Allowable

CC1lCC2 I CC3 Temperature
(OF)Component PWR BWR PWR

Fuel Cladding 717 684 720 1,058
Fuel Basket* 717 684 720 1,000
TSC Shell 459 433 465 800
Concrete 274 246 259 350

* Note that the maximum fuel cladding temperatures are conservatively used as the maximum

fuel basket temperatures.

As shown in Section 4.4.1 and Section 4.4.3, the thermal analysis temperature results for the

standard PWR basket bound the temperature results for the damaged fuel basket for normal

operating conditions due to the higher thermal conductivity of the damaged fuel basket. For the

same reasons the temperature results for the blockage of one-half of the air inlets event are also

bounded.

The thermal stress evaluation for the concrete cask for the one-half of the air inlets blocked event

is bounded by those for the accident event of "Maximum AnticipatedHeat Load (1337F Ambient

Temperature)" as reported in Section 12.2.7. Thermal stress analyses for the TSC and the basket

components are performed using ANSYS finite element models as described in Section 3.6. For
the TSC and baskets, bounding temperature gradients are used to bound the one-half of the air

inlets blocked condition. A summary of thermal stresses is presented in Section 3.6.

12.1.2.4 Corrective Actions

The debris blocking the air inlet screens will be manually removed. The nature of the debris may

indicate that other actions are required to prevent recurrence of the blockage.
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12.1.2.5 Radiological Impact 0
There are no significant radiological consequences for the one-half of the air inlets blocked

event. Personnel will be subject to an estimated maximum contact dose rate of 448 mrem/hr

when clearing the inlet screens of a concrete cask containing a conservative 37 kW payload of
PWR fuel. If it is assumed that a worker kneeling, with his hands at the inlet screens, would

require 15 minutes to clear the screens, the estimated maximum extremity dose is 112 mrem.
For clearing the inlet screens of a concrete cask containing a conservative 35 kW payload of

BWR fuel, the maximum contact dose rate and the maximum extremity dose are estimated to be

364 mrem/hr and 91 mrem, respectively. The whole body dose in both the PWR and the BWR

cases will be significantly less than the extremity doses.

Because the PWR dose rates are based on a 37 kW cask heat load and a hybrid CCJ/CC2

model, they bound dose rates calculated at 35.5 kWfor any of the three concrete casks.

12.1.3 Off-Normal TSC Handling Load

This section reports the results of the evaluation of the consequences of off-normal handling

loads on the TSC during the installation of the TSC in the concrete cask, or removal of the TSC

from the concrete cask or from the transfer cask. The TSC is handled vertically in the transfer

cask.

12.1.3.1 Cause of Off-Normal TSC Handling Load Event

Unintended loads could be applied to the TSC due to misalignment or faulty crane operation, or

inattention of the operators.

12.1.3.2 Detection of Off-Normal TSC Handling Load Event

The off-normal TSC-handling event can be detected visually during the handling of the TSC, or

audibly by hearing a banging or scraping noise associated with TSC movement. The event is

expected to be obvious to the operators at the time of occurrence.

12.1.3.3 Analysis of Off-Normal TSC Handling Load Event

The TSC off-normal handling analysis is performed using an ANSYS finite element model
described in Chapter 3. The model is used to evaluate the TSCs for both PWR and BWR fuel

types by modeling the longest TSC with the heaviest fuel/fuel basket weight. The material stress

allowables used in the analysis consider the higher component temperatures that occur during

transfer operations.

0
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The off-normal TSC handling loads are defined as 0.5g applied in

all directions (i.e., in the global x, y, and z directions) in addition to 1.5g 0.5g

a 1 g lifting load applied in the vertical direction. The resulting off- / 0.707g

normal handling accelerations are 0.707g in the lateral direction and

1.5g (0.5g + lg) in the vertical direction. Y 0.5g

The resulting maximum TSC stresses for combined off-normal
handling, maximum internal pressure and thermal stress loads are summarized in Section 3.6.

The structural evaluation of the PWR and BWR fuel basket tubes and support weldments for off-
normal events is also presented in Section 3.6.

The TSCs and fuel baskets are shown to be structurally adequate for the off-normal handling
condition. The minimum factors of safety for the TSC and the fuel basket are 1.27 and 1.46,

respectively.

12.1.3.4 Corrective Actions

Operations should be halted until the cause of the misalignment, interference or faulty operation

is identified and corrected. Since the radiation level of the TSC sides and bottom is high,
extreme caution should be exercised if inspection of these surfaces is required.

12.1.3.5 Radiological Impact

There are no radiological consequences associated with this off-normal TSC handling event.

12.1.4 Failure of Instrumentation

MAGNASTOR may use a temperature-sensing system to measure the outlet air temperature at
each of the four air outlets on each concrete cask. The air temperature at the outlets may be

recorded and reviewed daily.

12.1.4.1 Cause of Instrumentation Failure Event

The temperature instrumentation failure event could occur as a result of instrumentation

component failure, or as a result of any event that interrupted power or altered temperature sensor

output.

12.1.4.2 Detection of Instrumentation Failure Event

The temperature instrumentation failure event may be identified by the lack of, or an

inappropriate, reading at the temperature reader terminal. The event could also be identified by

disparities between outlet temperatures in a cask or between similar casks.
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12.1.4.3 Analysis of Instrumentation Failure Event

For concrete casks incorporating daily temperature-monitoring systems, the maximum time

period during which an increase in the outlet air temperatures may go undetected is 24 hours.

The principal condition that could cause an increase in temperature is the blockage of the air

inlets. Section 12.2.13 shows that even if all of the air inlets of a single cask are blocked

immediately after a temperature measurement, it would take longer than 24 hours before any

component approaches its allowable temperature limit. Therefore, there will be sufficient time to

identify and correct temperature instrumentation failure events prior to critical system

components reaching the temperature limits. During the period of loss of instrumentation, no

significant change in TSC temperature will occur under normal conditions. Therefore,

instrument failure would be of no consequence when the affected storage cask continues to

operate in a normal storage condition.

Because the TSC and the concrete cask are a large heat sink, and because there are few

conditions that could result in an outlet temperature increase, the temporary loss of the optional

remote sensing and monitoring of the outlet air temperature is not a major concern. No

applicable regulatory criteria are violated by the failure of the temperature instrumentation

system.

12.1.4.4 Corrective Actions

This event requires that the temperature-monitoring equipment be either replaced or repaired or

otherwise returned to operable, or that the concrete cask air inlet screens be visually inspected

daily for blockage.

12.1.4.5 Radiological Impact

There are no radiological consequences for this event.

12.1.5 Small Release of Radioactive Particulate From the TSC Exterior

The procedures for loading the TSC provide for operations and measures to minimize TSC

exterior surface contact with contaminated spent fuel pool water, and the TSC external surfaces

are surveyed, to the extent practical, to verify removable contamination is within allowable

limits. The external surfaces of the TSC are rolled or flat stainless steel plates, and the presence

of excessive removable contamination on the external surfaces is unlikely. Therefore,

radioactive particulate release from the TSC exterior surface is not expected to occur during

normal storage operations. 0
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12.1.5.1 Cause of Radioactive Particulate Release Event

The most likely cause of a radioactive particulate release event is air passing over the external

surfaces of a contaminated TSC. In spite of precautions taken to preclude contamination of the

external surface of the TSC, it is possible that a portion of the TSC surface may become

contaminated during fuel loading by the spent fuel pool water and that the removable

contamination in excess of allowable limits may go undetected. Subsequently, surface

contamination could become airborne and be released as a result of the airflow over the TSC

surfaces.

12.1.5.2 Detection of Radioactive Particulate Release Event

The release of small amounts of radioactive contamination particulates over time is difficult to

detect. Any release is likely to be too low to be detected by any of the normally employed long-

term radiation dose monitoring methods (such as TLDs) normally located at the ISFSI perimeter

fence. It is possible that a suspected release could be verified by a smear survey of the air outlets.

12.1.5.3 Analysis of Radioactive Particulate Release Event

The analysis presented in Section 5.6.5 calculates a total dose of less than 0.1 mrem at 100

meters from a design basis concrete cask based on removable contamination levels of 20,000

dpm/100 cm 2 P3-7 and 200 dpm/n100 cm2 a.

The method for determining the dose is based on the plume dispersion calculations presented in

U.S. NRC Regulatory Guides 1.109 [4] and 1.145 [5] and is highly conservative. The analysis

demonstrates that the offsite radiological consequences from the release of TSC surface

contamination is negligible, and all applicable regulatory criteria are met for an ISFSI array.

ISFSI-specific allowable dose rates will be calculated on a site-specific basis to conform to

10 CFR 72.

12.1.5.4 Corrective Actions

No corrective action is required since the radiological consequence is negligible.

12.1.5.5 Radiological Impact

As previously shown, the potential offsite radiological impact due to the release of TSC surface

contamination is negligible.
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12.2 Accidents and Natural Phenomena

This section presents the results of analyses of the design basis and hypothetical accident events

evaluated for MAGNASTOR. In addition to design basis accidents, this section addresses very

low-probability events, including natural phenomena that might occur once over the lifetime of

the ISFSI, or hypothetical events that are postulated to occur because their consequences may

result in the maximum potential effect on the immediate environment.

MAGNASTOR includes TSCs of two different lengths to accommodate two lengths of PWR

fuel or two lengths of BWR fuel. In the accident analyses of this section, the bounding cask

parameters (such as weight and center of gravity) are conservatively used, as appropriate, to

determine the cask's capability to withstand the effects of the accidents. The results of these

analyses show that any credible potential accident will result in a dose of <5 rem beyond the

postulated controlled area. Consequently, MAGNASTOR is demonstrated to have a substantial

design margin of safety, and will provide protection to the public and to site operations personnel

during storage of spent fuel.

12.2.1 Accident Pressurization

Accident pressurization is a hypothetical event that assumes the failure of all of the fuel rods

contained within the TSC. No normal storage conditions are expected to lead to the rupture of all

of the fuel rods.

The results of analysis of this event demonstrate that the TSC is not significantly affected by the

increase in internal pressure that results from the hypothetical rupture of all (PWR or BWR) fuel

rods and burnable absorbers contained within the TSC.

12.2.1.1 Cause of Pressurization

The hypothetical failure of all of the fuel rods in a TSC would release the, fill and fission gases

contained within the fuel and cladding to the TSC cavity, resulting in an increase in internal TSC

pressure.

12.2.1.2 Detection of Accident Pressurization

The rupture of fuel rods within the TSC is unlikely to be detected by any measurement or

inspection that could normally be undertaken from the exterior of the TSC or the concrete cask.
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12.2.1.3 Analysis of Accident Pressurization 0
Analysis of this accident invoives calculation of the maximum TSC internal pressure and the

resulting stresses. The maximum TSC pressure is calculated by adding the releasable quantity of

fill and fission gas in the fuel assemblies, BPRA gases, and the subsequent calculation 0f the

pressure in the TSC, if these gases are added to the helium backfill pressure already present in the

TSC (see Section 4.6). The analysis shows that the maximum TSC pressures for the 100% fuel

failure assumption are 226 psig (PWR) and 159 psig (BWR). The pressure for both PWR and

BWR configurations is less than the design pressure of 250 psig for the accident event. As

presented in Section 3.7.1.1, a structural evaluation is performed for the TSC for the internal

pressure of 250 psig using the ANSYS finite element model that envelops both PWR and BWR

configurations. The minimum factor of safety for the TSC stresses is calculated to be 1.59.

Consequently, there is no adverse consequence to the TSC as a result of the maximum accident

internal pressure.

12.2.1.4 Corrective Actions
No recovery or corrective actions are required for this hypothetical accident.

12.2.1.5 Radiological Impact

There are no dose consequences due to this accident.

12.2.2 Failure of All Fuel Rods With a Ground-level Breach of the TSC

Since no mechanistic failure of the TSC occurs and since the TSC is leaktight, this potential

accident condition is not evaluated.

12.2.3 Fresh Fuel Loading in the TSC

This section evaluates the effects of an inadvertent loading of up to 37 fresh, unburned PWR fueli!

assemblies or up to 87 fresh, unburned BWR fuel assemblies in a.TSC. In-plant operational

procedures and engineering and quality control programs are expected to preclude occurrence of

this event. Nonetheless, it is evaluated here to demonstrate the adequacy of the TSC design for

accommodating fresh fuel without a resulting criticality event. There are no adverse effects on

the TSC due to this event since the criticality control features of MAGNASTOR ensure that the

keff of the fuel is less than 0.95 for all loading conditions of fresh fuel.

12.2.3.1 Cause of Fresh Fuel Loading

The cause of this event is operator and/or procedural error.
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12.2.3.2 Detection of Fresh Fuel Loading

This event is expected to be identified immediately by observation of the identification of the

fuel installed in the TSC prior to closure lid installation, .or by a review of the fuel handling

records.

12.2.3.3 Analysis of Fresh Fuel Loading

The criticality analysis presented in Chapter 6 evaluates the loading of up to 37 PWR or up to 87

BWR fresh fuel assemblies having no bumup. The maximum k~f for the accident events remains
below the upper subcritical limit (USL) and the keff of MAGNASTOR is less than 0.95 for fresh

fuel loading conditions. Therefore, there is no adverse impact on MAGNASTOR due to this

event.

12.2.3.4 Corrective Actions

This event requires that the TSC be unloaded when the incorrect fuel loading is identified. The

root cause for the fuel misloading error should be identified and procedural actions implemented

to preclude recurrence.

12.2.3.5 Radiological Impact

There are no dose impacts due to this event, as MAGNASTOR remains subcritical.

12.2.4 24-Inch Drop of the Concrete Cask

This section provides a summary of the results of the structural evaluation of a loaded concrete

cask for a 24-inch drop onto a concrete storage pad. The concrete cask may be lifted using lifting

lugs in the top of the cask. The concrete cask containing the heaviest TSC is used in the analysis

as the bounding case. The evaluation shows that neither the concrete cask nor the TSC

experiences significant adverse effects due to the drop accident. Lifting of the concrete cask to a

height greater than 24 inches is precluded by the Technical Specifications.

12.2.4.1 Cause of 24-Inch Cask Drop

The concrete cask may be lifted and moved by a transport frame, which may be self-propelled or

towed. The transport frame raises the cask using a lifting attachment that connects to the two

lifting lugs. The failure of one or more of the lifting lugs, or the failure of the lifting frame, could

result in a drop of the cask.

12.2.4.2 Detection of 24-Inch Cask Drop

The operators will visually detect this event as it occurs.
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12.2.4.3 Analysis of 24-Inch Cask Drop

The detailed analyses of the cask drop event are provided in Chapter 3. A bottom-end impact is

assumed to occur on the concrete cask bottom surface, transmitting the maximum load to the

concrete cask and the TSC. The energy absorption is computed as the product of the

compressive force acting on the concrete cask and its displacement. Conservatively assuming

that the storage pad surface impacted is an infinitely rigid surface, the concrete cask body will

crush until the impact energy is absorbed.

The TSC rests upon a base weldment designed to support and facilitate cooling of the TSC.

Following the initial impact, the air inlet system will partially collapse, providing an energy-

absorption mechanism that somewhat reduces the deceleration force on the TSC.

As described in Section 3.7.3, the accelerations of the concrete cask and TSC and the

deformation of the base weldment are determined using a LS-DYNA model. The maximum

accelerations of the TSC during the bottom-end impact are 25.2g. The LS-DYNA analyses show

that the maximum deformation of the base weldment is about 2.9 inches. This deformation

reduces the air inlet to approximately 66% of the original height. This condition is bounded by

the consequences of the loss of one-half of the air inlets evaluated in Section 12.1.2.1.

The TSC stress evaluation for the concrete cask 24-inch bottom-end-drop accident is performed

using a conservative g-load of 60g. This evaluation bounds the 25.2g load that is calculated for

the 24-inch bottom-end-drop event as previously determined. This TSC evaluation is performed

using the ANSYS finite element program. The analyses show that the structural components of

the TSC (shell, bottom plate, and closure lid) satisfy the allowable stress intensity limits. The

results of the bounding TSC analysis for the 60g bottom-end impact loading are discussed in

Section 3.7.1.2.1. The minimum margin of safety for the stresses in the TSC shell, bottom
plate and closure lid is 3.71. The minimum margin of safety for stress in the TSC shield plate

and associated attachment bolts is L 14.

Classical theory and empirical buckling formula are used to evaluate buckling of the TSC shell

for the 60g bottom-end impact. The evaluation requirements of Regulatory Guide 7.6, Paragraph

C.5, are satisfied by the results of the buckling interaction equation calculations. The maximum

stress components used in the evaluation are provided in Section 3.7.1. The factor of safety

against buckling is 3.7; therefore, buckling of the canister shell does not occur during the 24-inch

drop.

Stresses in the basket are calculated using classical hand calculations, as described in Section
3.7.2. Conservatively, an inertia load of 60g is applied in the axial direction. The stress
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evaluation of the basket is performedusing the Level D allowable stresses according to ASME
Code, Section III, Subsection NG. The stress evaluation results are presented in Section 3.7.2 for
both the PWR and BWR baskets. The minimum factors of safety are +1.09 and +1.17 for the
PWR basket and the BWR basket, respectively.

12.2.4.4 Corrective Actions

Although the concrete cask remains functional following this event and no immediate recovery
actions are required, the TSC should be inspected and transferred to an undamaged concrete cask
as soon as practicable. The damaged cask should be inspected and repaired as required prior to
continued use. Prior to transferring the TSC from the damaged concrete cask, temperature-
monitoring or inlet and outlet screen inspection frequencies should be evaluated for an increase
based on the damaged cask's air flow path restrictions.

12.2.4.5 Radiological Impact

There are no radiological consequences for this accident.

12.2.5 Explosion

The analysis of a design-basis flood presented in Section 12.2.9 shows that the flood exerts a

pressure of 22 psig on the TSC, and that MAGNASTOR experiences no adverse effects due to
this pressure. The pressure of 22 psig is considered to bound any pressure due to an explosion
occurring in the vicinity of the ISFSI.

12.2.5.1 Cause of Explosion

An explosion affecting MAGNASTOR may be caused by industrial accidents or the presence of
explosive substances in the vicinity of the ISFSI. However, no flammable or explosive
substances are stored or used at the storage facility. In addition, site administrative controls
exclude explosive substances in the immediate vicinity of the ISFSI. Therefore, an explosion
affecting MAGNASTOR is extremely unlikely. This accident is evaluated in order to provide a
bounding pressure that could be used in the event that the potential effects of an explosion
require consideration at a given site.

12.2.5.2 Analysis of Explosion

Pressure due to an explosion event is bounded by the pressure effects of a flood having a depth of
50 feet. The TSC shell is evaluated in Chapter 3 for the effects of the floodhaving a depth of 50
feet, and the results are summarized in Section 12.2.9

There is no adverse consequence to the TSC as a result of the 22 psig pressure exerted by a
design basis flood. This pressure conservatively bounds an explosion event.
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12.2.5.3 Corrective Actions

In the unlikely event of a nearby explosion, inspection of the concrete casks is required to ensure
that the air inlets and outlets are free of debris, and to ensure that any monitoring system and inlet
and outlet screens are intact. No further recovery or corrective actions are required for this
accident.

12.2.5.4 Radiological Impact

There are no radiological consequences for this accident.

12.2.6 Fire Accident

This section provides the results of the evaluation of the effects of a bounding condition
hypothetical fire accident, although a fire accident is a very unlikely occurrence in the storage
lifetime of MAGNASTOR. The evaluation demonstrates that for the hypothetical thermal
accident (fire) event, the cask meets its storage performance requirements.

12.2.6.1 Cause of Fire

A fire may be caused by flammable material at the ISFSI or by transport equipment fuel. While
it is possible that a transport vehicle could cause a fire while transferring a loaded storage cask at
the ISFSI, this fire will likely be confined to the vehicle and will be rapidly extinguished by the
persons performing the transfer operations or by the site fire crew., The maximum permissible
,quantity of fuel in the transport vehicle or prime mover is the only means by which fuel
(maximum 50 gallons of flammable liquid) would be next to a cask, and potentially at, or above,
the elevation of the surface on which the cask is supported.

The fuel carried by other onsite vehicles or by other equipment used for ISFSI operations and
maintenance, such as air compressors or electrical generators, is considered not to be within the
proximity of a loaded cask on the ISFSI pad. Site-specific analysis of fire hazards will evaluate

the specific equipment used at the ISFSI and determine any additional controls required.

12.2.6.2 Detection of Fire

A fire in the vicinity of MAGNASTOR will be detected by observation of the fire or smoke.

12.2.6.3 Analysis of Fire

The detailed analysis of the fire event is provided in Chapter 4. The analysis uses a
two-dimensional axisymmetric finite element-model to perform a transient analysis for the
bounding configuration of PWR fuel. The initial condition of the analysis is based on the steady-
state results for the normal condition of storage that correspond to an ambient temperature of

100°F with solar insolation, which envelopes the 76°F ambient used in Chapter 4. The fire

condition is implemented by constraining the nodes at the inlet to be 1,4757F for 8 minutes,
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applied as a stepped boundary condition. At the end of the 8 minutes, the temperature of the node

at the inlet is reset to the ambient temperature of 100°F. The maximum fuel cladding
temperature for the fire accident is only 3°F higher than that for the normal condition of storage.
The maximum temperature of the TSC shell increases to 512'F due to the fire condition - well
below the accident condition allowable temperature of 800'F.

As shown in Section 4.4.1 and Section 4.4.3, the thermal analysis temperature results for the

standard PWR basket bound the temperature results for the damaged fuel basket for normal

operating conditions due to the higher thermal conductivity of the damaged fuel basket. For the

same reasons the temperature results for the fire accident condition are also bounded.

The limited duration of the fire and the large thermal capacitance of the concrete cask maintained

the cask temperatures above 300°F to a region less than 10 inches above the top surface of the air

inlets, which does not adversely affect the safe operation of the cask. Therefore, the operation of

the concrete cask is not adversely affected by the fire accident event.

12.2.6.4 Corrective Actions

Immediately upon detection of the fire, appropriate actions should be taken by site personnel to
extinguish the fire. The exterior surfaces of the concrete cask should then be visually inspected
for general deterioration of the concrete, loss of shielding (spalling of concrete), exposed
reinforcing bar, and surface discoloration that could affect heat rejection. This inspection will be
the basis for the determination if any repair activities are necessary to maintain or return the
concrete cask to its design basis configuration.

12.2.6.5 Radiological Impact

There are no significant radiological consequences for this accident. There may be local spalling

of concrete during the fire event, which could lead to some minor reduction in shielding
effectiveness and an insignificant increase in radiation dose rates on the cask surface.

12.2.7 Maximum Anticipated Heat Load (133 0F Ambient Temperature)

This section evaluates MAGNASTOR response to storage operation at an ambient temperature

of 133°F. The eventis analyzed in accordance with the requirements of ANSI/ANS 57.9 to
evaluate a credible worst-case thermal loading. A steady-state condition is considered in the
thermal evaluation of the system for this accident event.

12.2.7.1 Cause of Maximum Anticipated Heat Load

This condition results from a weather event that causes the concrete cask to be subject to a 133°F

ambient temperature with full insolation.
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12.2.7.2 Detection of Maximum Anticipated Heat Load

Detection of the high ambient temperature condition will be by observation of ambient

temperature.

12.2.7.3 Analysis of Maximum Anticipated Heat Load

Using the same methods and thermal models described in Section 12.1.1 for the off-normal

events of severe ambient temperatures (106'F and -40'F), thermal evaluations are performed for

the concrete cask and the TSC with its contents for this accident condition. The principal PWR

and BWR cask component temperatures for this ambient condition and the allowables are:

Maximum Temperature (OF) Allowable
CC1/ CC2 CC3 Temperature

Component PWR I BWR PWR (OF)
Fuel Cladding 786 753 790 1,058
Fuel Basket* 786 753 790 1,000
TSC Shell 510 .483 514 800
Concrete 347 317 332 350

Note that the maximum temperatures of the fuel cladding are conservatively used as the maximum
temperatures of the fuel basket.

This evaluation shows that the component temperatures are within the allowable temperatures for
the extreme ambient temperature conditions.

As shown in Section 4.4.1 and Section 4.4.3, the thermal analysis temperature results for the

standard PWR basket bound the temperature results for the damaged fuel basket for normal
operating conditions due to the higher thermal conductivity of the damaged fuel basket. For the
same reasons the temperature results for the maximum anticipated heat load event are also
bounded.

Thermal stress evaluations for the concrete cask are presented in Section 12.1.1. The concrete
temperature results obtained from the thermal analysis for this accident condition are applied to
the structural model for stress calculation. The stresses are used in the loading combination
(Table 2.3-1) for the concrete cask evaluation. The maximum stress, 22.0 ksi in the reinforcing
steel, occurs in the vertical direction. The factor of safety is 2.45. The maximum compressive
stress is 1.46 ksi in the concrete. The factor of safety is 1.82. The maximum tensile stress in the

concrete is 0.13 ksi. The factor of safety is 1.62.

12.2.7.4 Corrective Actions

The high ambient temperature event is a natural phenomenon, and no recovery or corrective
actions are required.
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12.2.7.5 Radiological Impact

There are no radiological consequences for this accident.

12.2.8 Earthquake Event

This section provides the results of the evaluation of the response of the concrete cask to an
earthquake imparting horizontal accelerations of 0.37g at the top surface of the concrete storage
pad. This evaluation shows that the loaded or empty concrete cask does not tip over in this
earthquake event. The vertical acceleration is defined as two-thirds of the horizontal acceleration
in accordance with ASCE 4-86 [16].

12.2.8.1 Cause of the Earthquake Event

Earthquakes are natural phenomena to which the storage system might be subjected at any U.S.
site. Earthquakes are detected by the ground motion and by seismic instrumentation onsite and

offsite.

12.2.8.2 Earthquake Event Analysis

The evaluation of the concrete cask for the earthquake event is presented in Section 3.7.3. In the

event of an earthquake, there exists a base shear force or overturning force due to the horizontal
acceleration ground motion and a restoring force due to the vertical acceleration ground motion.

To maximize the overturning moment, the dimensions for the longer PWR configuration, which

has the highest center of gravity, are used in the evaluation. As shown in Section 3.7.3, the

natural frequency of the structure is greater than 33 cycles per second (Hz).

The results of the tip-over evaluation show that the minimum ground acceleration that may cause

a tip-over of a loaded concrete cask is 0.41g. ANSI!ANS-57.9 requires a factor of safety of 1.1

against tip-over; therefore the maximum allowable ground acceleration for the MAGNASTOR
system is 0.37g. Since the 0.25g design basis earthquake ground acceleration for MAGNASTOR

is less than 0.37g, the storage cask will not tip over. The analysis conservatively assumes that the

TSC is in the maximum off-center position.

The analyses in Section 3.7.3 conservatively apply seismic loads of 0.5g in the horizontal
direction and 0.5g in the vertical direction to evaluate concrete cask stress. These accelerations

reflect a more rigorous seismic loading and, therefore, bound the design basis earthquake event.
The maximum compressive stresses are calculated to be -147 psi at the outer surface and -114
psi at the inner surface, with no credit taken for the steel inner liner. These compressive stresses

are used in the load combinations for the concrete cask as also shown in Section 3.7.3, and the
combined stress results meet stress criteria for the accident events.
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12.2.8.3 Corrective Actions

Visual inspection of the array of concrete casks is required following an earthquake event. The

positions of the concrete casks should be verified to ensure they meet the minimum center-to-

center spacing requirements. The functions of the temperature-monitoring system, if used,

should be verified.

12.2.8.4 Radiological Impact

There are no radiological consequences for this accident.

12.2.9 Flood

This section reports the results of the evaluation of a 50-foot depth of water having a velocity of

15 ft/second. This flood depth would fully submerge MAGNASTOR. Analysis demonstrates

that the concrete cask does not overturn when exposed to the design basis rate of water flow.

The hydrostatic pressure exerted by the 50-foot depth of water does not produce significant stress

in the TSC. The design basis flood, therefore, does not adversely affect MAGNASTOR.

Small floods may lead to a blockage of concrete cask air inlets. Full blockage of air inlets is

evaluated in Section 12.2.13.

12.2.9.1 Cause of Flood

The probability of a design-basis flood event at a given ISFSI site is unlikely because

geographical features and environmental factors specific to that site are considered in the site

selection process. Some possible sources of a flood are:

* overflow from a river or stream due to unusually heavy rain, snow-melt runoff, a dam or
major water supply line break caused by a seismic event (earthquake)

" high tides produced by a hurricane

* tsunami (tidal wave) caused by an underwater earthquake or volcanic eruption

12.2.9.2 Analysis of Flood

The analysis of the flood event is presented in Section 3.7.3. The coefficient of friction between

carbon steel and concrete used in the analysis is 0.35 [6,8].

Based on minimum cask weight and maximum projected area, the analysis shows that a water

flow rate Of 21.9 ft/sec is required to overturn the concrete cask. This is greater than the design

basis floodwater velocity of 15 ft/second. Therefore, cask tip-over does not occur. The analysis

shows that a flood depth of 50 feet exerts a hydrostatic pressure on the TSC and the concrete

cask of 22 psi, which results in stresses in the TSC shell. The TSC structural evaluation for the
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increased external pressure due to flood conditions is presented. in Section 3.7.1. The evaluation

shows that there is no adverse consequence to the TSC as a result of the hydrostatic pressure due

to the flood condition.

The concrete cask is a thick monolithic structure and is not affected by the hydrostatic pressure

due to the design-basis flood. Compressive stresses in the concrete cask are included in

Section 3.7.3. The maximum combined stresses for the load combination due to dead, live,

thermal and flood loading are less than the allowable -stress.

12.2.9.3 Corrective Actions

Inspection of the array of concrete casks is required following a flood. While the cask does not

tip over, a potential exists for collection of debris or accumulation of silt at the base of the cask,

which could clog or obstruct the air inlets or outlets. Blocked inlets require removal of the

debris, silt, excessive standing water, etc. Verify proper operation of the temperature monitoring

system, if used, as flood conditions may have impaired its operation.

12.2.9.4 Radiological Impact
There are no dose radiological consequences for this event.

12.2.10 Lightning Strike

This section reports the results of the evaluation of the impact of a lightning strike on the

concrete cask. The evaluation shows that the cask does not experience adverse effects due to a

lightning strike.

12.2.10.1 Cause of Lightning Strike

A lightning strike is a random weather-related event. Because the concrete cask is located on an

unsheltered pad, the cask may be subject to a lightning strike. The probability of a lightning

strike is primarily dependent on the geographical location of the ISFSI site, as some geographical

regions experience a higher frequency of storms containing lightning than others.

12.2.10.2 Detection of Lightning Strike

A lightning strike on a concrete cask may be visually detected at the time of the strike, or by
visible surface discoloration at the point of entry or exit of the current flow. Most reactor sites in

locations experiencing a frequency of lightning-bearing storms have lightning detection systems
as an aid to ensuring stability of site electric power.
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12.2.10.3 Analysis of the Lightning Strike Event

The analysis assumes that the lightning strikes the upper-most metal surface and proceeds

through the concrete cask liner to the ground. The integrated maximum current for a lightning

strike is a peak current of 250 kiloamps over a period of 260 microseconds, and a continuing

current of up to 2 kiloamps for 2 seconds in the case of severe lightning discharges [9]. Due to
the extremely short time for the duration, the lack of conductivity of the concrete, and its large

thermal mass, the only area affected will be the surface of the concrete cask. Therefore, the
increase in concrete cask bulk temperature attributed to Joulean heating is not significant.

12.2.10.4 Corrective Actions

The array of the concrete casks should be visually inspected for any damage following the

lightning event and actions taken as appropriate.

12.2.10.5 Radiological Impact

There are no dose radiological consequences due to this event.

12.2.11 Tornado and Tornado-Driven Missiles

This section provides the results of the evaluation of the strength and stability of the concrete

cask for a maximum tornado wind loading and for the impacts of tornado-generated missiles.

The design basis tornado characteristics are selected in accordance with NRC Regulatory Guide

1.76 [10].

The evaluation demonstrates that the concrete cask remains stable in tornado wind loading in

conjunction with impact from a high-energy tornado missile. The performance of the cask is not

significantly affected by the tornado event.

12.2.11.1 Cause of Tornado and Tornado-Driven Missiles

A tornado is a random weather event. Probability of its occurrence is dependent upon the time of
the year and geographical areas. Wind-loading and tornado-driven missiles have the potential for
causing damage from pressure differential loading and from impact loading.

12.2.11.2 Detection of Tornado and Tornado-Driven Missiles

A tornado event is expected to be visually observed. Advance warning of a tornado and of

tornado sightings may be received from'the National Weather Service, local radio and television
stations, local law enforcement personnel, and site personnel.
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12.2.11.3 Analysis of Tornado and Tornado-Driven Missiles

The detailed analysis of the effects of tornado winds and tornado driven-missiles is provided in

Section 3.7.3. Classical techniques are used to evaluate the loading conditions based on

NUREG-0800 [11 ]. The concrete cask stability is evaluated based on the design wind pressure

calculated in accordance with ANSI/ASCE 7-93 [12] and using classical free body stability

analysis methods. Local damage to the concrete shell is assessed using a formula developed in

NSS 5-940.1 [13]. The local shear strength of the concrete shell is evaluated on the basis of ACI

349-85 [14], Section 12.12.2.1, without considering the reinforcing and the steel internal shell.

The concrete shell shear capacity is also evaluated for missile loading using ACI 349-85,

Section 12.7.

The cask configuration used in the analysis combines the height of the tallest (Group 2 PWR)

cask with the weight and center of gravity of the lightest (Group 1 PWR) cask. This

configuration bounds all other configurations for cask stability.

Tornado.Wind Loading (Concrete Cask)

To evaluate concrete cask wind loading, the tornado wind velocity (360 mph) is transformed into

an effective pressure applied to the cask using procedures delineated in ANSI/ASCE 7-93. From

Section 3.7.3, comparison of the calculated pressure to the overturning moment shows that the

minimum factor of safety against overturning is 2.44.

The calculated stresses in the concrete due to the tornado wind load are included in the load

combination for the concrete evaluation. As shown in Section 3.713, the maximum combined

stresses for the load combination of dead, live, thermal, and tornado winds are less than the

allowable stress.

Tornado Missile Loading (Concrete Cask)

The concrete cask is designed to withstand the effects of impacts associated with postulated

tornado-generated missiles identified in NUREG-0800, Section 3.5.1.4.111.4, Spectrum I missiles.

These missiles consist of the following.

* massive high kinetic energy missile (4,000 lb automobile, with a frontal area of 20 square
ft that deforms on impact)

* 280 lb, 8-inch-diameter armor piercing artillery shell

* one-inch diameter solid steel sphere

All of these missiles are assumed to impact in a manner that produces the maximum damage at a

velocity of 126 mph (35% of the maximum tornado wind speed of 360 mph). The concrete cask

has no openings except for the four outlets at the top and four inlets at the bottom. The upper
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openings are configured such that a one-inch diameter solid steel missile cannot directly impact

the TSC. The TSC is protected from small missiles entering the lower inlets by a steel pedestal

(bottom plate). Therefore, a detailed analysis of the impact on the TSC of a 1-inch diameter steel

missile is not required.

Concrete Shell Local Damage Prediction (Penetration Missile)

Local damage to the cask body is assessed using the NSS 5-940.1 [13] formula as the basis for

predicting depth of penetration and minimum concrete thickness requirements to prevent

scabbing. The minimum concrete shell thickness required to prevent scabbing is three times the

predicted penetration depth of 5.82 inches based on the NSS 5-940.1 formula, or 17.46 inches.

The concrete cask wall thickness includes a minimum of 25.25 inches of concrete, which is more

than the thickness required to prevent damagedue to the penetration missile.

Closure Plate Local Damage Prediction (Penetration Missile)

The concrete cask is closed with a 6.8-inch thick (CCI and CC2) or 12.8-inch thick (CC3)

concrete and steel lid that is bolted in place. The penetration thickness is evaluated using the

methodology in Topical Report BC-TOP-9A [15], as presented in Section 3.7.3. The calculated

penetration thickness is 0.65 inch. Taking credit for only the 0.75-inch steel plate, the factor of

safety against penetration is 1.15. Therefore, the concrete cask closure can sustain penetration

missile impact without the additional protection provided by the concrete.

Overall Damage Prediction for a Tornado Missile Impact (High-Energy Missile)

The concrete cask is a free-standing structure. Therefore, the principal consideration in overall

damage response is the potential of upsetting or overturning the cask as a result of the impact of a

high-energy missile. Based on the detailed analysis presented in Section 3.7.3, it is concluded

that the cask can sustain an impact from the defined massive high kinetic energy missile and does

not overturn since the energy of the missile is less than that required to overturn the cask. The

minimum factor of safety against overturning is 3.48.

Combined Tornado.Wind and Missile Loading (High-Energy Missile)

The cask rotation due to the heavy missile impact is calculated in Section 3.7.3. This analysis
compares the total energy available for overturning to the energy required for overturning and

shows that the minimum factor of safety against overturning is 2.06.
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Local Shear Strength Capacity of the Concrete Shell (High-Energy Missile)

The shear strength of the concrete at the top edge of the concrete shell due to a high-energy

missile impact, based on ACI 349-85, is determined in Section 3.7.3. In the analysis, the force

developed by the massive high kinetic energy missile having a frontal area of 20 sq ft, is

evaluated using the methodology presented in Topical Report, BC-TOP-9A [ 15]. The required

missile contact area based on the concrete punching shear strength (neglecting reinforcing) is
calculated as 1.8 sqftfor the governing CC3 configuration, which is much less than 20 sq feet.

Thus, the concrete shell alone, based on the concrete conical punching strength and discounting

the steel reinforcement and shell, has sufficient capacity to react to the high-energy missile

impact force.

The effects of tornado winds and missiles are considered both separately and combined in

accordance with NUREG-800, Section 3.3.2 II.3.d. For the case of tornado wind plus missile

loading, the stability of the cask is assessed and found to be acceptable. Therefore, overturning

of the cask under the combined effects of tornado winds, plus tornado-generated missiles, does

not occur.

Tornado Effects on the TSC

The postulated tornado wind loading and missile impacts are not capable of overturning the cask,

or penetrating the protective boundary established by the concrete cask. Consequently, there is
no effect on the TSC. Stresses resulting from the tornado-induced decreased external pressure

are bounded by the stresses due to the accident internal pressure discussed in Section 12.2.1

12.2.11.4 Corrective Actions

A tornado is not expected to result in the need to take any corrective action other than an

inspection of the concrete cask array at the ISFSI. This inspection would be directed at ensuring

that air inlets and outlets had not become blocked by wind-blown debris and at checking for

obvious (concrete) surface damage.

12.2.11.5 Radiological Impact

Damage to the concrete cask after a design-basis tornado accident will not result in radiation

exposure at the controlled area boundary in excess of 5 rem to the whole body or any organ. The

penetrating missile impact is estimated to reduce the concrete shielding thickness, locally at the

point of impact, by approximately six inches. Cask surface dose rates are recalculated for the

highest normal condition dose rate PWR and BWR payloads with a cask model that reduces the

concrete radius by 6 inches over the entire cask height. This evaluation resulted in maximum

localized surface dose rates of less than 600 mrem/hr for both the PWR and BWR configurations.
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Because the PWR dose rates are based on a 40 kW cask heat load and a hybrid CC1/CC2 0
model, they bound the dose rates calculated at 35.5 kWfor any of the three concrete casks.

As the potential high dose rate areas at the top of the concrete cask incorporate a 0.75-inch steel
plate, which is not penetrated by missile impact loadings, the top axial post-accident dose rates

are bounded by the previously presented post-accident radial dose rates.

12.2.12 Tip-Over of Concrete Cask

Tip-over of the concrete cask is a nonmechanistic, hypothetical accident that presents abounding

case for evaluation. There are no design basis accidents that result in the tip-over of the cask.

Functionally, the cask does not suffer significant adverse consequences due to this event. The

concrete cask, TSC, and basket maintain performance requirements for design basis structural

integrity, shielding, geometry, criticality control of the contents, and content confinement.

Results of the evaluation show that supplemental shielding at the bottom of the concrete cask

may be necessary, following the tip-over, until the cask can be uprighted. The potential for

increased dose rates is due to the design of the concrete cask, which provides significantly less

shielding to the bottom, as these surfaces are not normally accessible or contributing to the off-

site dose.

12.2.12.1 Cause of Cask Tip-Over

A tip-over of the cask is possible in an earthquake that significantly exceeds the design basis

described in Section 12.2.8. No events related to the defined design bases will result in a cask

tip-over.

12.2.12.2 Detection of Cask Tip-Over

The tipped-over configuration of the concrete cask will be obvious during site inspection

following the initiating event.

12.2.12.3 Analysis of Cask Tip-Over

The detailed analyses of the tip-over event are presented in Section 3.7.3 for the bounding PWR

and BWR configurations. This section presents a summary of the results of the analyses. For a

tip-over event to occur, the center of gravity of the concrete cask and loaded TSC must be

displaced beyond its outer radius, i.e., the point of rotation. When the center of gravity passes

beyond the point of rotation, the potential energy of the cask and TSC is converted to kinetic

energy as the cask and TSC rotate toward a horizontal orientation on the ISFSI pad. The

0
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subsequent motion of the cask is governed by the structural characteristics of the cask, the ISFSI

pad and the underlying soil.

The objective of the evaluation of the response of the concrete cask in the tip-over event is to

determine the maximum acceleration to be used in the structural evaluation of the loaded TSC

and basket.

The MAGNASTOR system includes a concrete cask design, which holds canisters of two

different heights, loaded with either PWR or BWR fuel baskets. The concrete cask is analyzed

with conservative fuel heights, canister lengths, concrete pad thicknesses, and soil densities. To

bound a range of ISFSI geometries, standard pad and oversized pad configurations are evaluated.

The accelerations are evaluated at the inner surface of the cask liner, which physically

corresponds to the interface of the liner and the loaded TSC nearest the plane of impact. The

following table is a summary of accelerations for both pad configurations.

Position Measured from the Bottom
of the Concrete Cask (inches) Acceleration (g)

Top of the TSC PWR Group 1 PWR Group 2 PWR Group 1 PWR Group 2
closure lid 197.9 214.6 32.8 35.70

The BWR finite element model and methodology is similar to that for the PWR configuration.

The maximum accelerations at key locations of the concrete cask liner that are required in the

evaluation of the loaded BWR TSC/basket model are listed as follows.

Acceleration Acceleration
Location Standard Pad (g) Oversized Pad (g)

Top of Basket 26.4 26.6
Top of Canister Closure Lid 29.5 29.6

12.2.12.4 Analysis of TSC and Basket for Cask Tip-Over Event

The detailed structural evaluations for the TSC and basket are provided in Section 3.7.1 and

Section 3.7.2, respectively. ANSYS finite element models are used to evaluate the side impact

loading condition. A 40g inertial load for the canister and 35g for the baskets is conservatively

considered. Comparison of maximum stress results to the allowable stress intensities shows that

the TSC and fuel tubes are structurally adequate for the concrete cask tip-over c ondition and

satisfy the stress criteria in accordance with the ASME Code, Section III, Division I, Subsection

NB and NG, respectively.
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For the TSC stress evaluation, the minimum factor of safety is calculated to be 1.24, which 0
occurs in the TSC shell at the lower termination point of the concrete cask standoffs. The

minimum factor of safety for the TSC closure weld, which includes a 0.8 weld quality factor, is

1.20. For the PWR and BWR basket stress evaluation, the following table is a summary of the

worst case stress results and the factors of safety (FS) for both the PWR and BWR basket

configurations.

Stress Location Pm (ksi) Pm + Pb (ksi)
I Sint Sallow FS Sint Sallow FS

PWR Fuel Tube 41.2 47.67 1.16 45.2 60.2 1.33
PWR Corner Weldment N/A N/A N/A 35.8 47.88 1.34

PWR Side Weldment N/A N/A N/A 35.4 47.88 1.35
BWR Fuel Tube 42.7 47.88 1.12 52.5 61.56 1.17

BWR Corner Weldment N/A N/A N/A 35.7 47.88 1.34
BWR Side Weldment N/A N/A N/A 35.8 47.88 1.34

As the table shows, the minimum factors of safety are 1.16 and 1.12 for the PWR and BWR

baskets, respectively. These results indicate that the basket structural integrity is maintained

during the tip-over event.

Retainer strips are used to support and protect the neutron absorber in the fuel tubes. The
retainer strip assembly consists of retainer and comer clips made of Type 304 stainless steel fixed
to the fuel tube using welded posts and plug welds. For the tip-over, the PWR fuel tube neutron

absorber is analyzed with the support of weld posts. The BWR fuel tube neutron absorber is.

analyzed without the support of weld posts. The neutron absorber, retainer strip, and comer clips

are analyzed using LS-DYNA models and classical hand calculations. Results of the LS-DYNA

analysis show the permanent deformation of the PWR neutron absorber is less than the thickness

of the retainer strip, 0.015 inch. The BWR neutron remains elastic during impact. Additionally,
the weld post, retainer, comer clips, and associated welds have a sufficient factor of safety.

Therefore, the neutron absorber and retainer strip are acceptable in accordance with established

criteria.

12.2.12.5 Corrective Actions

The most important recovery action required following a concrete cask tip-over is the shielding,

or uprighting, of the cask to minimize the personnel exposure from the exposed bottom end. The

uprighting operation will require a heavy lift capability and rigging expertise. The concrete cask

must be returned to the vertical position by rotation around a convenient bottom edge using a

method and rigging that controls the rotation to the vertical position.
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The surface and top and bottom edges of the concrete cask are expected to exhibit cracking and

possibly loss of concrete down to the layer of the external reinforcing bar cage. If only minor

damage occurs, the concrete may be repairable by using grout. Otherwise, it may be necessary to

remove the TSC, at the earliest possible time, for installation in an undamaged concrete cask.

If required, the storage pad should be repaired to preclude the intrusion of water that could cause

further deterioration of the pad in freeze-thaw cycles.

12.2.12.6 Radiological Impact

There is a potential for an adverse radiological consequence in the hypothetical tip-over event, as

the bottom end of the concrete cask and the TSC have significantly less shielding than in the

radial direction. However, due to the small surface area exposed, relative to the size of the

ISFSI, the dose rate at the site boundary will not exceed 5 rem/hour. Following a tip-over event,

personnel access to the bottom area of the cask should be restricted, and supplemental shielding

may be used until the concrete cask can be uprighted.

Damage to the edges or surface of the concrete cask may occur following a tip-over, which could

result in a minor increase in localized dose rates.

12.2.13 Full Blockage of the Concrete Cask Air Inlets

This section presents the results of the evaluation of the concrete cask for the steady-state effects

of full blockage of the air inlets at the normal ambient temperature (767F). The analysis

conservatively used 1 00°F. The evaluation estimates the duration of the event that would result

in the fuel cladding, the fuel basket or the concrete cask components reaching their design basis

limiting temperatures (see Chapter 4 for the allowable temperatures for accident conditions), or

the TSC reaching its accident internal pressure limit. The evaluation demonstrates that there are

no adverse consequences due to this accident, provided that blockage of the concrete cask air

inlets is cleared within 58 hours.

12.2.13.1 Cause of Full Blockage

The likely cause of complete cask air inlet blockage is the covering of the base of the cask with

snow, water, or earth in a catastrophic event that is significantly beyond the design basis

earthquake or a landslide. This hypothetical event is a bounding accident and is not considered

credible.

12.2.13.2 Detection of Full Blockage

Blockage of the cask air inlets will be visually detected during the general site inspection

following an earthquake, landslide, or other events with a potential for such blockage. In
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addition, the cask inlets and outlets will be visually inspected to verify their unblocked condition, or

the concrete temperature differential measured every 24 hours, limiting the potential for a full

blockage event to go undetected.

12.2.13.3 Analysis of Full Blockage

The evaluation of this event is presented in Section 4.6.3. The evaluation assumes initial normal

storage conditions, with the sudden loss of convective cooling of the TSC in the concrete cask

(simulating the full blockage of the air inlets and outlets). The loss of convective cooling results

in the fairly rapid and sustained heat-up of the TSC and the concrete cask. Transient analysis is

performed using the two-dimensional concrete cask and TSC thermal model. The spent fuel

cladding, fuel basket and concrete cask component temperatures do not reach their accident

condition limits for a time period of approximately 72 hours after initiation of the event. The

TSC internal pressure will reach the analyzed maximnum pressure in approximately 58 hours after

a complete blockage occurs. The calculation of the maximum TSC internal pressure considers a

helium temperature of 677°F and 100% failure of the fuel rods. Therefore, at least two of the air

inlets are required to be cleared of blockage within 58 hours of the initiation of the event.

As shown in Section 4.4.1 and Section 4.4.3, the thermal analysis temperature results for the

standard PWR basket bound the temperature results for the damaged fuel basket for normal

operating conditions due to the higher thermal conductivity of the damaged fuel basket. For the
same reasons the temperature results for the full blockage of the concrete cask air inlets event are

also bounded.

12.2.13.4 Corrective Actions

The obstruction(s) blocking two of the air inlets must be removed within 58 hours, and all

blockage should be removed at the earliest possible date. The nature of the obstruction may

indicate that other actions are required to prevent recurrence of the blockage.

12.2.13.5 Radiological Impact

There are no significant radiological consequences for this event, as the concrete cask retains its

shielding performance. Dose to personnel may result from opening of the concrete cask, if

access is required to clear the\inlets of debris.. The higher dose rates at the air inlets (448

mrem/hr for a 37 kW payload) will result in an increase in operator dose as a result of clearing

the inlets. If it is assumed that a worker kneeling with his hands on the inlets requires 15 minutes

to clear each inlet, the estimated extremity dose is a total of 448 mrem for clearing four air inlets.

The whole body dose will be slightly less. In addition, some dose will be incurred clearing debris
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away from the concrete cask body. This dose is estimated at less than 50 mrem per cask,

assuming one hour is spent near each concrete cask's exterior surface.

Because the PWR dose rates are based on a 37kW cask heat load and a hybrid CC1/CC2

model, they bound the dose rates calculated at 35.5 kWfor any of the three concrete casks.
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TECHNICAL SPECIFICATION BASES Introduction
1.0

1.0 INTRODUCTION

This Appendix presents the design or operational condition, or regulatory
requirement, which establishes the bases for the Technical Specifications provided
in Appendix A and the approved contents provided in Appendix B.

The section and paragraph numbering used in this Appendix is consistent with the
numbering used in Appendix A, Technical Specifications for the MAGNASTOR
SYSTEM, and Appendix B, Approved Contents for the MAGNASTOR SYSTEM.
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Approved Contents
2.0

2.0

2.1

APPROVED CONTENTS

Fuel Specifications and Loading Conditions

BASES

BACKGROUND The system is designed to safely store up to 37 undamaged PWR fuel
assemblies in the 37 PWR Basket Assembly or up to 87 undamaged
BWR fuel assemblies in the 87 BWR Basket Assembly. The system is
also designed to store up to 4 damaged fuel cans (DFCs) in the DF
Basket Assembly. The DF Basket Assembly has a capacity of up to
37 undamaged PWR fuel assemblies including 4 DFC locations.
DFCs may be placed in up to 4 of the DFC locations. Each DFC may
contain an undamaged PWR fuel assembly, a damaged PWR fuel
assembly, or PWR FUEL DEBRIS equivalent to one PWR fuel
assembly. Undamaged PWR fuel assemblies may be placed directly
in the DFC locations of a DF Basket Assembly.

The MAGNASTOR SYSTEM design requires specifications for the
spent fuel to be stored, such 'as the type of spent fuel, minimum and
maximum allowable enrichment prior to irradiation, maximum burnup,
minimum acceptable post-irradiation cooling time prior'to storage,
maximum decay heat, and condition of the SPENT NUCLEAR FUEL
(SNF) assemblies (e.g., UNDAMAGED FUEL; DAMAGED FUEL, etc.).
Other important limitations are the dimensions and weight of the SNF
assemblies.

The approved contents, which can be loaded into the MAGNASTOR
SYSTEM, are specified in Section 2.0 of Appendix B.

Specific limitations for the MAGNASTOR SYSTEM are specified in
Tables B2-1 through 82-24 of Appendix B. These limitations support
the assumptions and inputs used in the thermal, structural, shielding,
and criticality evaluations performed for the MAGNASTOR SYSTEM.

APPLICABLE
SAFETY ANALYSES

To ensure that the closure lid is not placed on a TSC containing an
unauthorized SNF assembly, facility procedures require verification of
the loaded fuel assemblies to ensure that the correct SNF assemblies
have been loaded in the TSC.

(continued)
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Approved Contents
2.0

BASES (continued)

APPROVED
CONTENTS

2.1.1

Tables B2-1 and B2-9 in Appendix B define the specific fuel assembly
characteristics for the PWR and BWR SNF assemblies authorized for
loading into the MAGNASTOR SYSTEM. These fuel assembly
characteristics include parameters such as cladding material,
minimum and maximum enrichment, decay heat generation, post-
irradiation cooling time, burnup, and SNF assembly length, width, and
weight. The SNF assembly and NONFUEL HARDWARE
characteristic limits of Tables B2-2 through B2-8 and Tables B2-10
through B2-24 in Appendix B must be met to ensure that the thermal,
structural, shielding, and criticality analyses supporting the
MAGNASTOR SYSTEM Safety Analysis Report are bounding.

2.1.2

Approved Contents Section B2.0 in Appendix B authorizes the loading
of up to four DAMAGED FUEL CANS (DFCs) into the DF Basket
Assembly in the MAGNASTOR System. Table B2-1(11.) describes the
allowable DF Basket Assembly and DFC contents.

APPROVED
CONTENT LIMITS
AND VIOLATIONS

If any Approved Contents limits of Section 2.0 in Appendix B are
violated, the limitations on SNF assemblies to be loaded are not met.
Action must be taken to place the affected SNF assembly(ies) in a safe
condition. This safe condition may be established by returning the
affected SNF assembly(ies) to the spent fuel pool. However, it is
acceptable for the affected SNF assemblies to temporarily remain in
the MAGNASTOR SYSTEM, in a wet or dry condition, if that is
determined to be a safe condition.

NRC Operations Center notification of the Approved Contents limit
violation is required within 24 hours. A written report on the violation
must be submitted to the NRC within 60 days. This notification and
written report are independent of any reports and notification that may
be required by 10 CFR 72.216.

REFERENCES FSAR, Section 2.1 and Chapter 6.
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LCO Applicability
3.0

3.0 LIMITING CONDITION FOR OPERATION (LCO) APPLICABILITY

BASES

LCOs LCO 3.0.1, 3.0.2 and 3.0.4 establish the general requirements applicable
to all Specifications and apply at all times, unless otherwise stated.

LCO 3.0.1 LCO 3.0.1 establishes the Applicability statement within each individual
Specification as the requirement for when the LCO is required to be met
(i.e., when the system is in the specific conditions of the Applicability
statement of each Specification).

LCO 3.0.2 LCO 3.0.2 establishes that upon discovery of a failure to meet an LCO,
the associated ACTIONS shall be met. The Completion Time of each
Required Action for an ACTIONS condition is applicable from the point in
time that an ACTIONS condition is entered. The Required Actions
establish those remedial measures that must be taken within specified
Completion Times when the requirements of an LCO are not met. This
Specification establishes that:

a. Completion of the Required Actions within the specified Completion
Times constitutes compliance with a Specification; and,

b. Completion of the Required Actions is not required when an LCO is
met within the specified Completion Time, unless otherwise specified.

There are two basic types of Required Actions. The first type of
Required Action specifies a time limit in which the LCO must be met.
This time limit is the Completion Time to restore a system or component
or to restore variables to within specified limits. Whether stated as a
Required Action or not, correction of the entered condition is an action
that may always be considered upon entering ACTIONS. The second
type of Required Action specifies the remedial measures that permit
continued operation that is not further restricted by the Completion Time.
In this case, compliance with the Required Actions provides an
acceptable level of safety for continued operation.

Completing the Required Actions is not required when an LCO is met or
is no longer applicable, unless otherwise stated in the individual
Specifications.

The Completion Times of the Required Actions are also applicable when
a system or component is removed from service intentionally. The
reasons for intentionally relying on the ACTIONS include, but are not
limited to, performance of Surveillances, preventive maintenance,
corrective maintenance, or investigation of operational problems.
Entering ACTIONS for these reasons must be done in a manner that
does not Compromise safety. Intentional entry into ACTIONS should not
be made for operational convenience.

(continued)
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LCO Applicability
3.0

BASES (continued)

LCO 3.0.3 This specification is not applicable to the MAGNASTOR SYSTEM.

LCO 3.0.4 LCO 3.0.4 establishes limitations on changes in specified conditions in
the Applicability when an LCO is not met. It precludes placing the facility
in a specified condition stated in that Applicability (e.g., Applicability
desired to be entered) when the following conditions exist:

a. Facility conditions are such that the requirements of the LCO would
not be met in the Applicability desired to be entered; and,

b. Continued noncompliance with the LCO requirements, if the
Applicability were entered, would result in being required to exit the
Applicability desired to be entered to comply with the Required
Actions.

Compliance with Required Actions that permit continued operation of the
system for an unlimited period of time in a specified condition provides an
acceptable level of safety for continued operation. That is without regard
to the status of the system. Therefore, in such cases, entry into a
specified condition in the Applicability may be made in accordance with
the provisions of the Required Actions.

The provisions of this Specification should not be interpreted as
endorsing the failure to exercise the good practice of restoring systems or
components before entering an associated specified condition in the
Applicability.

The provisions of LCO 3.0.4 shall not prevent changes in specified
conditions in the Applicability that are required to comply with ACTIONS,
or that are related to the unloading of a TSC.

Exceptions to LCO 3.0.4 are stated in the individual Specifications.
Exceptions may apply to all the ACTIONS or to a specific Required Action
of a Specification.

LCO 3.0.5 This specification is not applicable to the MAGNASTOR SYSTEM, as
there is no provision for a return to service under administrative control for
testing.
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SR Applicability
3.0

3.0 SURVEILLANCE REQUIREMENT (SR) APPLICABILITY

BASES

SRs SR 3.0.1 through SR 3.0.4 establish the general requirements applicable
to all Specifications and apply at all times, unless otherwise stated.

SR 3.0.1 SR 3.0.1 establishes the requirement that SRs must be met during the
specified conditions in the Applicability for which the requirements of the
LCO apply, unless otherwise specified in the individual SRs. This
Specification is to ensure that Surveillances are performed to verify that
systems and components meet the LCO and variables are within
specified limits. Failure to complete Surveillance within the specified
Frequency, in accordance with SR 3.0.2, constitutes a failure to meet an
LCO.

Systems and components are assumed to meet the LCO when the
associated SRs have been met. Nothing in this Specification, however,
is to be construed as implying that systems or components meet the
associated LCO when:

a. The systems or components are known to not meet the LCO,
although still meeting the SRs; and,

b. The requirements of the Surveillance(s) are known to be not met
between required Surveillance performances.

Surveillances do not have to be performed when the system is in a

specified condition for which the requirements of the associated LCO are
not applicable, unless otherwise specified.

Surveillances, including Surveillances invoked by Required Actions, do
not have to be performed on equipment determined to not meet the LCO
because the ACTIONS define the remedial measures that apply.
Surveillances have tol be met and performed in accordance with SR
3.0.2, prior to returning the equipment to service. Upon completion of
maintenance, appropriate post-maintenance testing is required. This
includes ensuring applicable Surveillances are not failed and their most
recent performance is in accordance with SR 3.0.2.

Post-maintenance testing-may not be possible in the current specified
conditions in the Applicability due to the necessary system parameters
not having been established. In these situations, the equipment may be
considered to meet the LCO, provided testing has been satisfactorily
completed to the extent possible and the equipment is not otherwise
believed to be incapable of performing its function. This will allow
operations to proceed to a specified condition where other necessary
post-maintenance tests can be completed.

(continued)
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SR Applicability
3.0

BASES (continued)

SR 3.0.2 SR 3.0.2 establishes the requirements for meeting the specified
Frequency for Surveillances and any Required Action with a Completion
Time that requires the periodic performance of the Required Action on a
"once per ... " interval.

SR 3.0.2 permits a 25% extension of the interval specified in the
Frequency. This extension facilitates Surveillance scheduling and
considers system conditions that may be suitable for conducting the
Surveillance (e.g., transient conditions or other ongoing Surveillance or
maintenance activities).

The 25% extension does not significantly degrade the reliability that
results from performing the Surveillance at its specified Frequency. This
is based on the recognition that the most probable result of any
particular Surveillance being performed is the verification of
conformance with the SRs. The exceptions to SR 3.0.2 are those
Surveillances for which the 25% extension of the interval specified in the
Frequency does not apply. These exceptions are stated in the individual
Specifications as a Note in the Frequency stating, "SR 3.0.2 is not
applicable."

As stated in SR 3.0.2, the 25% extension also does not apply to the
initial portion of a periodic Completion Time that requires performance
on a "once per ..." basis. The 25% extension applies to each
performance after the initial performance. The initial performance of the
Required Action, whether it is a particular Surveillance or some other
remedial action, is considered a single action with a single Completion
Time. One reason for not allowing the 25% extension to this Completion
Time is that such an action usually verifies that no loss of function has
occurred by checking the status of redundant or diverse components or
accomplishes the function of the affected equipment in an alternative
manner.

The provisions of SR 3.0.2 are not intended to be used repeatedly
merely as an operational convenience to extend Surveillance intervals or
periodic Completion Time intervals beyond those specified.

SR 3.0.3 SR 3.0.3 establishes the flexibility to defer declaring affected equipment
as not meeting the LCO or an affected variable outside the specified
limits when Surveillance has not been completed within the specified
Frequency. A delay period of up to 24 hours or up to the limit of the
specified Frequency, whichever is less, applies from the point in time
that it is discovered that the Surveillance has not been performed in
accordance with SR 3.0.2, and not at the time that the specified
Frequency was not met.

(continued)
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SR Applicability
3.0

BASES (continued)

SR 3.0.3 (continued) This delay period provides adequate time to complete Surveillances
that have been missed. This delay period permits the completion of
Surveillance before complying with Required Actions or other remedial
measures that might preclude completion of the Surveillance.

The basis for this delay period includes consideration of system
conditions, adequate planning, availability of personnel, the time
required to perform the Surveillance, the safety significance of the delay
in completing the required Surveillance, and the recognition that the
most probable result of any particular Surveillance being performed is
the verification of conformance with the requirements. When
Surveillance with a Frequency based not on time intervals, but upon
specified system conditions, is discovered not to have been performed
when specified, SR 3.0.3 allows the full delay period of 24 hours to
perform the Surveillance.

SR 3.0.3 also provides a time limit for completion of Surveillances that
become applicable as a consequence of changes in the specified
conditions in the Applicability imposed by the Required Actions.

Failure to comply with specified Frequencies for SRs is expected to be
an infrequent occurrence. Use of the delay period established by SR
3.0.3 is a flexibility, which is not intended to be used as an operational
convenience to extend Surveillance intervals.

If Surveillance is not complete within the allowed delay period, then the
equipment is considered to not meet the LCO, or the variable is
considered outside the specified limits, and the Completion Times of
the Required Actions for the applicable LCO Conditions begin
immediately upon expiration of the delay period. If Surveillance is failed
within the delay period, then the equipment does not meet the LCO, or
the variable is outside the specified limits, and the Completion Times of
the Required Actions for the applicable LCO Conditions begin
immediately upon the failure of the Surveillance.

Completion of the Surveillance within the delay period allowed by this
Specification, or within the Completion Time of the ACTIONS, restores
compliance with SR 3.0.1.

SR 3.0.4 SR 3.0.4 establishes the requirement that all applicable SRs must be
met before entry into a specified condition in the Applicability.

This Specification ensures that system and component requirements
and variable limits are met before entry into specified conditions in the
Applicability for which these systems and components ensure safe
operation of the system.

(continued) ___
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SR Applicability
3.0

BASES (continued)

SR 3.0.4 (continued) The provisions of this Specification should not be interpreted as
endorsing the failure to exercise the good practice of restoring systems
or components before entering an associated specified condition in the
Applicability.

However, in certain circumstances, failing to meet an SR will not result in
SR 3.0.4 restricting a change in specified condition. When a system,
subsystem, division, component, device, or variable is outside the
specified limits, the associated SR(s) are not required to be performed
per SR 3.0.1, which states that Surveillances do not have to be
performed on equipment that has been determined to not meet the LCO.
When equipment does not meet the LCO, SR 3.0.4 does not apply to the
associated SR(s) since the requirement for the SR(s) to be performed is
removed. Therefore, failing to perform the Surveillance(s) within the
specified conditions of the Applicability. However, since the LCO is not
met in this instance, LCO 3.0.4 will govern any restrictions that may (or
may not) apply to specified condition changes.

The provisions of SR 3.0.4 shall not prevent changes in specified
conditions in the Applicability that is required to comply with ACTIONS.

In addition, the provisions of LCO 3.0.4 shall not prevent changes in
specified conditions in the Applicability that is related to the unloading of
the MAGNASTOR SYSTEM.

The precise requirements of performance of SRs are specified such that
exceptions to SR 3.0.4 are not necessary. The specific time frames and
conditions necessary for meeting the SRs are specified in the
Frequency, in the Surveillance, or both. This allows performance of
Surveillances when the prerequisite condition(s) specified in a
Surveillance procedure require entry into the specified condition in the
Applicability of the associated LCO prior to the performance or
completion of Surveillance. A Surveillance that could not be performed
until after entering the LCO Applicability would have its Frequency
specified such that it is not "due" until the specific conditions needed are
met.

Alternately, the Surveillance may be stated in the form of a Note as not
required (to be met or performed) untila particular event, condition, or
time has been reached. Further, discussion of the specific formats of
SRs annotation is found in Technical Specification Section 1.4,
Frequency.
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Transportable Storage Canister (TSC)
3.1.1

3.1 MAGNASTOR SYSTEM Integrity

3.1.1 Transportable. Storage Canister (TSC)

BASES

0

BACKGROUND A TRANSFER CASK with an empty TSC is placed into the spent fuel
pool and loaded with SNF assemblies and other approved contents
meeting the requirements of Appendix B, Approved Contents. A closure
lid is then placed on the TSC, and the TRANSFER CASK containing the
TSC is removed from the pool and placed in the cask preparation area
or prepared in a partially submerged condition. Cooling water flow to
the TRANSFER CASK annulus shall be provided to assist in limiting the
MAGNASTOR SYSTEM component temperatures during TSC
preparation and closure activities. The closure lid is welded to the TSC
shell and the weld is examined by dye penetrant examination methods
(i.e., root, mid-plane and final surface). A hydrostatic pressure test of
the weld is performed to 125% of maximum normal operating pressure.
The TSC cavity water is removed by pumping and/or blow down while
backfilling the cavity with helium, and the free volume of the TSC is
determined by measuring the volume of water removed.

Text removed by 10 CFR 72.48 Determination

TSC cavity moisture removalis performed using vacuum drying
methods following draining of the bulk cavity water. TSC cavity
dryness is confirmed by ensuring that any pressure rise in the isolated
TSC cavity with the vacuum pump turned off and isolated is less than
the acceptance criteria.

Upon verification of the dryness of the TSC cavity following vacuum
drying operations, the TSC is further evacuated using the vacuum
pumping system to a vacuum pressure that excludes significant
quantity of oxidizing gases (i.e., < I mole). The TSC cavity is then
backfilled with high purity helium (> 99.995% purity) until the required
helium mass density is established. Drying and backfilling the TSC
cavity with helium provides the capability to remove the contents decay
heat by convective and conductive heat transfer and minimizes any
oxidizing gases to below a significant value. Establishment of the inert
helium atmosphere protects the fuel cladding from degradation. The
backfilling and resulting pressurization of the cavity with helium to an
established helium mass density will provide the required helium mass
and pressure to ensure the operation of the heat transfer design of the
MAGNASTOR SYSTEM, and will eliminate the possibility of air in-
leakage over the storage period. 0(continued)
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Transportable Storage Canister (TSC)
3.1.1

BASES (continued)

BACKGROUND
(cont.)

APPLICABLE
SAFETY ANALYSIS

LCO

The closure ring is installed in the closure lid-to-TSC shell weld
groove, welded to the shell and to the closure lid, and the final weld
surface examined by dye penetrant methods. The inner port
covers of the vent and drain openings are installed, welded and the
final weld surface examined by final surface dye penetrant
methods. The vent and drain inner port covers are then helium leak
tested to verify the absence of helium leakage to a minimum
sensitivity of 1.0 x 10- cm3 / sec (helium). The outer port covers are
then installed, welded and the final weld surface examined by dye
penetrant methods.

The TSC weldment is designed, analyzed, and tested to meet the
leaktight criteria of ANSI N14.5. In addition, the closure lid-to-TSC shell
weld is hydrostatically pressure tested and examined by multi-pass
dye penetrant examination following fuel loading. The closure lid,
closure ring and inner and outer port covers provide redundant closures
to ensure confinement boundary integrity. Therefore, leakage of
radioactive materials from the TSC and loss of helium and possible
in-leakage of air are not considered credible.

The confinement of the radioactive materials contents in the TSC is
ensured by the multiple confinement boundaries, including the fuel pellet
matrix, the fuel rod cladding, and the pressure boundary provided by the
TSC. Long-term integrity of the spent fuel contents is ensured by the
inert helium atmosphere of the TSC, which is accomplished by the
removal of free water, elimination of residual oxidizing gases, and
backfilling with a measured mass of high purity helium. The
pressurized helium atmosphere in the TSC ensures that the
MAGNASTOR SYSTEM convective heat transfer thermal design will
perform as analyzed. The measurement of the helium backfill mass
ensures that the TSC-internal pressure does not exceed the TSC's
design pressure under design storage operating conditions.

A dry pressurized, helium filled and sealed TSC establishes the inert
environment that will ensure the integrity of the fuel cladding and proper
performance of the MAGNASTOR SYSTEM thermal design, while
precluding air in-leakage and out-leakage of radioactive materials.

The Section 1 Tables of the LCO specify the limits for both PWR
and BWR SNF contents (based on the decay heat load of the TSC
contents) for Maximum Vacuum Drying Times; Minimum Helium
Backfill Time (i.e., minimum time period the TSC is allowed to soak
with annulus cooling system in operation following completion of
the helium mass backfill prior to the initiation of the TSC transfer to
the CONCRETE CASK in the TRANSFER CASK); and the Maximum
TSC Transfer Time available to complete the transfer of the TSC to
the CONCRETE CASK.

(continued)
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Transportable Storage Canister (TSC)
3.1.1

BASES (continued)

LCO The Section 2 Table in the LCO provides the Maximum Drying Time
Limit for the second and subsequent vacuum drying cycles

(cont.) following a minimum of 24 hours of either in-pool cooling or

annulus circulating water system cooling with the TSC backfilled to
103 psi with high purity helium, if the TSC dryness criteria were not
met on the first vacuum drying cycle.

A Note in Section 2 refers the Licensee to use Table 1 .B and 1 .D
following the additional drying cycle(s) to determine the Minimum
Helium Backfill Time and Maximum TSC Transfer Time applicable for
the second TSC transfer cycle. Note that the helium backfill (soak)
and transfer times in Tables 1 .B and 1 .D would also be applicable
for a second cycle of TSC transfer to the CONCRETE CASK if the
first transfer cycle was not completed in the allowed time. The
minimum 24-hour helium soak would lower and reset the TSC and
SNF content temperatures to a value corresponding to the
temperatures used in the determination of the Table 1 .B and 1 .D
values for maximum transfer time limits.

Each temperature transient, either resulting from additional water
cooling and vacuum drying cycles or from additional helium soak
and TSC transfer cycles, would need to be accounted for in the 10
allowable thermal. transients for SNF assemblies with burnups
exceeding 45,000 MWd/MTU.

APPLICABILITY The sealed TSC with a dry measured helium mass cavity atmosphere
is required to be established prior to TRANSPORT OPERATIONS to
ensure integrity of the fuel contents and the effectiveness of the heat
dissipation capability during LOADING OPERATIONS and STORAGE
OPERATIONS.

ACTIONS A note has been added to the ACTIONS, which states that, for this LCO,
separate Condition entry is allowed for each TSC. This is acceptable as
the Required Actions for each Condition provide appropriate
compensatory measures for each TSC not meeting the LCO.
Subsequent TSCs that do not meet the LCO are governed by
subsequent Conditionr entry and application of associated Required
Actions.

A.1

If the cavity vacuum drying pressure with the vacuum pump isolated and
turned off is not met prior to TRANSPORT OPERATIONS, an
engineering evaluation is necessary to determine the potential quantity
of moisture left in the TSC. Since moisture remaining in the cavity
during TRANSPORT and STORAGE OPERATIONS may represent a
long-term degradation issue, immediate action is not required. The
Completion Time is sufficient to complete an engineering evaluation of
the safety significance of the Condition.

(continued)

NAC International 13C-12 MAGNASTOR FSAR, Revision 10B



Transportable Storage Canister (TSC)
3.1.1

BASES (continued)

ACTIONS AND

(cont.) A.2

Upon determination of the mass of water potentially contained in the
TSC, a corrective action plan shall be developed and actions initiated, as
required, in a timely manner to return the TSC to an analyzed condition.

B.1

If a determination is made that the helium backfill mass or purity
requirements are not met prior to TRANSPORT OPERATIONS, an
engineering evaluation shall be performed to establish the mass of
helium in the TSC. As high or low helium mass values could result in
TSC over-pressurization or reduced effectiveness of the TSC heat
rejection capability, respectively, the engineering evaluation shall be
performed in a timely manner. The Completion Time is sufficient to
complete an engineering evaluation of the safety significance of the
Condition.

AND

B.2

When the mass of helium in the TSC is determined, a corrective action
plan shall be developed and actions implemented, as required, in a
timely manner to return the TSC to an analyzed condition.

C.1

If the TSC cannot be returned to an analyzed safe condition, the TSC
contents are required to be placed in a safe condition in the spent fuel
pool. The Completion Time is reasonable based on the time required to
plan, train and perform UNLOADING OPERATIONS in an orderly
manner.

(continued)
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Transportable Storage Canister (TSC)
3.1.1

BASES (continued)

SURVEILLANCE SR 3.1.1.1, and SR 3.1.1.2
REQUIREMENTS The long-term integrity of the TSC and stored contents is dependent on

a dry arid pressurized helium cavity environment. The dryness of the
TSC cavity is demonstrated by evacuation by a vacuum pump to a low
vacuum and monitoring the rise in pressure over a specified period with
the vacuum pump isolated and turned off.

The establishment of the required helium backfill mass and
corresponding operating pressure at operating temperature will ensure
the effectiveness of the TSC capability to reject the contents decay heat
to the fuel basket and TSC structure. The decay heat will subsequently
be rejected by the cooling air flows provided by the CONCRETE CASK
during STORAGE OPERATIONS.

These two surveillances shall be performed once prior to TRANSPORT
OPERATIONS. Successful completion will ensure that the appropriate
conditions have been established for long-term storage in compliance
with the analyzed design bases.

REFERENCES 1. FSAR Sections 4.4 and 9.1.
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CONCRETE CASK Heat Removal System
3.1.2

3.1 MAGNASTOR SYSTEM Integrity

3.1.2 CONCRETE CASK Heat Removal System

BASES

BACKGROUND

APPLICABLE
SAFETY ANALYSIS

The heat removal system for the CONCRETE CASK containing a
loaded TSC is a passive, convective air-cooled heat transfer system
that ensures that the decay heat emitted from the TSC is transferred to
the environment by the upward flow of air through the CONCRETE
CASK annulus. During STORAGE OPERATIONS, ambient air is drawn
into the CONCRETE CASK annulus through the four air inlets located
at the base of the CONCRETE CASK. The heat from the TSC surfaces
is transferred to the air flow via natural circulation. The buoyancy of the
heated air creates a chimney effect forcing the heated air upward and
drawing additional ambient air into the annulus through the air inlets.
The heated air flows back to the ambient environment through the four
air outlets located in the CONCRETE CASK lid.

The thermal analyses of the MAGNASTOR SYSTEM take credit for the
decay heat from the TSC contents being transferred to the ambient
environment surrounding the CONCRETE CASK. Transfer of heat from
the TSC contents ensures that the fuel cladding and TSC component
temperatures do not exceed established limits. During normal
STORAGE OPERATIONS, the four air inlets and four air outlets are
unobstructed and full natural convection heat transfer occurs (i.e.,
maximum heat transfer for a given ambient temperature and decay heat
load).

Analyses have been performed for the complete obstruction of two and
four air inlets. Blockage of two air inlets reduces the convective air flow
through the CONCRETE CASK/TSC annulus and decreases the heat
transfer from the TSC surfaces to the ambient environment. Under this
off-normal event of blockage of two air inlets, no CONCRETE CASK or
TSC components or fuel cladding exceed established short-term
temperature limits, and the TSC internal pressure does not exceed the
analyzed maximum pressure.

The complete blockage of all four air inlets effectively stops the transfer
of the decay heat from the TSC due to the elimination of the convective
air flow. The TSC will continue to radiate heat to the liner of the
CONCRETE CASK. Upon loss of air cooling, the MAGNASTOR
SYSTEM component temperatures will increase toward their respective
established accident temperature limits. The spent fuel cladding and
fuel basket and CONCRETE CASK structural component temperatures
do not reach their accident limits for a time period of approximately 72
hours. The internal pressure in the TSC cavity will not reach the
analyzed maximum pressure condition for approximately 58 hours after
a complete blockage condition occurs.

(continued)
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CONCRETE CASK Heat Removal System
3.1.2

BASES (continued)

APPLICABLE
SAFETY ANALYSIS
(cont.)

LCO

APPLICABILITY

ACTIONS

Therefore, following the identification of a reduction in the heat
dissipation capabilities of the CONCRETE CASK by the temperature-
monitoring program or the visual inspection of the air inlet and outlet
screens, actions are to be taken immediately to restore at least partial
convective airflow (i.e., a minimum of 2 air inlet screens and 2 air
outlets screens are unobstructed). Once partial airflow is established,
the fuel cladding and the TSC and component temperatures will not
exceed normal STORAGE OPERATIONS limits. Efforts to reestablish
full OPERABLE status for the CONCRETE CASK can then be
undertaken in a controlled manner. If necessary, the TSC may be
transferred into the TRANSFER CASK to permit full access to the base
of the CONCRETE CASK for repairs with minimal radiological effects.

The CONCRETE CASK heat removal system is to be verified to be
OPERABLE to preserve the applicability of the design bases thermal
analyses. The continued operability of the heat removal system
ensures that the decay heat generated by the TSC contents is
transferred to the ambient environment to maintain the fuel cladding
and CONCRETE CASK and TSC temperatures within established
limits.

The LCO is applicable during TRANSPORT OPERATIONS and
STORAGE OPERATIONS, Once the CONCRETE CASK lid is installed
following transfer of a loaded TSC, the-heat removal system is required
to be OPERABLE to ensure adequate heat transfer.

A Note has been added to the Actions that states for this LCO, separate
condition entry is allowed for each CONCRETE CASK. This is
acceptable, as the Required Actions for each Condition provide
appropriate compensatory measures for each CONCRETE CASK not
meeting the LCO. Other CONCRETE CASKs that do not meet the LCO
are addressed by independent Condition entry and application of the
associated Required Actions.

A.1

If the CONCRETE CASK heat removal system has been determined to
be inoperable, full operability is to be restored, or at a minimum,
adequate heat removal must be restored or verified to prevent
exceeding fuel cladding and critical component temperatures for
accident events. Adequate heat removal capability is defined as no
more than two obstructed CONCRETE CASK air inlets and air outlets
and constitutes the analyzed off-normal event. This verification must be
completed immediately.

(continued)
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CONCRETE CASK Heat Removal System
3.1.2

BASES (continued)

ACTIONS (cont.) Thermal analyses of a fully blocked CONCRETE CASK air inlet
condition show that fuel cladding and critical basket material accident
temperatures and internal pressure limits could be exceeded over time.
As a result, requiring immediate verification, or restoration, of adequate
heat removal capability will ensure that accident temperature and
pressure limits are not exceeded. Once adequate heat removal has
been reestablished or verified, the additional actions required to restore
the CONCRETE CASK to OPERABLE status can be completed under
A.2.

AND

A.2

In addition to Required Action A.1, efforts are required to be continued
to restore the CONCRETE CASK heat removal system to OPERABLE.

As long as adequate heat removal capability has been verified to exist,
restoring the CONCRETE CASK heat removal system to fully
OPERABLE is not an immediate concern. Therefore, restoring it to
OPERABLE within 30 days is a reasonable Completion Time.

SURVEILLANCE
REQUIREMENTS

SR 3.1.2.1

The long-term integrity of the stored spent fuel is dependent on the
continuing ability of the CONCRETE CASK to reject decay heat from
the TSC to the ambient environment. Routine verification that the four
air inlets and four air outlets are unobstructed and intact ensures that
convective airflow through the CONCRETE CASK/TSC annulus is
occurring and performing effective heat transfer. Alternatively, the
Surveillance Requirement can be fulfilled by measuring the exit air
temperature from the four air outlets and determining the temperature
rise over the ISFSI ambient air temperature. As long as the
temperature increase of the convective airflow is less than the
surveillance limits, adequate heat transfer is occurring to maintain
CONCRETE CASK, TSC, and spent fuel cladding temperatures below
long-term limits.

If partial or complete blockage of the CONCRETE CASK air inlets
occurs, the heat rejection system will be rendered inoperable and this
LCO is not meet. Immediate corrective actions are to be taken to
remove the obstructions from at least two air inlets and air outlets to
restore partial air flow, and additional corrective actions are to be taken
to remove all air inlet and outlet obstructions and return the
CONCRETE CASK to OPERABLE status.

(continued)
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CONCRETE CASK Heat Removal System
3.1.2'

BASES (continued)

SURVEILLANCE SR 3.1.2.1 (continued)
REQUIREMENTS The Frequency of 24 hours is reasonable based on the time necessary

(continued) for the spent fuel cladding and CONCRETE CASK and TSC component
temperatures to reach their short-term temperature limits and the
internal pressure to increase to the accident condition pressure limit.
The Frequency will allow appropriate corrective actions to be completed
in a timely manner.

REFERENCES FSAR Section 4.4.

0
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Dissolved Boron Concentration
3.2.1

MAGNASTOR SYSTEM Criticality Control for PWR Fuel3.2

3.2.1 Dissolved Boron Concentration

BASES

BACKGROUND A TRANSFER CASK with an empty TSC is placed into a spent fuel pool
and loaded with fuel assemblies and associated NONFUEL
HARDWARE meeting the requirements of Appendix B, Approved
Contents for the MAGNASTOR SYSTEM.

After loading the TSC, a closure lid is installed on the TSC, the closure
lid is welded to the TSC shell, and the water in the cavity is drained.

For those TSCs to be loaded with PWR fuel assemblies, credit is taken
in the criticality analyses for boron dissolved in the water within the TSC
cavity during the loading and TSC preparation up through the draining
of the cavity water. To preserve the analyses bases, the dissolved
boron concentration of the TSC cavity water must be verified to meet
specified limits when there are fuel assemblies and water in the TSC.
This may occur during LOADING OPERATIONS and UNLOADING
OPERATIONS.

APPLICABLE
SAFETY ANALYSIS

The spent fuel stored in the MAGNASTOR SYSTEM is required to
remain subcritical (keff < 0.95) under all conditions of storage. The
MAGNASTOR SYSTEM is analyzed to safely store a wide variety of
spent fuel assembly types with differing initial enrichments and
associated nonfuel hardware. For PWR SNF assemblies to be loaded
in the TSCs, credit has been taken in the criticality analyses for neutron
poison in the form of soluble boron in the water in the TSC cavity.
Compliance with this LCO preserves the assumptions made in the
criticality analyses and ensures that the stored PWR SNF assemblies
will remain subcritical with a keff < 0.95 while water is in the TSC.

LCO Compliance with this LCO ensures that the stored PWR SNF will
remain subcritical with a keff < 0.95 while water is in the TSC. The LCO
provides the minimum concentration of soluble boron required to be in
the TSC cavity water based on the type, initial enrichment, and
contained nonfuel hardware of the PWR fuel assembly.

All UNDAMAGED SNF ASSEMBLIES loaded into the TSC are limited
by analysis to the maximum enrichments of 5.0 wt% 235U.

(continued)
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Dissolved Boron Concentration
3.2.1

BASES (continued)

APPLICABILITY The dissolved boron concentration LCO is applicable whenever a TSC
has at least one PWR SNF assembly in a storage location and water in
the TSC.

ACTIONS A Note has been added to the Actions that states for this LCO, separate
condition entry is allowed for each TSC. This is acceptable since the
Required Actions for each condition provide appropriate compensatory
measures for each TSC not meeting the LCO. Subsequent TSCs being
loaded or unloaded will be controlled by subsequent condition entry and
application of associated Required Actions.

A.1 and A.2

Continuation of LOADING OPERATIONS, UNLOADING OPERATIONS
or positive reactivity additions (including actions to reduce dissolved
boron concentration) is contingent upon maintaining the TSC in
compliance with the LCO. Determination of a measurement of soluble
boron below the required concentration for the limiting SNF assembly
parameters, LOADING OPERATIONS, UNLOADING OPERATIONS,
and any positive reactivity additions are to be immediately suspended
and placed in a safe condition.

AND

A.3

Immediate actions are to be taken to restore the dissolved boron
concentration in the TSC cavity water to Within the established limits.
One method of complying with the action is to initiate direct boration of
the TSC water immediately in a controlled manner. Alternatively, the
direct boration of the !spent fuel pool water can be performed.

Once initiated, the addition of boron to the TSC or spent fuel pool are to
continue until the required soluble boron concentration is restored. The
time to complete restoration will depend on the amount of boron
required to be added and the capacity of the available boron addition
equipment.

SURVEILLANCE
REQUIREMENTS

SR 3.2.1.1
When the TSC is placed in the spent fuel pool for loading of PWR SNF
assemblies, the dissolved boron concentration in the TSC water must
be verified by two independent measurements to be within the
applicable limit within four hours prior to entering the applicability of the
LCO. For LOADING OPERATIONS, this means within four hours prior
to loading any approved content into the TSC.

(continued)
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Dissolved Boron Concentration
3.2.1

BASES (continued)

SURVEILLANCE
REQUIREMENTS (cont.)

The use of two independent measurements provides assurance
that the dissolved boron concentration limit is met and
maintained. The period of four hours prior to fuel loading for the
surveillance frequency is reasonable based on the potential for
boron dilution to occur prior to the start of loading without limiting
operational flexibility. Following the verification of the boron
concentration, there is no credible unplanned event that would
change the concentration. During the period between the
completion of boron concentration verification and
commencement of loading operations, possible methods to
change the boron concentration will be administratively
controlled. If actions are taken that could result in a reduction in
the boron concentration within the four-hour period, the
surveillance will be performed again.

While the TSC is in the spent fuel pool or while water is in the
TSC, the boron concentration will be verified every 24 hours.
Facility procedures will specifically ensure that any water to be
added to, or recirculated through, the TSC will have a boron
concentration greater than or equal to the minimum boron
concentration specified by the LCO.

For UNLOADING OPERATIONS, the dissolved boron
concentration in water to be used to reflood a TSC containing
PWR SNF fuel will be verified within four hours of initiating TSC
reflooding operations. This ensures that when the LCO is
applicable, the LCO will be met. The boron concentration shall
be verified every 24 hours until all PWR SNF assemblies are
removed from the TSC during wet unloading operations.

REFERENCES FSAR Chapter 6
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CONCRETE CASK Maximum Surface Dose Rates
3.3.1

MAGNASTOR SYSTEM Radiation Protection3.3

3.3.1 CONCRETE CASK Maximum Surface Dose Rates

BASES

BACKGROUND The regulations governing the operation of an ISFSI set limits on the
control of occupational radiation exposure and radiation doses to the
general public (Ref. 1). Radiation doses to the public are limited for
both normal and accident conditions in accordance with 10 CFR 72
and 10 CFR 20. Occupational radiation exposure should be kept as
low as reasonably achievable (ALARA) and within the limits of 10 CFR
20. Unexpected high dose rates may also lead to the identification of a
fuel misload exceeding CoC Fuel Content limitations.

APPLICABLE The CONCRETE CASK maximum surface dose rates are not an
SAFETY ANALYSIS assumption in any accident analysis, but are used to ensure

compliance with regulatory limits on dose to the public and
occupational dose, and to potentially identify a misloaded spent fuel
assembly.

LCO The limits on CONCRETE CASK maximum neutron and gamma
surface dose rates are based on the Safety Analysis Report shielding
analysis of the MAGNASTOR System (Ref. 2). The limits are selected
to minimize radiation exposure to the public, as determined in
accordance with 10 CFR 72 and 10 CFR 20, and to maintain
occupational dose ALARA to personnel working in the vicinity of the
MAGNASTOR SYSTEM. The LCO specifies sufficient locations for
taking dose rate measurements to ensure the dose rates measured
are indicative of the effectiveness of the shielding materials.

APPLICABILITY The CONCRETE CASK maximum neutron and gamma surface dose
rates apply immediately prior to the start of STORAGE OPERATIONS.
The selected limits ensure that the CONCRETE CASK surface dose
rates during STORAGE OPERATIONS are bounded by the shielding
safety analyses. Radiation doses during STORAGE OPERATIONS
are monitored by the MAGNASTOR SYSTEM user in accordance with
the plant-specific radiation protection program as required by 10 CFR
72.212(b)(6) and 10 CFR 20 (Ref. 1).

ACTIONS A note has been added to the ACTIONS, which states that for this
LCO, separate Condition entry is allowed for each loaded CONCRETE
CASK. This is acceptable since the Required Actions for each
Condition provide appropriate compensatory measures for each
CONCRETE CASK not meeting the LCO. Subsequent MAGNASTOR
SYSTEMs that do not meet the LCO are governed by subsequent
Condition entry and application of associated Required Actions.

(continued)

I
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CONCRETE CASK Maximum Surface Dose Rates
3.3.1

BASES (continued)

ACTIONS (continued) A.1

If the CONCRETE CASK maximum surface dose rates are not within
limits, it could be an indication that a SNF assembly that did not meet
the Approved Contents Limits in Section B2.0 of Appendix B was
inadvertently loaded into the TSC. Administrative verification of the
TSC SNF loading, by means such as review of video recordings and
records of the loaded SNF assembly serial numbers, can establish
whether a misloaded SNF assembly is the cause of the out-of-limit
condition. The Completion Time is based on the time required to
perform verification.

AND

A.2

If the CONCRETE CASK maximum surface dose rates are not within
limits and it is determined that the CONCRETE CASK was loaded with
the correct SNF assemblies, an analysis may be performed. This
analysis will determine if the CONCRETE CASK would result in the
ISFSI offsite or occupational calculated doses exceeding regulatory
limits in 10 CFR 72 or 10 CFR 20, respectively. If it is determined that
the measured maximum surface dose rates do not result in the
regulatory limits being exceeded, STORAGE OPERATIONS may
proceed.

B.1

If it is verified that the fuel was misloaded, or that the ISFSI offsite
radiation protection requirements of 10 CFR 20 or 10 CFR 72 will not
be met with the CONCRETE CASK maximum surface dose rates
above the LCO limit, the performance of the CONCRETE CASK shall
be assessed and a safe configuration established. The Completion
Time is reasonable, based on the time required to perform an
engineering evaluation and safety assessment of the CONCRETE
CASK, to implement corrective actions such as augmented shielding
applied to the CONCRETE CASK, repositioning the CONCRETE
CASK in the cask array at the ISFSI to reduce the offsite dose impact
of the CONCRETE CASK, or to off-load the affected TSC.

(continued)
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CONCRETE CASK Maximum Surface Dose Rates
3.3.1

BASES (continued)

SURVEILLANCE SR 3.3.1.1.
REQUIREMENTS

This SR ensures that the CONCRETE CASK maximum neutron and
gamma surface dose rates are within the LCO limits after transfer of
the TSC into the CONCRETE CASK and prior to the commencement
of STORAGE OPERATIONS. This Frequency is acceptable, as
corrective actions can be taken before offsite dose limits are
compromised. The surface dose rates are measured approximately at
the locations indicated on Figure 3-1 of Appendix A of the Technical
Specifications.

REFERENCES 1. 10 CFR Parts 20 and 72

2. SAR Section 5.1

NAC International 13C-24 MAGNASTOR FSAR, Revision 10B



TSC Surface Contamination
3.3.2

3.3 MAGNASTOR SYSTEM Radiation Protection

3.3.2 TSC Surface Contamination

BASES

BACKGROUND A TRANSFER CASK containing an empty TSC is immersed in
the spent fuel pool in order to load the spent fuel assemblies.
The external surfaces of the TSC are maintained clean by the
application of clean water to the annulus of the TRANSFER
CASK. However, there is potential for the surface of the TSC to
become contaminated with the radioactive material in the spent
fuel pool water. Contamination exceeding LCO limits is removed
prior to moving the CONCRETE CASK containing the TSC to the
ISFSI in order to minimize the radioactive contamination to
personnel or the environment. This allows the ISFSI to be
entered without additional radiological controls to prevent the
spread of contamination and reduces personnel dose due to the
spread of loose contamination or airborne contamination. This is
consistent with ALARA practices.

APPLICABLE The radiation protection measures implemented at the ISFSI are
SAFETY ANALYSIS based on the assumption that the exterior surfaces of the TSC

are not significantly contaminated. Failure to decontaminate
the surfaces of the TSC to below the LCO limits could lead to
higher-than-projected occupational dose and potential site
contamination.

LCO Removable surface contamination on the exterior surfaces of the
TSC is limited to 10,000 dpm/1 00 cm2 from beta and gamma
sources and 100 dpm/100 cm2 from alpha sources. Only loose
contamination is controlled, as fixed contamination will not result
from the TSC loading process. Experience has shown that these
limits are low enough to prevent the spread of contamination to
clean areas and are significantly less than the levels that could
cause significant personnel skin dose.

(continued)
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TSC Surface Contamination
3.3.2

0
LCO (continued) LCO 3.3.2 requires removable contamination to be within the

specified limits for the exterior surfaces of the TSC. Compliance
with this LCO may be verified by direct and/or indirect methods.
The location and number of TSC and TRANSFER CASK surface
swipes used to determine compliance with this LCO are
determined based on standard industry practice and the user's
plant-specific contamination measurement program for obiects of
this size. The objective is to determine a removable
contamination value representative of the entire TSC surface
area while implementing sound ALARA practices.

Swipes and measurements of removable surface contamination
levels on the interior surfaces of the TRANSFER CASK may be
performed to verify the TSC LCO limits following transfer of the
TSC to the CONCRETE CASK. These measurements will
provide indirect indications regarding the removable
contamination on the exterior surfaces of the TSC.

APPLICABILITY Verification that the exterior surface contamination of the TSC is
less than the LCO limits is performed during LOADING
OPERATIONS. This occurs before TRANSPORT OPERATIONS
and STORAGE OPERATIONS. Measurement of the TSC
surface contamination is unnecessary during UNLOADING
OPERATIONS, as surface contamination would have been
measured prior to moving the subject TSC to the ISFSI.

(continued)
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TSC Surface Contamination
3.3.2

ACTIONS. A note has been added to the ACTIONS, which states that, for
this LCO, separate Condition entry is allowed for each TSC
LOADING OPERATION. This is acceptable, since the Required
Actions for each Condition provide appropriate compensatory
measures for each TSC not meeting the LCO. Subsequent
TSCs that do not meet the LCO are governed by subsequent
Condition entry and application of associated Required Actions.

A.1

If the removable surface contamination of the TSC that has been
loaded with spent fuel is not within the LCO limits, action must be
initiated to decontaminate the TSC and bring the removable
surface contamination to within limits. The Completion Time of
prior TRANSPORT OPERATIONS is appropriate, given that the
time needed to complete the decontamination is indeterminate
and surface contamination does not affect the safe storage of the
spent fuel assemblies.

SURVEILLANCE
REQUIREMENTS

SR 3.3.2.1

This SR verifies (either directly or indirectly) that the removable
surface contamination on the exterior surfaces of the TSC is less
than the limits in the LCO. The Surveillance is performed using
smear surveys to detect removable surface contamination. The
Frequency requires performing the verification prior to initiating
TRANSPORT OPERATIONS in order to confirm that the TSC
can be moved to the ISFSI without spreading loose
contamination.

REFERENCES 1. FSAR Section 9.1.
2. NRC IE Circular 81-07.
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