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Page Revision Page Revision
i 10 XX 10
ji 10 xodd 10
it 10 oo Deleted
v 10 x0dii Deleted
\ 10 KOGV Deleted
vi 10

vii 10

viii 10

ix 10

X 10

xi 10

Xii 10

xiil 10

Xiv 10

xv 10

xvi 10

xvii 10
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Xix 10

XX 10

xxi 10

xxii 10
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xxiv 10

XV 10

Xxvi 10
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XXix 10

X00( 10
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Xxvil 10

X0vi 10

xovii 10

il 10

KX 10
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XXVi 10
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vl 10

XXX 10

Vil 10

XVi 10

Vi 10
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XXix 10

XXvii 10

XXVi 10

Xoxvil 10

xviii 10

XXX 10
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Page Revision Page Revision
1.0-1 10 1.2-37 10
1.0-2 10 1.2-38 10
1.0-3 10 1.2-39 10
1.0-4 10 1.2-40 10
1.0-5 10 1.2-41 10
1.0-8 10 1.2-42 10
1.0-7 10 1.243 10
1.0-8 10 1.2-44 10
1.0-9 10 1.2-45 10
1.1-1 10 1.2-46 10
Fig. 1.1.1 7 1.2-47 10
Fig. 1.1.2 10 1.2-48 10
Fig. 1.1.3 10 1.249 10
Fig. 1.1.4 10 1.2-50 10
1.2-1 10 1.2-51 10
1.2-2 10 1.2-52 10
1.2-3 10 1.2-53 10
1.24 10 1.2-54 10
1.2-5 10 1.2-55 10
1.2-6 10 1.2-56 10
1.2-7 10 1.2-57 10
1.2-8 10 1.2-58 10
1.2-9 10 1.2-59 10
1.2-10 10 1.2-60 10
1.2-11 10 1.2-61 10
1.2-12 10 1.2-62 10
1.2-13 10 1.2-63 10
1.2-14 10 1.2-64 10
1.2-15 10 1.2-65 10
1.2-16 10 1.2-66 10
1.2-17 10 1.2-67 10
1.2-18 10 1.2-68 10
11.2-19 10 1.2-69 10
1.2-20 10 1.2-70 10
1.2-21 10 1.2-71 10
1.2-22 10 1.2-72 10
1.2-23 10 1.2-73 10
1.2-24 10 Fig. 1.2.1 7
1.2-25 10 Fig. 1.2.2 7
1.2-26 10 Fig. 1.2.3 10
1.2-27 10 Fig. 1.2.4 10
1.2-28 10 Fig. 1.2.5 10
1.2-29 10 Fig. 1.2.6 7
1.2-30 10 Fig. 1.2.7 7
1.2-31 10 Fig. 1.2.8 10
1.2-32 10 Fig. 1.29 10
1.2-33 10 Fig. 1.2.10 10
1.2-34 10 Fig. 1.2.10A 10
1.2-35 10 Fig. 1.2.10B 10
1.2-36 10 Fig. 1.2.10C 10
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Page Reyvision Page Revision
Fig. 1.2.10D 10 Fig. 1.A.5 4
Fig. 1.2.11 9 1.B-1 10
Fig. 1.2.11A ] 1.B-2 10}
Fig. 1.2.12 Deleted 1.B-3 10
Fig. 1.2.13 4 1.B-4 through 1.B-20 Deleted
Fig. 1.2.13A 10 1.C1 9
Fig. 1.2.14 4 1.C-2 7
Fig. 1.2.16 10 1.C-3 7
Fig. 1.2.16 10 1.C4 7
Fig. 1.2.17 10 1.C-5 7
1.3-1 10 1.C6 7
1.3-2 10 1.C-7 7
1.3-3 10 1.C-8 7
1.34 10 App. 1.D (Total of 83 Pages) 8
1.3-5 10
1.3-6 10
1.3-7 10
1.3-8 10
1.3-9 10
1.3-10 10
1.3-11 10
1.3-12 10
1.3-13 10
1.3-14 10
1.3-15 10
1.3-16 10
1.3-17 10
1.3-18 10 L
1.3-19 10
1.4-1 10
1.4-2 10
Drawings See Section 1.4
3 Bills-of-Material w/ 6 sheets Deleted
1.5-1 10
1.5-2 10
1.6-1 10
1.6-2 10
1.6-3 10
1.A-1 10
1.A-2 10 o
1.A-3 10
1.A4 10
1.A-5 10
1.A-6 10
1.A-7 10
Fig. 1.A.1 4
Fig. 1.A.2 4
Fig. 1.A.3 4
Fig. 1.A.4 4
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Page Revision Page Revision

2.0-1 10 Fig. 2.1.1 7
2.0-2 10 Fig. 2.1.2 6
203 10 Fig. 2.1.3 10
2.04 10 Fig.2.1.4 10
2.0-5 10 Fig. 2.1.5 4
2.0-6 10 Fig. 2.1.6 4
2,11 10 Fig. 2.1.7 4
2.1-2 10 Fig. 2.1.8 4
21-3 10 Fig. 2.1.9 4
214 10 Fig. 2.1.10 6
2.1-5 10 Fig. 2.1.11 4
2.1-6 10 Fig. 2.1.12 4
21-7 10 Fig. 2.1.13 4
2.1-3 10| Fig. 2.1.14 ]
21-9 10 2.21 10
2.1-10 10 2.2-2 10
2.1-11 10 2.2-3 10
2.1-12 10 224 10
2.1-13 10 2.2-5 10
2.1-14 10 Fig. 2.2.1 4
2.1-15 10 2.3-1 10
2.1-16 10 2.3-2 10
2.1-17 10 2.3-3 10
2.1-18 10 234 10
2.1-19 10 2.3-5 10
2.1-20 10 2.3-6 10
2.1-21 10 2.3-7 10
2.1-22 10 238 10
2.1-23 10 2.39 10
2.1-24 10 2.3-10 10
2.1-25 10 2.3-11 10
2.1-26 10 Fig. 2.3.1 4
2.1-27 10 Fig. 2.3.2 7
2.1-28 10 2.4-1 10
2.1-29 10 242 10
2.1-30 10 2.4-3 10
2.1-31 10 244 10
2.1-32 10 245 10
2.1-33 10 2.4-6 10
2.1-34 10 2.4-7 10
2.1-35 10 2.5-1 10
2.1-36 10 252 10
2.1-37 10 253 10
2.1-38 10 254 10
2.1-39 10 2.55 10
2.140 10 2.56 10
2141 10 2.57 10
2142 10 2.5-8 10
2143 10 259 10
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Page Revision Page Revision

2.5-10 10 2.6-36 10
2.5-1 10 2.6-37 10
2512 10 2.6-38 10
2.5-13 10 2.6-39 10
2.5-14 10 2.6-40 10
2.5-15 10 2.641 10
2.5-16 10 2.642 10
2.5-17 10 2.643 10
2.5-18 10 2.6-44 10
2.5-19 through 2.5-29 Deleted 2.6-45 10
Fig. 2.5.1 10 2.6-46 10
Fig. 2.6.2 10 2.6-47 10
Fig. 2.5.3 through 2.5.11 Deleted 2648 10
Fig. 2.5.12 10 2.6-49 10
Fig. 2.56.13 10 2.6-50 10
2.6-1 10 2.6-51 10
26-2 10 26-52 10
2.6-3 10 2.6-53 10
2.64 10 26-54 10
2.6-5 10 2.6-55 10
2.6-6 10 2.6-56 10
2.6-7 10 2.6-57 10
2.6-8 10 2.6-58 10
2.6-9 10 2.6-59 10
2.6-10 10 2.6-60 10
2.6-11 10 2.6-61 10
2.6-12 10 2.6-62 10
2.6-13 10 2.6-63 o 10
2.6-14 10 2.6-64 10
2.6-15 10 2.6-65 10
2.6-16 10 2666 10
2.6-17 10 2667 10
2.6-18 10 2.6-68 10
2.6-19 10 2669 10
2.6-20 10 26-70 10
2.6-21 10 Fig. 2.6.1 4
2.6-22 10 Fig. 2.6.2 4
2.6-23 10 Fig.2.6.3 10
2.6-24 10 Fig. 2.6.4 10
2.6-25 . 10 Fig. 2.6.5 6
2.6-26 10 Fig. 2.6.6 10
2.6-27 10 Fig. 2.6.7 10
2.6-28 10 Fig. 2.6.8 6
2.6-29 10 Fig. 2.6.9 10
2.6-30 10 Fig. 2.6.10 10
2.6-31 10 Fig. 2.6.11 6
2.6-32 10 Fig. 2.6.12 7
2.6-33 10 Fig. 2.6.13 7
2.6-34 10 Fig. 2.6.14 7
2.6-35 10 Fig. 2.6.15 4

PAGE 5 of 17
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Page Revision Page Revision
Fig. 2.6.16 8 2.7-38 10
Fig. 2.6.17 8 2.7-39 10
Fig. 2.6.18 8 2.7-40 10
Fig. 2.6.19 8 2.7-41 10
{Fig. 2.6.19A 8 2.7-42 10
Fig. 2.6.19B 8 2.7-43 10
Fig. 2.6.19C 8 2.7-44 10
Fig. 2.6.20 10 2.7-45 10
Fig. 2.6.21 7 2.7-46 10
Fig. 2.6.22 8 2.7-47 10
Fig. 2.6.23 8 2.748 10
Fig. 2.6.24 10 2.7-49 Deleted
Fig. 2.6.25 10 2.7-50 Deleted
2.7-1 10 Fig. 2.7.1 10
2.7-2 10 Fig.2.7.2 10
273 10 Fig. 2.7.3 10
274 10 Fig. 2.7.4 10
275 10 Fig. 2.7.5 6
278 10 Fig. 2.7.6 6
2.7-7 10 Fig. 2.7.7 8
2.7-8 10 Fig. 2.7.8 8
2.7-9 10 Fig. 2.7.9 8
2.7-10 10 Fig. 2.7.10 8
2.7-1 10 Fig. 2.7.11 8
2.7-12 10 Fig. 2.7.12 8
2.7-13 10 Fig. 2.7.13 8
2.7-14 10 Fig.2.7.14 8
2.7-15 10 Fig. 2.7.15 8
2.7-16 10 Fig. 2.7.16 8
2.7-17 10 Fig. 2.7.17 8
2.7-18 10 Fig. 2.7.18 3
2.7-19 10 Fig. 2.7.19 through -22 Deleted
2.7-20 10 2.8-1 7
2.7-21 10 2.9-1 10
2.7-22 10 2.9-2 10
2.7-23 10 2.9-3 10
2.7-24 10 294 10
2.7-25 10 295 10
2.7-26 10 296 10
2.7-27 10 297 10
2.7-28 10 298 10
2.7-29 10 2.99 10
2.7-30 10 2.9-10 10
2.7-31 10 2.9-11 10
2.7-32 10 2.9-12 10
2.7-33 10 2.9-13 10
2.7-34 10 2.9-14 10
2.7-35 10 2.9-15 10
2.7-36 10 2.9-16 10
2.7-37 10 2.9-17 10
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LIST OF EFFECTIVE PAGES FOR PROPOSED REVISION 10

Page Revision Page Revision
2.9-18 10 Fig. 2.A.2.1 10
2.9-19 10 Fig. 2.A.3.1 10
Fig. 2.9.1 8 Fig. 2.A.4.1 10
Fig. 2.9.2 8 Fig. 2.A 4.2 10
Fig. 2.9.3 8 Fig. 2.A.4.3 10
Fig. 2.8.4 8 Fig. 2.A4.4 10
Fig. 2.9.5 8 Fig. 2.A.5.1 10
Fig. 2.9.6 8 Fig. 2.A.5.2 10
Fig.2.9.7 8 Fig. 2.A.5.3 10
Fig. 2.9.8 8 Fig.2.A.54 10
Fig.2.9.9 8 Fig. 2.A.5.5 10
2.10-1 10 Fig. 2.A.5.6 10
2.10-2 10 Fig. 2.A.5.7 10
2.10-3 Deleted Fig. 2.A.5.8 10
2.104 Deleted Fig. 2.A5.9 10
2.10-5 Deleted Fig. 2.A.5.10 10
2.11-1 10 Fig. 2.A.5.11 10
2.11-2 10 Fig. 2.A.5.12 10
2.11-3 10 Fig. 2.A.5.13 10
2.A-1 10 Fig. 2.A.5.14 10
2.A-2 10 Fig. 2.A.5.15 10
2.A-3 10 Fig. 2.A.5.16A 10
2.A4 10 Fig. 2.A.5.158 10
2.A-5 10 Fig. 2.A.5.15C 10
2.A-6 10 Fig. 2.A.5.6
2.A-7 10 Fig. 2.A.5.17
2.A-8 10 Fig. 2.A.5.17A
2A9 10 Fig. 2.A.5.18
2A-10 10 Fig. 2.A.5.19
2.A-11 10 Fig. 2.a.5.19A
2.A-12 10 2.A.5.20
2.A-13 10 Fig. 2.A.5.21
2.A-14 10 Fig..2.A.5.21A
2.A-15 10 Fig. 2.A.6.1
2.A-16 10 Fig. 2.A.6.2
2.A-17 10 Fig. 2.A.6.3
2.A-18 10 Fig. 2.A.6.4
2.A-19 10 Fig. 2A.6.5
2.A-20 10 Fig. 2.A.6.6
2.A-21 10 Fig. 2.A.7.1
2.A-22 10 Fig. 2.A.7.2
2.A-23 10 Fig. 2.A.7.3
2.A-24 10 Fig. 2.A.10.1
2.A-25 10 Fig. 2.A.10.2
2.A-26 10 Fig. 2.A.10.3
2.A-27 10 2.B-1 10
2.A-28 .10 2B-2 10
Fig. 2.A.1.1 10 283 10
Fig. 2.A.1.2 10 Appendices 2.C through 2.A0 Deleted
Fig- 2.A.1.3 10
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Pages Revision Page Revision

3.0-1 10 3.4-20 10
3.0-2 10 3.4-21 10
3.0-3 10 3.4-22 10
3.1-1 10 3.4-23 10
3.1-2 10 3.4-24 10
3.1-3 10 3.4-25 10
3.21 10 3.4-26 10
3.2-2 10 3.4-27 10
3.2-3 10 3.4-28 10
3.24 10 3.4-29 10
3.2-5 10 3.4-30 10
3.2-6 10 3.4-31 10
3.2-7 10 3.4-32 10
3.2-8 10 3.4-33 10]
3.2-9 10 3.4-34 10
3.2-10 10 3.4-35 10
3.3-1 10 3.4-36 10
3.3-2 10 3.4-37 10
3.3-3 10 3.4-38 10
3.34 Deleted 3.4-39 10
3.35 Deleted 3.4-40 10
3.3-6 Deleted 3.4-41 10
3.3-7 Deleted 3.4-42 10
3.338 Deleted 3.4-43 10
3.39 Deleted 3.4-44 10
3.3-10 Deleted 3.4-45 10
3.3-11 Deleted 3.4-46 10
3.3-12 Deleted 3.447 10
3.3-13 Deleted 3.4-48 10
3.3-14 Deleted 3.449 10
3.3-15 Deleted 3.4-50 10
3.4-1 10 3.4-51 10
3.4-2 10 3.4-52 10
3.4-3 10 3.4-53 10
3.4-4 10 3.4-54 10
3.4-5 10 3.4-55 10|
3.4-6 10 3.4-56 10
3.4-7 10 3.4-57 10
3.4-8 10 3.4-58 10
3.4-9 10 3.4-59 10
3.4-10 10 3.4-60 10
3.4-11 10 3.4-61 10
3.4-12 10 3.4-62 10
3.4-13 10 3.4-63 10
3.4-14 10 3.4-64 10
3.4-15 10 3.4-65 10
3.4-16 10 3.4-66 10
3.4-17 10 3.4-67 10
3.4-18 10 3.4-68 10
3.4-19 10 3.4-70 10
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Page Revision Page Revision

3.4-71 10 3.6-1 10
3.4-72 10 3.6-2 10
Fig. 3.4.1 6 3.6-3 10
Fig. 34.2 7 3.64 10
Fig. 34.3 7 3.71 10
Fig. 3.44 4 3.7-2 10
Fig. 3.4.5 7 3.7-3 10
Fig. 3.4.6 10 3.A-1 10
Fig.3.4.7 6 3.A-2 10
Fig. 3.4.8 6 3.A-3 10
Fig. 3.4.9 Deleted 3.A4 10
Fig. 3.4.10 10 3.A-5 10
Fig. 3.4.11 6 3.A-6 10
Fig. 3.4.12 7 3.B-1 10
fi_g_. 3.4.13 7 3.82 10
Fig. 3.4.14 6 3.B-3 10
Fig. 3.4.15 Deleted 3.B4 10
Fig. 3.4.16 6 Fig 3.B-1 10
Fig. 3.4.17 6

Fig. 3.4.18 Deleted

Fig. 3.4.19 7

Fig. 3.4.20 7

Fig. 3.4.21 Deleted

Fig. 3.4.22 7

Fig. 3.4.23 7

Fig. 3.4.24 8

Fig. 3.4.25 8

Fig. 3.4.26 8

Fig. 3.4.27 8

Fig. 3.4.28 8

3.51 10

3.52 10

3.53 10

3.54 10

3.5-6 10

3.56 10

3.57 10

3.5-8 10

3.5-9 10

3.5-10 10

3.5-11 Deleted

Fig. 3.5.1 7

Fig. 3.56.2 6

Fig. 3.5.3 6

Fig. 3.5.4 6

Fig. 3.5.5 6

Fig. 3.5.6 7

Fig. 3.5.7 7

Fig. 3.5.8 7

Fig. 3.5.9 7
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Page Revision Page Revision

4.0-1 10 4.A-1 8
4.0-2 10 4.A-2 8
4.1-1 10 4.A-3 8
4.1-2 10 4.B-1 10
4.1-3 10 4.8-2 10
4.14 10 4.B-3 10
4.1-5 10 4.84 10
4.1-6 10 4.B-5 10
4.1-7 10

Fig. 4.1.1 8

Fig. 4.1.2 8

Fig.4.1.3 8

Fig.4.1.4 10

4.2-1 10

4.2-2 10 L

4.2-3 10

4.2-4 10

4.2-5 10

4.2-6 10

42-7 10

4.2-8 10

4.2-9 10

4.2-10 10

4.2-11 10

4.2-12 10

4.2-13 10

4.2-14 10

4.2-15 10

4.2-16 10

4.2-17 10

4.2-18 10

4.2-19 10

4.2-20 10

4.2-21 10

4.2-22 10

4.2-23 10

4.2-24 10

4.2-25 10

4.2-26 10

4.2-27 10 _

4.2-28 10

4.2-29 10

4.2-30 10

4.2-31 10

4.2-32 10

4.3-1 10

4.3-2 10

441 10
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Page Revision Page Revision

5.0-1 10 5.2-27 10
5.0-2 10 5.2-28 10
5.1-1 10 5.2-29 10
51-2 10 5.2-30 10
5.1-3 10 5.2-31 10
5.1-4 10 5.2-32 10
5.1-5 10 5.2-33 10
5.1-6 10 5.2-34 10
5.1-7 10 5.2-35 10
5.1-8 10 5.2-36 10
5.1-9 10 5.2-37 10
5.1-10 10 5.2-38 10
5.1-11 10 5.2-39 10
5.1-12 10 5.2-40 10
5.1-13 10 5.2-41 10
5.1-14 10 5.2-42 10
5.1-15 10 5.2-43 10
5.1-16 10 5.2-44 10
5.1-17 10 5.2-45 10
5.1-18 10 5.2-46 10
5.1-19 10 5.2-47 10
5.1-20 10 5.2-48 10
5.1-21 10 5.2-49 10
Fig. 5.1.1 10 5.2-50 10
Fig. 5.1.2 6 5.2-51 10
5.2-1 10 5.2-52 10
52-2 10 5.2-53 10
52-3 . 10 5.2-54 10
524 10 5.2-55 10
52-5 10 5.2-56 10
5.2-6 10 5.2-57 10
5.2-7 10 5.2-58 10
52-8 10 5.2-59 10
52-9 10 5.3-1 10
5.2-10 10 5.3-2 10
52-11 10 5.3-3 10
5.2-12 10 5.3-4 10
5.2-13 10 535 10
5.2-14 10 5.3-6 10
5.2-15 10 5.3-7 10
52-16 10 5.3-8 10
52-17 10 5.3-9 10
5.2-18 10 5.3-10 10
5.2-19 10 5.3-11 10
5.2-20 10 Fig. 5.3.1 10
5.2-21 10 Fig. 5.3.2 10
52-22 10 Fig. 5.3.3 4
5.2-23 10 Fig. 5.3.4 10
5.2-24 10 Fig. 5.3.5 10
52-25 10 Fig. 5.3.6 7
5.2-26 10 Fig. 5.3.7 6
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LIST OF EFFECTIVE PAGES FOR PROPOSED REVISION 10

Page Revision Page Revision

Fig. 5.3.8 6 Fig. 5.4.2 10
Fig. 5.3.9 10 5.5-1 10
Fig. 5.3.10 10 5.5-2 10
Fig. 5.3.11 8 5.5-3 10
Fig. 5.3.12 8 5.54 10
54-1 10 5.6-1 10
54-2 10 5.6-2 10
54-3 10 5.6-3 10
5.4-4 10 5.A-1 7
5.4-5 10 5.A-2 7
5.4-6 10 5.A-3 7
54-7 10 5.B-1 7
5.4-8 10 5.B-2 7
5.4-9 10 5.B-3 7
5.4-10 10 5.B-4 7
5.4-11 10 5.B-5 7
54-12 10 5.B-6 7
5.4-13 10 5.C-1 10
5.4-14 10 5.C-2 10
5.4-15 10 5.C-3 10
5.4-16 10 5.C4 10
54-17 10 5.C-5 10
5.4-18 10 5.C-8 10
5.4-19 10 5.C-7 10
5.4-20 10 5.C-8 10
5.4-21 10 5.C9 10
5.4-22 10 5.C-10 10
54-23 10| 5.C-11 10
5.4-24 10 5.C-12 10
5.4-25 10 5.C-13 10
54-26 10 5.C-14 10
5.4-27 10 5.C-15 10
5.4-28 10 5.C-16 10
5.4-29 10 5.C-17 10
5.4-30 10 5.C-18 10
5.4-31 10 5.C-19 10
5.4-32 10 5.C-20 10
5.4-33 10 5.C-21 10
54-34 10 5.C-22 10
5.4-35 10 5.C-23 10
5.4-36 10 5.C-24 10
5.4-37 10 5.C-25 10
5.4-38 10 5.C-26 10
54-39 10 5.C-27 10
5.4-40 10 5.C-28 10
5.4-41 10 5.C-29 10
5.4-42 10 5.C-30 10
5.4-43 10 5.C-31 10
5.4-44 10 5.C-32 10
5.4-45 10 5.C-33 10
Fig. 5.4.1 8
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LIST OF EFFECTIVE PAGES FOR PROPOSED REVISION 10

Page Revision Page Revision

6.1-1 10 6.2-35 10
6.1-2 10 6.2-36 10
6.1-3 10 6.2-37 10
6.14 10 6.2-38 10
6.1-5 10 6.2-39 10
6.1-6 10 6.2-40 10
6.1-7 10 6.241 10
6.1-8 10 6.2-42 10
6.1-9 10 6.2-43 10
6.1-10 10 6.2-44 10
6.1-11 10 6.2-45 10
6.1-12 10 6.2-46 10
6.1-13 10 6.2-47 10
6.1-14 10 6.2-48 10
6.1-15 10 6.2-49 10
6.1-16 10 6.2-50 10
6.2-1 10 6.2-51 10
6.2-2 10 6.2-52 - 10
6.2-3 10 6.2-53 10
6.24 10 6.2-54 10
6.2-5 10 6.2-55 10
6.2-6 10 6.2-56 10
6.2-7 10 6.2-57 10
6.2-8 10 6.2-58 10
6.2-9 10 6.3-1 10
6.2-10 10 6.3-2 10
6.2-11 10 6.3-3 10
6.2-12 _ 10 634 10
6.2-13 10 6.3-5 10
6.2-14 10 6.3-6 10
6.2-15 10 6.3-7 10
6.2-16 10 6.3-8 10
6.2-17 10 6.3-9 10
6.2-18 10 6.3-10 10
6.2-19 10 6.3-11 10
6.2-20 10 6.3-12 10
6.2-21 10 6.3-13 10
6.2-22 10 6.3-14 10
6.2-23 10 6.3-15 10
6.2-24 10 6.3-16 10
6.2-25 10 6.3-17 10
6.2-26 10 6.3-18 10
6.2-27 10 Fig. 6.3.1 10
6.2-28 10 Fig. 6.3.1A 10
6.2-29 10 Fig. 6.3.2 10
6.2-30 10 Fig. 6.3.3 10
6.2-31 10 Fig.6.3.4 10
6.2-32 10 Fig. 6.3.5 10
6.2-33 10 Fig. 6.3.6 4
6.2-34 10 Fig. 6.3.7 10
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LIST OF EFFECTIVE PAGES FOR PROPOSED REVISION 10

[Page Revision Page Revision

6.4-1 10 6.7-1 10
6.4-2 10 6.7-2 10
6.4-3 10 8.A-1 10
6.4-4 10 8.A-2 10
6.4-5 10 8.A-3 10
8.4-6 10 8.A-4 10
6.4-7 10 8.A-5 10
6.4-8 10 5.A-6 10
6.4-9 10 8.A-7 10
6.4-10 10 6.A-8 10
6.4-11 10 6.A-9 10
6.4-12 10 6.A-10 10
64-13 10 6.A-11 10
8.4-14 10 6.A-12 10
6.4-15 10 6.A-13 10
6.4-16 10 6.A-14 10
6.4-17 10 6.A-15 10
6.4-18 10 6.A-16 10
6.4-19 10 68.A-17 10
6.4-20 10 6.A-18 10
6.4-21 10 6.A-19 10
6.4-22 10 6.A-20 10
6.4-23 10 5.A-21 10
6.4-24 10 B8.A-22 10
6.4-25 10 Fig. 6.A.1 7
6.4-26 10 Fig. 6.A.2 7
6.4-27 10 Fig. 6.A.3 7
6.4-28 10 Fig. 6.A.4 _ 7
6.4-29 10 Fig. 6.A.5 7
6.4-30 10 Fig. 6.A.6 7
6.4-31 10 Fig. 6.A.7 10
6.4-32 10 6.B-1 7
6.4-33 10 6.B-2 .1
6.4-34 10 Appendix 6.C Deleted
6.4-35 10 6.D-1 10
6.4-36 10 6.D-2 10
Fig. 6.4.1 9 6.D-3 10
Fig. 6.4.2 9 6.D4 10
Fig. 6.4.3 9 8.D-5 10
Fig.6.4.4 9 6.D-6 . 10
Fig. 6.4.5 9 6.D-7 10
Fig. 6.4.6 9 6.D-8 10
Fig. 6.4.7 9 6.D-9 10
Fig. 6.4.8 9 6.D-10 10
Fig. 6.4.9 10 6.D-11 10
Fig. 6.4.10 9 6.D-12 10
Fig. 6.4.11 10 6.D-13 10
Fig. 6.4.12 10 6.D-14 10
6.5-1 10 6.D-15 10
6.6-1 10 6.D-16 10
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Page Revision Page Revision
6.D-17 10
6.D-18 10
6.D-19 10
6.D-20 10
6.D-21 10
6.D-22 10
6.D-23 10
6.D-24 10
6.D-25 10
6.D-26 10
6.D-27 10
6.D-28 10
6.D-29 10
6.D-30 10
6.D-31 10
6.D-32 10
6.D-33 10
6.D-34 10
6.D-35 10
6.D-36 10
6.D-37 10
6.D-38 10
6.D-39 10
6.D-40 10
6.D41 10
6.D-42 10
6.D43 10
6.D-44 L 10
6.D-45 10
6.D46 10
6.3-1 10
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Page Revision Page Revision

7.0-1 10 Fig.7.1.6 10
7.0-2 10 Fig.7.1.7 10
7.0-3 10 Fig.7.1.8 7
7.1-1 10 Fig.7.1.9 10
7.1-2 10 Fig. 7.1.10 10
7.1-3 10 Fig. 7.1.11 10
7.14 10 Fig. 7.1.12 10
7.1-5 10 Fig. 7.1.13 10
7.1-6 10 Fig. 7.1.14 7
7.14-7 10 Fig. 7.1.15 7
7.1-8 10 Fig. 7.1.16 7
7.1-9 10 Fig. 7.1.17 10
7.1-10 10 Fig. 7.1.18 7
7.1-11 10 Fig. 7.1.19 7
7.1-12 10 Fig. 7.1.20 10
7.1-13 10 Fig. 7.1.21 7
7.1-14 10 Fig. 7.1.22 10
7.1-15 10 Fig.7.1.23 - 10
7.1-16 10 Fig. 7.1.24 10
7.1-17 10 Fig. 7.1.25 10
7.1-18 10 Fig. 7.1.26 10
7.1-19 10 Fig. 7.1.27 7
7.1-20 10 Fig. 7.1.28 7
7.1-21 10 Fig. 7.1.29 7
7.1-22 10 Fig. 7.1.30 7
7.1-23 10 7.2-1 10
7.1-24 10 7.2-2 10
7.1-25 o _ 10 7.2-3 . 10
7.1-26 ' 10 7.2-4 10
7.1-27 10 7.2-5 10
7.1-28 10 7.2-6 10
7.1-29 10 7.2-7 10
7.1-30 10 7.2-8 10
7.1-31 10 7.2-9 10
7.1-32 10 7.2-10 Deleted
7.1-33 10 Fig. 7.2.1 10
7.1-34 10 Fig. 7.2.2a 7
7.1-35 10 Fig. 7.2.2b 7
7.1-36 10 Fig. 7.2.2c 7
7.1-37 10 Fig. 7.2.3 10
7.1-38 10 Fig. 7.2.4 10
7.1-39 10 Fig. 7.2.5 10
7.1-40 Deleted 7.3-1 10
7.1-41 Deleted 7.3-2 10
Fig. 7.1.1 10 7.3-3 10
Fig. 7.1.2a 7 7.4-1 10
Fig. 7.1.2b 7 7.4-2 10
Fig. 7.1.2c 10 7.4-3 10
Fig. 7.1.3 7 7.4-4 10
Fig.7.1.4 10 7.5-1 8
Fig. 7.1.5 10 7.6-1 10
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8.1-1 10
8.1-2 10
8.1-3 10
8.14 10
8.1-56 10
8.1-6 10
8.1-7 10
8.1-8 10
8.1-9 10
8.1-10 10
8.1-11 10
8.1-12 10
8.1-13 10
8.1-14 10
8.1-15 10
8.1-16 10
8.1-17 10
8.1-18 10
8.1-19 10
8.1-20 10
8.1-21 10
8.1-22 10
8.1-23 10
8.1-24 10
8.1-25 10
8.1-26 10
8.1-27 10
8.1-28 10
8.1-29 10
Fig. 8.1.1 Deleted
Fig. 8.1.2 7
Fig. 8.1.3 7
Fig. 8.1.4 7
8.2-1 10
8.2-2 10
8.2-3 10
8.24 10
8.2-5 10
Fig. 8.2.1 7
831 10
18.3-2 10
8.4-1 10
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CHAPTER 1: GENERAL INFORMATION
1.0 GENERAL INFORMATION

This Safety Analysis Report (SAR) for Holtec International's HI-STAR 100 packaging is a
compilation of information and analyses to support a United States Nuclear Regulatory Commission
(NRC) licensing review as a spent nuclear fuel transportation package (Docket No. 71-9261) under
requirements specified in 10CFR71 [1.0.1] and 49CFR173 [1.0.2]. This SAR supports NRC
approval and issuance of Certificate of Compliance No. 9261, issued under the provisions and
definitions in 10CFR71, Subpart D, for the design Model: HI-STAR 100 as an acceptable Type
B(U)F-85 packaging for transport by exclusive use shipment (10CFR71.47).

The HI-STAR 100 packaging complies with the requirements of 10CFR71 for a Type B(U)F-85
package. The HI-STAR 100 packaging does not have a maximum normal operating pressure
(MNOP) greater than 700 kPa (100 Ib/in°). The HI-STAR 100 internal design pressure is specified in
Table 2.1.1 as 100 psig to calculate bounding stress values. Section 3.4 calculates the MNOP
(reported in Table 3.4.15) and demonstrates that the value remains below the design value specified
in Table 2.1.1. No pressure relief device is provided on the HI-STAR 100 containment boundary, as
discussed in Subsection 1.2.1.8. Therefore, there is no pressure relief device that would allow the
release of radioactive material under the tests specified in 10CFR71.73. Analyses that demonstrate
that the HI-STAR 100 packaging complies with the requirements of Subparts E and F of 10CFR71
are provided in this SAR. Specific reference to each section of the SAR that is used to specifically
address compliance to 10CFR71 is provided in Table 1.0.2. Therefore, the HI-STAR 100 packaging
to transport spent nuclear fuel should be designated B(U)F-85.

The HI-STAR 100 transport index for nuclear criticality control is zero, as an unlimited number of
packages is subcritical under the procedures specified in 10CFR71.59(a). Section 6.1 provides the
determination of the transport index for nuclear criticality control. The transport index based on
radiation is in excess of 10 for the HI-STAR 100 Packaging with design basis fuel contents.
Therefore, the HI-STAR 100 Packaging must be transported by exclusive use shipment
(10CFR71.47).

The HI-STAR 100 packaging design, fabrication, assembly, and testing shall be performed in
accordance with Holtec International's quality assurance program. Holtec International's quality
assurance program was originally developed to meet NRC requirements delineated in 10CFR50,
Appendix B, and was expanded to include provisions of 10CFR71, Subpart H, and 10CFR72,
Subpart G, for structures, systems, and components designated as important to safety. NRC approval
of Holtec International's quality assurance program is documented by the Quality Assurance Program
Approval for Radioactive material Packages (NRC Form 311), Approval Number 0784, Docket No.
71-0784.

This SAR has been prepared in the format and content suggested in NRC Regulatory Guide 7.9
[1.0.3]. The purpose of this chapter is to provide a general description of the design features and
transport capabilities of the HI-STAR 100 packaging including its intended use. This chapter
provides a summary description of the packaging, operational features, and contents, and provides
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reasonable assurance that the package will meet the regulations and operating objectives. Table 1.0.1
contains a listing of the terminology and notation used in preparing this SAR.

This SAR was initially prepared prior to the issuance of the draft version of NUREG-1617 [1.0.5].
To aid NRC review, additional tables and references have been added to facilitate the location of
information needed to demonstrate compliance with 10CFR71 as outlined by NUREG-1617. Table
1.0.2 provides a matrix of the 10CFR71 requirements as outlined in NUREG-1617, the format
requirements of Regulatory Guide 7.9, and reference to the applicable SAR section(s) that
address(es) each topic.

The HI-STAR 100 System is a dual purpose system, certified under 10 CFR 71 and 10 CFR 72. The
HI-STAR 100 Final Safety Analysis Report (FSAR) [1.0.6] supports Certificate of Compliance No.
1008 for HI-STAR 100 to store spent nuclear fuel at an Independent Spent Fuel Storage Installation
(ISFSI) facility under requirements of 10CFR72, Subpart L [1.0.4] (Docket Number 72-1008).

Within this report, all figures, tables and references cited are identified by the double decimal system
m.n.i, where m is the chapter number, n is the section number, and i is the sequential number. Thus,
for example, Figure 1.1.1 is the first figure in Section 1.1 of Chapter 1 (which is the next section in
this chapter).

Revision of this document to Revision 10 was made on a section level. Therefore, if any change
occurs on a page, the entire section was updated to Revision 10. The locations of specific text
changes are indicated by revision bars in the margin of the page. Figures are controlled individually
at the latest SAR revision level for that particular figure. Sections and figures unchanged in the latest
SAR revision indicate the revision level corresponding to the last changes made in the section/figure.
Drawings are also controlled individually within the Holtec International drawing control system.
The revisions of drawings included in Revision 10 of this SAR are the same as those incorporated by
reference into CoC No. 9261, Amendment 2.

Revision 10 of this SAR includes information pertaining to the MPC-32 basket. However, the MPC-
32 is not certified for transportation at this time. MPC-32 is under review by the NRC and will be
certified in a future CoC amendment.

1.0.1 Engineering Change Orders

The changes authorized by the following Holtec Engineering Change Orders (ECOs) are reflected in
Revision 10 of this SAR:

MPC-68/68F: ECOs 1021-1, 3,4, 7, 8, 13, 14, 16, 18 through 20, 22, 27, 29, 33, 34, 39, 41, 44, 46
through 54, and 56; and 71188-43.

MPC-24/24E/24EF: ECOs 1022-3, 6, 9, 10 through 13, 16, 19, 21 through 24, 26, 28, 35, 37
through 41, 43 through 46, and 48 through 51; and 1135-24 through 26, 28 through 33, 36, 39, and
40.
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MPC-32: ECOs 1023-3, 5, 7, 10 through 14, 16, 18 through 21, and 24.

HI-STAR overpack: ECOs 1020-6, 7,9, 11, 12, 14, 15, 19, 22, 23, 25, 29, 31, 33, 34 through 36, 38,
41 through 43, and 45 through 47; and 71188-31 and 33.

Ancillary Equipment: ECOs 1027-27, 31 and 50.

General FSAR changes: ECOs 5014-36, 49, 54,57, 62, 67,68,71, 72, 77, 80, 82, 86 through 88, 91,
and 94.
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Table 1.0.1
TERMINOLOGY AND NOTATION
ALARA is an acronym for As Low As Reasonably Achievable.
AL-STAR™ is the trademark name of the HI-STAR 100 impact limiter.

Boral is a generic term to denote an aluminum-boron carbide cermet manufactured in accordance
with U.S. Patent No. 4027377. The individual material supplier may use another trade name to refer
to the same product.

Boral™ means Boral manufactured by AAR Advanced Structures. |
BWR is an acronym for boiling water reactor.
C.G. is an acronym for center of gravity.

Commercial Spent Fuel or CSF refers to nuclear fuel used to produce energy in a commercial
nuclear power plant.

Containment System Boundary means the enclosure formed by the overpack inner shell welded to
a bottom plate and top flange plus the bolted closure plate with dual seals and the vent and drain port
plugs with seals. It is also called the primary containment boundary when used with the inner
(secondary) containment boundary of the MPC-68F and MPC-24EF.

Containment System means the HI-STAR 100 overpack that forms the containment boundary of the
packaging intended to contain the radioactive material during transport.

Cooling Time (or post-irradiation cooling time) for a spent fuel assembly is the time between
reactor shutdown and the time the spent fuel assembly is loaded into the MPC.

Damaged Fuel Assembly is a fuel assembly with known or suspected cladding defects, as
determined by a review of records, greater than pinhole leaks or hairline cracks, empty fuel rod
locations that are not filled with dummy fuel rods, or those that cannot be handled by normal means.
Fuel assemblies which cannot be handled by normal means due to fuel cladding damage are
considered Fuel Debris.

Damaged Fuel Container (or Canister) means a specially designed enclosure for damaged fuel
assemblies or fuel debris which permits gaseous and liquid media to escape while minimizing
dispersal of gross solid particulates.
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Table 1.0.1 (continued)
TERMINOLOGY AND NOTATION

Enclosure Vessel (or MPC Enclosure Vessel) means the pressure vessel defined by the cylindrical
shell, baseplate, port cover plates, lid, closure ring, and associated welds that provides confinement
for the helium gas contained within the MPC. The Enclosure Vessel (EV) and the fuel basket
together constitute the multi-purpose canister.

Exclusive use means the sole use by a single consignor of 2 conveyance for which all initial,
intermediate, and final loading and unloading are carried out in accordance with the direction of the
consignor or consignee. The consignor and the carrier must ensure that loading or unloading is
performed by personnel having radiological training and resources appropriate for safe handling of
the consignment. The consignor must issue specific instructions, in writing, for maintenance of
exclusive use shipment controls, and include them with the shipping paper information provided to
the carrier by the consignor.

FSAR is an acronym for Final Safety Analysis Report (10CFR72).

Fuel Basket means a honeycomb structural weldment with square openings which can accept a fuel
assembly of the type for which it is designed.

Fuel Debris is ruptured fuel rods, severed fuel rods, loose fuel pellets, or fuel assemblies with
known or suspected defects which cannot be handled by normal means due to fuel cladding damage.
Fuel debris also includes certain Trojan plant-specific fuel material contained in Trojan Failed Fuel

Cans.

HI-STAR 100 overpack or overpack means the cask that receives and contains the sealed multi-
purpose canisters containing spent nuclear fuel. It provides the containment boundary for radioactive
materials, gamma and neutron shielding, and a set of lifting trunnions for handling. Certain
overpack models also include optional pocket trunnions for upending and downending.

HI-STAR 100 System or HI-STAR 100 Packaging consists of the MPC sealed within the HI-
STAR 100 overpack with impact limiters installed.

Holtite™ is the trade name for all present and future neutron shielding materials formulated under
Holtec International’s R&D program dedicated to developing shielding materials for application in
dry storage and transport systems. The Holtite development program is an ongoing experimentation
effort to identify neutron shielding materials with enhanced shielding and temperature tolerance
characteristics. Holtite-A™ is the first and only shielding material qualified under the Holtite R&D
program. As such, the terms Holtite and Holtite-A may be used interchangeably throughout this

SAR.

Holtite™-A is a trademarked Holtec International neutron shield material.
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

Impact Limiter means a set of fully-enclosed energy absorbers that are attached to the top and |
bottom of the overpack during transport. The impact limiters are used to absorb kinetic energy
resulting from normal and hypothetical accident drop conditions. The HI-STAR impact limiters are
called AL-STAR.

Important to Safety (ITS) means a function or condition required to transport spent nuclear fuel
safely; to prevent damage to spent nuclear fuel, and to provide reasonable assurance that spent
nuclear fuel can be received, handled, packaged, transported, and retrieved without undue risk to the
health and safety of the public.

Intact Fuel Assembly is defined as a fuel assembly without known or suspected cladding defects
greater than pinhole leaks and hairline cracks, and which can be handled by normal means. Fuel
assemblies without fuel rods in fuel rod locations shall not be classified as Intact Fuel Assemblies
unless dummy fuel rods are used to displace an amount of water greater than or equal to that
displaced by the original fuel rod(s).

Load-and-Go is a term used in this SAR that means the practice of loading spent fuel into the HI-
STAR 100 System packaging and placing the packaging into transportation service under 10 CFR
71, without first deploying the system at an Independent Spent Fuel Storage Installation (ISFSI)
under 10 CFR 72.

Maximum Normal Operating Pressure (MINOP) means the maximum gauge pressure that would
develop in the containment system in a period of 1 year under the heat condition specified in
10CFR71.71(c)(1), in the absence of venting, external cooling by an ancillary system, or operational
controls during transport.

Maximum Reactivity means the highest possible k-effective including bias, uncertainties, and
calculational statistics evaluated for the worst-case combination of fuel basket manufacturing
tolerances.

MGDS is an acronym for Mined Geological Depository System.

MPC Fuel Basket means the honeycombed composite cell structure utilized to maintain
subcriticality of the spent nuclear fuel. The number and size of the storage cells depends on the type
of spent nuclear fuel to be transported. Each MPC fuel basket has sheathing welded to the storage
cell walls for retaining the Boral neutron absorber. Boral is a commercially-available thermal neutron
poison material composed of boron carbide and aluminum.

Multi-Purpose Canister (MPC) means the sealed canister consisting of a honeycombed fuel basket
for spent nuclear fuel storage, contained in a cylindrical canister shell (the MPC Enclosure Vessel).
There are different MPCs with different fuel basket geometries for storing PWR or BWR fuel. All
MPCs except the Trojan plant MPCs have identical exterior dimensions. The Trojan plant MPCs
have the same outside diameter, but are approximately nine inches shorter than the generic MPC
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

design. MPC is an acronym for multi-purpose canister. The MPCs used as part of the HI-STAR 100
Packaging are identical to the MPCs authorized for use in the HI-STAR 100 Storage (Docket No. 72-
1008) and HI-STORM 100 Storage (72-1014) [1.0.7] CoCs to the extent that the particular MPC
models are authorized for use under both CoCs.

Neutron Shielding means Holtite, a material used in the overpack to thermalize and capture
neutrons emanating from the radioactive spent nuclear fuel.

Neutron Sources means specially designed inserts for fuel assemblies that produce neutrons for
startup of the reactor. The specific types of neutron sources authorized for transportation in the HI-
STAR 100 System are discussed in Section 1.2.3.

Non-fuel Hardware, or NFH, means Burnable Poison Rod Assemblies (BPRAs), Thimble Plug
Devices (TPDs), Control Rod Assemblies (CRAs), Axial Power Shaping Rods (APSRs), Wet
Annular Burnable Absorbers (WABAs), Rod Cluster Control Assemblies (RCCAs), Control Element
Assemblies (CEAs),water displacement guide tube plugs, orifice rod assemblies, and vibration
suppressor inserts. The specific types of NFH authorized for transportation in the HI-STAR 100
System are discussed in Section 1.2 of this SAR.

Packaging means the HI-STAR 100 System consisting of a single HI-STAR 100 overpack, a set of
impact limiters, and a multi-purpose canister (MPC). It excludes all lifting devices, rigging,
transporters, saddle blocks, welding machines, and auxiliary equipment (such as the drying and
helium backfill system) used during fuel loading operations and preparation for off-site

transportation.
Package means the HI-STAR 100 System plus the licensed radioactive contents loaded for transport.

Planar-Average Initial Enrichment is the average of the distributed fuel rod initial enrichments
within a given axial plane of the assembly lattice.

PWR is an acronym for pressurized water reactor.

Reactivity is used synonymously with effective multiplication factor or k-effective.

SAR is an acronym for Safety Analysis Report (10CFR71).

Secondary Containment Boundary means the Enclosure Vessel of the “F” model MPC. The
secondary containment boundary of the “F”’ model MPC provides the separate inner container for
the transport of fuel debris. The “F” model MPC, in conjunction with the overpack containment
system boundary, is designed to meet the double barrier requirement of 10CFR71.63(b) for

plutonium shipments.
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

Single Failure Proof means that the handling system is designed so that a single failure will not
result in the loss of the capability of the system to safely retain the load.

SNF is an acronym for spent nuclear fuel.
STP is Standard Temperature (298°K) and Pressure (1 atm) conditions.

Transport index means the dimensionless number (rounded up to the next tenth) placed on the label
of a package, to designate the degree of control to be exercised by the carrier during transportation.
The transport index is determined for fissile material packages as the number determined by
multiplying the maximum radiation level in millisievert per hour at one meter (3.3 ft) from the
external surface of the package by 100 (equivalent to the maximum radiation level in millirem per
hour at one meter (3.3 ft)), or, for criticality control purposes, the number obtained as described in
10CFR71.59, whichever is larger.

Trojan Damaged Fuel Container (or Canister) is a Holtec damaged fuel container custom-
designed for Trojan plant damaged fuel and fuel debris. Trojan plant damaged fuel and fuel debris
not loaded into a Trojan Failed Fuel Can must be loaded into a Trojan Damaged Fuel Container.

Trojan Failed Fuel Can (FFC) is a non-Holtec designed Trojan plant-specific damaged fuel
container that may be loaded with Trojan plant damaged fuel assemblies, Trojan fuel assembly metal
fragments (e.g., portions of fuel rods, grid assemblies, bottom nozzles, etc.), a Trojan fuel rod storage
container, a Trojan Fuel Debris Process Can Capsule, or a Trojan Fuel Debris Process Can.

Trojan Failed Fuel Can Spacer is a square, structural steel tube with a baseplate designed to be
placed inside one Trojan Failed Fuel Can to occupy any space between the top of the contents and
the top of the FFC in order to minimize movement of the FFC contents during transportation.

Trojan Fuel Debris Process Can is a Trojan plant-specific canister containing fuel debris (metal
fragments) and was used to process organic media removed from the Trojan plant spent fuel pool
during cleanup operations in preparation for spent fuel pool decommissioning. Trojan Fuel Debris
Process Cans are loaded into Trojan Fuel Debris Process Can Capsules or directly into Trojan Failed
Fuel Cans.

Trojan Fuel Debris Process Can Capsule is a Trojan plant-specific canister-tbat contains ﬁp to five
Trojan Fuel Debris Process Cans and is vacuumed, purged, backfilled with helium, and then seal-
welded closed.

ZR means any zirconium-based fuel cladding material authorized for use in a commercial nuclear
power plant reactor. Any reference to Zircaloy fuel cladding in this SAR applies to any zirconium-
based fuel cladding material.
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Table 1.0.2

HI-STAR 100 SAR CORRELATION WITH 10CFR71 AND REGULATORY GUIDE 7.9

RG 7.9 Section 10CFR Part 71 Section HI-STAR SAR Section
1.1 71.31(a)(1), 71.31(a)(2), 1.0,1.1,1.2,1.5
71.31(a)(3), 71.31(c),
71.33(a)(1), 71.33(a)(3),
71.35(b), 71.37, 71.59
1.2 71.31(a)(1), 71.33(a)(2), 1.2,13,14
71.33(a)(4), 71.33(a)(5),
71.33(a)(6), 71.33(b), 71.43(b)
None 71.31(a)(2), 71.35(a), 71.41(a) | 1.5
1.3 None Appendices 1.A, 1.B, and 1.C
21,22 71.31(a)(1), 71.31(c), 71.33 2.1,2.2
23,24 71.43(d) 23,24
2.5 71.45 25
2.6,2.7 71.31(a)(2), 71.35(2), 71.41(a), | 2.6, 2.7
71.61,71.71,71.73
2.6 71.35(a), 71.41(2), 71.43(f), 2.6
71.51(a)(1), 71.55(d)(4), 71.71
2.7 71.35(a), 71.41(a), 71.73 2.7
None 71.61 2.7
None 71.85(b) 8.1.2.2
2.10 None 2.10
3.1 71.31(a)(1), 71.31(c), Chapters 1 & 2,
71.33(a)(5), 71.33(a)(6), Sections 3.0, 3.1,3.4,3.6
71.33(b)(1), 71.33(b)(3),
71.33(bX5), 71.33(b)(7),
71.33(b)(B), 71.51(c)
32,33 71.31(a)(1), 71.33(a)(5) Chapters 1 & 2,
Sections 3.0, 3.1,3.4, 3.6
None 71.31(a)(2), 71.35(a), 71.41(a) | 3.0,3.1,3.4,3.5,3.6
None 71.43(g) 3.0,3.4,3.6
34 71.43(%), 71.51(a)(1), 71.71 3.0,34,3.6
3.5 71.73 3.0,3.5,3.6
3.6 None N/A
4.1 71.31(a)(1), 71.31(c), 40,4.1,42,43
71.33(a)(4), 71.33(a)(5),
71.33(b)(1), 71.33(b)(3),
71.33(b)(5), 71.33(b)(7),
71.43(c), 71.43(d), 71.43(e)
4.2 71.31(2)(2), 71.35(a), 71.41(a), | 4.2,4.3
71.43(f), 71.43(h), 71.51(a)(1),
71.51(c)
HI-STAR SAR Rev. 10
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Table 1.0.2 (continued)

HI-STAR 100 SAR CORRELATION WITH 10CFR71 AND REGULATORY GUIDE 7.9

RG 7.9 Section 10CFR Part 71 Section HI-STAR SAR Section
43 71.31(a)(2), 71.35(a), 71.41(a), | 4.2,4.3
71.51(a)(2), 71.51(c)
4.4 71.63 4.2,43,7.1
4.5 None -
5.1 71.31(a)(1), 71.31(c), 51
71.33(a)(5)
52 71.31(a)(1), 71.33(bX1), 5.2
71.33(b)(2), 71.33(b)X(3)
53 71.31(a), 71.31(b) 53
54 71.31(a)(2), 71.35(a), 71.41(a), | 5.1,5.4,5.5
71.43(%), 71.47(b), 71.51(a)X1),
71.51(a)(2)
5.5 None Appendices 5.A, 5.B, 5.C
6.1 71.31(a)(1), 71.31(c), 6.1
71.33(a)(5), 71.35(b), 71.59(b)
6.2 71.31(a)(1), 71.33(b)(1), 6.2
71.33(b)(2), 71.33(b)(3), 71.83
6.3 71.31(a)(2), 71.35(a), 71.41(a) | 6.3
6.4 71.35, 71.43(f), 71.51(a)(1), 6.4
71.55(b), 71.55(d), 71.55(e),
71.59
6.5 71.31(a)(2), 71.35 6.5, Appendix 6.A
6.6 None 6.2, 6.4, Appendices 6.B, 6.C,
6.D
7.1 71.31(c), 71.35(c), 71.43(g), 7.4,7.1.3,7.1.7
71.47(b), 71.47(c), 71.47(d),
71.87, 71.89
7.2 71.35(c) 7.1.7
7.3 71.87(1) 7.1.7
None 71.35(c) 7.1.7
7.4 None : -
8.1 71.31(c), 71.37(b), 71.85(a), 8.1
71.85(b), 71.85(c), 71.87(g),
71.93(b)
82 71.31(c), 71.37(b), 71.87(b), 8.2
71.87(g), 71.93(b)
Notes:

13

- There is no HI-STAR SAR section that addresses this.
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1.1  INTRODUCTION

HI-STAR 100 (acronym for Holtec International Storage, Transport and Repository) is a spent
nuclear fuel (SNF) packaging designed to be in general compliance with the U.S. Department of
Energy’s (DOE) original design procurement specifications for multi-purpose canisters and large
transportation casks [1.1.1], [1.1.2].

The HI-STAR 100 System consists of a sealed, metal multi-purpose canister, herein abbreviated
as the “MPC”, contained within an overpack with impact limiters. Figure 1.1.1 provides a
pictorial view of the HI-STAR 100 System. The HI-STAR 100 System is designed to
accommodate a wide variety of spent fuel assemblies in a single overpack design by utilizing
different MPC basket designs. The exterior dimensions of all MPCs (except the custom-designed
Trojan plant MPCs) are identical to allow the use of a single overpack design. The Trojan plant
MPCs are approximately nine inches shorter than the generic Holtec MPC design and have the
same outer diameter. Each of the MPCs has different design features (e.g., fuel baskets) to
accommodate distinct fuel characteristics. Each MPC is identified by the maximum quantity of
fuel assemblies it is capable of receiving. The MPC-24, -24E, and -24EF each can contain a
maximum of 24 PWR assemblies; the MPC-32 can contain up to 32 PWR assemblies; and the
MPC-68 and -68F each can contain a maximum of 68 BWR fuel assemblies. Figure 1.1.2 depicts
the HI-STAR 100 with two of its major constituents, the MPC and the overpack, in a cutaway
view. This view does not include depiction of the spacer required for the Trojan version of the
MPC-24E/EF design, which is shorter than the Holtec generic MPC-24E/EF design. The spacer
is required for the shorter MPC to ensure the design characteristics of the HI-STAR 100 System
(e.g., center-of-gravity, MPC lid-to-overpack closure plate gap, etc.) remain bounded by the
supporting analyses. See Figure 1.1.5 for a depiction of the Trojan MPC spacer. A drawing of
the Trojan MPC spacer is also included in Section 1.4. A summary of the qualification of the
spacer for performing its design function is provided in Section 2.7.1.1.

Figure 1.1.2 also indicates that the overpack pocket trunnions are optional appurtenances.
Overpack serial numbers 1020-001 through 1020-007 include the pocket trunnions, while later
serial number overpacks do not. The impact of this design change on vehicle tie down methods
and qualification analyses are discussed in Section 2.5 of this SAR. The pocket trunnions are not
part of the qualified vehicle tie-down system for the package. Figure 1.1.3 provides an elevation
cross sectional view of an MPC, and Figure 1.1.4 contains an elevation cross sectional view of
the HI-STAR 100 overpack.

The HI-STAR 100 System is designed for both storage and transport. The HI-STAR 100
System’s multi-purpose design reduces SNF handling operations and thereby enhances
radiological protection. Once SNF is loaded and the MPC and overpack are sealed, the HI-
STAR 100 System can be positioned on site for temporary or long-term storage or transported
directly off-site. The HI-STAR 100 System’s ability to both store and transport SNF eliminates

repackaging.
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FIGURE 1.1.1; PICTORIAL VIEW OF
HI-STAR 100 PACKAGE
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12  PACKAGE DESCRIPTION

1.2.1 Packaging

The HI-STAR 100 System consists of an MPC designed for BWR or PWR spent nuclear fuel, an
overpack that provides the containment boundary and a set of impact limiters that provide energy |
absorption capability for the normal and hypothetical accident conditions of transport. Each of
these components is described below, including information with respect to component
fabrication techniques and designed safety features. This discussion is supplemented by a set of
drawings in Section 1.4. Section 1.3 provides the HI-STAR 100 design code applicability and
details any alternatives to the ASME Code.

Before proceeding to present detailed physical data on HI-STAR 100, it is contextual to
summarize the design attributes that set it apart from the prior generation of spent fuel
transportation packages.

There are several features in the HI-STAR 100 System design that increase its effectiveness with |
respect to the safe transport of spent nuclear fuel (SNF). Some of the principal features of the
HI-STAR 100 System that enhance its effectiveness are: |

¢ the honeycomb design of the MPC fuel basket

o the effective distribution of neutron and gamma shielding materials within the system
¢ the high heat rejection capability

e the structural robustness of the multi-shell overpack construction

The honeycomb design of the MPC fuel baskets renders the basket into a multi-flanged plate |
weldment where all structural elements (box walls) are arrayed in two orthogonal sets of plates.
Consequently, the walls of the cells are either completely coplanar (no offset) or orthogonal with
each other. There is complete edge-to-edge continuity between contiguous cells.

Among the many benefits of the honeycomb construction is the uniform distribution of the metal
mass over the body of the basket (in contrast to the “box and spacer disk™ construction where the
support plates are localized mass points). Physical reasoning suggests that a uniformly
distributed mass provides a more effective shielding barrier than can be obtained from a
nonuniform (box and spacer disk) basket. In other words, the honeycomb basket is a more
effective radiation attenuation device.

The complete cell-to-cell connectivity inherent in the honeycomb basket structure provides an
uninterrupted heat transmission path, making the HI-STAR 100 MPC an effective heat rejection
device.

The multi-layer shell construction in the overpack provides a natural barrier against crack
propagation in the radial direction across the overpack structure. If, during a hypothetical

HI-STAR SAR Rev. 10
REPORT HI-951251 1.2-1



accident (impact) event, a crack was initiated in one layer, the crack could not propagate to the
adjacent layer. Additionally, it is highly unlikely that a crack would initiate as the thinner layers
are more ductile than a thicker plate.

In this Safety Analysis Report the HI-STAR 100 System design is demonstrated to have
predicted responses to accident conditions that are clearly acceptable with respect to certification
requirements for post-accident containment system integrity, maintenance of subcriticality
margin, dose rates, and adequate heat rejection capability. Table 1.2.18 presents a summary of
the HI-STAR 100 System performance against these aspects of post-accident performance at two
levels. At the first level, the integrity of the MPC boundary prevents release of radioactive
material or helium from the MPC, and ingress of moderator. The integrity of the MPC is
demonstrated by the analysis of the response of this high quality, ASME Code, Section I,
Subsection NB-designed, pressure vessel to the accident loads while in the overpack. With this

demonstration of MPC integrity, the excellent performance results listed in the second column of |

Table 1.2.18 constitutes an acceptable basis for certification of the HI-STAR 100 System for the
safe transport of spent nuclear fuel. However, no credit is taken for MPC integrity for
certification of the HI-STAR 100 System for the transport of intact or damaged fuel assemblies.
Credit is only taken for the additional containment boundary of the MPC-68F and MPC-24EF for
the transport of fuel classified as fuel debris in order to meet the requirements of 10 CFR
71.63(b).

The HI-STAR 100 System provides a large margin of safety. The third column in Table 1.2.18
summarizes the performance if the MPC is postulated to suffer gross failurein the post-accident
analysis. Even with this postulated failure, the performance of the HI-STAR 100 System is
acceptable for the transport of intact and damaged fuel assemblies, showing the defense-in-depth
methodology incorporated into the HI-STAR 100 System.

The containment boundary of the HI-STAR 100 System is shown to satisfy the special
requirements of 10CFR71.61 for irradiated nuclear fuel shipments.

To meet the requirements of 10CFR71.63(b) for plutonium shipments, which is considered
applicable for the transport of fuel classified as fuel debris, double containment is provided by
the containment boundary of the overpack and the secondary containment boundary of the MPC-
68F and MPC-24EF, serving as a separate inner container.

1.2.1.1 Gross Weight

The gross weight of the HI-STAR 100 System depends on which of the MPCs is loaded into the
HI-STAR 100 overpack for shipment. Table 2.2.1 summarizes the maximum calculated
component weights for the HI-STAR 100 overpack, impact limiters, and each MPC loaded to
maximum capacity with design basis SNF. The maximum gross transport weight of the HI-
STAR 100 System is to be marked on the packaging nameplate.

HI-STAR SAR Rev. 10
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1.2.1.2 Materials of Construction, Dimensions, and Fabrication

All materials used to construct the HI-STAR 100 System are ASME Code materials, except the
neutron shield, neutron poison, optional aluminum heat conduction elements, thermal expansion
foam, seals, pressure relief devices, aluminum honeycomb, pipe couplings, and other material
classified as Not Important to Safety. The specified materials of construction along with outline
dimensions for important-to-safety items are provided in the drawings in Section 1.4.

The materials of construction and method of fabrication are further detailed in the subsections
that follow. Section 1.3 provides the codes applicable to the HI-STAR 100 packaging for
materials, design, fabrication, and inspection, including NRC-approved alternatives to the ASME
Code.

12.1.2.1 HI-STAR 100 Overpack

The HI-STAR 100 overpack is a heavy-walled steel cylindrical vessel. A single overpack design
is provided that is capable of transporting each type of MPC. The inner diameter of the overpack
is approximately 68-3/4 inches and the height of the internal cavity is approximately 191-1/8
inches. The overpack inner cavity is sized to accommodate the MPCs. The outer diameter of the
overpack is approximately 96 inches and the height is approximately 203-1/4 inches.

Figure 1.2.1 provides a cross sectional elevation view of the overpack containment boundary.
The overpack containment boundary is formed by a steel inner shell welded at the bottom to a
bottom plate and, at the top, to a heavy top flange with a bolted closure plate. Two concentric
grooves are machined into the closure plate for the seals. The closure plate is recessed into the
top flange and the bolted joint is configured to protect the closure bolts and seals in the event of a
drop accident. The closure plate has test and vent ports that are closed by a threaded port plug
with a seal. The bottom plate has a drain port that is also closed by a threaded port plug with a
seal. The containment boundary forms an internal cylindrical cavity for housing the MPC.

The outer surface of the overpack inner shell is buttressed with intermediate shells of gamma
shielding that are installed in a manner to ensure a permanent state of contact between adjacent
layers. Besides serving as an effective gamma shield, these layers provide additiona! strength to
the overpack to resist puncture or penetration. Radial channels are vertically welded to the
outside surface of the outermost intermediate shell at equal intervals around the circumference.
These radial channels act as fins for improved heat conduction to the overpack outer enclosure
shell surface and as cavities for retaining and protecting the neutron shielding. The enclosure
shell is formed by welding enclosure shell panels between each of the channels to form
additional cavities. Neutron shielding material is placed into each of the radial cavity segments
formed by the radial channels, the outermost intermediate shell, and the enclosure shell panels.
The exterior flats of the radial channels and enclosure shell panels form the overpack outer
enclosure shell (Figure 1.2.2). Atop the outer enclosure shell, pressure relief devices (e.g.,
rupture disks) are positioned in a recessed area. The relief devices relieve internal pressure that
may develop as a result of the fire accident and subsequent off-gassing of the neutron shield
material. Within each radial channel, a layer of silicone sponge is positioned to act as a thermal
expansion foam to compress as the neutron shield expands in the axial direction. Appendix 1.C
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provides material information on the thermal expansion foam. Figure 1.2.2 provides a mid-plane
cross section view of the overpack, depicting the inner shell, intermediate shells, radial channels,
outer enclosure shell, and neutron shield.

The exposed steel surfaces (except seal seating surfaces) of the overpack and the intermediate
shell layers are coated to prevent corrosion. Coating materials are chosen based on the expected
service conditions, considering the dual purpose certification status of the HI-STAR 100 System
under 10 CFR 72 for spent fuel storage as well as transportation. The coatings applied to the
overpack exposed exterior and interior surfaces are specified on the drawings in Section 1.4. The
material data on the coatings is provided in Appendix 1.C. The inner cavity of the overpack is
coated with a material appropriate to its high temperatures and the exterior of the overpack is
coated with a material appropriate for fuel pool operations and environmental exposure. The
coating applied to the intermediate shells acts as a surface preservative and is not exposed to the
fuel pool or ambient environment.

Lifting trunnions are attached to the overpack top flange for lifting and rotating the cask body
between vertical and horizontal positions. The lifting trunnions are located 180° apart in the sides
of the top flange. On overpack serial numbers 1020-001 through 1020-007, pocket trunnions are
welded to the lower side of the overpack 180° apart to provide a pivoting axis for rotation. The
pocket trunnions are slightly off-center to ensure proper rotation direction of the overpack. As
shown in Figure 1.1.4, the trunnions do no protrude beyond the cylindrical envelope of the
overpack outer enclosure shell. This feature reduces the potential for direct impact on a trunnion
in the event of an overpack side impact. After fabrication of HI-STAR overpack serial number
1020-007, the pocket trunnions were deleted from the overpack design.

1.2.1.22 Multi-Purpose Canisters

1.2.1.2.2.1 General Description

In this subsection, discussion of those attributes applicable to all of the MPC models is provided.
Differences among the models are discussed in subsequent subsections. Specifications for the
authorized contents of each MPC model, including non-fuel hardware and neutron sources are
provided in Section 1.2.3.

The HI-STAR 100 MPCs are welded cylindrical structures with flat ends. Each MPC is an
assembly consisting of a honeycombed fuel basket, a baseplate, a canister shell, a lid with vent
and drain ports and cover plates, and a closure ring. The outer diameter of all MPCs and
cylindrical height of each generic design MPC is fixed (see discussion in Subsection 1.2.1.2.2.3
regarding Trojan plant-specific MPCs). The number of spent nuclear fuel storage locations in
each of the MPCs depends on the fuel assembly characteristics. As the generic MPCs are
interchangeable, they correspondingly have identical exterior dimensions. The outer dimension
of the MPC is nominally 68-3/8 inches and the length is nominally 190-1/4 inches. Figures 1.2.3-
1.2.5 depict the cross sectional views of the different MPCs. Drawings of the MPCs are provided
in Section 1.4. Key system data for the HI-STAR 100 System are outlined in Tables 1.2.2 and
1.23.
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The generic MPC-24/24E/24EF and Trojan plant MPC-24E/EF differ in construction from the
MPC-32 and MPC-68/68F in one important aspect: the fuel cells are physically separated from
one another by a flux trap between each cell for criticality control (Figures 1.2.3 and 1.2.4). All
MPC baskets are formed from an array of plates welded to each other, such that a honeycomb
structure is created that resembles a multi-flanged, closed-section beam in its structural
characteristics.

The MPC fuel basket is positioned and supported within the MPC shell by a series of basket
supports welded to the inside of the MPC shell. In the peripheral area created by the basket, the
MPC shell, and the basket supports, optional aluminum heat conduction elements are installed in
some early production MPC-68 and MPC-68F models (see Figure 1.2.3). These heat conduction
elements are fabricated from thin aluminum alloy 1100 in shapes and a design that allow a snug
fit in the confined spaces and ease of installation. The heat conduction elements are along the full
length of the MPC basket, except at the drain pipe location, to create a nonstructural thermal
connection that facilitates heat transfer from the basket to the shell. In their operating condition,
the heat conduction elements conform to, and contact the MPC shell and basket walls. In SAR
Revision 10, a refined thermal analysis, described in Chapter 3, has allowed the elimination of
these heat conduction elements from the MPC design, thus giving this design feature “optional”
status.

Lifting lugs attached to the inside surface of the MPC canister shell serve to permit placement of
the empty MPC into the overpack, and are considered non-structural, non-pressure retaining
attachments to the MPC pressure boundary. The lifting lugs also serve to axially locate the MPC
lid prior to welding. These intemnal lifting lugs are not used to handle a loaded MPC, since the
MPC lid blocks access to the lifting lugs.

The top of the HI-STAR 100 MPC incorporates a redundant closure system. Figure 1.2.6
provides a sketch of the MPC closure details. The MPC Iid is a circular plate (fabricated from
one piece, or two pieces - split top and bottom) that is edge-welded to the MPC shell. If the two-
piece lid design is employed, only the top piece is analyzed as part of the enclosure vessel
pressure boundary. The bottom piece acts primarily as a radiation shield and is attached to the
top piece with a non-structural, non-pressure retaining weld, as depicted on the MPC enclosure
vessel drawing in Section 1.4. The MPC lid is equipped with vent and drain ports that are used
to remove moisture and gas from the MPC and backfill the MPC with a specified pressure of
inert gas (helium). The vent and drain ports are sealed closed by cover plates welded to the MPC
lid before the closure ring is installed. The closure ring is a circular ring edge-welded to the MPC
shell and MPC lid. The MPC lid provides sufficient rigidity to allow the entire MPC loaded with
SNF to be lifted by the threaded holes in the MPC lid during transfer from the storage-only HI-
STORM 100 System to the HI-STAR 100 overpack for transportation. Threaded insert plugs are
installed to provide shielding when the threaded holes are not in use.

All MPCs are designed to handle intact fuel assemblies, damaged fuel assemblies, and fuel
classified as fuel debris. Damaged fuel and fuel debris must be transported in damaged fuel
containers or other approved damaged/failed fuel canister. At this time, only BWR damaged fuel
and fuel debris from the Dresden Unit 1 and Humboldt Bay plants is certified for transportation
in the MPC-68 and the MPC-68F. Similarly, only PWR damaged fuel and fuel debris from the
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Trojan plant is certified for transportation in the Trojan plant-specific MPC-24E and the MPC-
24EF. The definitions, and applicable specifications for all authorized contents, including the
requirements for canning certain fuel, are provided in Subsection 1.2.3.

Intact SNF can be placed directly into the MPC. Damaged SNF and fuel debris must be placed
into a Holtec damaged fuel container or other authorized canister for transportation inside the
MPC and the HI-STAR 100 overpack. Figures 1.2.10 through 1.2.11 provide sketches of the
containers authorized for transportation of damaged fuel and fuel debris in the HI-STAR 100
System. One Dresden Unit 1 Thoria rod canister, shown in Figure 1.2.11A, is also authorized for
transportation in HI-STAR 100.

In order to qualify the MPC-68F and MPC-24EF shells as a secondary containment boundary for
the transportation of Dresden Unit 1/Humboldt Bay and Trojan plant fuel debris, respectively,
the MPC-68 and MPC-24E enclosure vessels have been slightly modified to further strengthen
the lid-to-shell joint area. These fuel debris MPCs are given the “F” suffix (hence, MPC-68F and
MPC-24EF)". The differences between the standard and “F-model” MPC lid-to-shell joints are
shown on Figure 1.2.17, and include a thickened upper shell, a larger lid-to-shell weld size, and a
correspondingly smaller lid diameter. The design of the rest of the enclosure vessel is identical
between the standard MPC and the “F-model” MPC.

The MPC-68F and MPC-24EF provide the separate inner container per 10CFR71.63(b) for the
HI-STAR 100 System transporting fuel classified as fuel debris to ensure double containment.
The overpack containment boundary provides the primary containment boundary.

12,1222  MPC-24/24E/24EF

The MPC-24 is designed to transport up to 24 PWR intact fuel assemblies meeting the limits
specified in Subsection 1.2.3. The MPC 24E is designed to transport up to 24 PWR intact and up
to four PWR damaged fuel assemblies in damaged fuel containers. The MPC-24EF is designed
to transport up to 24 PWR intact fuel assemblies and up to four PWR damaged fuel assemblies
or fuel assemblies classified as fuel debris. At this time, however, generic PWR damaged fuel
and fuel debris are not authorized for transportation in the MPC-24E/EF.

All MPC-24-series fuel baskets employ the flux trap design for criticality control, as shown in
the drawings in Section 1.4. The fuel basket design for the MPC-24E is an enhanced MPC-24
basket layout designed to improve the fuel storage geometry for criticality control. The fuel
basket design of the MPC-24EF is identical to the MPC-24E. The MPC-24E/EF basket designs
also employ a higher '°B loading than the MPC-24, as shown in Table 1.2.3. The differences
between the MPC-24EF enclosure vessel design and the MPC-24/24E enclosure vessel are
discussed in Subsection 1.2.1.2.2.1.

' The drawing in Section 1.4 also denotes an MPC-68FF fuel debris canister design. However, the MPC-68FF is
not authorized for use in transportation under the HI-STAR 100 10 CFR 71 CoC.
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121223  Trojan Plant MPC-24E/EF

The Trojan plant MPC-24E and -24EF models are designs that have been customized for that
plant’s fuel and the concrete storage cask being used at the Trojan plant Independent Spent Fuel
Storage Installation (ISFSI) (Docket 72-0017). The design features that are unique to the Trojan
plant MPCs are specifically noted on the MPC enclosure vessel and MPC-24E/EF fuel basket
drawings in Section 1.4. These differences include:

e a shorter MPC fuel basket and cavity length to match the shorter Trojan fuel assembly
length :

e shorter corner fuel storage cell lengths to accommodate the Trojan Failed Fuel Cans

¢ a different fuel storage cell and flux trap dimension in the comner cells to accommodate
the Trojan Failed Fuel Cans

e a different configuration of the flow holes at the bottom of the fuel basket (rectangular vs.
semi-circular)

All other design features in the Trojan MPCs are identical to the generic MPC-24E/EF design.
The HI-STAR 100 overpack design has not been modified for the Trojan MPC design.

The technical analyses described in this SAR were verified in most cases to bound the Trojan-
specific design features. Where necessary, Trojan plant-specific evaluations were performed and
are summarized in the appropriate SAR section. To accommodate the shorter Trojan plant MPC
length in a standard-length HI-STAR 100 overpack, a spacer was designed for installation into
the overpack above the Trojan MPC (see Figure 1.1.5 and the drawing in Section 1.4) for
transportation in the standard-length HI-STAR 100 overpack. This spacer prevents the MPC
from moving more than the MPC was analyzed to move in the axial direction and serves to
transfer the axial loads from the MPC lid to the overpack top closure plate within the limits of
the supporting analyses. See Section 2.7.1.1 for additional discussion of the spacer used with the
Trojan MPC design. Hereafter in this SAR, the Trojan plant-specific MPC design is only
distinguished from the generic MPC-24E/EF design when necessary to describe unique
evaluations performed for those MPCs.

1.2.1.224 MPC-32
NOTE: The MPC-32 is not certified for transportation at this time.

The MPC-32 is designed to transport up 32 PWR intact fuel assemblies meeting the
specifications in Subsection 1.2.3. Damaged fuel and fuel debris are not permitted to be
transported in the MPC-32. The MPC-32 enclosure vessel design is identical to the MPC-24/24E
enclosure vessel design as shown on the drawings in Section 1.4. The MPC-32 fuel basket does
not employ flux traps for criticality control. Credit for burnup of the fuel is taken in the
criticality analyses for accident conditions and to meet the requirements of 10 CFR 71.55(b).
Because the MPC is designed to preclude the intrusion of moderator under all normal and
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credible accident conditions of transport, the moderator intrusion condition analyzed as required
by 10 CFR 71.55(b) is a non-mechanistic event for the HI-STAR 100 System.

12,1225 MPC-68/68F

The MPC-68 is designed to transport up to 68 BWR intact fuel assemblies and damaged fuel
assemblies meeting the specifications in Subsection 1.2.3. Zircaloy channels are permitted. At
this time, only damaged fuel from the Dresden Unit 1 and Humboldt Bay plants is authorized for
“transportation in the MPC-68. The MPC-68F is designed to transport only fuel and other
authorized material from the Dresden Unit 1 and Humboldt Bay plants meeting the specifications
in Subsection 1.2.3. The sole difference between the MPC-68 and MPC-68F fuel basket design is
a reduction in the required '°B areal density in the Boral. A reduction in the required '°B areal
density of the Boral is possible for the MPC-68F due to limited types of fuel and low
enrichments permitted to be transported in this MPC model. The differences between the MPC-
68F enclosure vessel design and the MPC-68 enclosure vessel are discussed in Subsection
1.2.1.2.2.1.

121226 AlloyX

The HI-STAR MPC is constructed entirely from stainless steel alloy materials (except for the
neutron absorber and aluminum vent and drain cap seal washers in all MPCs, and the aluminum
heat conduction elements in the first several production units of MPC-68 and MPC—68F). No
carbon steel parts are used in the design of the HI-STAR 100 MPC. Concerns regarding
interaction of coated carbon steel materials and various MPC operating environments [1.2.1] are
not applicable to the HI-STAR MPCs. All structural components in a HI-STAR MPC will be
fabricated of Alloy X, a designation that warrants further explanation.

Alloy X is a fictitious material that should be acceptable as a Mined Geological Depository
System (MGDS) waste package and that meets the thermophysical properties set forth in this
document.

At this time, there is considerable uncertainty with respect to the material of construction for an
MPC that would be acceptable as a waste package for the MGDS. Candidate materials being
considered for acceptability by the DOE include:

Type 316
Type 316LN
Type 304
Type 304LN

The DOE material selection process is primarily driven by corrosion resistance in the potential
environment of the MGDS. As the decision regarding a suitable material to meet disposal
requirements is not imminent, this application requests approval for use of any one of the four
Alloy X materials.
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For the MPC design and analysis, Alloy X (as defined in this SAR) may be one of the following
materials. Any steel part in an MPC may be fabricated from any of the acceptable Alloy X
materials listed below, except that all steel pieces comprising the MPC shell (i.e., the 1/2" thick
cylinder) must be fabricated from the same Alloy X stainless steel type:

Type 316
Type 316LN

Type 304
Type 304LN

The Alloy X approach is accomplished by qualifying the MPC for all mechanical, structural,
neutronic, radiological, and thermal conditions using material thermophysical properties that are
the least favorable for the entire group for the analysis in question. For example, when
calculating the rate of heat rejection to the outside environment, the value of thermal
conductivity used is the lowest for the candidate material group. Similarly, the stress analysis
calculations use the lowest value of the ASME Code allowable stress intensity for the entire
group. Stated differently, we have defined a material, which is referred to as Alloy X, whose
thermophysical properties, from the MPC design perspective, are the least favorable of the
candidate materials group. The evaluation of the Alloy X constituents to determine the least
favorable properties is provided in Appendix 1.A.

The Alloy X approach is conservative because no matter which material is ultimately utilized,
the Alloy X approach guarantees that the performance of the MPC will exceed the analytical
predictions contained in this document.

12.13 Impact Limiters

The HI-STAR 100 overpack is fitted with aluminum honeycomb impact limiters, termed AL-
STAR™, one at each end, once the overpack is positioned and secured in the transport frame.
The impact limiters ensure the inertia loadings during the normal and hypothetical accident
conditions of transport are maintained below design levels. The impact limiter design is
discussed further in Chapter 2 and drawings are provided in Section 1.4.

1.2.14 Shielding

The HI-STAR 100 System is provided with shielding to minimize personnel exposure. The HI-
STAR 100 System will be transported by exclusive use shipment to ensure the external radiation
requirements of 10CFR71.47 are met. During transport, a personnel barrier is installed to restrict
access to the overpack to protect personnel from the HI-STAR 100 exterior surface temperature
in accordance with 10CFR71.43(g). The personnel barrier provides a stand-off equal to the
exterior radial dimension of the impact limiters. Figure 1.2.8 provides a sketch of the personnel
barrier being installed.

The initial attenuation of gamma and neutron radiation emitted by the radioactive spent fuel is
provided by the MPC fuel basket structure built from inter-welded plates and Boral neutron
poison panels with sheathing attached to the fuel cell walls. The MPC canister shell, baseplate,
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and lid provide additional thicknesses of steel to further reduce gamma radiation and, to a
smaller extent, neutron radiation at the outer MPC surfaces. No shielding credit is taken for the
aluminum heat conduction elements installed in some of the early production MPC-68 and MPC-
68F units.

The primary HI-STAR 100 shielding is located in the overpack and consists of neutron shielding
and additional layers of steel for gamma shielding. Neutron shielding is provided around the
outside circumferential surface of the overpack. Gamma shielding is provided by the overpack
inner, intermediate and enclosure shells with additional axial shielding provided by the bottom
plate and the top closure plate. During transport, the impact limiters will provide incremental
gamma shielding and provide additional distance from the radiation source at the ends of the
package. An additional circular segment of neutron shielding is contained within each impact
limiter to provide neutron attenuation.

1.2.1.4.1 Boral Neutron Absorber

Boral is a thermal neutron poison material composed of boron carbide and aluminum alloy 1100.
Boron carbide is a compound having a high boron content in a physically stable and chemically
inert form. The boron carbide contained in Boral is a fine granulated powder that conforms to
ASTM C-750-80 nuclear grade Type IIl. The aluminum alloy 1100 is a lightweight metal with
high tensile strength that is protected from corrosion by a highly resistant oxide film. The two
materials, boron carbide and aluminum, are chemically compatible and ideally suited for long-
term use in the radiation, thermal, and chemical environment of a nuclear reactor, spent fuel
pool, or dry cask.

The documented historical applications of Boral, in environments comparable to those in spent
fuel pools and fuel storage casks, dates to the early 1950s (the U.S. Atomic Energy
Commission's AE-6 Water-Boiler Reactor [1.2.2]). Technical data on the material was first
printed in 1949, when the report "Boral: A New Thermal Neutron Shield” was published [1.2.3].
In 1956, the first edition of the “Reactor Shielding Design Manual” [1.2.4], contains a section on
Boral and its properties.

In the research and test reactors built during the 1950s and 1960s, Boral was frequently the
material of choice for control blades, thermal-column shutters, and other items requiring very
good thermal-neutron absorption properties. It is in these reactors that Boral has seen its longest
service in environments comparable to today's applications.

Boral found other uses in the 1960s, one of which was a neutron peison material in baskets used
in the shipment of irradiated, enriched fuel rods from Canada's Chalk River laboratories to
Savannah River. Use of Boral in shipping containers continues, with Boral serving as the poison
in many cask designs.

Boral has been licensed by the NRC for use in numerous BWR and PWR spent fuel storage
racks and has been extensively used in international nuclear installations.
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Boral has been exclusively used in fuel storage applications in recent years. Its use in spent fuel
pools as the neutron absorbing material can be attributed to its proven performance and several
unique characteristics, such as:

¢ The content and placement of boron carbide provides a very high removal cross section
for thermal neutrons.

¢ Boron carbide, in the form of fine particles, is homogeneously dispersed throughout the
central layer of the Boral panels. '

¢ The boron carbide and aluminum materials in Boral do not degrade as a result of long-
term exposure to radiation.

¢ The neutron absorbing central layer of Boral is clad with permanently bonded surfaces of
aluminum.

¢ Boral is stable, strong, durable, and corrosion resistant.

Boral absorbs thermal neutrons without physical change or degradation of any sort from the
anticipated exposure to gamma radiation and heat. The material does not suffer loss of neutron
attenuation capability when exposed to high levels of radiation dose.

Holtec International's QA Program ensures that Boral is manufactured under the control and
surveillance of a Quality Assurance/Quality Control Program that conforms to the requirements
of 10CFR71, Subpart H and 10CFR72, Subpart G. Holtec International has procured over
200,000 panels of Boral from AAR Advanced Structures for over 20 projects. Boral has always
been purchased with a minimum '°B loading requirement. Coupons extracted from production
runs were tested using the "wet chemistry" procedure. The actual '°B loading, out of thousands
of coupons tested, has never been found to fall below the design specification. The size of this
coupon data base is sufficient to provide confidence that all future procurements will continue to
yield Boral with full compliance with the stipulated minimum loading. Furthermore, the
surveillance, coupon testing, and material tracking processes that have so effectively controlled
the quality of Boral are expected to continue to yield Boral of similar quality in the future. -
Nevertheless, to add another layer of insurance, only 75% '°B credit of the fixed neutron
absorber is assumed in the criticality analysis.

The oxide layer that is created from the reaction of the outer aluminum cladding and the edges of
the Boral panels with air and water provides a barrier to further reaction of the aluminum
cladding with air or the spent fuel pool water during loading and unloading operations. However,
with extended submergence in an MPC filled with water or in the plant’s spent fuel pool, the
hydrostatic pressure can drive water into the Boral core (comprised of particulate B,C and
aluminum powder) where previously unexposed aluminum powder may react with the water to
create hydrogen. The rate of hydrogen generation and the total hydrogen generated is dependent
on several variables:
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» Aluminum particle size: Aluminum particle size in the Boral core and associated
porosity affects the amount of aluminum available for reaction with water. Larger
aluminum particles yield less surface area for reaction, but higher porosity for
aluminum-water interaction; smaller aluminum particles yield more surface area for
reaction, but lower porosity for aluminum-water reaction.

e Presence of trace impurities: The presence of trace impurities in the Boral core due to
the manufacturing process (i.e., sodium hydroxide, boron oxide, and iron-oxide) can
affect the rate of hydrogen production, both increasing and suppressing the reaction.
Sodium dissolved in the water increases the pH and tends to increase the rate of
hydrogen production. This is counteracted by the boron oxide, which hydrolyzes to
boric acid (H3BO3) and reduces the rate of hydrogen production. Trace impurities do
not affect the total amount of hydrogen generated.

e Pool water chemistry: Chemicals in the plant spent fuel pool water (e.g., copper, boron)
can affect the rate of hydrogen production, both increasing (copper) and suppressing
(boron) the reaction.

e MPC loading operations: Operating needs or preferences by individual utilities as to
when, and for how long the MPC is kept at varying water depths in the spent fuel pool,
and how long the MPC is kept filled with water outside the spent fuel pool can affect
the amount of aluminum in the Boral core that may be exposed to water.

Due to the variability in hydrogen generation from the Boral-water reaction, the operating
procedures in Chapter 7 require monitoring for combustible gases and either exhausting or
purging the space beneath the MPC lid during loading and unloading operations when an ignition
event could occur (i.e.,, when the space beneath the MPC lid is open to the welding or cutting
operation).

1.2.1.4.2 Holtite-A"™ Neutron Shielding

The specification for the overpack and impact limiter neutron shield material is predicated on
functional performance criteria. These criteria are: :

» Attenuation of neutron radiation and associated neutron capture to appropriate levels;

e Durability of the shielding material under normal conditions, in terms of thermal,
chemical, mechanical, and radiation environments;

» Stability of the homogeneous nature of the shielding material matrix;

o Stability of the shielding material in mechanical or thermal accident conditions to the
desired performance levels; and
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o Predictability of the manufacturing process under adequate procedural control to yield an
in-place neutron shield of desired function and uniformity.

Other aspects of a shielding material, such as ease of handling and prior nuclear industry use, are
also considered, within the limitations of the main criteria. Final specification of a shield
material is a result of optimizing the material properties with respect to the main criteria, along
with the design of the shield system, to achieve the desired shielding results.

Holtite-A is the only approved neutron shield material that fulfills the aforementioned criteria.
Holtite-A is a poured-in-place solid borated synthetic neutron-absorbing polymer. Holtite-A is
specified with a nominal B4C loading of 1 weight percent for the HI-STAR 100 System.
Appendix 1.B provides the Holtite-A material properties germane to its function as a neutron
shield. Holtec has performed confirmatory qualification tests on Holtite-A under the company's

QA program.

In the following, a brief summary of the performance characteristics and properties of Holtite-A
is provided.

Density

The nominal specific gravity of Holtite-A is 1.68 g/cm® as specified in Appendix 1.B. To
conservatively bound any potential weight loss at the design temperature and any inability to
reach the theoretical density, the density is reduced by 4% to 1.61 g/cm®. The density used for
the shielding analysis is assumed to be 1.61 g/cm’ to underestimate the shielding capabilities of
the neutron shield.

Hydrogen

The nominal weight concentration of hydrogen is 6.0%. However, all shielding analyses
conservatively assume 5.9% hydrogen by weight in the calculations.

Boron Carbide

Boron carbide dispersed within Holtite-A in finely dispersed powder form is present in 1%
(nominal) weight concentration. Holtite-A may be specified with a B4C content of up to 6.5
weight percent. For the HI-STAR 100 System, Holtite-A is specified with a nominal B4C weight
percent of 1%.

Design Temperature

The design temperature of Holtite-A is set at 300°F. The maximum spatial temperature of
Holtite-A under all normal operating conditions must be demonstrated to be below this design
temperature.

HI-STAR SAR Rev. 10
REPORT HI-951251 1.2-13



Thermal Conductivity

It is evident from Figure 1.2.2 that Holtite-A is directly in the path of heat transmission from the
inside of the overpack to its outside surface. For conservatism, however, the design basis
thermal conductivity of Holtite-A under heat rejection conditions is set equal to zero. The
reverse condition occurs under a postulated fire event when the thermal conductivity of Holtite-
A aids in the influx of heat to the stored fuel in the fuel basket. The thermal conductivity of
Holtite-A is conservatively set at 1 Btu/hr-ft-°F for all fire accident analyses.

The Holtite-A neutron shielding material is stable at normal design temperatures over the long
term and provides excellent shielding properties for neutrons.

1.2.14.3 Gamma Shielding Material

For gamma shielding, HI-STAR 100 utilizes carbon steel in plate stock form. Instead of utilizing
a thick forging, the gamma shield design in the HI-STAR 100 overpack borrows from the
concept of layered vessels from the field of ultra-high pressure vessel technology. The shielding
is made from successive layers of plate stock. The fabrication of the shell begins by rolling the
inner shell plate and making the longitudinal weld seam. Each layer of the intermediate shells is
constructed from two halves. The two halves of the shell are precision sheared, beveled, and
rolled to the required radii. The two halves of the second layer are wrapped around the first
shell. Each shell half is positioned in its location and while applying pressure using a specially
engineered fixture, the halves are tack welded. The beveled edges to be joined are positioned to
make contact or have a slight gap. The second layer is made by joining the two halves using two
longitudinal welds. Successive layers are assembled in a like manner. Thus, the welding of every
successive shell provides a certain inter-layer contact (Figure 1.2.7).

A thick structural component radiation barrier is thus constructed with four key features, namely:

e The number of layers can be increased as necessary to realize the required design
objectives.

e The layered construction is ideal to stop propagation of flaws.
e The thinner plate stock is much more ductile than heavy forgings used in other designs.
¢ Post-weld heat treatment is not required by the ASME Code, simplifying fabrication.

1.2.15 Lifting and Tie-Down Devices

The HI-STAR 100 overpack is equipped with two lifting trunnions located in the top flange. The
lifting trunnions are designed in accordance with 10CFR71.45, NUREG-0612 [1.2.11], and
ANSI N14.6 [1.3.3], manufactured from a high strength alloy, and are installed in threaded
openings. The lifting trunnions may be secured in position by optional locking pads, shaped to
make conformal contact with the curved overpack. Once the locking pad is bolted in position, the
inner diameter is sized to restrain the trunnion from backing out. The two off-center pockets
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located near the overpack bottom plate on overpack serial numbers 1020-001 through 1020-007
are pocket trunnions. The pocket trunnions were eliminated from the design after serial number
1020-007 was fabricated and are no longer considered qualified tie-down devices. However, the
pocket trunnions on these overpacks may still be used for normal handling activities such as
upending and downending.

The lifting, upending, and downending of the HI-STAR 100 System requires the use of external
handling devices. A lifting yoke is utilized when the cask is to be lifted or set in a vertical
orientation. For those overpacks that have been fabricated with the pocket trunnions, transport
and rotation cradles may include rotation trunnions that interface with the pocket trunnions to
provide a pivot axis. A lift yoke may be connected to the lifting trunnions and the crane hook
used for upending or downending the HI-STAR 100 System by rotating on the pocket trunnions
for these overpacks. For those overpacks fabricated without pocket trunnions, the overpack must
be transferred into the transport saddle with appropriate lift rigging. If an overpack having pocket
trunnions is secured to the transport vehicle without engaging the pocket trunnions, plugs are
required to be installed in the pocket to provide radiation shielding (see the overpack drawing in
Section 1.4).

For transportation, the HI-STAR 100 System is engineered to be mounted on a transport frame
secured to the transporter bed. Figure 1.2.8 provides a sketch of the HI-STAR 100 System
secured for transport and the drawing in Section 1.4 provides additional details. The transport
frame has a lower saddle with attachment points for belly slings around the cask body designed
to prevent excessive vertical or lateral movement of the cask during normal transportation. The
impact limiters affixed to both ends of the cask are designed to transmit the design basis axial
loads into the cradle structure. See Section 2.5 for discussion of the qualification of tie-down
devices.

The top of the MPC lid is equipped with four threaded holes that allow lifting of the loaded
MPC. These holes allow the loaded MPC to be raised/lowered from the HI-STAR overpack. For
users of the HI-STORM 100 Dry Storage System, MPC handling operations are performed using
a HI-TRAC transfer cask of the HI-STORM 100 System (Docket No. 72-1014). The HI-TRAC
transfer cask allows the sealed MPC loaded with spent fuel to be transferred from the HI-
STORM 100 overpack (storage-only) to the HI-STAR 100 overpack, or vice versa. The threaded
holes in the MPC lid are designed in accordance with NUREG-0612 and ANSI N14.6 and are
plugged during transportation to prevent radiation streaming.

1.2.1.6 Heat Dissipation

The HI-STAR 100 System can safely transport SNF by maintaining the fuel cladding
temperature below the limits specified in Table 1.2.3 for normal and accident conditions. These
limits have been established consistent with the guidance in NRC Interim Staff Guidance (ISG)
document No. 11, Revision 2 (Ref. [1.2.14]). The temperature of the fuel cladding is dependent
on the decay heat and the heat dissipation capabilities of the cask. The total heat load per BWR
and PWR MPC is identified in Table 1.2.3. The SNF decay heat is passively dissipated without
any mechanical or forced cooling.
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The HI-STAR 100 System must meet the requirements of 10CFR71.43(g) for the accessible
surface temperature limit. To meet this requirement the HI-STAR 100 System is shipped as an
exclusive use shipment and includes an engineered personnel barrier during transport.

The primary heat transfer mechanisms in the HI-STAR 100 System are conduction and surface
radiation.

The free volume of the MPC and the annulus between the external surface of the MPC and the
inside surface of the overpack containment boundary are filled with 99.995% pure helium gas
during fuel loading operations. Table 1.2.3 specifies the acceptance criteria for helium fill
pressure in the MPC internal cavity. Besides providing an inert dry atmosphere for the fuel
cladding, the helium also provides conductive heat transfer across any gaps between the metal
surfaces inside the MPC and in the annulus between the MPC and overpack containment
boundary. Metal conduction transfers the heat throughout the MPC fuel basket, through the
MPC aluminum heat conduction elements (if installed) and shell, through the overpack inner
shell, intermediate shells, steel radial connectors and finally, to the outer neutron shield enclosure
shell. The most adverse temperature profiles and thermal gradients for the HI-STAR 100 System
with each of the MPCs are discussed in detail in Chapter 3. The thermal analysis in Chapter 3 no
longer takes credit for the aluminum heat conduction elements and they have been designated as
optional equipment.

1.2.1.7 Coolants

There are no coolants utilized in the HI-STAR 100 System. As discussed in Subsection 1.2.1.6
above, helium is sealed within the MPC internal cavity. The annulus between the MPC outer
surface and overpack containment boundary is also purged and filled with helium gas.

1.2.1.8 Pressure Relief Systems

No pressure relief system is provided on the HI-STAR 100 packaging containment boundary.

The sole pressure relief devices are provided in the overpack outer enclosure (Figure 1.1.4). The
overpack outer enclosure contains the neutron shield material. Normal loadings will not cause
the rupture disks to open. The rupture disks are installed to relieve internal pressure in the
neutron shield cavities caused by the fire accident. The overpack outer enclosure is not designed
as a pressure vessel. Correspondingly, the rupture disks are designed to open at relatively low
pressures as stated below.

Relief Device location Set pressure, psig

Overpack outer enclosure 30, +/-5
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12.19 Security Seal

The HI-STAR 100 packaging provides a security seal that while intact, provides evidence that
the package has not been opened by unauthorized persons. When installed, the impact limiters
cover all penetrations into the HI-STAR 100 packaging containment boundary. Therefore, the
security seal is placed to ensure that the impact limiters are not removed which thereby ensures
that the package has not been opened. As shown on the HI-STAR transport assembly drawing in
Section 1.4, security seals are provided on one impact limiter attachment bolt on the top impact
limiter and through two adjacent bolts on the bottom impact limiter. A hole is provided in the
head of the bolt and the impact limiter. Lockwire shall be threaded through the hole and joined
with a security seal.

1.2.1.10 Design Life

The design life of the HI-STAR 100 System is 40 years. This is accomplished by using materials
of construction with a long proven history in the nuclear industry and specifying materials
known to withstand their operating environments with little to no degradation. A maintenance
program, as specified in Chapter 8, is also implemented to ensure the HI-STAR 100 System will
exceed its design life of 40 years. The design considerations that assure the HI-STAR 100
System performs as designed throughout the service life include the following:

HI-STAR Overpack

Exposure to Environmental Effects
Material Degradation
Maintenance and Inspection Provisions

Corrosion

Structural Fatigue Effects

Maintenance of Helium Atmosphere
Allowable Fuel Cladding Temperatures
Neutron Absorber Boron Depletion

1.2.2 Operational Features

Table 1.2.7 provides the sequence of basic operations necessary to load fuel and prepare the HI-
STAR 100 System for transport. More detailed guidance for transportation-related loading,
unloading, and handling operations is provided in Chapter 7 and is supported by the drawings in
Section 1.4. A summary of the loading and unloading operations is provided below. Figures
1.2.9 and 1.2.16 provide a pictorial view of the loading and unloading operations, respectively.
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1.2.2.1 Applicability of Operating Procedures for the Dual-Purpose HI-STAR 100 System

The HI-STAR 100 System is a dual-purpose system certified for use as a dry storage cask under
10 CFR 72 and a transportation package under 10 CFR 71. In addition, the MPC is certified for
use under 10 CFR 72 in the storage-only HI-STORM 100 System (a ventilated concrete cask
system). Therefore, it is possible that the HI-STAR 100 overpack and/or the MPC may be
loaded, prepared, and sealed under the operating procedures for storage, delineated in the HI-
STAR 100 storage FSAR (Docket 72-1008) or the HI-STORM 100 storage FSAR (Docket 72-
1014). In those cases, the operating procedures governing MPC and overpack preparation for
storage would apply. The MPC and HI-STAR 100 overpack, as applicable, must be confirmed to
meet all requirements of the Part 71 Certificate of Compliance before being released for
shipment.

For those instances where the MPC is being loaded and shipped off-site in a HI-STAR 100
overpack under 10 CFR 71 without first being deployed at an ISFSI (known as “load-and-go”
operations), the operating procedures in Chapter 7 (and summarized below) apply for preparation
of the MPC and HI-STAR overpack. For those cases where the MPC is transferred from storage
in a HI-STORM overpack to a HI-STAR overpack for shipment, the operating procedures in
Chapter 7 (and summarized below) govern the preparation activities for the HI-STAR overpack.

Loading Operations

At the start of loading operations, the overpack is configured with the closure plate removed. The
lift yoke is used to position the overpack in the designated preparation area or setdown area for
overpack inspection and MPC insertion. The annulus is filled with plant demineralized water and
an inflatable annulus seal is installed. The inflatable seal prevents contact between spent fuel
pool water and the MPC shell reducing the possibility of contaminating the outer surfaces of the
MPC. The MPC is then filled with spent fuel pool water or plant demineralized water (borated as
required for MPC-32). The overpack and MPC are lowered into the spent fuel pool for fuel
loading using the lift yoke. Pre-selected assemblies are loaded into the MPC and a visual
verification of the assembly identification is performed.

While still underwater, a thick shielding lid (the MPC lid) is installed. The lift yoke is remotely
engaged to the overpack lifting trunnions and is used to lift the overpack close to the spent fuel
pool surface. The MPC lift bolts (securing the MPC 1lid to the lift yoke) are removed. As the
overpack is removed from the spent fuel pool, the lift yoke and overpack are sprayed with
demineralized water to help remove contamination.

The overpack is removed from the pool and placed in the designated preparation area. The top
surfaces of the MPC lid and the top flange of the overpack are decontaminated. The inflatable
annulus seal is removed, and an annulus shield is installed. The annulus shield provides
additional personnel shielding at the top of the annulus and also prevents small items from being
dropped into the annulus (foreign material exclusion). If used, the Automated Welding System
(AWS) is installed. The MPC water level is lowered slightly and the space under the MPC lid is
purged or exhausted and monitoring is performed. The MPC lid is seal-welded using the AWS.
Liquid penetrant examinations are performed on the root and final passes and ultrasonic
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examination is also performed on the MPC lid-to-shell weld or, in place of the ultrasonic
examination, the weld may be inspected by multiple-pass liquid penetrant examination at
approximately every 3/8 inch of weld depth. Then a small volume of the water is displaced with
helium gas. The helium gas is used for leakage testing. A helium leakage rate test is performed
on the MPC lid confinement weld (lid-to-shell) to verify weld integrity and to ensure that the
leakage rates are within acceptance criteria. The MPC water is displaced from the MPC by
blowing pressurized helium or nitrogen gas into the vent port of the MPC, thus displacing the
water through the drain line. At the appropriate time in the sequence of activities, based on the
type of test performed (hydrostatic or pneumatic), a pressure test of the MPC enclosure vessel is
performed.

The Forced Helium Dehydration (FHD) System is connected to the MPC and is used to remove
residual water from the MPC and reduce the level of moisture in the MPC to acceptable levels.
This is accomplished by recirculating dry, heated helium through the MPC cavity to absorb the
moisture. When the helium exiting the MPC is determined to meet the required moisture limit,
the MPC is considered sufficiently dried for transportation (see Section 3.4.1.1.16 for a
description of the FHD System.

Following MPC drying operations, the MPC is backfilled with a predetermined amount of |
helium gas. The helium backfill ensures adequate heat transfer, provides an inert atmosphere for
fuel cladding integrity, and provides the means of future leakage rate testing of the MPC
enclosure vessel boundary welds. Cover plates are installed and seal-welded over the MPC vent
and drain ports with liquid penetrant examinations performed on the root and/or final passes,
depending on the number of weld passes required. That is, if only a single weld pass is required,
only a final liquid penetrant examination is performed. The cover plates are helium leakage
tested to confirm that they meet the established leakage rate criteria.

The MPC closure ring is then placed on the MPC, aligned, tacked in place, and seal welded,
providing redundant closure of the MPC enclosure vessel closure welds. Tack welds are visually
examined, and the root and/or final welds (depending on the number of weld passes required) are
inspected using the liquid penetrant examination technique to ensure weld integrity. The annulus
shield is removed and the remaining water in the annulus is drained. The AWS is removed. The
overpack closure plate is installed and the bolts are torqued. The overpack annulus is dried using

the vacuum drying system (VDS).

If the MPC being transported is an “F-model” canister, a helium leakage test on the canister must
be performed to confirm the integrity of the secondary containment boundary prior to backfilling
the overpack annulus.

The overpack annulus is backfilled with helium gas for heat transfer and seal testing. Concentric
metallic seals in the overpack closure plate prevent the leakage of the helium gas from the
annulus and provide the containment boundary to the release of radioactive materials. The seals
on the overpack vent and drain port plugs are leak tested along with the overpack closure plate
inner seal. Cover plates with metallic seals are installed over the overpack vent and drain ports to
provide redundant closure of the overpack penetrations. A port plug with a metallic seal is
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installed in the overpack closure plate test port to provide fully-redundant closure of all overpack
penetrations.

The overpack is surveyed for removable contamination and secured on the transport vehicle with
impact limiters installed, the security seals are attached, and the personnel barrier is installed.
The HI-STAR 100 packaging is then ready for transport.

Unloading Operations

The HI-STAR 100 System unloading procedures describe the general actions necessary to
prepare the MPC for unloading, cool the stored fuel assemblies in the MPC (if necessary), flood
the MPC cavity, remove the lid welds, unload the spent fuel assemblies, and recover the
overpack and empty MPC. Special precautions are outlined to ensure personnel safety during the
unloading operations, and to prevent the risk of MPC overpressurization and thermal shock to
the stored spent fuel assemblies.

After removing the impact limiters, the overpack and MPC are positioned in the designated
preparation area. At the site's discretion, a gas sample is drawn from the overpack annulus and
analyzed. The gas sample provides an indication of MPC enclosure vessel performance. The
annulus is depressurized, the overpack closure plate is removed, and the annulus is filled with
plant demineralized water. The annulus shield is installed to protect the annulus from debris
produced from the lid removal process. Similarly, overpack top surfaces are covered with a
protective fire-retarding blanket.

The Weld Removal System (WRS) is positioned on the MPC lid. The MPC closure ring is core
drilled over the locations of the vent and drain port cover plates. The MPC closure ring and vent
and drain port cover plates are core drilled to the extent necessary to allow access by the Remote
Valve Operating Assemblies (RVOAs). Local ventilation is established around the vent and
drain ports. The RVOAs are connected to allow access to the MPC cavity for re-flooding
operations.

The MPC cavity gas is verified to be below an appropriate temperature (approximately 200°F) to
allow water flooding. Depending on the time since initial fuel loading and the age and burnup of
the contained fuel, mechanical cooling of the MPC cavity gas may or may not be required to
ensure the cavity gas temperature meets the acceptance criterion. A thermal evaluation should
be performed to determine the MPC bulk cavity gas temperature at the time of unloading. Based
on that thermal evaluation, if the MPC cavity gas temperature does not already meet the
acceptance limit, any appropriate means to cool the cavity gas may be employed to reduce the
gas temperature to the acceptance criterion. Typically, this may involve intrusive means, such as
recirculation cooling of the MPC cavity helium, or non-intrusive means, such as cooling of the
exterior surface of the MPC enclosure vessel with water or air. The thermal evaluation should
include an evaluation of the cooling process, if required, to determine the appropriate criteria for
the cooling process, such as fluid flow rate(s), fluid temperature(s), and the cooling duration
required to meet the acceptance criterion. Following fuel cool-down (if required), the MPC is
flooded with water. The WRS is positioned for MPC lid-to-shell weld removal. The WRS is then
removed with the MPC lid left in place.
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The annulus shield is removed and the inflatable annulus seal is installed and pressurized. The
MPC lid is rigged to the lift yoke and the lift yoke is engaged to overpack lifting trunnions. The
overpack is placed in the spent fuel pool and the MPC lid is removed. All fuel assemblies are
returned to the spent fuel storage racks. The overpack and MPC are returned to the designated
preparation area. The annulus water is drained and the MPC and overpack are dispositioned for
re-use or waste.

1.23 Contents of Package

The HI-STAR 100 packaging is classified as a Type B package under 10CFR71. As the HI-
STAR 100 System is designed to transport spent nuclear fuel, the maximum activity of the
contents requires that the HI-STAR 100 packaging be classified as Category I in accordance with
Regulatory Guide 7.11 [1.2.10]. This section delineates the authorized contents permitted for
shipment in the HI-STAR 100 System, including fuel assembly types; non-fuel hardware;
neutron sources; physical parameter limits for fuel assemblies and sub-components; enrichment,
burnup, cooling time, and decay heat limits; location requirements; and requirements for canning
the material.

1.2.3.1 Determination of Design Basis Fuel

The HI-STAR 100 package is designed to transport most types of fuel assemblies generated in
the commercial U.S. nuclear industry. Boiling-water reactor (BWR) fuel assemblies have been
supplied by General Electric (GE), Siemens (SPC), Exxon Nuclear, ANF, UNC, ABB
Combustion Engineering, Allis-Chalmers (AC) and Gulf Atomic. Pressurized-water reactor
(PWR) fuel assemblies are generally supplied by Westinghouse, Babcock & Wilcox, ANF, and
ABB Combustion Engineering. ANF, Exxon, and Siemens are historically the same
manufacturing company under different ownership. Within this report, SPC is used to designate
fuel manufactured by ANF, Exxon, or Siemens. Publications such as Refs. [1.2.6], [1.2.7], and
[1.2.15] provide a comprehensive description of fuel discharged from U.S. reactors. A central
object in the design of the HI-STAR 100 System is to ensure that a majority of SNF discharged
from the U.S. reactors can be transported in one of the MPCs.

The cell openings in the fuel basket have been sized to accommodate all BWR and PWR
assemblies listed in Refs. [1.2.6], [1.2.7], and [1.2.15], except as noted below. Similarly, the
cavity length of the MPC has been set at a dimension that permits transportation of most types of
PWR fuel assemblies and BWR fuel assemblies with or without fuel channels. The one
exception is as follows:

o The South Texas Units 1 & 2 SNF, and CE 16x16 System 80™ SNF are too long
to be accommodated in the available MPC cavity length.

In addition to satisfying the cross sectional and length compatibility, the active fuel region of the
SNF must be enveloped in the axial direction by the neutron absorber located in the MPC fuel
basket. Alignment of the neutron absorber with the active fuel region is ensured by the use of
upper and lower fuel spacers suitably designed to support the bottom and restrain the top of the
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fuel assembly. The spacers axially position the SNF assembly such that its active fuel region is
properly aligned with the neutron absorber in the fuel basket. Figure 1.2.15 provides a pictorial
representation of the fuel spacers positioning the fuel assembly active fuel region. Both the upper
and lower fuel spacers are designed to perform their function under normal and hypothetical
accident conditions of transport. Due to the shorter, custom MPC design for Trojan plant fuel,
only lower fuel spacers are needed for certain fuel assemblies that do not contain integral control
rod assemblies. This creates the potential for a slight misalignment between the active fuel
region of a fuel assembly and the neutron absorber panels affixed to the cell walls of the Trojan
MPCs. This condition is addressed in the criticality evaluations described in Chapter 6.

In summary, the geometric compatibility of the SNF with the MPC designs does not require the
definition of a design basis fuel assembly. This, however, is not the case for structural,
containment, shielding, thermal-hydraulic, and criticality criteria. In fact, the same fuel type ina
category (PWR or BWR) may not control the cask design in all of the above-mentioned criteria.
To ensure that no SNF listed in Refs. [1.2.6], [1.2.7], and [1.2.15] that is geometrically
admissible in the HI-STAR MPC is precluded from loading, it is necessary to determine the
governing fuel specification for each analysis criteria. To make the necessary determinations,
potential candidate fuel assemblies for each qualification criteria were considered. Table 1.2.8
lists the PWR fuel assemblies evaluated. These fuel assemblies were evaluated to define the
governing design criteria for PWR fuel. The BWR fuel assembly designs evaluated are listed in
Table 1.2.9. Tables 1.2.10 and 1.2.11 provide the fuel characteristics determined to be acceptable
for transport in the HI-STAR 100 System. Each “array/class” listed in these tables represents a
bounding set of parameters for one or more fuel assembly types. The array/classes are defined in
SAR Section 6.2. Table 1.2.12 lists the BWR and PWR fuel assembly designs that are found to
govern for the qualification criteria, namely reactivity, shielding, and thermal. Thermal is broken
down into three criteria, namely: 1) fuel assembly effective planar conductivity, 2) fuel basket
effective axial conductivity, and 3) MPC density and heat capacity. Substantiating results of
analyses for the governing assembly types are presented in the respective chapters dealing with
the specific qualification topic. Tables 1.2.10, 1.2.11, and 1.2.21 through 1.2.36 provide the
specific limits for all material authorized to be transported in the HI-STAR 100 System.
Additional information on the design basis fuel definition is presented in the following
subsections.

1.23.2 Design Payload for Intact Fuel

Intact fuel assemblies are defined as fuel assemblies without known or suspected cladding
defects greater than pinhole leaks and hairline cracks, and which can be handled by normal
means. The design payload for intact fuel to be transported in the HI-STAR 100 System is
provided in Tables 1.2.10, 1.2.11, and 1.2.22 through 1.2.36. The placement of a single stainless
steel clad fuel assembly in an MPC necessitates that all fuel assemblies (stainless steel clad or
Zircaloy clad) stored in that MPC meet the maximum heat generation requirements for stainless
steel clad fuel. Stainless steel clad fuel assemblies are not authorized for transportation in the
MPC-68F or MPC-32.

Fuel assemblies without fuel rods in fuel rod locations cannot be classified as intact fuel unless
dummy fuel rods, which occupy a volume equal to or greater than the original fuel rods, replace

HI-STAR SAR Rev. 10
REPORT HI-951251 A 1.2-22




the missing rods prior to loading. Any intact fuel assembly that falls within the geometric,
thermal, and nuclear limits established for the design basis intact fuel assembly can be safely
transported in the HI-STAR 100 System.

The fuel characteristics specified in Tables 1.2.10, 1.2.11, and 1.2.21 have been evaluated in this
SAR and are acceptable for transport in the HI-STAR 100 System.

1.233 Design Payload for Damaged Fuel and Fuel Debris

Damaged fuel and fuel debris are defined in Table 1.0.1. The only PWR damaged fuel and fuel
debris authorized for transportation in the HI-STAR 100 System is that from the Trojan plant.
The only BWR damaged fuel and fuel debris authorized for transportation in the HI-STAR 100
System is that from the Dresden Unit 1 and Humboldt Bay plants.

Damaged fuel may only be transported in the MPC-24E, MPC-24EF, MPC-68, or MPC-68F as
shown in Tables 1.2.23 through 1.2.26. Fuel debris may only be transported in the MPC-24EF
and the MPC-68F as shown in Tables 1.2.24 and 1.2.26. Damaged fuel and fuel debris must be
transported in stainless steel Holtec damaged fuel containers (DFCs) or other approved stainless
steel damaged/failed fuel canister in the HI-STAR 100 System. The list of approved
damaged/failed fuel canisters and associated SAR figures are provided below:

¢ Holtec-designed Dresden Unit 1 and Humboldt Bay Damaged Fuel Container(Figure
1.2.10)

¢ Sierra Nuclear-designed Trojan Failed Fuel Can (Figure 1.2.10A) containing Trojan
damaged fuel, fuel debris, or Trojan Fuel debris process cans; or containing Trojan Fuel
Debris Process Can Capsules (Figure 1.2.10C), which themselves contain Trojan Fuel
Debris Process Cans (Figure 1.2.10B).

¢ Holtec-designed Damaged Fuel Container for Trojan plan fuel (Figure 1.2.10D)

¢ Dresden Unit 1’s TN Damaged Fuel Container (Figure 1.2.11)

¢ Dresden Unit 1’s Thoria Rod Canister (Figure 1.2.11A)

1.2.3.3.1 BWR Damaged Fuel and Fuel Debris

Dresden Unit 1 (UQ; fuel rods and MOX fuel rods) and Humboldt Bay fuel arrays (Assembly
Classes 6x6A, 6x6B, 6x6C, 7x7A, and 8x8A) are authorized for transportation as damaged fuel
in the MPC-68 and damaged fuel or fuel debris in the MPC-68F. No other BWR damaged fuel
or fuel debris is authorized for transportation.

The limits for transporting Dresden Unit 1 and Humboldt Bay damaged fuel and fuel debris are
given in Table 1.2.23 and 1.2.24. The placement of a single damaged fuel assembly in an MPC-
68 or MPC-68F, or a single fuel debris damaged fuel container in an MPC-68F necessitates that
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all fuel assemblies (intact, damaged, or debris) placed in that MPC meet the maximum heat
generation requirements specified in Tables 1.2.23 and 1.2.24. |

The fuel characteristics specified in Tables 1.2.11, 1.2.23 and 1.2.24 for Dresden Unit 1 and |
Humboldt Bay fuel arrays have been evaluated in this SAR and are acceptable for transport as
damaged fuel or fuel debris in the HI-STAR 100 System. Because of the long cooling time, small
size, and low weight of spent fuel assemblies qualified as damaged fuel or fuel debris, the DFC
and its contents are bounded by the structural, thermal, and shielding analyses performed for the
intact BWR design basis fuel. Separate criticality analysis of the bounding fuel assembly for the
damaged fuel and fuel debris has been performed in Chapter 6.

As Dresden Unit 1 and Humboldt Bay fuel assemblies classified as fuel debris have significant |
cladding damage, no cladding integrity is assumed. To meet the double containment criteria of
10CFR71.63(b) for plutonium shipments, the MPC-68F provides the secondary containment
boundary (separate inner container), while the overpack provides the primary containment

boundary.

The fuel characteristics specified in Table 1.2.11 for the Dresden Unit 1 and Humboldt Bay fuel |
arrays (Assembly Classes 6x6A, 6x6B, 6x6C, 7x7A, and 8x8A) have been evaluated in this SAR
and are acceptable for transport as damaged fuel or fuel debris in the HI-STAR 100 System after
being placed in a damaged fuel container.

1.23.3.2 PWR Damaged Fuel and Fuel Debris

The PWR damaged fuel and fuel debris authorized for transportation in the HI-STAR 100
System is limited to that from the Trojan plant. The limits for transporting Trojan plant damaged
fuel and fuel debris in the Trojan MPC-24E/EF are given in Tables 1.2.10, 1.2.25 and 1.2.26. All
Trojan plant damaged fuel, and fuel debris listed below is authorized for transportation in the HI-
STAR 100 System [1.2.12]:

e Damaged fuel assemblies in Trojan failed fuel cans

Damaged fuel assemblies in Holtec’s Trojan plant PWR damaged fuel container
o Fuel assemblies classified as fuel debris in Trojan failed fuel cans

o Trojan fuel assemblies classified as fuel debris in Holtec’s Trojan damaged fuel
container

e Fuel debris consisting of loose fuel pellets, fuel pellet fragments, and fuel assembly
metal fragments (portions of fuel rods, portions of grid assemblies, bottom nozzles, etc.)
in Trojan failed fuel cans

o Trojan fuel debris process cans loaded into Trojan fuel debris process can capsules and
then into Trojan failed fuel cans. The fuel debris process cans contain fuel debris (metal
fragments) and were used to process organic media removed from the Trojan spent fuel
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pool during cleanup operations in preparation for decommissioning the pool. The fuel
debris process cans have metallic filters in the can bottom and lid that allowed removal
of water and organic media using high temperature steam, while retaining the solid
residue from the processed media and fuel debris inside the process can'. Up to five
process cans can be loaded into a process can capsule, which is vacuumed, purged,
backfilled with helium, and seal-welded closed to provide a sealed containment for the
fuel debris.

One Trojan Failed Fuel Can is not completely filled with fuel debris. Therefore, a stainless steel
failed fuel can spacer is installed in this FFC to minimize movement of the fuel debris during
normal transportation and hypothetical accident conditions. The spacer is a long, square tube
with a baseplate that rests atop the fuel debris inside the Trojan FFC. A drawing of the Trojan
failed fuel can spacer is provided in Section 1.4. A summary of the structural analysis of the
FFC spacer is provided in Section 2.6.1.3.1.3.

1.2.34 Structural Payload Parameters

The main physical parameters of an SNF assembly applicable to the structural evaluation are the
fuel assembly length, envelope (cross sectional dimensions), and weight. These parameters,
which define the mechanical and structural design, are listed in Tables 1.2.22 through 1.2.27 for
the various MPC models. The centers of gravity reported in Chapter 2 are based on the
maximum fuel assembly weight. Upper and lower fuel spacers (as appropriate) maintain the axial
position of the fuel assembly within the MPC basket and, therefore, the location of the center of
gravity. The upper and lower spacers are designed to withstand normal and accident conditions
of transport. An axial clearance of approximately 2 inches is provided to account for the
irradiation and thermal growth of the fuel assemblies. The suggested upper and lower fuel spacer
lengths are listed in Tables 1.2.16 and 1.2.17. Due to the custom design of the Trojan MPCs,
only lower fuel spacers are required with Trojan plant fuel assemblies not containing non-fuel
hardware or neutron sources. In order to qualify for transport in the HI-STAR 100 MPC, the SNF
must satisfy the physical parameters listed in Tables 1.2.21 through 1.2.36, as applicable.

1.2.3.5 Thermal Payload Parameters

The principal thermal design parameter for the fuel is the peak fuel cladding temperature, which
is a function of the maximum heat generation rate per assembly and the decay heat removal
capabilities of the HI-STAR 100 System. The maximum heat generation rate per assembly for
the design basis fuel assembly is based on the fuel assembly type with the lowest thermal
performance characteristics. The parameters that define this decay heat design basis fuel are
listed in Table 1.2.12. The governing thermal parameters to ensure that the range of SNF
discussed previously are bounded by the thermal analysis discussed in detail and specified in
Chapter 3. By utilizing these bounding thermal parameters, the calculated peak fuel rod cladding
temperatures are conservative for the actual spent fuel assemblies, which are apt to have a higher
thermal conductivity.

' The Trojan Fuel Debris Process Cans were used in the spent fuel pool cleanup effort conducted as part of plant
decommissioning. This project is complete and not associated with certification of Trojan fuel debris for
transportation in the HI-STAR 100 System under 10 CFR 71.
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The peak fuel cladding temperature limit for normal conditions of transport is 400°C (752°F),
which is consistent with the guidance in ISG-11, Revision 2 [1.2.14]. Tables 1.2.21 through
1.2.27 provide the maximum heat generation for all fuel assemblies authorized for transportation
in the HI-STAR 100 System. The basis for these limits is discussed in Chapter 3.

Finally, the axial variation in the heat emission rate in the design basis fuel is defined based on
the axial bumup distribution. For this purpose, the data provided in Refs. [1.2.8], [1.2.9], and
[1.2.12] are utilized and summarized in Table 1.2.15 and Figures 1.2.13, 1.2.13A, and 1.2.14, for
reference. These distributions are representative of fuel assemblies with the design burnup levels
considered. These distributions are used for analysis only, and do not provide a criteria for fuel
assembly acceptability for transport in the HI-STAR 100 System.

1.2.3.6 Radiological Payload Parameters

The principal radiological design criteria are the 10CFR71.47 and 10CFR71.51 radiation dose
rate and release requirements for the HI-STAR 100 System. The radiation dose rate is directly
affected by the gamma and neutron source terms of the SNF assembly.

The gamma and neutron sources are separate and are affected differently by enrichment, burnup,
and cool time. It is recognized that, at a given burnup, the radiological source terms increase
monotonically as the initial enrichment is reduced. The shielding design basis fuel assembly is,
therefore, evaluated for different combinations of maximum burnup, minimum cocling time, and
minimum enrichment. The shielding design basis intact fuel assembly thus bounds all other
intact fuel assemblies.

The design basis dose rates can be met by a variety of burnup levels, cooling times, and
minimum enrichments. Tables 1.2.21 through 1.2.36 include the burnup and cooling time values
that meet the radiological dose rate requirements for all authorized contents to be transported in
each MPC model. The allowable maximum burnup, minimum cooling time, and minimum
enrichment limits were chosen strictly based on the dose rate requirements. All allowable
burnup, cooling time, and minimum enrichment combinations result in calculated dose rates less
than the regulatory dose rate limits.

Table 1.2.15 and Figures 1.2.13. 1.2.13A, and 1.2.14 provide the axial distribution for the
radiological source term for PWR and BWR fuel assemblies, and for Trojan plant-specific fuel,
based on the actual burnup distribution. The axial burnup distributions are representative of fuel
assemblies with the design basis burnup levels considered. These distributions are used for
analysis only, and do not provide criteria for fuel assembly acceptability for transport in the HI-
STAR 100 System.

Thoria rods placed in Dresden Unit 1 Thoria Rod Canisters meeting the requirements of Table
1.2.21 and Dresden Unit 1 fuel assemblies with one Antimony-Beryllium neutron source have
been qualified for transport. Up to one Dresden Unit 1 Thoria Rod Canister plus any combination
of damaged fuel assemblies in damaged fuel containers and intact fuel, up to a total of 68 may be
transported. ‘
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1.23.7 Criticality Payload Parameters

As discussed earlier, the MPC-68/68F and MPC-32 feature a basket without flux traps. In these
fuel baskets, there is one panel of neutron absorber between adjacent fuel assemblies. The
MPC-24/24E/24EF employs a construction wherein two neighboring fuel assemblies are
separated by two panels of neutron absorber with a water gap between them (flux trap
construction). The MPC-24 flux trap basket can accept a much higher enrichment fuel than a
non-flux trap basket without taking credit for fuel assembly burnup in the criticality analysis.
The maximum initial **U enrichment for PWR and BWR fuel authorized for transport is
specified by fuel array/class in Tables 1.2.10 and 1.2.11, respectively. Trojan plant fuel is
limited to a lower maximum initial enrichment of 3.7 wt.% 23{7 compared to other fuel in its
array/class, based on the specific analysis performed for the custom-designed Trojan MPCs
containing only Trojan plant fuel.

The MPC-24 Boral '°B areal density is specified at a minimum loading of 0.0267 g/cm®. The
MPC-24E/EF, MPC-32, and MPC-68 Boral '°B areal density is specified at a minimum loading
of 0.03722g/cmz. The MPC-68F Boral '°B areal density is specified at a minimum loading of
0.01 g/cm’.

For all MPCs, the '°B loading areal density used for analysis is conservatively established at 75%
of the minimum '°B areal density to demonstrate that the reactivity under the most adverse
accumulation of tolerances and biases is less than 0.95. The reduction in '°B areal density credit
meets NUREG-1617 [1.0.5], which requires a 25% reduction in '°B areal density credit. A large
body of sampling data accumulated by Holtec from thousands of manufactured Boral panels
indicates the average '°B areal densities to be approximately 15% greater than the specified

Credit for burnup of the fuel, in accordance with the intent of the guidance in Interim Staff
Guidance Document 8 (ISG-8) [1.2.13], is taken in the criticality analysis to allow the
transportation of certain PWR fuel assemblies in MPC-32. Burnup credit is a required input to
qualify PWR fuel for transportation in the MPC-32, considering the inleakage of moderator (i.e.,
unborated water) under accident conditions. This hypothetical event is non-credible given the
double barrier design engineered into the HI-STAR 100 System with the fully welded MPC
enclosure vessel (designed for 60 g’s) surrounded by the sealed overpack, which is designed for
deep submersion under water (greater than 650 feet submersion) without breach. The details of
the burnup credit analyses are provided in Chapter 6, including detailed discussion of how the
recommendations of ISG-8 were implemented. Exceptions to some of the recommendations in
ISG-8 were necessary (e.g., partial credit for fission products) in order to develop burnup versus
enrichment curves that can be practically implemented at the plants. These exceptions are
described in Chapter 6.
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1.23.8 Non-Fuel Hardware and Neutron Sources

BWR fuel is permitted to be stored with or without Zircaloy channels. Control blades and
stainless steel channels are not authorized for transportation in the HI-STAR 100 System.
Dresden Unit 1 (D-1) neutron sources are authorized for transportation a shown in Tables 1.2.23
and 1.2.24. The D-1 neutron sources are single, long rods containing Sb-Be source material that
fits into a water rod location in a D-1 fuel assembly.

Except for Trojan plant fuel, no PWR non-fuel hardware or neutron sources are authorized for
transportation in the HI-STAR 100 System. For Trojan plant fuel only, the following non-fuel
hardware and neutron sources are permitted for transportation in specific quantities as shown in
Tables 1.2.25 and 1.2.26: '

» Rod Cluster Control Assemblies (RCCAs) with cladding made of Type 304 stainless steel
and Ag-In-Cd neutron absorber material.

* Burnable Poison Rod Assemblies (BPRAs) with cladding made of Type 304 stainless
steel and borosilicate glass tube neutron poison material.

o Thimble Plug Devices made of Type 304 stainless steel.

» Neutron source assemblies with cladding made of Type 304 stainless steel - two (2)
californium primary source assemblies and four (4) antimony-beryllium secondary source
assemblies.

These devices are designed with thin rods of varying length and materials as discussed above,
that fit into the fuel assembly guide tubes within the fuel rod lattice. The upper fittings for each
device can vary to accommodate the handling tool (grapple) design. During reactor operation,
the positions of the RCCAs are controlled by the operator using the control rod drive system,
while the BPRASs, TPDs, and neutron sources stay fully inserted.

A complete list of the authorized non-fuel hardware and neutron sources, including appropriate
limits on the characteristics of this material, is provided in Tables 1.2.23 through 1.2.36, as
applicable.

1239 Summary of Authorized Contents

The criticality safety index for the HI-STAR 100 Package is zero. A fuel assembly is acceptable
for transport in a HI-STAR 100 System if it fulfills the following criteria.

a. It satisfies the physical parameter characteristics listed in Tables 1.2.10 or 1.2.11, as
applicable..

b. It satisfies the cooling time, decay heat, burnup, enrichment, and other limits specified in
Tables 1.2.21 through 1.2.36, as applicable.
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c. Deleted.
d. Deleted.

A damaged fuel assembly shall be transported in a damaged fuel container or other authorized
damaged/failed fuel canister, and shall meet the characteristics specified in Tables 1.2.23 through
1.2.26 for transport in the MPC-68, MPC-68F, MPC-24E, or MPC-24EF. Fuel classified as fuel
debris shall be placed in a damaged fuel container or other authorized damaged/failed fuel
canister and shall meet the characteristics specified in Tables 1.2.24 or 1.2.26 for transport in the
MPC-68F or MPC-24EF.

Stainless steel clad fuel assemblies shall meet the characteristics specified in Tables 1.2.22
through 1.2.33 for transport in the MPC-24, MPC-24E, MPC-24EF, or MPC-68.

MOX BWR fuel assemblies shall meet the requirements of Tables 1.2.23 or 1.2.24 for intact and
damaged fuel/fuel debris.

Thoria rods placed in Dresden Unit 1 Thoria Rod Canisters meeting the requirements of Table
1.2.21 and Dresden Unit 1 fuel assemblies with one Antimony-Beryllium neutron source have
been qualified for transport. Up to one Dresden Unit 1 Thoria Rod Canister plus any combination
of damaged fuel assemblies in damaged fuel containers and intact fuel, up to a total of 68 may be
transported.

Dresden Unit 1 fuel assemblies with one Antimony-Beryllium neutron source are authorized for
loading in the MPC-68 or MPC-68F.

Table 1.2.2 summarizes the key system data for the HI-STAR 100 System. Table 1.2.3
summarizes the key parameters and limits for the HI-STAR 100 MPCs. Tables 1.2.10, 1.2.11,
and 1.2.21 through 1.2.37 and other tables referenced from these tables provide the limiting
conditions for all material to be transported in the HI-STAR 100 System.
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Table 1.2.1

TABLE INTENTIONALLY DELETED
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Table 1.2.2

SUMMARY OF KEY SYSTEM DATA FOR HI-STAR 100

PARAMETER VALUE (Nominal)
Types of MPCs in 6 4 for PWR
this SAR 2 for BWR
MPC capacity MPC-24 Up to 24 intact ZR or stainless steel clad PWR
fuel assemblies
MPC-24E Up to 24 intact ZR or stainless steel clad PWR

fuel assemblies. Up to four (4) Trojan plant fuel
assemblies classified as damaged fuel, each in
a Trojan Failed Fuel Can or a Holtec damaged
fuel container, and the complement intact fuel
assemblies.

MPC-24EF Up to 24 intact ZR or stainless steel clad PWR
fuel assemblies. Up to four (4) Trojan plant fuel
assemblies classified as damaged fuel or fuel
debris, each in a Trojan Failed Fuel Can or a
Holtec damaged fuel container; or other Trojan
fuel debris stored in Trojan Process Cans either
placed directly into a Trojan Failed Fuel Can or
placed inside Trojan Process Can Capsules and
then in Trojan Failed Fuel Cans; and the
complement intact fuel assemblies.

MPC-32 Up to 32 intact ZRclad PWR fuel assemblies.

MPC-68 Up to 68 intact ZR or stainless stee] clad BWR
fuel assemblies or damaged ZR clad fuel
assemblies* in damaged fuel containers within
an MPC-68

MPC-68F Up to 4 damaged fuel containers with ZR clad
BWR fuel debris* and the complement intact or
damaged* ZR clad BWR fuel assemblies
within an MPC-68F.

*Only damaged fuel and fuel debris from
Dresden Unit 1 or Humboldt Bay is authorized
for transportation in the MPC-68 and MPC-
68F.
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Table 1.2.3

KEY PARAMETERS FOR HI-STAR 100 MULTI-PURPOSE CANISTERS

PARAMETER PWR BWR
Unloaded MPC weight (Ib) See Table 2.2.1 See Table 2.2.1
Minimum neutron absorber '°B 0.0267 (MPC-24) 0.0372 (MPC-68)
loading 0.0372 (MPC-24E/EF) 0.01 (MPC-68F)
(g/cm?) 0.0372 (MPC-32)
Pre-disposal service life (years) 40 40
Design temperature, max./min. (°F) 725°1140°1 725°Y140°1
Design Internal pressure (psig)
Normal Conditions 100 100
Off-normal Conditions 100 100
Accident Conditions 200 200
Total heat load, max. (kW) 20.0 18.5
Maximum permissible peak fuel 752° 752°
cladding temperature (°F) (normal conditions) (normal conditions)
1058° 1058°
(accident conditions) (accident conditions)
MPC internal environment >0and < 44.8 psightata >0 and < 44.8 psigM ata
Helium filled (psig) reference temperature of 70°F | reference temperature of 70°F
MPC external environment/overpack
internal environment
Helium filled initial pressure (psig, at >10and < 14 >10and <14
STP)
Maximum permissible reactivity
including all uncertainty and biases <0.95 <0.95
End closure(s) Welded Welded
Fuel handling Opening compatible with Opening compatible with
standard grapples standard grapples
Heat dissipation Passive Passive

' Maximum normal condition design temperature for the MPC fuel basket. A complete listing of

design temperatures for all components is provided in Table 2.1.2

" Temperature based on minimum ambient temperature (10CFR71.71(c){2)) and no fuel decay heat

load.

™ This value represents the nominal backfill value used in the thermal analysis, plus 2 psig operating tolerance.
Based on the MPC pressure results in Table 3.4.15 and the pressure limits specified in Table 2.1.1, there is
sufficient analysis margin to accommodate this operating tolerance.
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Tables 1.2.4 through 1.2.6

INTENTIONALLY DELETED
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Table 1.2.7

HI-STAR 100 LOADING OPERATIONS DESCRIPTION

Site-specific handling and operating procedures will be prepared, reviewed, and approved
by each owner/user.

1 Overpack and MPC lowered into the fuel pool without closure plate and MPC
lid A

2 Fuel assemblies transferred to the MPC fuel basket

3 MPC lid lowered onto the MPC

4 Overpack/MPC assembly moved to the decon pit and MPC lid welded in place,

examined, pressure tested, and leak tested

5 MPC dewatered, dried, backfilled with helium, and the vent/drain port cover
plates and closure ring welded

6 Overpack drained and external surfaces decontaminated
7 Overpack seals and closure plate installed and bolts pre-tensioned
8 Overpack cavity dried, backfilled with helium, and helium leak tested
9 HI-STAR 100 System transferred to transport bay
10 HI-STAR 100 placed onto transport saddles, tied down, impact limiters and
personnel barrier installed, and package surveyed for release for transport.
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Table 1.2.8

PWR FUEL ASSEMBLIES EVALUATED TO DETERMINE DESIGN BASIS SNF

Assembly Array

Class Type

B&W 15x15 All

B&W 17x17 All

CE 14x14 All

CE 16x16 All except
System 80™

WE 14x14 All

WE 15x15 All

WE 17x17 All

St. Lucie All

Ft. Calhoun All

Haddam Neck All

(Stainless Steel

Clad)

San Onofre 1 All

(Stainless Steel

Clad, except MOX)

Indian Point 1 All
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Table 1.2.9

BWR FUEL ASSEMBLIES EVALUATED TO DETERMINE DESIGN BASIS SNF

Assembly Class Array Type
GE BWR/2-3 All 7x7 All 8x8 All All 10x10
9x9
GE BWR/4-6 All 7x7 All 8x8 All All 10x10
9x9
Humboldt Bay All 6x6 All 7x7
(Zircaloy
Clad)
Dresden-1 All 6x6 All 8x8
LaCrosse All
(Stainless Steel Clad)
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Table 1.2.10
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly

Array/Class 14x14A 14x14B 14x14C 14x14D 14x14E
Clad Material
(Note 2) 7R ZR R SS SS
Design Initial U -
407 <407 <425 <400 <206
(kg/assy.) (Note 3) = = = = =
Initial Enrichment <4604 | <4624 | <4624 | <4009
(MPC-24, 24E, and <5.0
24EF) <5.0 <50 <50 <50
(Wt % 2°U) (24E/24EF) | (24E/24EF) | (24E/24EF) | (24E/24EF)
Initial Enrichment
(MPC-32)
("% Z”U) N/A N/A N/A N/A N/A
(Note 5)
No. of Fuel Rod 179 179 176 180 173
Locations
Fuel Clad O.D. (in.) >0.400 >0417 >0.440 >0422 >0.3415
Fuel Clad LD. (in.) <0.3514 <0.3734 <0.3880 <0.3890 <0.3175
Fuel Pellet Dia. (in.) <0.3444 <0.3659 <0.3805 <0.3835 <0.3130
Fuel Rod Pitch (in.) <0.556 <0.556 <0.580 <0.556 Note 6
Active Fuel Length (in.) <150 <150 <150 <144 <102
No. of Guide and/or 5
Instrument Tubes 17 17 (Note 4) 16 0
Guide/Instrument Tube
Thickness (in.) >0.017 >0.017 >0.038 >0.0145 N/A
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Table 1.2.10 (continued)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly
Array/Class

15x15A

15x15B

15x15C

15x15D

15x15E

15x15F

Clad Material
{Note 2)

ZR

ZR

ZR

ZR

ZR

Design Initial U
g;g/assy-) (Note

<464

<464

<464

<475

<475

<475

Initial
Enrichment
(MPC-24, 24E,
and 24EF
W% *0)

<4.1(24)

<45
(24ERA4EF)

<4.1(24)

<45
(24E/24EF)

<4.1(29)

<45
(24E124EF)

<4.1(24)

<45
(24E24EF)

<4.1(24)

<45
(24E/24EF)

<4.1(249)

<45
(24E/24EF)

Initial
Enrichment
(MPC-32)
(Wt % 2°U)
(Note 5)

N/A

N/A

N/A

No. of Fuel Rod
Locations

204

204

204

208

208

208

Fuel Clad O.D.
(in.)

>0.418

>0.420

>0.417

>0.430

>0.428

>0.428

Fuel Clad L.D.
(in.)

<0.3660

<0.3736

<0.3640

<0.3800

<0.3790

<0.3820

Fuel Pellet Dia.
(in)

<0.3580

<0.3671

<0.3570

<0.3735

<0.3707

<0.3742

Fuel Rod Pitch
(in)

<0.550

<0.563

<0.563

<0.568

<0.568

<0.568

Active Fuel
Length (in.)

<150

<150

<150

<150

<150

<150

No. of Guide
and/or
Instrument Tubes

21

21

21

17

17

17

Guide/Instrument
Tube Thickness
(in.)

>0.0165

>0.015

>0.0165

>0.0150

>0.0140

>0.0140
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Table 1.2.10 (continued)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 15x15G 15x15H 16x16A 17x17A 17x17B 17x17C
Array/Class
Clad Material
ot ) Ss ZR 7R ZR ZR ZR
Design Initial U

<420 <475 <443 <467 <467 <474
(kghassy) Mote3) | = < = s < <
Initial Enrichment <4.0(24)
(MPC.o4 2B ma | S40CH | <3809 | s4s@y | <40ee <4.024)
f:tE;)”’U) <45 <42 <50 <as |, 4§f;:BF) <44

g (4ED4EF) | (4ER4EF) | (4ER4EF) | (abraer) | CQuttR) | ebreEm)
Initial Enrichment
(MPC-32)
s By N/A <50 N/A <5.0 <50 <50
(Note 5)
No. of Fuel Rod
po- o Fu 204 208 236 264 264 264
Fuel Clad O.D. (in.) >0.422 > 0.414 >0.382 >0.360 >0.372 >0.377
Fuel Clad ID. (in.) <03890 | <03700 | <03320 | <03150 | <03310 | <03330
Fuel Pellet Dia. (in) | <03825 | <0362 | <03255 | <03088 | <03232 | <03252
Fuel Rod Pitch (in.) > 0.563 > 0.568 > 0.506 >0.496 > 0.496 > 0.502
g;‘;'“F“] Length <144 <150 <150 <150 <150 <150
No. of Guide and/or 5
Instrument Tubes 21 17 (Note 4) 25 25 25
Guide/Instrument
b Tty | 200145 | 200140 | >0.0400 >0.016 >0.014 >0.020
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Notes:

Table 1.2.10 (continued)
PWR FUEL ASSEMBLY CHARACTERISTICS

All dimensions are design nominal values. Maximum and minimum dimensions are
specified to bound variations in design nominal values among fuel assemblies within a
given array/class.

ZR designates any zirconium-based fuel cladding material authorized for use in a
commercial power reactor.

Design initial uranium weight is the nominal uranium weight specified for each assembly
by the fuel manufacturer or reactor user. For each PWR fuel assembly, the total uranium
weight limit specified in this table may be increased up to 2.0 percent for comparison
with users” fuel records to account for manufacturer’s tolerances.

Each guide tube replaces four fuel rods.
Minimum assembly average burnup is required per Table 1.2.34.

This fuel assembly array/class includes only the Indian Point Unit 1 fuel assembly. This
fuel assembly has two pitches in different sectors of the assembly. These pitches are
0.441 inches and 0.453 inches.

Trojan plant-specific fuel is governed by the limits specified for array/class 17x17B and
will be transported in the custom-designed Trojan MPC-24E/EF canisters. The Trojan
MPC-24E/EF design is authorized to transport only Trojan plant fuel with a maximum
initial enrichment of 3.7 wt.% *°U.
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Table 1.2.11

BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly
Array/Class 6x6A 6x6B 6x6C 7xTA 7B 8x8A
Clad Material
(Note 2) ZR ZR ZR ZR ZR ZR
Design Initial U <

110 <110 <110 <100 <195 <120
(kg/assy.) (Note 3) - - - - = -
Maximum Planar- <2.7 for the
Average Initial UO; rods. See
Enrichment (wt % 2°U) <27 Note 4 for =27 <27 <4.2 =27

MOX rods.

Initial Maximum Rod
Enrichment (wt % 2°U) <4.0 <4.0 <4.0 <55 <5.0 <40
No. of Fuel Rod 350r36(upto
Locations 350r36 9 MOX rods) 36 49 49 63 or 64
Fuel Clad O.D. (in.) >0.5550 >0.5625 >0.5630 >0.4860 | >0.5630 >0.4120
Fuel Clad 1.D. (in.) <0.5105 <0.4945 <0.4990 <0.4204 | <0.4990 <0.3620
Fuel Pellet Dia. (in.) <0.4980 <0.4820 <0.4880 <0.4110 | <04910 <0.3580
Fuel Rod Pitch (in.) <0.710 <0.710 <0.740 <0.631 <0.738 <0.523
Active Fuel Length (in.) <120 <120 <775 <80 <150 <120
No. of Water Rods
(Note 11) lor0 lor0 0 0 0 lord
zivna;“ Rod Thickness >0 >0 N/A N/A N/A >0
Channel Thickness (in.) <0.060 <0.060 <0.060 <0.060 <0.120 <0.100
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Table 1.2.11 (continued)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly
Array/Class 83x8B 8x8C 318D 318E 8x8F 919A
Clad Material
(Note 2) ZR ZR ZR ZR ZR ZR
Design Initial U <

185 <185 <185 <185 <185 <177
(kg/assy) (Note 3) = = = = = =
Maximum Planar-Average
Initial Enrichment (wt % <42 <42 <42 <42 <40 <42
23
Initial Maximum Rod
Enrichmeat (wt% Z°U) <50 <5.0 <5.0 <5.0 <5.0 <50
No. of Fuel Rod Locations 63 or 64 62 60 or 61 59 64 74/66

(Note 5)

Fuel Clad O.D. (in.) > 0.4840 >0.4830 >0.4830 >0.4930 >0.4576 > 0.4400
Fuel Clad LD. (in.) <0.4295 <0.4250 <0.4230 <0.4250 <0.3996 <0.3840
Fuel Pellet Dia. (in.) <0.4195 <0.4160 <0.4140 <0.4160 <0.3913 <0.3760
Fuel Rod Pitch (in.) <0.642 <0.641 <0.640 <0.640 <0.609 <0.566
gn"s)ig“ Active Fucl Length <150 <150 <150 <150 <150 <150
No. of Water Rods 1-4 N/A
(Note 11) lor0 2 (Note 7) 3 (Note 12) 2
Water Rod Thickness (in.) >0.034 >0.00 >0.00 >0.034 >0.0315 >0.00
Channel Thickness (in.) <0.120 <0.120 <0.120 <0.100 <0.055 <0.120
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Table 1.2.11 (continued)

BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly

99 E

959 F

Array/Class 9x9 B s € 99D (Note 13) (Note 13) 959G
Clad Material
Noto2) ZR ZR ZR ZR ZR ZR
Design Initial U <

: 177 <177 <177 <177 <177 <177
(kg/assy.) (Note 3) = = = =
Maximum Planar-
Average Initial <42 <42 <42 <40 <40 <42
Enrichment (wt % 2°U)
Initial Maximum Rod
Enrichment (wt % 2°U) <50 <5.0 <50 <50 <50 <5.0
No. of Fuel Rod 7 80 79 76 76 72
Locations
Fuel Clad OD. (in.) >04330 | >0.4230 >0.4240 >0.4170 > 0.4430 >0.4240
Fuel Clad LD. (in.) <03810 | <0.3640 <0.3640 <0.3640 <0.3860 <0.3640
Fuel Pellet Dia. (in.) <03740 | <03565 <0.3565 <0.3530 <03745 <0.3565
Fuel Rod Pitch (in.) <0572 <0572 <0572 <0572 <0572 <0.572
Design Active Fuel <

» 150 <150 <150 <150 <150 <
Length (in.) = < < = s <150
No. of Water Rods 1 1 2 5 5 1
(Note 11) (Note 6) (Note 6)
E’n‘;“ Rod Thickness > 0.00 >0.020 >0.0300 >0.0120 >00120 | >0.0320
Channel Thickness (in.) <0.120 <0.100 <0.100 <0.120 <0.120 <0.120
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Table 1.2.11 (continued)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly
Array/Class 10x10 A 10x10 B 10x10C 10x10 D 10x10 E
Clad Material
(Note 2) R ZR ZR SS SS
Design Initial U :
<186 <186 <186 <125 <125
(kg/assy.) (Note 3) - - = = -
- Maximum Planar-
Average Initial
Enriclocent <42 <42 <42 <4.0 <40
(wt % 2*U)
Initial Maximum Rod
Enrichment (wt % 2°U) <5.0 <5.0 <50 <5.0 <50
No. of Fuel Rod 92/78 91/83
Locations (Note 8) (Note 9) 96 100 96
Fuel Clad O.D. (in.) > 0.4040 > 0.3957 >0.3780 > 0.3960 >0.3940
Fuel Clad 1.D. (in.) <0.3520 <0.3480 <0.3294 <0.3560 <0.3500
Fuel Pellet Dia. (in.) <0.3455 <0.3420 <0.3224 <0.3500 <0.3430
Fuel Rod Pitch (in.) <0.510 <0.510 <0.488 <0.565 <0.557
Design Active Fuel
Length (in) <150 <150 <150 <383 <83
No. of Water Rods 2 1 5 0 4
(Note 11) (Note 6) (Note 10)
E;a;" Rod Thickness >0.030 >0.00 >0.031 N/A > 0,022
Channel Thickness (in.) <0.120 <0.120 <0.055 <0.080 <0.080
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Table 1.2.11 (continued)
BWR FUEL ASSEMBLY CHARACTERISTICS

NOTES:

1.

All dimensions are design nominal values. Maximum and minimum dimensions are
specified to bound variations in design nominal values among fuel assemblies within a
given array/class.

ZR designates any zirconium-based fuel cladding material authorized for use in a

2.
commercial power reactor.

3. Design initial uranium weight is the nominal uranium weight specified for each assembly
by the fuel manufacturer or reactor user. For each BWR fuel assembly, the total uranium
weight limit specified in this table may be increased up to 1.5 percent for comparison
with users’ fuel records to account for manufacturer tolerances.

4.  <0.635 wt. % 2°U and < 1.578 wt. % total fissile plutonium (***Pu and *'Pu), (wt. % of
total fuel weight, i.e., UO; plus PuQOy).

5. This assembly class contains 74 total rods; 66 full length rods and 8 partial length rods.

6. Square, replacing nine fuel rods.

7. Variable.

8. This assembly contains 92 total fuel rods; 78 full length rods and 14 partial length rods.

9. This assembly class contains 91 total fuel rods; 83 full length rods and 8 partial length
rods.

10.  One diamond-shaped water rod replacing the four center fuel rods and four rectangular
water rods dividing the assembly into four quadrants.

11.  These rods may also be sealed at both ends and contain ZR material in lieu of water.

12.  This assembly is known as “QUAD+.” It has four rectangular water cross segments
dividing the assembly into four quadrants.

13.  For the SPC 9x9-5 fuel assembly, each fuel rod must meet either the 9x9E or the 9x9F set
of limits or clad O.D., clad I.D., and pellet diameter.
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Table 1.2.12

DESIGN BASIS FUEL ASSEMBLY FOR EACH DESIGN CRITERION

Criterion MPC-68/68F MPC-24/24E/24EF/32
Reactivity B&W 15x15
SPC 9x9-5 (Array/Class 15x15F)
(Array/Class 9x9E/F)
Shielding (Source GE 7x7 B&W 15x15
Term)
Fuel Assembly
Effective Planar GE 11 9x9 W 17x17 OFA
Thermal Conductivity
Fuel Basket Effective
Axial Thermal GE 7x7 W 14x14 OFA
Conductivity
MPC Density and heat GE 7x7 W 14x14 OFA
Capacity
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Tables 1.2.13and 1.2.14

INTENTIONALY DELETED
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Table 1.2.15

NORMALIZED DISTRIBUTION BASED ON BURNUP PROFILE

GENERIC FUEL DISTRIBUTION'
Axial Distance From
Bottom of Active Fuel PWR Fuel Normalized BWR Fuel Normalized
Interval | (% of Active Fuel Length) Distribution Distribution
1 0% to 4-1/6% 0.5485 0.2200
2 4-1/6% to 8-1/3% 0.8477 0.7600
3 8-1/3% to 16-2/3% 1.0770 1.0350
4 16-2/3% to 33-1/3% 1.1050 ) 1.1675
5 33-1/3% to 50% 1.0980 1.1950
6 50% to 66-2/3% 1.0790 1.1625
7 66-2/3% to 83-1/3% 1.0501 1.0725
8 83-1/3% to 91-2/3% 0.9604 0.8650
9 91-2/3% to 95-5/6% 0.7338 0.6200
10 95-5/6% to 100% 0.4670 0.2200
TROJAN PLANT FUEL DISTRIBUTION™
Axial Distance From Bottom of
Active Fuel
Interval (% of Active Fuel Length) Normalized Distribution
1 0% to 5% 0.59
2 5% to 10% 0.89
3 10% to 15% 1.03
4 15% to 20% 1.07
5 20% to 25% 1.09
6 25% to 45% 1.10
7 45% to 70% 1.09
8 70% to 75% 1.07
9 75% to 80% 1.05
10 80% to 85% 1.02
11 85% to 90% 0.96
12 90% to 95 % 0.82
13 95% to 100% 0.56
' References [1.2.8] and [1.2.9]
t Reference [1.2.12]
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SUGGESTED PWR UPPER AND LOWER FUEL SPACER LENGTHS (Note 1)

Table 1.2.16

Fuel Assembly Assembly | Location | Max. Upper Lower
Type Length of Active | Active | Fuel Fuel
w/o NFH' | Fuel from | Fuel Spacer | Spacer
(in.) Bottom Length | Length | Length
(in.) (in.) (in.) (in.)
CE 14x14 157 4.1 137 9.5 10
CE 16x16 176.8 4.7 150 0 0
BW 15x15 165.7 84 141.8 6.7 4.1
W 17x17 OFA 159.8 3.7 144 8.2 8.5
W 17x17S 159.8 3.7 144 8.2 85
W 17x17V5SH 160.1 3.7 144 7.9 8.5
W 15x15 159.8 3.7 144 8.2 8.5
W 14x14S 159.8 3.7 1452 9.2 7.5
W 14x14 OFA 159.8 3.7 144 8.2 85
Ft. Calhoun 146 6.6 128 10.25 20.25
St. Lucie 2 158.2 52 136.7 10.25 8.05
B&W 15x15 SS 137.1 3.873 120.5 19.25 19.25
W 15x15 SS 137.1 37 122 19.25 19.25
W 14x14 SS 137.1 3.7 120 19.25 19.25
Indian Point 1 137.2 17.705 101.5 18.75 20.0

Notes: 1. These fuel spacer lengths are not applicable to Trojan plant fuel. Trojan plant fuel spacer
lengths are determined uniquely for the custom-designed Trojan MPC-24E/EF, as
necessary, based on the presence of non-fuel hardware. They are sized to maintain the
active fuel within the envelope of the neutron absorber affixed to the cell walls and allow
for an approximate 2-inch gap between the fuel and the MPC lid. See Chapter 6 for
discussion of potential misalignments between the active fuel and the neutron absorber.

NFH is an abbreviation for non-fuel hardware, including control components. Fuel assemblies with control
components may require shorter fuel spacers.
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Table 1.2.17

SUGGESTED BWR UPPER AND LOWER FUEL SPACER LENGTHS (Note 1)

Location of

Active Fuel Max. Active | Upper Fuel Lower Fuel
Fuel Assembly | Assembly from Bottom | Fuel Length | Spacer Spacer
Type Length (in.) | (in.) (in.) Length (in.) | Length (in.)
GE/2-3 171.2 73 150 43 0
GE/4-6 176.2 73 150 0 0
Dresden 1 1344 11.2 110 18 28.0
Humboldt Bay 95 8 79 40.5 40.5
Dresden 1
Damaged Fuel 142.11 11.2 110 17 16.9
or Fuel Debris
Humboldt Bay
Damaged Fuel 105.5" 8 79 35.25 35.25
or Fuel Debris
LaCrosse 1025 10.5 83 37 375

Notes: 1.Each user shall specify the fuel spacer lengths based on their fuel length and allowing

an approximate 2-inch gap between the fuel and the MPC lid. See Chapter 6 for
discussion of potential misalignments between the active fuel and the neutron

absorber.

t

Fuel length includes the damaged fuel container.
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Aspect of Post-Accident Performance

Results with Demonstrated Integrity of MPC
Enclosure Vessel

Results with Postulated Gross Failure of MPC
Enclosure Vessel

Containment Boundary Integrity

The MPC enclosure vessel is leak tested to
5.0x10"® atm cm®/s (helium). The overpack
containment boundary is standard air leak tested
to 4.3%10°® atm cm®/s (helium). Both
boundaries are shown to withstand all
hypothetical accident conditions. Therefore,
there will be no detectable release of
radioactive materials.

The overpack containment boundary is leak
tested to 4.3%10™® atm cm/s (helium). The
overpack containment boundary is shown to
withstand all hypothetical accident conditions.
Therefore, the overpack containment boundary
meets the accident condition leakage rates.

Maintenance of Subcritical Margins (Maximum k.q)

The MPC enclosure vessel is seal welded and
there is no breach of the MPC. The bolted
closure overpack containment boundary has
been shown to prevent water immersion.
Therefore, the maximum reactivity of the fuel
in a dry MPC is less than 0.5.

The bolted closure overpack containment
boundary has been shown to prevent water
immersion, Therefore, the maximum reactivity of
the fuel in a dry MPC is less than 0.5. Assuming
the MPC is fully flooded with water, the reactivity
is shown to be below the regulatory requirement
of 0.95 including uncertainties and bias.

Adequate Shielding

The MPC enclosure vessel boundary has no
effect on the dose rates of the HI-STAR 100
System.

Failure of the MPC enclosure vessel to maintain a
release boundary has no effect on the dose rates of
the HI-STAR 100 Systern.

Adequate Heat Rejection (Peak Fuel Cladding
Temperature)

The MPC enclosure vessel maintains the helium
and the peak fuel cladding temperature is
demonstrated to remain below 800°F in the
post-fire hypothetical accident condition.

Assuming the MPC internal helium fill pressure is
released into the overpack containment, the
pressure within the small annulus would rise to
equalize with the MPC internal pressure. There
would be a corresponding slight pressure decrease
in the MPC enclosure vessel. The comparatively
small volume of the annulus and pressure
differential results in the slight pressure change.
This will have a negligibly small effect on the
peak fuel cladding temperature.

The overpack containment boundary is
demonstrated to withstand all hypothetical
accident conditions, Therefore, there is no
credible mechanism for the release of the helium.
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Tables 1.2.19 and 1.2.20

INTENTIONALLY DELETED
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Table 1.2.21

DESIGN CHARACTERISTICS FOR THORIA RODS IN D-1 THORIA ROD CANISTERS

PARAMETER MPC-68 or MPC-68F

Cladding Type ZR

Composition 98.2 wt.% ThO3, 1.8 wt.% UO,
with an enrichment of 93.5 wt. %

15y

Number of Rods Per Thoria <18

Canister

Decay Heat Per Thoria Canister <115 watts

Post-Irradiation Fuel Cooling Cooling time > 18 years and

Time and Average Burnup Per average burnup < 16,000

Thoria Canister MWD/MTIHM

Initial Heavy Metal Weight <27 kg/canister

Fuel Cladding O.D. >0.412 inches

Fuel Cladding 1.D. <0.362 inches

Fuel Pellet O.D. <0.358 inches

Active Fuel Length <111 inches

Canister Weight < 550 Ibs., including Thoria Rods

Canister Material Type 304 SS
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Table 1.2.22

LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-24

PARAMETER VALUE
Fuel Type Uranium oxide, PWR intact fuel assemblies
meeting the limits in Table 1.2.10 for the
applicable array/class
Cladding Type ZR or Stainless Steel (SS) as specified in
Table 1.2.10 for the applicable array/class
Maximum Initial Enrichment As specified in Table 1.2.10 for the
applicable array/class
Post-irradiation Cooling Time, Average | ZR clad: As specified in Table 1.2.28 or
Burnup, and Minimum Initial Table 1.2.29, as applicable
Enrichment per Assembly
SS clad: As specified in Table 1.2.30
Decay Heat Per Assembly ZR clad: <833 Watts
SS clad: <488 Watts
Fuel Assembly Length < 176.8 in. (nominal design)
Fuel Assembly Width < 8.54 in. (nominal design)
Fuel Assembly Weight < 1,680 Ibs
Other Limitations »  Quantity is limited to up to 24 PWR
intact fuel assemblies.
» Non-fuel hardware and neutron
sources not permitted.
. Damagéd fuel assemblies and fuel
debris not permitted.
» Trojan plant fuel not permitted.
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Table 1.2.23

LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-68

PARAMETER VALUE (Note 1)

Fuel Type(s) Uranium oxide, Uranium oxide, Mixed Oxide Mixed Oxide
BWR intact fuel | BWR damaged (MOX) BWR | (MOX) BWR
assemblies fuel assemblies intact fuel damaged fuel
meeting the limits | meeting the limits | assemblies assemblies meeting
in Table 1.2.11 in Table 1.2.11 for | meeting the the limits in Table
for the applicable | array/class 6x6A, limits in Table | 1.2.11 for
array/class, with 6x6C, 7x7A, or 1.2.11 for array/class 6x6B,
or without 8x8A, with or array/class with or without
Zircaloy channels | without Zircaloy 6x6B, with or | Zircaloy channels,

channels, placed in | without placed in Damaged
Damaged Fuel Zircaloy Fuel Containers
Containers({DFCs) | channels (DFCs)

Cladding Type ZR or Stainless
Steel (SS) as
specified in Table
1.2.11 for the ZR ZR ZR
applicable
array/class

Maximum Initial As specified in As specified in As specified in | As specified in

Planar-Average and | Table 1.2.11 for Table 1.2.11 for Table 1.2.11 Table 1.2.11 for

Rod Enrichment the applicable the applicable for array/class | array/class 6x6B
array/class array/class 6x6B

Post-irradiation ZR c.]ad: _ As Cooling time > 18 | Cooling time > | Cooling time > 18

Cooling Time, specified in Table | years, average 18 years, years, average

Average Burnup 1.2.31 except as burnup < 30,000 average burnup < 30,000

and Minimum In,iti al provided in Notes MWD/MTU, and burnup < MWD/MTIHM,

Enrichment per 2and3 minimum initial 30,000 a.ndmlmmum

Assembl enrichment > 1.8 MWD/MTIH initial enrichment

Y SS clad: Note4 | wt. % 2*U. M, and > 1.8 wt. % 2U.
minimum
initial
enrichment >
1.8 wt. % Z°U.
7R clad:
Decay Heat Per <272 Watts
Assembly (Note 5)
<115 Watts <115 Watts <115 Watts
SS clad:
< 83 Watts
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LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-68

Table 1.2.23 (cont’d)

PARAMETER VALUE (Note 1)
Fuel Assembl <176.2in. <135.0in. <135.0in. <135.0in.
Length Y (nominal design) (nominal design) (nominal design) | (nominal design)
<585in. <4.70 in. (nominal | <4.70 in. <4.70in.
%ﬁtﬁs sembly (nominal design) design) (nominal design) | (nominal design)
Fuel Assembl <700 Ibs <550 Ibs, <400 Ibs, <550 Ibs,
Weight ¥ (including (including channels | (including (including
channels) and DFC) channels) channels and
DFC)
. MPC Up to 68 BWR Up to 63 BWR Up to 68 BWR Up to 68 BWR
Quantity per intact fuel damaged and/or intact fuel damaged and/or
assemblies intact fuel assemblies intact fuel
assemblies assemblies
Other Limitations = Quantity is limited to up to one (1) Dresden Unit 1 thoria rod canister
meeting the specifications listed in Table 1.2.21 plus any combination of
Dresden Unit 1 or Humboldt Bay damaged fuel assemblies in DFCs and
intact fuel assemblies up to a total of 68.

» Stainless steel channels are not permitted.

=  Fuel debris is not permitted. :

» Dresden Unit 1 fuel assemblies with one antimony-beryllium neutron
source are permitted. The antimony-beryllium neutron source materiat shall
be in a water rod location.

Notes:

1.

authorized for transportation.

A fuel assembly must meet the requirements of any one column and the other limitations to be

Array/class 6x6A, 6x6C, 7x7A, and 8x8A fuel assemblies shall have a cooling time > 18 years, an

average burnup < 30,000 MWD/MTU, and a minimum initial enrichment > 1.8 wt. % 2°U.

MWD/MTU, and a minimum initial enrichment > 2.4 wt. % 2°U.

MWD/MTU, and a minimum initial enrichment > 3.5 wt. % 2°U.

Array/class 8x8F fuel assemblies shall have a decay heat < 183.5 Watts.

Array/class 8x8F fuel assemblies shall have a cooling time > 10 years, an average burnup < 27,500

SS-clad fuel assemblies shall have a cooling time > 16 years, an average burnup < 22,500
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Table 1.2.24

LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-68F

PARAMETER VALUE (Notes 1 and 2)

Fuel Type(s) Uranium oxide, Uranium oxide, Mixed Oxide Mixed Oxide
BWR intact fuel | BWR damaged (MOX) BWR | (MOX) BWR
assemblies fuel assemblies or | intact fuel damaged fuel
meeting the limits | fuel debris assemblies assemblies or fuel
in Table 1.2.11 meeting the limits | meeting the debris meeting the
for array/class in Table 1.2.11 limits in Table | limits in Table
6x6A, 6x6C, for array/class 1.2.11 for 1.2.11 for
7x7A, or 8x8A, 6x6A, 6x6C, array/class array/class 6x6B,
with or without TxTA, or 8x8A, 6x6B, with or | with or without
Zircaloy channels | with or without without Zircaloy channels,

Zircaloy channels, | Zircaloy placed in Damaged
placed in channels Fuel Containers
Damaged Fuel (DFCs))
Containers(DFCs)

Cladding Type ZR ZR ZR ZR

Maximum Initial As specified in As specified in As specified in | As specified in

Planar-Average and Table 1.2.11 for Table 1.2.11 for Table 1.2.11 Table 1.2.11 for

Rod Enrichment the applicable the applicable for array/class | array/class 6x6B
array/class array/class 6x6B

Post-irradiation Cooling time > 18 | Cooling time > 18 | Cooling time > | Cooling time > 18

Cooling Time years, average years, average 18 years, years, average

Average Burnilp and burnup < 30,000 | burmup <30,000 | average burnup < 30,000

Minimum Initial MWD/MTU, and | MWD/MTU, and | burnup < MWD/MTIHM,

Enrichment per minimum initial minimum initial 30,000 and minimum

Assembl enrichment > 1.8 | enrichment>1.8 | MWD/MTIH | initial enrichment

Y wt. % 2°U. wt. % 2°U. M, and > 1.8 wt. % UL
minimum
initial
enrichment >
1.8 wt. % **U.

2:::;;’1;“ Per <115 Watts <115Watts | <115 Watts <115 Watts
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Table 1.2.24 (cont’d)

LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-68F

PARAMETER VALUE (Note 1)

Fuel Assembly <135.0in. <13501n. <1350in. <135.0in.

Length (nominal design) | (nominal design) | (nominal design) | (nominal design)

Fuel Assembly <4.70 in, <4.70 in. <4701in. <4.70 in.

Width (nominal design) | (nominal design) | (nominal design) | (vominal design)

Fuel Assembly <400 Ibs <550 Ibs <400 Ibs <350 Ibs

. p . (including . . (including
Weight (including h 1s and (including h Is and
channels) channels an channels) channels an
DFC) DFC)

Other Limitations s Quantity is limited to up to four (4) DFCs containing Dresden Unit 1 or
Humboldt Bay uranium oxide or MOX fuel debris. The remaining fuel
storage locations may be filled with array/class 6x6A, 6x6B, 6x6C,
7x7A, and 8x8A fuel assemblies of the following type, as applicable:

- uranium oxide BWR intact fuel assemblies

- MOX BWR intact fuel assemblies

- uranium oxide BWR damaged fuel assemblies in DFCs

- MOX BWR damaged fuel assemblies in DFCs

- up to one (1) Dresden Unit I thoria rod canister meeting the
specifications listed in Table 1.2.21

s Stainless steel channels are not permitted.

s Dresden Unit 1 fuel assemblies with one antimony-beryllium neutron
source are permitted. The antimony-beryllium neutron source material
shall be in a water rod location.

Notes:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be

authorized for transportation.
2. Only fuel from Dresden Unit 1 and Humboldt Bay plant are permitted for transportation in the MPC-
68F.
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Table 1.2.25

LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-24E

(except Trojan plant fuel and non-
fuel hardware)

SS clad: As specified in
Table 1.2.30

PARAMETER VALUE (Note 1)

Fuel Type Uranium oxide PWR intact | Trojan plant damaged fuel
fuel assemblies meeting the | meeting the limits in Table
limits in Table 1.2.10 for the | 1.2.10 for array/class 17x17B,
applicable array/class placed in a Holtec Damaged

Fuel Container (DFC)
designed for Trojan plan fuel
or a Trojan Failed Fuel Can
(FFC)

Cladding Type ZR or Stainless Steel (SS)
assemblies as specified in 7R
Table 1.2.10 for the
applicable array/class

Maximum Initial Enrichment As specified in Table 1.2.10 3.7 wt. % 25U
for the applicable array/class Twt. %

pp y
o . . ZR clad: As specified in

Post-irradiation Cooling Time, Table 1228 or 1 229, as

Average Bumnup, and Minimum licabl

Initial Enrichment per Assembly applcable Not applicable

Post-irradiation Cooling Time,
Average Burnup, and Mirimum
Initial Enrichment per Assembly for
Trojan plant fuel

As specified in Table 1.2.35

As specified in Table 1.2.35

Post-irradiation Cooling Time and

Burnup for Trojan plant Non-fuel As specified in Table 1.2.36 Not applicable

Hardware and Neutron Sources

Decay Heat Per Assembly (except | ZR clad: < 833 Watts

for Trojan plant fuel) Not applicable

SS clad: <488 Watts

Dec.ay heat per Assembly for <725 Watts <725 Watts

Trojan plant fuel
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Table 1.2.25 (cont’d)

LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-24E

PARAMETER VALUE (Note 1)

<176.8 in. <1693 in.
(nominal design) (nominal design)

<8.54in. <843 in.
(nominal design) (nominal design)

<1680 lbs <1680 Ibs
(including non-fuel (including DFC or Failed
hardware) Fuel Can)

»  Quantity per MPC: up to 24 PWR intact fuel
assemblies. For Trojan plant fuel only, up to four (4)
damaged fuel assemblies may be stored in fuel
storage locations 3, 6, 19, and/or 22. The remaining
fuel storage locations may be filled with Trojan plant
intact fuel assemblies.

= Trojan plant fuel must be transported in the custom-
designed Trojan MPCs with the MPC spacer installed
(see Figure 1.1.5). Fuel from other plants is not
permitted to be transported in the Trojan MPCs.

= Except for Trojan plant fuel, the fuel assemblies shall
not contain non-fuel hardware. Trojan intact fuel
assemblies containing non-fuel hardware may be
transported in any fuel storage location.

s Trojan plant damaged fuel assemblies must be
transported in a Holtec DFC for Trojan plant fuel or
a Trojan plant FFC.

»  One (1) Trojan plant Sb-Be and/or two (2) Cf neutron
sources, each in a Trojan plant intact fuel assembly
may be transported in any one MPC. Each neutron
source may be transported in any fuel storage
location.

»  Fuel debris is not authorized for transportation in the
MPC-24E.

» Trojan plant non-firel hardware and neutron sources
may not be transported in the same fuel storage
location with damaged fuel assemblies.

Fuel Assembly Length

Fuel Assembly Width

Fuel Assembly Weight

Other Limitations

Notes:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorized for transportation.
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Table 1.2.26

LIMITS FOR MATERIJAL TO BE TRANSPORTED IN MPC-24EF

PARAMETER VALUE (Note 1)

Fuel Type Uranium oxide PWR Trojan plant Trojan plant Fuel
intact fuel assemblies | damaged fuel Debris Process Can
meeting the limits in meeting the limits in | Capsules and/or Trojan
Table 1.2.10 for the Table 1.2.10 for plant fuel assemblies
applicable array/class | array/class 17x17B, | classified as fuel debris,

placed in a Holtec for which the original
Damaged Fuel fuel assemblies meet
Container the applicable criteria
{(DFC)designed for | in Table 1.2.10 for
Trojan plant fuel or | array/class 17x17B,
a Trojan Failed Fuel | placed in a Holtec
Can (FFC) Damaged Fuel
Container (DFC)
designed for Trojan
plant fuel or a Trojan
Failed Fuel Can (FFC)

Cladding Type ZR or Stainless Steel
(SS) assemblies as
specified in Table ZR ZR
1.2.10 for the
applicable array/class

Maximum Initial Enrichment | As specified in Table
1.2.10 for the <3.7wt.%2U <37 wt. % >U
applicable array/class

Post-irradiation Cooling iZnRT:lll:ldé lA ; ;;éez:ﬁed

Time, Average Burnup, and 1.2.29, as ;lpplicable

x?ﬁgniﬁ;uéxien;:ﬁ :::1 . Not applicable Not applicable

plant fuel and non-fuel .SS clad: As specified

hardware) in Table 1.2.30

Post-irradiation Cooling

;ﬁ;ﬂeﬁfgfﬁ‘gﬁit Asspecifiedin Table |  Asspecifiedin | As specified in Table

per Assembly for Trojan 1.2.35 Table 1.2.35 1.2.35

plant fuel
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Table 1.2.26 (cont’d)

LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-24EF

PARAMETER VALUE (Note 1)

Post-irradiation Cooling Time
and Burnup for Trojan plant As specified in Table | As specified in Table | As specified in Table
Non-fuel Hardware and 1.2.36 1.2.36 1.2.36
Neutron Sources
Decay Heat Per Assembly ZR clad: < 833 Watts . .
(except for Trojan plant fuel) SS clad: < 488 Wats Not applicable Not applicable
?ﬁ:}giﬁ per Assembly for <725 Watts <725 Watts <725 Watts

<176.8 in. <1693 in. <1693 in.
Fuel Assembly Length (nominal design) (nominal design) | (nominal design)

. <8.54in. <843 in. <843in.
Fuel Assembly Width (nominal design) (nominal design) | (nominal design)
. <1680 Ibs <1680 Ibs <1680 1bs

Fuel Assembly Weight (including non-fuel | (including DFCor | (inchuding DFC or

hardware( Failed Fuel Can) Failed Fuel Can)
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Table 1.2.26 (cont’d)

LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-24EF

Other Limitations

Quantity per MPC: Up to 24 PWR intact
fuel assemblies. For Trojan plant fuel
only, up to four (4) damaged fuel
assemblies, fuel assemblies classified as
fuel debris, and/or Trojan Fuel Debris
Process Can Capsules may be stored in
fuel storage locations 3, 6, 19, and/or 22,
The remaining fuel storage locations may
be filled with Trojan plant intact fuel
assemblies.

Trojan plant fuel must be transported in
the custom-designed Trojan MPCs with
the MPC spacer installed (see Figure
1.1.5). Fuel from other plants is not
permitted to be transported in the Trojan
MPCs.

Except for Trojan plant fuel, the fuel
assemblies shall not contain non-fuel
hardware or neutron sources. Trojan
intact fuel assemblies containing non-fuel
hardware may be transported in any fuel
storage location.

Trojan plant damaged fuel assemblies,
fuel assemblies classified as fuel debris,
and Fuel Debris Process Can Capsules
must be transported in a Trojan Failed
Fuel Can or a Holtec DFC for Trojan
plant fuel.

One (1) Trojan plant Sb-Be and/or two
(2) Cf neutron sources, each in a Trojan
plant intact fuel assembly may be
transported in any one MPC. Each
neutron source may be transported in any
fuel storage location.

Notes:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be

authorized for transportation.
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Table 1.2.27

LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-32 (Note 1)

PARAMETER VALUE
Fuel Type Uranium oxide, PWR intact fuel assemblies
meeting the limits in Table 1.2.10 for
array/classes 15x15D, E, F, and H and
17x17A,B,and C
Cladding Type ZR
Maximum Initial Enrichment As specified in Table 1.2.10
Post-irradiation Cooling Time, Average As specified in Table 1.2.32 or Table 1.2.33,
Burnup, and Minimum Initial Enrichment | as applicable
per Assembly
Decay Heat Per Assembly <625 Watts
Minimum Burnup per Assembly As specified in Table 1.2.34 for the applicable
array/class
Fuel Assembly Length < 176.8 in. (nominal design)
Fuel Assembly Width < 8.54 in. (nominal design)
Fuel Assembly Weight <1,680 Ibs
Other Limitations » Quantity is limited to up to 32 PWR
intact fuel assemblies in the above-
specified array/classes only.
» Non-fuel hardware and neutron
sources not permitted.
= Damaged fuel assemblies and fuel
debris not permitted.
= Trojan plant fuel not permitted.
NOTES:

1. The MPC-32 is not authorized for transportation in the HI-STAR 100 System at this time.
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Table 1.2.28

FUEL ASSEMBLY COOLING, AVERAGE BURNUP, AND MINIMUM ENRICHMENT
LIMITS FOR TRANSPORTATION IN MPC-24/24E/24EF; PWR FUEL WITH ZR
CLADDING AND WITH NON-ZIRCALOY IN-CORE GRID SPACERS

ASSEMBLY POST-
IRRADIATION ASSEMBLY BURNUP L
COOLING TIME (MWD/MTU) S
wt. % ~°0)
(years)

>9 <24,500 >23

>11 <29,500 >26

>13 <34,500 >29

>15 <39,500 >32

>18 <44,500 >34
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Table 1.2.29

FUEL ASSEMBLY COOLING, AVERAGE BURNUP, AND MINIMUM ENRICHMENT
LIMITS FOR TRANSPORTATION IN MPC-24/24E/24EF;PWR FUEL WITH ZR
CLADDING AND WITH ZIRCALOY IN-CORE GRID SPACERS

ASSEMBLY POST-
IRRADIATION ASSEMBLY BURNUP ASSgMBLiT
COOLING TIME (MWD/MTU) ENRICHME
(wt. % 2*0)
(years)

>6 <24,500 >23

>7 <29,500 >26

>9 <34,500 >29

>11 <39,500 >32

> 14 <44,500 >34
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Table 1.2.30

FUEL ASSEMBLY COOLING, AVERAGE BURNUP, AND MINIMUM ENRICHMENT
LIMITS FOR TRANSPORTATION IN MPC-24/24E/24EF; PWR FUEL WITH

STAINLESS STEEL CLADDING
ASSEMBLY POST-
IRRADIATION ASSEMBLY BURNUP Eﬁgﬁ&
COOLING TIME (MWD/MTU) ot 5% 20
(years) ¢

>19 <30,000 >31

>24 <40,000 >31
HLSTAR SAR Rev.10
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Table 1.2.31

FUEL ASSEMBLY COOLING, AVERAGE BURNUP, AND MINIMUM ENRICHMENT
LIMITS FOR TRANSPORTATION IN MPC-68

ASSEMBLY POST-
IRRADIATION ASSEMBLY BURNUP Eﬁ;ﬁ%&
COOLING TIME (MWD/MTU) e 5% 2o
(years) °

>3 <24.500 >21

>9 <29.500 >24

> 11 <34,500 >2.6

> 14 <39.500 >29

>19 < 44,500 >3.0
HI.STAR SAR Rev. 10
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Table 1.2.32

FUEL ASSEMBLY COOLING, AVERAGE BURNUP, AND MINIMUM ENRICHMENT
LIMITS FOR TRANSPORTATION IN MPC-32; PWR FUEL WITH ZR CLADDING
AND WITH NON-ZIRCALOY IN-CORE GRID SPACERS (Note 1)

ASSEMBLY POST-
IRRADIATION ASSEMBLY BURNUP Eﬁgﬁ&
COOLING TIME MWD/MTU) (Wt % BSU)
(years) o
> 12 <24,500 >23
> 14 <29,500 >26
>16 <34,500 >29
>19 < 39,500 >3.2
>20 <42,500 >34
NOTES:
1. MPC-32 is not authorized for transportation at this time.
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Table 1.2.33

FUEL ASSEMBLY COOLING, AVERAGE BURNUP, AND MINIMUM ENRICHMENT
LIMITS FOR TRANSPORTATION IN MPC-32; PWR FUEL WITH ZR CLADDING
AND WITH ZIRCALOY IN-CORE GRID SPACERS (Note 1)

ASSEMBLY POST-
IRRADIATION ASSEMBLY BURNUP Eﬁgﬁ%
COOLING TIME (MWD/MTU) -HM
(wt. % 2°U)
(years)
>8 <24,500 >23
>9 <29,500 >26
>12 <34,500 >2.9
>14 <39,500 >32
>19 <44,500 >34
NOTES:
1. MPC-32 is not authorized for transportation at this time.
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Table 1.2.34

FUEL ASSEMBLY MINIMUM BURNUP REQUIREMENTS FOR TRANSPORTATION IN
MPC-32 (Note 1)

MINIMUM BURNUP (B) AS A FUNCTION
FUEL ASSEMBLY ARRAY/CLASS OF INITIAL ENRICHMENT (E) (Note 2)
(GWD/MTU)
15x15D, E,F,and H Later
17x15A,B,and C Later
Notes:

1. MPC-32 is not authorized for transportation at this time.

2. E = Initial enrichment from the fuel vendor’s data sheet, i.e., for 4.05wt. %, E = 4.05.
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Table 1.2.35

TROJAN PLANT FUEL ASSEMBLY COOLING, AVERAGE BURNUP, AND MINIMUM

ENRICHMENT LIMITS (Note 1)
Post-irradiation Cooling Assembly Burnup Assembly Minimum

Time MWD/MTU) Enrichment

(years) wt. % 2°0)
>16 < 42,000 >3.09
>16 <37,500 >26
>16 < 30,000 >2.1

Notes:

1. Each fuel assembly must only meet one set of limits (i.e., one row).
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Table 1.2.36

TROJAN PLANT NON-FUEL HARDWARE AND NEUTRON SOURCE COOLING AND

BURNUP LIMITS
Type Of Hardware or Burnup Post-irradiation Cooling
Neutron Source MWD/MTU) Time
(years)
BPRASs <15,998 >24
TPDs <118,674 >11
RCCAs <125,5515 >9
Cf neutron source <15,998 >24
Sb-Be neutron source with 4
source rods, 16 burnable
poison rods, and 4 thimble £45,361 219
plug rods
Sb-Be neutron source with 4
source rods and 20 thimble < 88,547 >9
plug rods
HI-STAR SAR Rev. 10
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1.3  DESIGN CODE APPLICABILITY

The ASME Boiler and Pressure Vessel Code (ASME Code), 1995 Edition with Addenda through
1997 [1.3.1], is the governing code for the construction of the HI-STAR 100 System, as clarified
in Table 1.3.2. The ASME Code is applied to each component consistent with the function of
the component. Table 1.3.3 lists each structure, system and component (SSC) of the HI-STAR
100 System that are labeled Important to Safety (ITS), along with its function and governing
Code. Some components perform multiple functions and in those cases, the most restrictive Code
is applied. In accordance with NUREG/CR-6407, "Classification of Transportation Packaging
and Dry Spent Fuel Storage System Components” [1.3.2] and according to importance to safety,
components of the HI-STAR 100 System are classified as A, B, C, or NITS (not important to
safety) in Table 1.3.3. Table 1.3.3 may not include all NITS items associated with the HI-STAR

100 Package.

Table 1.3.1 lists the applicable ASME Code section and paragraph for material procurement,
design, fabrication and inspection of the components of the HI-STAR 100 System that are
governed by the ASME Code. The ASME Code section listed in the design column is the section
used to define allowable stresses for structural analyses.

Table 1.3.2 lists the altematives to the ASME Code for the HI-STAR 100 System and the
justification for those alternatives.

The MPC is classified as important to safety. The MPC structural components include the
internal fuel basket and the enclosure vessel. The fuel basket is designed and fabricated as a core
support structure, in accordance with the applicable requirements of Section IIl, Subsection NG
of the ASME Code, with certain NRC-approved alternatives, as discussed in Table 1.3.2. The
enclosure vessel is designed and fabricated as a Class 1 component pressure vessel in accordance
with Section III, Subsection NB of the ASME Code, with certain NRC-approved alternatives, as
discussed in Table 1.3.2. The principal exceptions are the MPC lid, vent and drain cover plates,
and closure ring welds to the MPC lid and shell, as discussed in Table 1.3.2. In addition, the
threaded holes in the MPC lid are designed in accordance with the requirements of ANSI N14.6
[1.3.3] for critical lifts to facilitate vertical MPC transfer.

The MPC closure welds are partial penetration welds that are structurally qualified by analysis,
as presented in Chapter 2. The MPC closure ring welds are inspected by performing a liquid
penetrant examination of the root pass (if more than one weld pass is required) and final weld
surface, in accordance with the requirements contained in Section 8.1. The MPC lid weld may be
examined by either volumetric or multi-layer liquid penetrant examination. If volumetric
examination is used, it shall be the ultrasonic method and shall include a liquid penetrant
examination of the root and final weld layers. If multi-layer liquid penetrant examination is used
alone, at a minimum, it must include the root and final weld layers and each approximately 3/8
inch of weld to detect critical weld flaws. The integrity of the MPC lid weld is further verified by
performing a pressure test (hydrostatic or pneumatic) and a helium leak test in accordance with
the requirements contained in Section 8.1.

HI-STAR SAR Rev. 10
REPORT HI-951251 ' 1.3-1



The structural analysis of the MPC, in conjunction with the redundant closures and
nondestructive examination, pressure testing, and helium leak testing performed during MPC |
fabrication and MPC closure, provides assurance of canister closure integrity in lieu of the
specific weld joint requirements of the ASME Code, Section I, Subsection NB.

The HI-STAR overpack is classified as important to safety. The HI-STAR overpack top flange, |
closure plate, inner shell, and bottom plate are designed and fabricated in accordance with the
requirements of ASME Code, Section III, Subsection NB, to the maximum extent practical (see
Table 1.3.2). The remainder of the HI-STAR overpack steel structure is designed and fabricated |
in accordance with the requirements of ASME Code, Section III, Subsection NF, to the
maximum extent practical (see Table 1.3.2).

HI-STAR SAR Rev. 10
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Table 1.3.1

HI-STAR 100 ASME BOILER AND PRESSURE VESSEL CODE APPLICABILITY

HI-STAR 100 Material
Component Procurement Design Fabrication Inspection
Overpack ::ggz gi’and Section III, Section I, Section I,
containment Subsection NB Subsection NB, Subsection NB, Subsection NB,
boundary ? NB-3200 NB-4000 NB-5000 and
NB-2000 Secti
ection V
Overpack Section II; and Section III, Section IT, . Section I,
intermediate Section HI, Subsection NF, Subsection NF, Subsection NF,
shells, radial Subsection NF NF-3300 NF-4000 NF-5360 and
channels, outer Section V
enclosure
MPC helium g:ccg:: gijmd Section II, Section I, Section ITI,
retention Subsection NB Subsection NB, Subsection NB, Subsection NB,
boundary i NB-3200 NB-4000 NB-5000 and
NB-2000 Secti
ection V
MPC fuel basket ::c"ggz gi’“‘d Section IIL, Section III, Section III,
Subsection NG Subsection NG, Subsection NG, Subsection NG,
NG-2000 for c(;re NG-3300 and NG-4000 for core NG-§000 and
support structures NG-3200 for core | support structures | Section V for core
(NG-1121) support structures | (NG-1121) support structures
(NG-1121) (NG-1121)
Lifting Trunnions | Section II; and ANSIN14.6 Section HI, ANSI 14.6
Section III, Subsection NF, See Chapter 8
Subsection NF, NF-4000
NF-2000
MPC Basket Section II, and Section I, Section I, Section I,
Supports (Angled | Section IMI, Subsection NG, Subsection NG, | Subsection NG,
Plates) Subsection NG, NG-3300 and NG-4000 for NG-5000 and
NG-2000 for NG-3200 for internal structures | Section V for
internal structures | internal structures | (NG-1122) internal structures
(NG-1122) (NG-1122) (NG-1122)
Damaged Fuel Section II, and Section I, Section I, Section I,
Container Section I, Subsection NG, Subsection NG, Subsection NG,
Subsection NG, NG-3300 and NG-4000 NG-5000 and
NG-2000 NG-3200 Section V
HI-STAR SAR Rev. 10
REPORT HI-951251 1.3-3




Table 1.3.2

LIST OF ASME CODE ALTERNATIVES FOR HI-STAR 100 SYSTEM

assembly, and HI-
STAR overpack
steel structure.

of a Design Specification, Design Report,
Overpressure Protection Report,
Certification of Construction Report, Data
Report, and other administrative controls for
an ASME Code stamped vessel.

Compeonent Reference ASME Code Requirement Alternative, Justification & Compensatory
‘ Code Section/Article Measures
MPC, MPC basket Subsection NCA General Requirements. Requires preparation | Because the MPC, overpack, and transfer cask are not

ASME Code stamped vessels, none of the specifications,
reports, certificates, or other general requirements specified
by NCA are required. In lieu of a Design Specification and
Design Report, the HI-STAR SAR includes the design
criteria, service conditions, and load combinations for the
design and operation of the HI-STAR 100 System as well as
the results of the stress analyses to demonstrate that
applicable Code stress limits are met. Additionally, the
fabricator is not required to have an ASME-certified QA
program. All important-to-safety activities are governed by
the NRC-approved Holtec QA program.

Because the cask components are not certified to the Code,
the terms “Certificate Holder” and “Inspector” are not
germane to the manufacturing of NRC-certified cask
components. To eliminate ambiguity, the responsibilities
assigned to the Certificate Holder in the various articles of
Subsections NB, NG, and NF of the Code, as applicable,
shall be interpreted to apply to the NRC Certificate of
Compliance (CoC) holder (and by extension, to the
component fabricator) if the requirement must be fulfilled.
The Code term “Inspector” means the QA/QC personnel of
the CoC holder and its vendors assigned to oversee and
inspect the manufacturing process.

Notes: 1) There are no known residuals on finished component surfaces. ‘
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds shall
be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section I and the

applicable Subsection of ASME Section III. For parts beyond the purview of ASME Section III, compliance with Section IX and Section II of the
Code shall be observed to the extent practicable.

3) Component nomenclature taken from drawings in Chapter 1.
4) A,B and C denote important to safety classifications as described in NUREG/CR-6407. NITS stands for Not Important To Safety.
5) Thermaline 450 and Carboline 890 were the product names at the time of initial licensing. Chemically identical products with different names are

permitted. For example, Carboline 890 was re-named Carboguard 890 in 2000, with no change to the coating material and is , therefore, acceptable
for use where Carboline 890 is specified.
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Table 1.3.2 (continued)

LIST OF ASME CODE ALTERNATIVES FOR HI-STAR 100 SYSTEM

Component Reference ASME Code Requirement Alternative, Justification & Compensatory
Code Section/Article Measures
MPC NB-1100 Statement of requirements for Code MPC vessel is designed and will be fabricated in accordance
stamping of components. with ASME Code, Section I11, Subsection NB to the
maximum practical extent, but Code stamping is not
required.
MPC NB-2000 Requires materials to be supplied by ASME- | Materials will be supplied by Holtec approved suppliers with
approved material supplier. Certified Material Test Reports (CMTRs) in accordance with
NB-2000 requirements.
MPC basket NB-1130 NB-1132,2(d) requires that the first The MPC basket supports (nonpressure-retaining structural
supports and lift lugs connecting weld of a nonpressure-retaining attachments) and lift lugs (nonstructural attachments used
structural attachment to a component shall be | exclusively for lifting an empty MPC) are welded to the
considered part of the component unless the | inside of the pressure-retaining MPC shell, but are not
weld is more than 2t from the pressure- designed in accordance with Subsection NB. The basket
retaining portion of the component, where t supports and associated attachment welds are designed to
is the nominal thickness of the pressure- satisfy the stress limits of Subsection NG and the lift lugs
retaining material. and associated attachment welds are designed to satisfy the
stress limits of Subsection NF, as a minimum. These
NB-1132.2(e) requires that the first attachments and their welds are shown by analysis to meet
connecting weld of a welded nonstructural the respective stress limits for their service conditions.
attachment to a component shall conformto | Likewise, non-structural items, such as shield plugs, spacers,
NB-4430 if the connecting weld is within 2t | etc. if used, can be attached to pressure-retaining parts in the
from the pressure-retaining portion of the same manner.
component,
MPC, MPC basket | NB-3100 Provides requirements for determining These requirements are not applicable. The HI-STAR SAR,
assembly, and HI- NG-3100 design loading conditions, such as pressure, | serving as the Design Specification, establishes the service
STAR overpack NF-3100 temperature, and mechanical loads.

steel structure.

conditions and load combinations for the storage system.
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Table 1.3.2 (continued)

LIST OF ASME CODE ALTERNATIVES FOR HI-STAR 100 SYSTEM

Component

Reference ASME
Code Section/Article

Code Requirement

Alternative, Justification & Compensatory
Measures

MPC

NB-3350

NB-3352.3 requires, for Category C joints,
that the minimumn dimensions of the welds
and throat thickness shall be as shown in
Figure NB-4243-1.

The MPC shell-to-baseplate weld joint design (designated
Category C) may not include a reinforcing fillet weld or a
bevel in the MPC baseplate, which makes it different than
any of the representative configurations depicted in Figure
NB-4243-1. The transverse thickness of this weld is equal to
the thickness of the adjoining shell (1/2 inch). The weld is
designed as a full penetration weld that receives VT and RT
or UT, as well as final surface PT examinations. Because
the MPC shell design thickness is considerably larger than
the minimum thickness required by the Code, a reinforcing
fillet weld that would intrude into the MPC cavity space is
not included. Not including this fillet weld provides for a
higher quality radiographic examination of the full
penetration weld,

From the standpoint of stress analysis, the fillet weld serves
to reduce the local bending stress (secondary stress)
produced by the gross structural discontinuity defined by the
flat plate/shell junction. In the MPC design, the shell and
baseplate thicknesses are well beyond that required to meet
their respective membrane stress intensity limits.

MPC, MPC basket
assembly, and HI-
STAR overpack
steel structure

NB-4120
NG-4120
NF-4120

NB-4121.2, NG-4121.2, and NF-4121.2
provide requirements for repetition of tensile
or impact tests for material subjected to heat
treatment during fabrication or installation.

In-shop operations of short duration that apply heat to a
component, such as plasma cutting of plate stock, welding,
machining, coating, and pouring of Holtite are not, unless
explicitly stated by the Code, defined as heat treatment
operations. :

For the steel parts in the HI-STAR 100 System components,
the duration for which a part exceeds the off-normal
temperature limit shall be limited to 24 hours in a particular
manufacturing process (such as the Holtite pouring process).

(
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Table 1.3.2 (continued)

LIST OF ASME CODE ALTERNATIVES FOR HI-STAR 100 SYSTEM

Code Requirement

Alternative, Justification & Compensatory
Measures

Requires certain forming tolerances to be
met for cylindrical, conical, or spherical
shells of a vessel.

The cylindricity measurements on the rolled shells are not
specifically recorded in the shop travelers, as would be the
case for a Code-stamped pressure vessel. Rather, the
requirements on inter-component clearances (such as the
MPC-to-overpack) are guaranteed through fixture-controlled
manufacturing. The fabrication specification and shop
procedures ensure that all dimensional design objectives,
including inter-component annular clearances are satisfied.
The dimensions required to be met in fabrication are chosen
to meet the functional requirements of the dry storage
components. Thus, although the post-forming Code
cylindricity requirements are not evaluated for compliance
directly, they are indirectly satisfied (actually exceeded) in
the final manufactured components.

Full penetration welds required for Category
C Joints (flat head to main shell per NB-
3352.3)

MPC lid and closure ring are not full penetration welds.
They are welded independently to provide a redundant seal.
Additionally, a weld efficiency factor of 0.45 has been
applied to the analyses of these welds,

Radiographic (RT) or ultrasonic (UT)
examination required.

Only UT or multi-layer liquid penetrant (PT) examination is
permitted. If PT alone is used, at a minimum, it will include
the root and final weld layers and each approximately 3/8
inch of weld depth.

Radiographic (RT) or ultrasonic (UT)
examination required.

Root (if more than one weld pass is required) and final liquid
penetrant examination to be performed in accordance with
NB-5245. The MPC vent and drain cover plate welds are
leak tested. The closure ring provides independent redundant
closure for vent and drain cover plates,

Component Reference ASME
Code Section/Article
MPC and HI-STAR | NB-4220
overpack steel NF-4220
structure
MPC Lid and NB-4243
Closure Ring Welds
MPC Lid-to-Shell NB-5230
Weld
MPC Closure Ring, | NB-5230
Vent and Drain
Cover Plate Welds
HI-STAR SAR
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Table 1.3.2 (continued)

LIST OF ASME CODE ALTERNATIVES FOR HI-STAR 100 SYSTEM |

Component Reference ASME Code Requirement Alternative, Justification & Compensatory |
Code Section/Article Measures
MPC Enclosure NB-6111 All completed pressure retaining systems The MPC vessel is seal welded in the field following fuel
Vessel and Lid shall be pressure tested. assembly loading. The MPC vessel shall then be pressure |

tested as defined in Chapter 8. Accessibility for leakage
inspections preclude a Code compliant pressure test. All |
MPC vessel welds (except closure ring and vent/drain cover
plate) are inspected by volumetric examination, except that
the MPC lid-to-shell weld shall be verified by volumetric or
multi-layer PT examination. If PT alone is used, at a
minimum, it must include the root and final layers and each
approximately 3/8 inch of weld depth. For either UT or PT,
the maximum undetectable flaw size must be demonstrated
to be less than the critical flaw size. The critical flaw size
must be determined in accordance with ASME Section X1
methods. The critical flaw size shall not cause the primary
stress limits of NB-3000 to be exceeded. The inspection
results, including relevant findings (indications) shall be
made a permanent part of the user’s records by video,
photographic, or other means which provide an equivalent
retrievable record of weld integrity. The video or
photographic records should be taken during the final
interpretation period described in ASME Section V, Article
6, T-676. The vent/drain cover plate welds are confirmed by
helium leakage testing and liquid penetrant examination and
the closure ring weld is confirmed by liquid penetrant
examination. The inspection of the weld must be performed
by qualified personnel and shall meet the acceptance
requirements of ASME Code Section III, NB-5350 for PT or

NB-5332 for UT.
MPC Enclosure NB-7000 Vessels are required to have overpressure No overpressure protection is provided. The function of
Vessel protection. MPC vessel is as a helium retention boundary. MPC vessel
is designed to withstand maximum internal pressure
considering 100% fuel rod failure and maximum accident
temperatures.
HI-STAR SAR Rev. 10
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Table 1.3.2 (continued)

LIST OF ASME CODE ALTERNATIVES FOR HI-STAR 100 SYSTEM

Component Reference ASME Code Requirement Alternative, Justification & Compensatory
Code Section/Article Measures

MPC Enclosure NB-8000 States requirements for nameplates, stamping | HI-STAR 100 System to be marked and identified in

Vessel and reports per NCA-8000. accordance with 10CFR71 and 10CFR72 requirements.
Code stamping is not required. QA data package to be in
accordance with Holtec approved QA program.

Overpack NB-1100 Statement of requirements for Code Overpack containment boundary is designed, and will be

Containment stamping of components. fabricated in accordance with ASME Code, Section IT1,

Boundary Subsection NB to the maximum practical extent, but Code
stamping is not required.

Overpack NB-2000 Requires materials to be supplied by ASME- | Materials will be supplied by Holtec approved suppliers with

Containment approved material supplier, CMTRs per NB-2000.

Boundary

Overpack NB-7000 Vessels are required to have overpressure No overpressure protection is provided. Function of

Containment protection. overpack vessel is as a radionuclide containment boundary

Boundary under normal and hypothetical accident conditions.
Overpack vessel is designed to withstand maximum internal
pressure and maximum accident temperatures.

Overpack NB-8000 States requirements for nameplates, stamping | HI-STAR 100 System to be marked and identified in

Containment and reports per NCA-8000. accordance with 10CFR71 and 10CFR72 requirements,

Boundary Code stamping is not required. QA data package to be in
accordance with Holtec's approved QA program.

MPC Basket NG-2000 Requires materials to be supplied by ASME- Materials will be supplied by Holtec approved supplier with

Assembly approved material supplier. CMTRs in accordance with NG-2000 requirements.
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Table 1.3.2 (continued)

LIST OF ASME CODE ALTERNATIVES FOR HI-STAR 100 SYSTEM

Component

Reference ASME
Code Section/Article

Code Requirement

Alternative, Justification & Compensatory
Measures

MPC Basket Assembly

NG-4420

NG-4427(a) allows a fillet weld in any single
continuous weld to be less than the specified fillet
weld dimension by not more than 1/16 inch,
provided that the total undersize portion of the
weld does not exceed 10 percent of the length of
the weld. Individual undersize weld portions shall
not exceed 2 inches in length.

Modify the Code requirement (intended for core support structures)
with the following text prepared to accord with the geometry and
stress analysis imperatives for the fuel basket: For the longitudinal
MPC basket fillet welds, the following criteria apply: 1) The
specified fillet weld throat dimension must be maintained over at
least 92 percent of the total weld length. All regions of undersized
weld must be less than 3 inches long and separated from each other
by at least 9 inches. 2) Areas of undercuts and porosity beyond that
allowed by the applicable ASME Code shall not exceed 1/2 inch in
weld length. The total length of undercut and porosity over any 1-
foot length shall not exceed 2 inches. 3) The total weld length in
which items (1) and (2) apply shall not exceed a total of 10 percent
of the overall weld length. The limited access of the MPC basket
panel longitudinal fillet welds makes it difficult to perform
effective repairs of these welds and creates the potential for causing
additional damage to the basket assembly (e.g., to the neutron
absorber and its sheathing) if repairs are attempted. The acceptance
criteria provided in the foregoing have been established to comport
with the objectives of the basket design and preserve the margins
demonstrated in the supporting stress analysis.

From the structural standpoint, the weld acceptance criteria are
established to ensure that any departure from the ideal, continuous
fillet weld seam would not alter the primary bending stresses on
which the design of the fuel baskets is predicated. Stated
differently, the permitted weld discontinuities are limited in size to
ensure that they remain classifiable as local stress elevators (“peak
stress”, F, in the ASME Code for which specific stress intensity
limits do not apply).

MPC Basket
Assembly

NG-8000

States requirements for nameplates, stamping
and reports per NCA-8000.

The HI-STAR 100 System will be marked and identified in
accordance with 10CFR71 and 10CFR72 requirements. No
Code stamping is required. The MPC basket data package
will be in conformance with Holtec's QA program.

Overpack
Intermediate Shells

NF-2000

Requires materials to be supplied by ASME-
approved material supplier.

Materials will be supplied by Holtec apbroved supplier with
CMTRs in accordance with NF-2000 requirements.
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Table 1.3.2 (continued)

LIST OF ASME CODE ALTERNATIVES FOR HI-STAR 100 SYSTEM

Component

Reference ASME
Code Section/Article

Code Requirement

Alternative, Justification & Compensatory
Measures

Overpack
Containment
Boundary

NB-2330

Defines the methods for determining the
Tnor for impact testing of materials.

Tnor shall be defined in accordance with Regulatory Guides
7.11 and 7.12 for the containment boundary components.

Overpack
Containment
Boundary

NF-3320
NF-4720

NF-3324.6 and NF-4720 provide
requirements for bolting.

These Code requirements are applicable to linear structures
wherein bolted joints carry axial, shear, as well as rotational
(torsional) loads. The overpack bolted connections in the
structural load path are qualified by design based on the
design loadings defined in the SAR. Bolted joints in these
components see no shear or torsional loads under normal
storage conditions. Larger clearances between bolts and
holes may be necessary to ensure shear interfaces located
elsewhere in the structure engage prior to the bolts
experiencing shear loadings (which occur only during side
impact scenarios).

Bolted joints that are subject to shear loads in accident
conditions are qualified by appropriate stress analysis.
Larger bolt-to-hole clearances help ensure more efficient
operations in making these bolted connections, thereby
minimizing time spent by operations personnel in a radiation
area. Additionally, larger bolt-to-hole clearances allow
interchangeability of the lids from one particular fabricated
cask to another.
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Table 1.3.3

MATERIALS AND COMPONENTS OF THE HI-STAR 100 SYSTEM

OVERPACK "2

Codes/Standards
. . @ Safety . . . Special Surface Contact Matl.
Primary Function Component Class @ (mic :.l:z,l;c.;l::; to Material Strength (ksi) Finish/Coating (i dissimilar)
Containment Inner Shell Paint inside surface
with Thermaline 450
ASME Section III; (Note 5). External
A Subsection NB SA203-E Table 2.3.4 surface to be coated NA
with a surface
preservative.
Containment Bottom Plate . . Paint inside surface
A | ASMESectionlIl; | o\350 k3 | Table2.34 | with Thermaline 450 NA
Subsection NB (Note 5)
Containment Top Flange Paint inside surface
. . with Thermaline 450.
A Agmseifi?;o:lgl’ SA350-LF3 Table 2.3.4 Paint outside surface NA
with Carboline 890
(Note 5).
Containment Closure Plate Paint inside surface
. ) with Thermaline 450.
A Agﬁiifi‘:r‘fﬁgl’ SA350-LF3 | Table2.3.4 | Paint outside surface NA
with Carboline 890
(Note 5).
Containment Closure Plate Bolts ASME Section IIT; SB637-
A Subsection NB N07718 Table 2.3.5 NA NA
Containment Port Plug A Non-code SA193-B8 Not required NA NA
Containment Port Plug Seal A Non-code Alloy X750 Not required NA NA

Notes: 1) There are no known residuals on finished component surfaces.
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds shall
be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section IT and the
applicable Subsection of ASME Section III. For parts beyond the purview of ASME Section III, compliance with Section IX and Section IT of the

Code shall be observed to the extent practicable.

3) Component nomenclature taken from drawings in Chapter 1.

4) A,B and C denote important to safety classifications as described in NUREG/CR-6407. NITS stands for Not Important To Safety.

5) Thermaline 450 and Carboline 890 were the product names at the time of initial licensing. Chemically identical products with different names are
permitted. For example, Carboline 890 was re-named Carboguard 890 in 2000, with no change to the coating material and is , therefore, acceptable
for use where Carboline 890 is specified.
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TABLE 1.3.3 (continued)

MATERIALS AND COMPONENTS OF THE HI-STAR 100 SYSTEM

OVERPACK ¢
Codes/Standards
. - ® Safe . Special Surface Contact Matl.
Primary Function Component Class @ (as applicable to Material Strength (ksi) Finish/Coating (if dissimilar)
component)
Containment Closure Plate Seal A Non-code Alloy X750 | Not required NA NA |
Containment Port Cover Seal B Non-code | AlloyX750 | Not required NA na |l
Shielding Intermediate Shells Internal surfaces to be
coated with a silicone
encapsulant (dow
coming SYLGARD
. . 567 or equivalent) for
p | ASMESectionllt | g451690 | Table23.2 | surface preservation. NA
Subsection NF
Exposed areas of fifth
intermediate shell to
be painted with
Carboline 890 (Note
5).
Shielding Neutron Shield B Non-code Holtite-A Not required NA Holtite/CS
Shielding Plugs for Drilled Holes NITS Non-code SA193-B7 Not required NA NA
Shielding Removable Shear Ring . . Paint external surface
p | ASMESectionll | ga203.E | Table234 | with Carboline 890 NA
Subsection NF
(Note 5).
Shielding Pocket Trunnion Plug C Non-code SA240304 | Not required NA NA
Notes: 1) There are no known residuals on finished component surfaces.

2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds shall
be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and the

applicable Subsection of ASME Section III. For parts beyond the purview of ASME Section III, compliance with Section IX and Section II of the
Code shall be observed to the extent practicable.

3) Component nomenclature taken from drawings in Chapter 1,

4) A,B and C denote important to safety classifications as described in NUREG/CR-6407. NITS stands for Not Important To Safety.
5) Thermaline 450 and Carboline 890 were the product names at the time of initial licensing. Chemically identical products with different names are
permitted. For example, Carboline 890 was re-named Carboguard 890 in 2000, with no change to the coating material and is , therefore, acceptable

for use where Carboline 890 is specified.
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TABLE 1.3.3 (continued)

MATERIALS AND COMPONENTS OF THE HI-STAR 100 SYSTEM

OVERPACK 2

Codes/Standards
Primary Function Component g:; ?ﬁ;, (as applicable to Material Strength (ksi) %‘;::::;g::{::e ﬁg:tl:::mh:::')
componeint) g

Heat Transfer Radial Channels . . Paint outside surface

B | AMESectionlll | 5u51570 | Table23.3 | with Carboline 890 NA

Subsection NF
(Note 5).
Rotation Pivot and | Pocket Trunnion SA705-630
Shielding B Non-Code or Table 2.3.5 NA NA
SA564-630

Structural Integrity | Lifting Trunnion SB637-

A ANSI N14.6 NO07718 Table 2.3.5 NA NA
Structural Integrity | Backing Strip B Non-code A569 Not required NA NA

g

Structural Integrity | Relief DeviceCoupling NITS Non-code C/S Not required NA NA
Structural Integrity | Relief Device C Non-code Commercial | Not required NA Brass-C/S
Structural Integrity | Relief Device Pipe C Non-code SA-106 Not required NA NA
Structural Integrity | Relief Device Plate - C Non-code A569 Not required NA NA
Structural Integrity ggrlrtlovable Shear Ring C Non-code SA193-B7 Not required NA NA
Structural Integrity | Thermal Expansion Foam NITS Non-code Slil(i:::e Not required NA NA
Structural Integrity | Closure Bolt Washer NITS Non-code SA240-304 Not required NA NA
Structural Integrity | Enclosure Shell Panels . . Paint outside surface

p | ASMESectionlll; | o\5/570 | Table233 | with Carboline 890 NA

Subsection NF (Note 5)

Notes: 1)

There are no known residuals on finished component surfaces.

2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds shall
be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and the
applicable Subsection of ASME Section III. For parts beyond the purview of ASME Section III, compliance with Section IX and Section IT of the

Code shall be observed to the extent practicable.

3) Component nomenclature taken from drawings in Chapter 1.

4) A,B and C denote important to safety classifications as described in NUREG/CR-6407. NITS stands for Not Important To Safety.

5) Thermaline 450 and Carboline 890 were the product names at the time of initial licensing. Chemically identical products with different names are
permitted, For example, Carboline 890 was re-named Carboguard 890 in 2000, with no change to the coating material and is , therefore, acceptable
for use where Carboline 890 is specified.
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TABLE 1.3.3 (continued)

MATERIALS AND COMPONENTS OF THE HI-STAR 100 SYSTEM

OVERPACK 2
Codes/Standards
. - . o Safety . . Special Surface Contact Matl.
Primary Function Component Class @ (as applicable to Material Strength (ksi) Finish/Coating (if dissimilar)
component)
Structural Integrity | Enclosure Shell Return . . Paint outside surface
p | ASMESectionlll; | 551570 | Table2.33 | with Carboline 890 NA
Subsection NF
(Note 5).
Structural Integrity | Port Cover . . Paint outside surface
B | ASMESectionll; | g,543 | Table23.4 | with Carboline 890 NA
Subsection NF
(Note 5).
Structural Integrity | Port Cover Bolt C Non-code SA193-B7 Not required NA NA
Operations Trunnion Locking Padand | Non-code SA193-B7 | Not required NA NA
End Cap Bolt
Operations Lifting Trunnion End Cap SA516-70 x;fr:;);p:no_st;d
C Non-code or SA515 Table 2.3.2 Carboline 890 (Note NA
Gr. 70 5)
Operations Lifting Trunnion Locking Paint exposed
Pad surfaces with
C Non-code SA516-70 Table 2.3.2 Carboline 890 (Note NA
'5).
Operations Nameplate NITS Non-code S/S Not required NA NA
Notes: 1) There are no known residuals on finished component surfaces.

2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds shall
be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section I and the

applicable Subsection of ASME Section III. For parts beyond the purview of ASME Section ITI, compliance with Section IX and Section II of the
Code shall be observed to the extent practicable.

3) Component nomenclature taken from drawings in Chapter 1.

4) A,B and C denote important to safety classifications as described in NUREG/CR-6407. NITS stands for Not Important To Safety.
5) Thermaline 450 and Carboline 890 were the product names at the time of initial licensing. Chemically identical products with different names are
permitted. For example, Carboline 890 was re-named Carboguard 890 in 2000, with no change to the coating material and is , therefore, acceptable

for use where Carboline 890 is specified.
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Table 1.3.3 (cont’d)

MATERIALS AND COMPONENTS OF THE HI-STAR 100 SYSTEM

MPC -2
Codes/Standards
. o Safety Special Surface | Contact Matl,
Primary Function Component Class ™ (as applicable to Material Strength (ksi) Finish/Coating (if dissimilar)
component)
Helium Retention Shell . .
(Secondary A | ASMESection Il | ;00w | See Appendix 1.A NA NA
. Subsection NB
Containment)
Helium Retention Baseplate . .
(Secondary A ASME Section I, | 1) 0 % | See Appendix 1.A NA NA
. Subsection NB
Containment)
Helium Retention Lid (One-piece design and . .
(Secondary top portion of optional two- A ASME chtlon L Alloy X See Appendix 1.A NA NA
. . . Subsection NB
Containment) piece design)
Helium Retention Closure Ring .
ASME Section III; .
(Secopdary A Subsection NB Alloy X See Appendix 1.A NA NA
Containment)
Helium Retention Port Cover Plates . .
(Secondary A ASME Se.ctlon IIE; Alloy X See Appendix 1.A NA NA
Contai Subsection NB
ontainment)
Criticality Control | Basket Cell Plates ASME Section II;
Subsection NG;
A core support Alloy X See Appendix 1.A NA NA
structures
(NG-1121)
Criticality Control | Boral A Non-code NA NA NA Aluminunvss
Shielding Drain and Vent Shield c Non-code AlloyX | See Appendix 1.A NA NA
Shielding Plugs for Drilled Holes NITS Non-code Alloy X See Appendix 1.A NA NA
Notes: 1) There are no known residuals on finished component surfaces.

2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds shall be made using
welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section H1 and the applicable Subsection of ASME
Section III. For parts beyond the purview of ASME Section III, compliance with Section IX and Section II of the Code shall be observed to the extent
practicable,

3) Component nomenclature taken from Bill of Materials in Chapter 1.

4) A,B and C denote important to safety classifications as described in NUREG/CR-6407. NITS stands for Not Important To Safety.

5) For details on Alloy X material, see Appendix 1.A.
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MATERIALS AND COMPONENTS OF THE HI-STAR 100 SYSTEM

TABLE 1.3.3 (continued)

MpC ‘2
Codes/Standards
. n @ Safety Special Surface | Contact Matl.
Primary Function Component Class® (as applicable to Material Strength (ksi) Finish/Coating | (if dissimilar)
component)
Shielding Bottom portion of optional .
two-piece MPC lid design B Non-code Alloy X See Appendix 1.A NA NA
Heat Transfer Optional Heat Conduction Aluminum: Sandblast
Elements B Non-code All . NA Specified Aluminuny/SS
oy 1100 Surfaces
Structural Integrity | Upper Fuel Spacer Column ASME Section III;
Subsection NG e
B (only for stress Alloy X See Appendix 1.A NA NA
analysis)
Structural Integrity | Sheathing A Non-code Alloy X See Appendix 1.A Aluminuny/SS NA
Structural Integrity | Shims : NITS Non-code Alloy X See Appendix 1.A NA NA
Structural Integrity | Basket Supports (Angled ASME Section IIT;
Plates) Subsection NG; ,
A internal structures Alloy X See Appendix 1.A NA NA
(NG-1122)
Structural Form Basket Supports (Flat .
Plates) NITS Non-code Alloy X See Appendix 1.A NA NA
Structural Integrity | Upper Fuel Spacer Bolt NITS Non-code A193-B8 Per ASMIIIE Section NA NA
Structural Integrity I;l;;;t):r Fuel Spacer End B Non-code Alloy X See Appendix 1.A NA NA
Notes: 1) There are no known residuals on finished component surfaces.

2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds shall be made using
welders qualified in accordance with ASME Section [X. Weld material shall meet the requirements of ASME Section II and the applicable Subsection of ASME
Section TII. For parts beyond the purview of ASME Section III, compliance with Section IX and Section II of the Code shall be observed to the extent
practicable. '

3) Component nomenclature taken from Bill of Materials in Chapter 1.

4) A,B and C denote important to safety classifications as described in NUREG/CR-6407. NITS stands for Not Important To Safety.
5) For details on Alloy X material, see Appendix 1.A,
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TABLE 1.3.3 (continued)

MATERIALS AND COMPONENTS OF THE HI-STAR 100 SYSTEM

MpC (2
Codes/Standards
. ® Safety . . . Special Surface { Contact Matl.
Primary Function Component Class ™ (as applicable to Material Strength (ksi) Finish/Coating (if dissimilar)
component)
Structural Integrity | Lower Fuel Spacer Column ASME Section III;
Subsection NG .
B (only for stress S/S See Appendix 1.A NA NA
analysis)
Structural Integrity Il;; \t»;er Fuel Spacer End B Non-code Alloy X See Appendix 1.A NA NA
Structural Integrity | Vent Shield Block Spacer C Non-code Alloy X See Appendix 1.A NA NA
Structural Integrity | Trojan MPC Spacer B Non-code 304 SIS Per ASIle}I:‘, Section NA NA
Structural Integrity | Trojan Failed Fuel Can B ASME Section III, 304 or Per ASME Section NA NA
Spacer Subsection NF 304LN S/S )i
Operations Vent and Drain Tube C Non-code S/S Per ASME Section Thread area NA
11 surface hardened
Operations Vent & Drain Cap C Non-code S/S Per ASN{]IS Section NA NA
Operations Vent & Drain Cap Seal NITS
Washer Non-code Aluminum NA . NA Aluminun/SS
Operations Vent & Drain Cap Seal NITS Non-code Aluminum NA NA NA
Washer Bolt
Operations Reducer NITS Non-code Alloy X See Appendix 1.A NA NA
Operations Drain Line NITS Non-code Alloy X See Appendix 1.A NA NA

Notes: 1) There are no known residuals on finished component surfaces.

2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds shall be made using
welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and the applicable Subsection of ASME
Section III. For parts beyond the purview of ASME Section III, compliance with Section IX and Section II of the Code shall be observed to the extent
practicable.

3) Component nomenclature taken from Bill of Materials in Chapter 1.

4) A,B and C denote important to safety classifications as described in NUREG/CR-6407. NITS stands for Not Important To Safety.

5) For details on Alloy X material, see Appendix 1.A.
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TABLE 1.3.3 (continued)

MATERIALS AND COMPONENTS OF THE HI-STAR 100 SYSTEM

mpC 2
Codes/Standards
. . @ Safety . Special Surface | Contact Matl.
Primary Function Component Class ® (as applicable to Material Strength (ksi) Finish/Coating | (if dissimilar)
component)
Operations Damaged Fuel Container C ASME Section III; | Primarily .
Subsection NG 304 S/8 See Appendix 1.A NA NA
Operations Trojan Failed Fuel Can ASME Section III; Per ASME Section
c Subsection NG 304 575 11 NA NA
Operations Drain Line Guide Tube NITS Non-code S/S NA NA NA

Notes: 1) There are no known residuals on finished component surfaces.
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds shall be made using

welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and the applicable Subsection of ASME
Section III. For parts beyond the purview of ASME Section 111, compliance with Section IX and Section II of the Code shall be observed to the extent
practicable.

3) Component nomenclature taken from Bill of Materials in Chapter 1,
4) A,B and C denote important to safety classifications as described in NUREG/CR-6407. NITS stands for Not Important To Safety.

5)For details on Alloy X material, see Appendix 1.A.
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14 DRAWINGS

The following drawings provide sufficient detail to describe the HI-STAR 100 packaging.

The classification of all components important to safety in accordance with Regulatory Guide 7.10
and NUREG/CR-6407 is provided in Table 1.3.3. Operational information, such as bolt torque and
pressure-relief specifications are provided in Chapters 7 and 8. The maximum weight of the package
and the maximum weight of the contents is provided in Table 2.2.1.

The following HI-STAR 100 System design drawings are provided in this section

Drawing

Number/Sheet Description Rev.

Licensing Drawing for HI-STAR 100 Overpack

3913 5
Assembly

3923 Licensing Drawing for MPC Enclosure Vessel 8

| Licensing Drawing for MPC-24E/EF Fuel Basket

3925 4
Assembly
Licensing Drawing for MPC-24 Fuel Basket

3926 5
Assembly
Licensing Drawing for MPC-32 Fuel Basket

3927 6
Assembly

3928 Licensing Drawing for MPC-68/68F/68FF Fuel 4
Basket Assembly

5014-C1765 Sht 1/71+ | HI-STAR 100 Impact Limiter 1

5014-C1765 Sht 2/7' | HI-STAR 100 Bottom Impact Limiter 1

5014-C1765 Sht 3/7' | HI-STAR 100 Top Impact Limiter 1

5014-C1765 Sht 4/71 HI-STAR 100 Top Impact Limiter 1

5014-C1765 Sht 5/7¢ | HI-STAR 100 Top Impact Limiter Detail of Item 1
#6

5014-C1765 Sht 6/71 | HI-STAR 100 Impact Limiter Honeycomb ' 1

_ Details

5014-C1765 Sht 7/71 | HI-STAR 100 Bottom Impact Limiter 0

3930 HI-STAR 100 Assembly For Transport 1

4111 Licensing Drawing for Trojan MPC Spacer Ring 0

4119 Licensing Drawing for Holtec Damaged Fuel 1

Container for Trojan Plant Fuel

! These drawing titles include the term “CoC No. 9261, Appendix B.” Rather than appending the drawings directly
to the CoC, they are incorporated into the CoC by reference. The “Appendix B” will be removed from each drawing
as part of its next normal revision.
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Drawing . e
Number/Sheet Description Rev.
4122 Licensing Drawing for Trojan FFC Spacer 0
PFFC-001 Failed Fuel Can Assembly 8
PFFC-002 Failed Fuel Can Shell and Lid Assembly 7
HI-STAR SAR Rev. 10
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1+ THE VALIDATION IDENTIFICATION RECORD (VIR) NUMBER IS A COMPUTER GENERATED RANDOM NUMBER WHICR
CONFIRMS THAT ALL APPROPRIATE REVIEWS OF TEHIS DRAWING ARE DOCUMENTED IN COMPANY'S NETWORK.

GENERAL NOTES:

1. THE EQUIPMENT DESIGN DOCUMENTED IN THIS DRAWING PACKAGE HAS BEEN CONFIRMED BY
HOLTEC INTERNATIONAL TO COMPLY WITH THE SAFETY ANALYSES DESCRIBED IN THE SAFETY ANALYSIS REPORT.

2. THE REVISION LEVEL OF EACH INDIVIDUAL SHEET IN THIS PACKAGE IS THE SAME AS THE REVISION
LEVEL OF THIS COVER SHEET. A REVISION TO ANY SHEET(S) IN THIS PACKAGE REQUIRES UPDATING
OF REVISION NUMBERS OF ALL SHEETS TO THE NEXT REVISION NUMBER.

3. ALL CATEGORY A, B, AND C JOINTS (NB-3351) IN THE CONTAINMENT BOUNDARY SHALL BE FULL
PENETRATION WELDS.

4. OVERPACK INNER DIAMETER SHALL BE VERIFIED TO BE AT LEAST 1/16" GREATER THAN THE MAXIMUM OUTER
MPC SHELL DIAMETER BY THE USE OF AN APPROPRIATELY SIZED TEST GAGE. GRINDING OR MACHINING THE
INNER OVERPACK SURFACES (S PERMITTED TO ENSURE ADEQUATE CLEARANCE.

S. THE ASME BOILER AND PRESSURE VESSEL CODE (ASME CODE), 1995 EDITION WITH ADDENDA THROUGH 19987
IS THE GOVERNING CODE FOR THE HI-STAR 100 SYSTEM, WITH CERTAIN APPROVED ALTERNATIVES AS LISTED
IN SAR TABLE 1.3.2 (TRANSPORTATION) AND FSAR TABLE 2.2.15 (STORAGE). THE OVERPACK 1S CONSTRUCTED
IN ACCORDANCE WITH ASME SECTION 1Il, SUBSECTION NB FOR THE CONTAINMENT BOUNDARY, AND SUBSECTION
NF FOR THE BALANCE OF THE STRUCTURE, AS DESCRIBED IN THE SAR (TRANSPORTATION) AND FSAR (STORAGE).
NEW OR REVISED ASME CODE ALTERNATIVES REQUIRE PRIOR NRC APPROVAL BEFORE IMPLEMENTATION,

6. ALL WELDS REQUIRE VISUAL EXAMINATION. ADDITIONAL NDE INSPECTIONS ARE NOTED ON THE DRAWING.
NDE TECHNIQUES AND ACCEPTANCE CRITERIA ARE GOVERNED BY ASME SECTIONS V AND Ill, RESPECTIVELY
AS CLARIFIED IN THE APPLICABLE SAFETY ANALYSIS REPORTS.

7. PRESSURE (CONTAINMENT) BOUNDARY COMPONENTS SHALL MEET THE MATERIAL ACCEPTANCE CRITERIA
OF NB=2000. ALL SUPPORT STRUCTURE (NON—CONTAINMENT) MATERIAL SHALL MEET THE ACCEPTANCE
CRITERIA OF NF-2000.

8. WELDING PROCEDURES AND WELDER QUALIFICATIONS SHALL BE PER ASME SECTION IX AND ASME
SECTION iii (SUBSECTION NB FOR PRESSURE (CONTAINMENT) BOUNDARY WELDS AND SUBSECTION
NF FOR NON-CONTAINMENT BOUNDARY WELDS).

9. POCKET TRUNNION PLUGS SHALL BE INSTALLED DURING TRANSPORT, IF POCKET TRUNNIONS ARE
NOT IN USE (SEE SHEET 9).

10. TME NEUTRON SHIELD ENCLOSURE SHALL INCLUDE OVERPRESSURE PROTECTION. THE MAXIMUM SET PRESSURE
OF THE PRESSURE RELIEF DEVICES 1S 35 PSIG.

11. ALL SEALING SURFACES SHALL BE STAINLESS STEEL OVERLAID.
12. DRAWING IS NOT TO SCALE.

13. ADDITIONAL MOLES MAY BE ADDED BY THE FABRICATOR FOR LIFTING AND HANDUNG WITH APPROVAL
BY THE DESIGNER. HOLES NOT USED FOR TRANSPORTATION SHALL BE PLUGGED WITH STEEL.

14, DIMENSIONAL TOLERANCES ON 1HIS DRAWING ARE PROVIDED TO ENSURE THAT THE EQUIPMENT
DESIGN IS CONSISTENT WITH THE SUPPORTING ANALYSES. HARDWARE 1S FABRICATED IN
ACCORDANCE WITH THE ‘DESIGN DRAWINGS, WHICH MAY HAVE MORE RESTRICTIVE TOLERANCES,
TO ENSURE COMPONENT FIT-UP. DO NOT USE WORST—-CASE TOLERANCE STACK-UP FROM
THIS DRAWING TO DETERMINE COMPONENT FIT-UP.

15. ALL WELD SIZES ARE MINIMUMS. LARGER WELDS ARE PERMITTED. LOCAL AREAS OF UNDERSIZE
WELDS ARE ACCEPTABLE WITHIN THE LIMITS SPECIFIED IN THE ASME CODE, AS APPLICABLE.

16. THIS COMPONENT IS CLASSIFIED AS iTS—A BASED ON THE HIGHEST CLASSIFICATION OF ANY SUBCOMPONENT.
SUBCOMPONENT CLASSIFICATIONS ARE PROVIDED IN SAR TABLE 1.3.3 (TRANSPORTATION) AND FSAR TABLE
2.2.6 (STORAGE).

17. HOLTITE-A NEUTRON SHIELDING MATERIAL HAS CRITICAL CHARACTERISTICS OF (ALL VALUES NOMINAL):
1 WT % B C, 6 WT X HYDROGEN, AND A SPECIFIC GRAVITY OF 1.68 GM/CC. OTHER
CONSTITUENTS OF HOLTITE-A SHALL BE AS DESCRIBED IN HOLTEC PROPRIETARY REPORT HI-2002398, REV. 3.

18. OVERPACK INNER CAVITY TO BE COATED WiTH THERMALINE 450 OR IDENTICAL SUBSTITUTE. OVERPACK
EXTERNAL SURFACES (EXCEPT THREADED HOLES AND SEALING SURFACES) TO BE COATED WITH CARBOLINE
890 OR IDENTICAL SUBSTITUTE. :

19. FOR NON-CODE WELDS, THE PROVISIONS OF EITHER ASME IX OR AWS MAY BE FOLLOWED.

20. TOLERANCES FOR THE THICKNESS OF ASME CODE OVERPACK MATERIAL ARE SPECIFIED N ASME
SECTION I,

21. REFER TO THE COMPONENT COMPLETION RECORD (CCR) FOR THE COMPLETE LIST OF APPROVED DESIGN
DEVIATIONS FOR EACH INDIVIDUAL SERIAL NUMBER,

22. DIMENSIONS NOTED AS NOMINAL ("NOM.”) IN THIS DRAWING ARE FOR INFORMATION ONLY, IN OROER TO
INDICATE THE GENERAL SIZE OF THE COMPONENT OR PART. NOMINAL DIMENSIONS HAVE NO SPECIFIC
TOLERANCE, BUT ARE MET THROUGH FABRICATION IN ACCORDANCE WITH OTHER DIMENSIONS THAT ARE
TOLERANCED AND INSPECTED. NOMINAL DIMENSIONS ARE NOT SPECIFICALLY VERIFIED DURING THE
FABRICATION PROCESS.
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11 THIS COMPONENT IS CLASSIFIED AS (TS-A BASED ON THE HIGHEST CLASSIFICATION
OF ANY SUBCOMPONENT. SUBCOMPONENT CLASSIFICATIONS ARE PROVIDED IN
DRAW‘ N G TOT AL REVISION LOG SAR TABLE 1.3.3 (TRANSPORTATION) AND FSAR TABLE 2.2.6 (STORAGE).
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PACKAGE I.D. SHEETS
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LICENSING DRAWING PACKAGE CONTENTS: 1 | sHeets2aa 501462 SCAN 817102 13107
a. Fon R NON-CODE WELDS, THE PROVISIONS OF EITHER ASME IX OR AWS MAY BE
2 AL 5014-62, REV. 1 S.CAIN 81102 97257
15. TOLERANCES FOR THICKNESS OF ASME CODE MPC ENCLOSURE VESSEL MATERIAL ARE
3 | sweersass 01071 o . 82001 SPECIFIED IN ASME SECTIO
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" MPC ENCLOSURE VESSEL LID DETAILS 6 | sHeerszsas 1021-51, REV. 0 S.CAIN 211203 57439 THE FABRICATION PROCESS.
5 MPC FUEL SPACER DETAILS 7 | an 5014-87 TFO. 5nam3 30375
8 | sHEETS 133 5014-94 TFO. 7110003 26573
+ THE VALIDATION IDENTIFICATION RECORD (VIR) NUMBER IS A COMPUTER GENERATED RANDOM NUMBER WHICH
CONFIRMS THAT ALL APFROPRIATE REVIEWS OF THIS DRAWING ARE DOCUMENTED IN COMPANY'S NETWORK.
B GENERAL NOTES:
1. THE EQUIPMENT DESIGN DOCUMENTED IN THIS DRAWING PACKAGE HAS BEEN CONFIRMED BY HOLTEC
INTERNATIONAL TO COMPLY WITH THE SAFETY ANALYSES DESCRIBED IN THE SAFETY ANALYSIS REPORT. .
= 2. DIMENSIONAL TOLERANCES ON THIS DRAWING ARE PROVIDED TO ENSURE THAT THE EQUIPMENT t L. C
DESIGN 1S CONSISTENT WITH THE SUPPORTING ANALYSES. HARDWARE IS FABRICATED IN ACCORDANCE
WITH THE DESIGN DRAWINGS, WHICH MAY HAVE MORE RESTRICTIVE TOLERANCES, TO ENSURE COMPONENT
FIT-UP. DO NOT USE WORST-CASE TOLERANCE STACK-UP FROM THIS DRAWING TO 'DETERMINE COMPONENT FIT-UP. _—

3. THE REVISION LEVEL OF EACH INDIVIDUAL SHEET IN THIS PACKAGE IS THE SAME AS THE REVISION LEVEL OF
THIS COVER SHEET. A REVISION TO ANY SHEET(S) IN THIS PACKAGE REQUIRES UPDATING OF REVISION NUMBERS
" OF ALL SHEETS TO THE NEXT REVISION NUMBE|

4. THE ASME BOILER AND PRESSURE VESSEL CODE (ASME CODE), 1995 EDITION WITH ADDENDA
THROUGH 1897 IS THE GOVERNING CODE FOR THE MPC ENCLOSURE VESSEL, WITH CERTAIN APPROVED
ALTERNATIVES AS LISTED IN SAR TABLE 1.3.2 (TRANSPORTATION) AND FSAR TABLE 2.2.15 (STORAGE).
THE MPC ENCLOSURE VESSEL IS CONSTRUCTED IN ACCORDANCE WITH ASME SECTION ilf, SUBSECTION
WITH CERTAIN APPROVED CODE ALTERNATIVES AS DESCRIBED IN THE SAR (TRANSPORTATION) AND
IMPLE ESTR;\ES NEW OR REVISED ASME CODE ALTERNATIVES REQUIRE PRIOR NRC APPROVAL BEFORE

5. ALL MPC ENCLOSURE VESSEL STRUCTURAL MATERIALS ARE "ALLOY X" UNLESS OTHERWISE NOTED
ALLOY XIS ANY OF THE FOLLOWING STAINLESS STEEL TYPES: 316, 316LN, 304, AND 304LN. ALLOY
MATERIAL MUST COMPLY WITH ASME SECTION Ii, PART A. WELD MATERIAL COMPLIES WITH ASME SECTION 1,

PART C. MPC ENCLOSURE VESSEL WALL (LE. CYCLINDER SHELL) WILL BE FABRICATED OF PIECES MADE FROM 0
THE SAME TYPE OF STAINLESS STEEL. ‘J
6. ALL WELDS REQUIRE VISUAL EXAMINATION . ADDITIONAL NDE INSPECTIONS ARE NOTED ON THE DRAWING K @
AS REQUIRED. NDE TECHNIQUES AND ACCE! NCE CRITERIA ARE GOVERNED BY ASME SECTIONS V AND i,
RESPECTIVELY, AS CLARIFIED IN THE APPLICABLE SAFETY ANALYSIS REPORTS.
7. UNLESS OTHERWISE NOTED, FULL PENETRATION WELDS MAY BE MADE FROM EITHER SIDE OF A COMPONENT. MPC EN CLOSURE VE SSEL
8. FUEL BASKET SUPPORTS ARE ILLUSTRATIVE. ACTUAL FUEL BASKET SUPPORT ARRANGEMENTS ARE SHOWN ISOMETRIC VI
ON THE INDIVIDUAL FUEL BASKET DRAWINGS.
9. DIFFERENCES BETWEEN THE GENERIC MPC ENCLOSURE VESSEL AND THE TROJAN PLANT MPC ENCLOSURE
VESSEL ARE SPECIFICALLY NOTED (FOR PART 71 USE ONLY).
10. ALL WELD SIZES ARE MINIMUMS. LARGER WELDS ARE PERMITTED. LOCAL AREAS OF UNDERSIZE WELDS ARE . .H I H -
ACCEPTABLE WITHIN THE LIMITS SPECIFIED IN THE ASME CODE, AS APPLICABLE. GENERAL
R'TQR';AT. oENACL MPC ENCLOSURE
INTERNA VESSEL
555 LINCOLN DRIVE WEST
- MARLTON, NJ 08053
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1 THE VALIDATION IDENTIFICATION RECO! gvnqm] ER. IS A COMPUTER GENERATED RANDOM NUMBER WHICH
CONFIRMS THAT ALL APPROPRIATE OF THIS DRAWING ARE DOCUMENTED IN COMPANY'S NETWORK.

INIMUMS. LARGER WELDS ARE PERMITTED.

DERSIZE WELDS ARE ACCEPTABLE WITHIN

OF INTACT AND DAMAGED PWR FUEL
FUEL DEBRIS, AS SPECIFIED IN COCs 72-1014, AND 71-9261.

18. DIMENSIONS NOTED AS NOMINAL ("NOM."
NFORMATION ONLY, IN ORDER TO INDI E O
THE COMPONENT OR PART. NOMINAL DIMENSIONS HAVE NO SPECIFIC
TOLERANCE, BUT ARE MET THROUGH FABRICATION IN ACCORDANCE
WITH OTHER DIMENSIONS THAT ARE TOLERANCED AND INSPECTED.
NOMINAL DIMENSIONS ARE NOT SPECIFICALLY VERIFIED DURING THE
FABRICATION PROCESS.

OCAL AR F UN
{FF;EALI‘!{’_""S SPECIFIED IN THE ASME CODE, AS CLARIFIED IN THE

16. REFER TO THE COMPONENT COMPLETION RECORD CCR FOR
THE COMPLETE LIST OF APPROVED DESIGN DEVIAT}
EACH INDIVIDUAL SERIAL NUMBER.

17. THE MPC-24E/EF IS CERTIFIED FOR STORAGE AND TRANSPORTATION

AND PWR FUEL CLASSIFIED AS

IN THE DRAWING ARE FOR
TE THE GENERAL F

GENERAL NOTES:

1. THE EQUIPMENT DESIGN DOCUMENTED IN THIS DRAWING PACKAGE HAS BEEN CONFIRMED BY HOLTEC INTERNATIONAL
TO COMPLY WITH THE SAFETY ANALYSES DESCRIBED IN THE SAFETY ANALYS!IS REPORT.

2. DIMENSIONAL TOLERANCES ON THIS DRAWING ARE PROVIDED TO ENSURE THAT THE EQUIPMENT DESIGN 1S CONSISTENT
WITH THE SUPPORTING ANALYSIS. HARDWARE IS FABRICATED IN ACCORDANCE WITH THE DESIGN DRAWINGS, WHICH MAY
HAVE MORE RESTRICTIVE TOLERANCES, TO ENSURE COMPONENT FIT-UP. DO NOT USE WORST-CASE TOLERANCE STACK-UP
FROM THIS DRAWING TO DETERMINE COMPONENT FIT-UP,

3. THE REVISION LEVEL OF EACH INDIVIDUAL SHEET IN THIS PACKAGE 1S THE SAME AS THE REVISION LEVEL OF THIS COVER SHEET. A
ﬁUEVMlgE'oR'.q TO ANY SHEET(S) IN THIS PACKAGE REQUIRES UPDATING OF REVISION NUMBERS OF ALL SHEETS TO THE NEXT REVISION

4. THE ASME BOILER AND PRESSURE VESSEL CODE SASME CODE), 1995 EDITION WITH ADDENDA THROUGH 1997, IS THE GOVERNING
CODE FOR THE HI-STAR 100 SYSTEM, WITH CERTAIN APPROVED ALTERNATIVES AS LISTED IN SAR TABLE 1.3.2 (TRANSPORTATION)

D FSAR TABLE 2.2.15 (STORAGE). E MPC FUEL BASKET IS CONSTRUCTED IN ACCORDANCE WITH ASME SECTION Il
SUBSECTION NG AS DESCRIBED | E SAR (TRANSPORTATION &AND FSAR (STORAGE). NEW OR REVISED ASME CODE
ALTERNATIVES REQUIRE PRIOR NRC APPROVAL BEFORE IMPLEMENTATION.

5, ALL MPC BASKET STRUCTURAL MATERIALS COMPLY WITH THE REQUIREMENTS OF ASME SECTION I, PART A WELD MATERIAL
COMPLIES WITH THE REQUIREMENTS OF ASME SECTION Il, PART C.

8. ALL WELDS REQUIRE VISUAL EXAMINATION g'l') ADDITIONAL NDE INSPECTIONS ARE NOTED ON THE DRAWING AS REQUIRED. NDE
TECHNIQUES AND ACCEPTANCE CRITERIA ARE GOVERNED BY ASME SECTIONS V AND 1ll, RESPECTIVELY, AS CLARIFIED IN THE
APPLICABLE SAFETY ANALYSIS REPORTS.

7. FABRICATOR MAY ADD WELDS TO STITCH WELDS AT THEIR DISCRETION.

8. DO NOT MAKE A CONTINUOUS SEAL WELD BETWEEN THE SHEATHING AND THE CELL WALL.

9. ALL STRUCTURAL MATER!ALS ARE "ALLOY X" UNLESS OTHERWISE NOTED. ALLOY X IS ANY OF THE FOLLOWING STAINLESS STEEL TYPES:

316, 316LN, 304, AND 304LN
10. DIFFERENCES BETWEEN THE GENERIC MPC-24E/EF BASKET AND THE TROJAN PLANT MPC-24E/EF BASKET ARE SPECIFICALLY NOTED.
11. BORAL PANELS ARE INTENDED TO HAVE NO SIGNIFICANT FLAWS. HOWEVER, TO ACCOUNT FOR MANUFACTURING DEVIATIONS
OCCURING DURING INSTALLATION OF THE PANELS INTO THE MPC FUEL BASKET, BORAL DAMAGE OF UP TO THE EQUIVALENT OF A 1°
DIAMETER HOLE IN EACH PANEL HAS BEEN ANALYZED AND FOUND TO BE ACCEPTABLE. ADDITIONALLY, LOCALIZED BORAL DAMAGE
ALONG ONE EDGE OF A PANEL ONLY IS PERMlTTED IF:
A) THE TOTAL AREA OF DAMAGE DOES NOT EXCEED 5 SQ. IN. AND;
B) THE DAMAGE IS LOCATED WITHIN THE TOP OR BOTTOM 27" OF THE PANEL AND;

C) THE DAMAGE DOES NOT EXTEND FARTHER THAN 1 FROM THE EDGE OF THE
PANEL AND;

D) NO MORE THAN EIGHT PANELS WITHIN A BASKET HAVE THIS CONDITION.

12. THIS COMPONENT IS CLASSIFIED AS ITS-A BASED ON THE HIGHEST CLASSIFICATION OF ANY SUBCOMPONENT. SUBCOMPONENT
CLASSIFICATIONS ARE PROVIDED IN SAR TABLE 1.3.3 (TRANSPORTATION) AND FSAR TABLE 2.2.6 (STORAGE).
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SHEET NUMBERS AFFECTED ECOs BY DATE ( HE LIMITS SPECIFIED IN THE ASME CODE, AS CLARIFIED IN THE
O | wmacissue o e SRz 74916 16. REFER TO THE COMPONENT COMPLETION RECORD (CCR) FOR
LICENSING DRAWING PACKAGE CONTENTS: 1 [ 02238 REV. 1 oc 37611 THE COMPLETE LIST OF APPROVED DESIGN DEVIATIONS FOR
. 8/28/02 EACH INDIVIDUAL SERIAL NUMBER.
2 | sHeers 102243, REV. 0 sLe 100102 84086 17.THE MPC-24 IS CERTIFIED FOR STORAGE AND TRANSPORTATION
OF INTACT PWR FUEL, AS SPECIFIED IN COCs 72-1008, 72-1014,
SHEET DESCRIPTION 3 | sHeera 501482, REV. 0 sie asi03 70654 AND Trs761,
18. DIMENSIONS NOTED AS NOMINAL ("NOM.") IN THE DRAWING ARE FOR
1 COVER SHEET 4 | sHeetsvz.as 1022-48 sLc 5/19/03 13075 FORMATION ONLY, IN ORDER TO INDICATE THE GENERAL SIZE OF
2 FUEL BASKET ARRANGEMENT E COMPONENT OR PART. NOMINAL DIMENSIONS HAVE NO SPECIFIC
S |sweetsta.e4 1022:54 swe 711103 81349 T e D S T AT ARE TOLERANGED AND RaPECAED:
3 FUEL BASKET LAYOUT AND WELD DETAILS OMINAL DIMENSIONS ARE NOT SPECIFICALLY VERIFIED DURING THE
4 FUEL BASKET SUPPORTS 'ABRICATION PROCESS.
t+ THE VALIDATION IDENTIFICATION RECORD éVﬂQrm ER 1S A COMPUTER GENERATED RANDOM NUMBER WHICH
CONFIRMS THAT ALL AFPROPRIATE S DRAWING ARE DOCUMENTED IN COMPANY'S NETWORK.
GENERAL NOTES:

1. THE EQUIPMENT DESIGN DOCUMENTED IN THIS DRAWING PACKAGE HAS BEEN CONFIRMED BY HOLTEC INTERNATIONAL
TO COMPLY WITH THE SAFETY ANALYSES DESCRIBED IN THE SAFETY ANALYSIS REPORT.

2. DIMENSIONAL TOLERANCES ON THIS DRAWING ARE PROVIDED TO ENSURE THAT THE EQUIPMENT DESIGN IS CONSISTENT
WITH THE SUPPORTING ANALYSIS. HARDWARE IS FABRICATED IN ACCORDANCE WITH THE DESIGN DRAWINGS, WHICH MAY
HAVE MORE RESTRICTIVE TOLERANCES, TO ENSURE COMPONENT FIT-UP. DO NOT USE WORST-CASE TOLERANCE STACK-UP
FROM THIS DRAWING TO DETERMINE COMPONENT FIT-UP.

3. THE REVISION LEVEL OF EACH INDIVIDUAL SHEET IN THIS PACKAGE IS THE SAME AS THE REVISION LEVEL OF THIS COVER
ﬁl—é;_ﬂ" EAV IRSEI\C?Y?'??G‘JBOE QNY SHEET(S) IN THIS PACKAGE REQUIRES UPDATING OF REVISION NUMBERS OF ALL SHEETS TO THE

4. THE ASME BOILER AND PRESSURE VESSEL CODE Y\SME CODE), 1995 EDITION WiTH ADDENDATHROUGH 1997 IS THE GOVERNING
CODE FOR THE HI-STAR 100 SYSTEM, WITH CERTAIN APPROVED ALTERNATIVES AS LISTED IN SAR TABLE SPORTATION)
AND FS 2.2,15 (STORAGE). THE MPC FUEL BASKET IS CONSTRUCTED IN ACCORDANCE WITH ASME SE TION 1l
SUBSECT ION NG AS DESCRIBED IN THE SAR (TRANSPORTATION &AND FSAR (STORAGE). NEW OR REVISED ASME CODE
ALTERNATIVES REQUIRE PRIOR NRC APPROVAL BEFORE IMPLEMENTATION.

5. ALL MPC BASKET STRUCTURAL MATERIALS COMPLY WITH THE REQUIREMENTS OF ASME SECTION It, PART A. WELD MATERIAL
COMPLIES WITH THE REQUIREMENTS OF ASME SECTION I, PART C.

6. ALL WELDS REQUIRE VISUAL EXAMINATION . ADDITIONAL NDE EXAMINATIONS ARE NOTED ON THE DRAWING, AS REQUIRED.
NDE TECHNIQUES AND ACCEPTANCE CRITERIA ARE GOVERNED BY ASME SECTIONS V AND Iil, RESPECTIVELY, AS CLARIFIED iN
THE APPLICABLE SAFETY ANALYSIS REPORTS.

7. FABRICATOR MAY ADD WELDS TO STITCH WELDS AT THEIR DISCRETION.

8. DO NOT MAKE A CONTINUOUS SEAL WELD BETWEEN THE SHEATHING AND THE CELL WALL.

| ‘*LP)J

9. ALL STRUCTURAL MATERIALS ARE ALLOY X" UNLESS OTHERWISE NOTED. ALLOY X IS ANY OF THE FOLLOWING STAINLESS STEEL e Ve
TYPES: 316, 316 LN, 304, AND 304 ‘
MPC-24 FUEL BASKET
10. BORAL PANELS ARE INTENDED TO HAVE NO SIGNIFICANT FLAWS. HOWEVER, TO ACCOUNT FOR MANUFACTURING DEVIATIO s ISOMETRIC VIEW
OCCURING DURING INSTALLATION OF THE PANELS INTO THE MPC FUEL BASKET, BORAL DAMAGE OF UP TO THE EQUIVALE
1" DIAMETER HOLE IN EACH PANEL HAS BEEN ANALYZED AND FOUND TO BE ACCEPTABLE.
11. THIS COMPONENT IS CLASSIFIED AS [TS-A BASED ON THE HIGHEST CLASSIFICATION OF ANY SUBCOMPONENT. SUBCOMPONENT
CLASSIFICATIONS ARE PROVIDED IN SAR TABLE 1.3.3 (TRANSPORTATION) AND FSAR TABLE 2.2.6 (STORAGE).
T 4
12. FOR HI-STAR STORAGE, ALUMINUM HEAT CONDUCTION ELEMENTS ARE REQUIRED. .I... GENERAL
/A 13. DELETED. HOLTEC MPC-24
INTERNATIONAL FUEL BASKET
HOLTEC CENTER
SR e wesT ASSEMBLY
PROJCY MO, ORANWMG 8O E o TOTAL
- 1022 3926 1 i
— N/A Jreemem GIORANHORIOZZNS
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8 7 1 [ 5 & 4 { 3 | 2 1 1
CLIENT LICENSING DRAWING PACKAGE COVER SHEET
GENERAL ‘ ‘
PROJECT NO. 1023 P.O.NO. N/A |
&
DRAWING TOTAL REVISION LOG 13. TOLERANCES FOR THICKNESS OF ASME CODE MATERIAL
PACKAGE |D 3927 . SH EETS 4 ERE SPECIFIED IN ASME SECTION Il.
14. ALL WELD SIZES ARE MINIMUMS. LARGER WELDS ARE PERMITTED.
AFFECTED DRAWING SUMMARY OF CHANGES/ PREPARED| APPROVAL OCAL AREAS OF UNDERSIZE WELDS ARE ACCEPTABLE WITHIN
REV| "SHEET NUMBERS AFFECTED ECOs BY DATE VIR# + HE LIMITS SPECIFIED IN THE ASME CODE, AS CLARIFIED IN THE
0 INITIAL ISSUE 1023-10 S.CAIN 5128102 Q4474 SAR.
15. REFER TO THE COMPONENT COMPLETION RECORD (CCR) FOR
LICENSING DRAWING PACKAGE CONTENTS: 1 | a 102310, REV. 1 : S.CAIN w2 | 25046 THE COMPLETE LIST OF APPROVED DESIGN DEVIATIONS FOR
EACH INDIVIDUAL SERIAL NUM
2 SHEET3 1023-3, REV. 1 S.CAIN 9/6/02 62849 16. THE MPC-32 IS CERTIFIED FOR STORAGE AND TRANSPORTATION
3 [ omerans P ——— PP OF INTACT PWR FUEL, AS SPECIFIED IN COCs 72-1014, AND 71-9261.
SHEET DESCRIPTION ) ' ' SCAN naos 17. Q%Emsgggaﬁogsn AS NOMINAL IN THE DRAWING ARE
! COVER SHEET 4 | sweET3 5014-86, REV. 0 S.CAIN 325003 46879 e OF THE COMPONENT K PART. T%' AL DRMENSIONS HAVE
2 FUEL BASKET ARRANGEMENT NO SPECIFIC TOLERANCE, BUT ARE MET THROUGH FABRICATION
: 5 | a 1023-18, 1023-21 SCAIN 511903 60888 IN ACCORDANCE WITH OTHER DIMENSIONS THAT ARE TOLERANCED
3 FUEL BASKET LAYOUT AND WELD DETAILS AND INSPECTED. NOMINAL DIMENSIONS ARE NOT SPECIFICALLY
- PP — 6 | a 0250 o - 67743 VERIFIED DURING THE FABRICATION PROCESS.
+ THE VALIDATION IDENTIFICATION RECORD )anI]JMBm 1S A COMPUTER GENERATED RANDOM NUMBER WHICH
CONFIRMS THAT ALL APPROPRIATE REVIEWS OF S DRAWING ARE DOCUMENTED IN COMPANY'S NETWORK.
GENERAL NOTES:
1. THE EQUIPMENT DESIGN DOCUMENTED IN THIS DRAWING PACKAGE HAS BEEN CONEIRMED BY HOLTEC INTERNATIONAL
TO COMPLY WITH THE SAFETY ANALYSES DESCRIBED IN THE SAFETY ANALYSIS REPORT. g
2. DIMENSIONAL TOLERANCES ON THIS DRAWING ARE PROVIDED TO ENSURE THAT THE EQUIPMENT DESIGN 1S CONSISTENT
WITH THE SUPPORTING ANALYSIS. HARDWARE IS FABRICATED IN ACCORDANCE WITH THE DESIGN DRAWINGS, WHICH MAY
HAVE MORE RESTRICTIVE TOLERANCES, TO ENSURE COMPONENT FIT-UP. DO NOT USE WORST-CASE TOLERANCE STACK-UP
FROM THIS DRAWING TO DETERMINE COMPONENT FIT-UP.
3. THE REVISION LEVEL OF EACH INDIVIDUAL SHEET IN THIS PACKAGE IS THE SAME AS THE REVISION LEVEL OF THIS COVER SHEET.
A REVISION TO ANY SHEET(S) IN THIS PACKAGE REQUIRES UPDATING OF REVISION NUMBERS OF ALL SHEETS TO THE NEXT REVISION
4. THE ASME BOILER AND PRESSURE VESSEL CODE (ASME CODE), 1095 EDITION WITH ADDENDA THROUGH 1997, IS THE GOVERNING
CODE FOR THE HISTAR 100 SYSTEM, WITH CERTAIN APPROVED ALTERNATIVES AS LISTED IN SAR TABLE 1.3 2 grralmspom;mon)
AND FSAR TABLE 22,15 (STO %H E MPGC FUEL BASKET IS CONSTRUCTED IN ACCORDANCE WITH ON I
SUBSECTION NG AR Iote N THE SAR SPORTATION) AND FSAR (STORAGE). NEW OR N naEh RSME CODE
ALTERNATIVES REQUIRE PRIOR NRC APPROVAL BEFORE IMPLEMENTATION.
5. ALL MPC BASKET STRUCTURAL MATERIALS COMPLY WITH THE REQUIREMENTS OF ASME SECTION If, PART A. WELD MATERIAL
COMPLIES WITH THE REQUIREMENTS OF ASME SECTION It, PART C.
ALL WELDS REQUIRE VISUAL EXAMINATION (VT). ADDITIONAL NDE INSPECTIONS ARE NOTED ON THE DRAWING AS REQUIRED.
8 A DE TECHNIGUES AND ACCEFT AN CRITERIA ARE PROVIDED IN THE APPLICABLE GODES AS CLARIFIED IN THE APPLICABLE
SAFETY ANALYSIS REPORTS.
7. FABRICATOR MAY ADD WELDS TO STITCH WELDS AT THEIR DISCRETION. '\J,\ /
"\
8. DO NOT MAKE A CONTINUOUS SEAL WELD BETWEEN THE SHEATHING AND THE CELL WALL. a\ses)
9. ALL STRUCTURAL MATERIALS ARE "ALLOY X" UNLESS OTHERWISE NOTED. ALLOY X IS ANY OF THE FOLLOWING STAINLESS STEEL MPC-32 FUEL BASKET
TYPES: 316, 316 LN, 304, AND 304 LN. ISOMETRIC VIEW
10. BORAL PANELS ARE INTENDED TO HAVE NO SIGNIFICANT FLAWS, HOWEVER, TO ACCOUNT FOR MANUFACTURING DEVIATIONS
OCCURING DURING INSTALLATION OF THE PANELS INTO THE MPC FUEL BASKET, BORAL DAMAGE OF UP TO THE EQUIVALENT OF
A 1*DIAMETER HOLE IN EACH PANEL HAS BEEN ANALYZED AND FOUND TO BE ACCEPTABLE.
11. THIS COMPONENT IS CLASSIFIED AS ITS-A BASED ON THE HIGHEST CLASSIFICATION OF ANY SUBCOMPONENT. SUBCOMPONENT r—
CLASSIFICATIONS ARE PROVIDED IN SAR TABLE 1.3.3 (TRANSPORTATION) AND FSAR TABLE 2.2.6 (STORAGE). . . . -
1208 ' GENERAL
' HOLTES MPC32
T jrevietl
MARLTON, NJ D80SI
PROECT NO. DRAWS O - TOTAL
__ 1023 3927 1 i
NIA I FRE M GADRAWINGSM 20077
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| 5 3 4 I 3 |

CLIENT

GENERAL

LICENSING DRAWING PACKAGE COVER SHEET

PROJECT

NO. 1021 P.O.NO. N/A

DRAWING

PACKAGE |.

TOTAL 4

1.D. 3928 SHEETS

LICENSING DRAWING PACKAGE CONTENTS:

SHEET

DESCRIPTION

COVER SHEET

FUEL BASKET ARRANGEMENT

Wil N

FUEL BASKET LAYOUT AND WELD DETAILS

FUEL BASKET SUPPORTS

REVISION LOG

SUMMARY OF CHANGES/ PREPARED| APPROVAL
AFFECTED ECOs BY DATE VIR# «

REV AFFECTED DRAWING
SHEET NUMBERS

INITIAL ISSUE 102141

S.CAIN 5/28/02

67360
76629
24329

72132

8.CAIN 7111103 26801

ALL 1021-41, REV. 1 - S.CAIN 827102

SHEETS 243 5014-82, REV. 0 S$.CAIN 3125/03

SHEETS 1,2,3,&4 1024-52, 1021-54 S.CAIN 5/19/03

BWIN|=2|O

ALL 1021-56

¢ g VALIDATION IDENTIFICATION RECORD NUMBER IS A COMPUTER GENERATED RANDOM NUMBER WHICH

THAT ALL APPROPRIATE REVIEWS OF THIS DRAWING ARE DOCUMENTED IN COMPANY'S NETWORK.

13. TOLERANCES FOR THICKNESS OF ASME CODE MATERIAL
ARE SPECIFIED IN ASME SECTION L.

14. AI.L WELD SIZES ARE MINIMUMS. LARGER WELDS ARE PERMITTED.
LOCAL AREAS OF UNDERSIZE WELDS ARE ACCEPTABLE WITHIN
THE LIMITS SPECIFIED IN THE ASME CODE, AS CLARIFIED IN THE

(F)SAR

15. REFER TO THE COMPONENT COMPLETION RECORD (CCR) FOR
THE COMPLETE LIST OF APPROVED DESIGN DEVIATIONS FOR
EACH INDIVIDUAL SERIAL NUMBER.

|
16. THE MPC-68/68F IS CERTIFIED FOR STORAGE AND TRANSPORTATION
OF INTACT AND DAMAGED BWR FUEL AND BWR FUEL CLASSIFIED AS
FUEL DEBRIS, AS SPECIFIED IN COCs 72-1008, 72-1014, AND 71-9261.
THE MPC-68FF IS CERTIFIED ONLY FOR STORAGE OF INTACT AND
DAMAGED BWR FUEL AND BWR FUEL CLASSIFIED AS FUEL DEBRIS
IN THE HI-STORM 100 SYSTEM UNDER COC 72-1014.

17. DMENSIONS NOTED AS NOMINAL é‘NOk&z IN THE DRAWING ARE FOR
INFORMATION ONLY, IN ORDER T RAL SIZE O
Tg MPONENT OR PART. NOMINAL DIMENSIONS HAVE NO SPECIFIC

LERANCE, BUT ARE ETTHROUGH FABRICATION IN ACCORDANCE

WITH OTHER DIMENSIONS THAT ARE TOLERANCED AND INSPECTED.

NOMINAL DIMENSIONS ARE NOT SPECIFICALLY VERIFIED DURING THE

FABRICATION PROCESS.

GENERAL NOTES:

1. THE EQUIPMENT DESIGN DOCUMENTED IN THIS DRAWING PACKAGE HAS BEEN CONFIRMED BY HOLTEC INTERNATIONAL
TO COMPLY WITH THE SAFETY ANALYSES DESCRIBED IN THE SAFETY ANALYSIS REPORT.
WITH THE SUPPORTING ANALYSIS. HARDWARE IS FABRICATED IN ACCORDANCE WITH THE
FROM THIS DRAWING TO DETERMINE COMPONENT FIT-UP.

REVISION NUMBER.

SUBSECTION NG AS DESCRIBED IN THE SAR (TRANS ORTATION&AND FSAR (STORAGE). NEW OR REVISED ASME CODE'
ALTERNATIVES REQUIRE PRIOR NRC APPROVAL BEFORE IMPLEMENTATION.

5. ALL MPC BASKET STRUCTURAL MATERIALS COMPLY WITH THE REQUIREMENTS OF ASME
SECTION II, PART A. WELD MATERIAL COMPLIES WITH THE REQUIREMENTS OF ASME SECTION Il, PART C.

8. ALL WELDS REQUIRE VISUAL EXAMINATION . ADDITIONAL NDE INSPECTIONS ARE NOTED ON THE DRAWING
AS REQUIRED. NDE TECHNIQUES AND ACCEPTANCE CRITERIA ARE GOVERNED BY ASME SECTIONS V AND 11,
RESPECTIVELY, AS CLARIFIED IN THE APPLICABLE SAFETY ANALYSIS REPORTS.

7. FABRICATOR MAY ADD WELDS TO STITCH WELDS AT THEIR DISCRETION.

8. DO NOT MAKE A CONTINUOUS SEAL WELD BETWEEN THE SHEATHING AND THE CELL WALL.

9. ALL STRUCTURAL MATERIALS ARE "ALLOY X" UNLESS OTHERWISE NOTED. ALLOY X IS ANY OF THE FOLLOWING
STAINLESS STEEL TYPES: 316, 316LN, 304, AND 304LN.

10. BORAL PANELS ARE INTENDED TO HAVE NO SIGNIFICANT FLAWS. HOWEVER, TO ACCOUNT FOR MANUFACTURING
DEVIATIONS OCCURING DURING INSTALLATION OF THE PANELS INTO THE MPC FUEL BASKET, BORAL DAMAGE OF UP
YO THE EQUIVALENT OF A 1" DIAMETER HOLE IN EACH PANEL HAS BEEN ANALYZED AND FOUND TO BE ACCEPTABLE.

11. THIS COMPONENT IS CLASSIFIED AS ITS-A BASED ON THE HIGHEST CLASSIFICATION OF ANY SUBCOMPONE

2. DIMENSIONAL TOLERANCES ON THIS DRAWING ARE PROVIDED TO ENSURE THAT THE EQUIPMENT DESIGN IS CONSISTENT
DESIGN DRAWINGS, WHICH MAY

HAVE MORE RESTRICTIVE TOLERANCES, TO ENSURE COMPONENT FIT-UP. DO NOT USE WORST-CASE TOLERANCE STACK-UP

3. THE REVISION LEVEL OF EACH INDIVIDUAL SHEET IN THIS PACKAGE IS THE SAME AS THE REVISION LEVEL OF THIS COVER SHEET.
A REVISION TO ANY SHEET(S) IN THIS PACKAGE REQUIRES UPDATING OF REVISION NUMBERS OF ALL SHEETS TO THE NEXT

4, THE ASME BOILER AND PRESSURE VESSEL CODE (ASME CODE), 1995 EDITION WITH ADDENDA THROUGH 1997, IS THE GOVERNING
CODE FOR THE HI-STAR 100 SYSTEM, WITH CERTAIN APPROVED ALTERNATIVES AS LISTED IN SAR TABLE 1.3.2 SPORTATION)
AND FSAR TABLE 2.2.15 (STORAGE). THE MPC FUEL BASKET 1S CONSTRUCTED IN ACCORDANCE WITH ASME SECTION iii,

SUBCOMPONENT CLASSIFICATIONS ARE PROVIDED IN SAR TABLE 1.3.3 (TRANSPORTATION) AND TABLE 2.2.6 (STORAGE).

el | el

MPC-88/68F/68FF FUEL BASKET"
ISOMETRIC VIEW

*MPC-88FF IS NOT CERTIFIED FOR
TRANSPORTATION UNDER 10CFR71

/A 12. DELETED. =
HEEEEN GENERAL
|||-\|| T(E)R hll-A-Trl OENQL MPC-68/68F/68FF
MIERNA FUEL BASKET
T
N,A FREFT GAORAWNGR G210
8 [ 7 I I 5 =« 4 I 3 2 | 1
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BILL OF NATERIAL (FULL SCALE)

ITEM NO.__OTY. MATERIAL DESCRIPTION

1 N/A_ ALUNINOM HONEYCOME_ SEE SHEET 6

2 1 SEE NOTE 4 | 2/8 TH, IVGR STIFFENING CYLINOER

3 1 SEE NOTE 2 /8 TIK. ENILOSLRE END DI

4 ' SEE NOTE 2 []1’128 1%#«?‘”%&1155“&[5& EATE F%?Lrl

5 1 SEE_NOTE 2 B TK_MURDX
T 773 TWK. (LITER STIFFENING C1L.

* 1! SEE MOTE 4 R 1 18 I, umagsmmlmﬁ

7 1 SEE NOTE 4 o ok T R AT ML 1N GO R T.1.

8 16 SEE_NOTE 4 /2 THK. [UTER QISSET

g 16 SEE_NOTE 4 1/2 . IMER GLSYET

10 [ 1 HOLTITE - A 1A TK. MUTEA I LT, 1 84( 5 IO 5)

1|1 SEE_NOTE 2 A T DI

| e (L SEIEE PRI Y,
GAJER (LS TERDN GSRENS

13| /A |ALLMINOM HONEYCOMB | SEE SHEET 6

14| | SEE_NOTE 4 L THK, PLATE

TTEM IS, 16,117 & 18 DELETED

19 1 ASE3 or AS66 | 1/8 THK. CYLINDER

20 |1 SEE NOTE 4 [15/8 T PLATE FIR 1.L.

2l | 40 TA-193-87 2 /A DIA, BR AR T.L.

26 | 10 SA-193-888 THREADED- ENO-FER YR
X 1174 LG, {1 :

28 | 10 Sh-193-888 Th Ego%csmzms{&a LW A u”u”%!é&” PO

23| | ALININUM HONEYCOMB | S SHEET 6

24 | 1 SEE NOTE 2 /8 THK. OISK

5 |1 SEE NUTE 2 1/ THK. CHLINIR

% |1 SEE MOTE 2 /8 T OLINIER

77 | A | ALIMINOM HONEYCOMB | SEE SHEET 6

28 . WA

29| g | SA-473-304 PR [ET. DVG.CI755 SHT.2

30 | SA516-70 SLPPRT CAP

LEGEND: T.1, = TOP IMPACT LIMITER AND B.I1. = BOTTOM IMPACT LIMITER I

A

NITES:
L ) HATCH I.INES IN ALUMINUM HONEYCOMB SHO

N RIENTATION OF PRINCIPAL CRUSH AXES,

2) PLATEL SHEET MATERIAL IS ASHE SECTION II SA-240 TYPE 304 (UNS NO. S$30400)

STAI ESS ST
3) ALL OINENSTONS ARE NOMINAL.

4) N.L SHEET (GAEEU) METAL TD BE ASGS AND ALL PLATE TO BE ASME SECTION IT SASI6-70.

6) HDL%SSTE-A S A NE

MATER]
CHL, GONI]“I WT.ZH, A

DIVENSIINING INTTS ARE INCHES.
N0 NORNSITY [ 1.8 g/cn3 NOM.

7 CR[TICN. IJIMENSIENS CINDICATED BY AN “+¥) ARE ESSENTIALL TO ASSURE EQUIPMENT FUNCTIONALITY,

BB P b bbb

P P

PP

TZ1S DRAYING IS AN INTELLECTUAL PROFERYY OF BOLTEC

INTERNATIONAL. IT IS PROVICED 70 TEE RECIPIENT UNOER
THE CXPLICIT OONDITION THAY IT VILL NOT BE DUPLICATED
IN YHOLE OF IN PART, OR CIVEN 70 OTEERS NITADCT VRITTEN
CORSEXT oF LTS IRTERYATIONAL.

EQUIPMENT DESICN

LI

ANALYSIB
HOLTEC
[NTERNATIONAL CONSULTING
HI-STAR 100 IMPACT LIMITER
- Na, 9% IX B
CLTENT
B ! s son Lisee THPANION DRA\:;:'(I;EUS
2 T P 7 79 S0 R . REV
4 . P.NK. QA
T o . pee L P8 L I PROJECT No.S0l4 DRAWING No.
REVISION P,0. No. VARIDUS C1765 s 1r 7

e\DRAVINGS\SOIA\SO14\IMPACTNC1 755-1 .RL
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1.5 Compliance with 10CFR71

The HI-STAR 100 packaging complies with the requirements of 10CFR71 for a Type B(U)F-85
package. Analyses which demonstrate that the HI-STAR 100 packaging complies with the
requirements of Subparts E and F of 10CFR71 are provided in this SAR. Specific reference to each
section of the SAR that is used to specifically address compliance is provided in Table 1.0.2. The HI-
STAR 100 packaging complies with the general standards for all packages, 10CFR71.43, as
demonstrated in Section 2.4. Under the tests specified in 10CFR71.71 (normal conditions of
transport) the HI-STAR 100 packaging is demonstrated to sustain no degradation in its safety
function allowing the HI-STAR 100 packaging to meet the requirements of 10CFR71, Paragraphs
71.45,71.51, and 71.55. Under the tests specified in 10CFR71.73 (hypothetical accident conditions)
and 10CFR71.61 (special requirement for irradiated nuclear fuel shipments), the degradation
sustained by the HI-STAR 100 packaging is shown not to cause the HI-STAR 100 packaging to
exceed the requirements of 10CFR71, Paragraphs 71.51, 71.55, and 71.63(b).

The HI-STAR 100 packaging meets the structural, thermal, containment, shielding and criticality
requirements of 10CFR71, as described in Chapters 2 through 6. The operational procedures and
acceptance tests and maintenance program provided in Chapters 7 and 8 ensure compliance with the
requirements of 1I0CFR71.

The following is 2 summary of the information provided in Chapter 1 that is directly applicable to
verifying compliance with 10CFR71:

¢ The HI-STAR 100 packaging has been described in sufficient detail to provide an adequate
basis for its evaluation.

¢ Drawings provided in Section 1.4 contain information that provides an adequate basis for
evaluation of the HI-STAR 100 packaging against the 10CFR71 requirements. Each drawing
is identified, consistent with the text of the SAR, and contains keys or annotation to explain
and clarify information on the drawing.

o Section 1.0 includes a reference to the NRC-approved Holtec International quality assurance
program for the HI-STAR 100 packaging. '

¢ Section 1.3 identifies the applicable codes and standards for the HI-STAR 100 packaging
design, fabrication, assembly, and testing.

e The HI-STAR 100 packaging meets the general requirements of 10CFR71.43(a) and
10CFR71.43(b), as demonstrated by the drawings provided in Section 1.4 and the discussion
provided in Subsection 1.2.1.9, respectively.

¢ The drawings provided in Section 1.4 provide a detailed packaging description that can be
evaluated for compliance with 10CFR71 for each technical discipline.
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¢ Anyrestrictions on the use of the HI-STAR 100 packaging are specified in Subsection 1.2.3

and Chapter 7. | N
-
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APPENDIX 1.A: ALLOY X DESCRIPTION

1.A ALLOY X DESCRIPTION

1.A.1 Alloy X Introduction

Alloy X is used within this licensing application to designate a group of stainless steel alloys. Alloy
X can be any one of the following alloys:

. Type 316
. Type 316LN
. Type 304

. Type 304LN

Qualification of structures made of Alloy X is accomplished by using the least favorable mechanical

and thermal properties of the entire group for all MPC mechanical, structural, neutronic, radiological,
and thermal conditions. The Alloy X approach is conservative because no matter which material is

ultimately utilized, the Alloy X approach guarantees that the performance of the MPC will meet or
exceed the analytical predictions.

This appendix defines the least favorable material properties of Alloy X.

1.A.2 Alloy X Common Material Properties

Several material properties do not vary significantly from one Alloy X constituent to the next. These
common material properties are as follows:

. density

. specific heat

. Young's Modulus (Modulus of Elasticity)
. Poisson's Ratio

- The values utilized for this licensing application are provided in their appropriate chapters.

1.A3 Alloy X Least Favorable Material Properties

The following material properties vary between the Alloy X constituents:

. Design Stress Intensity (Sp)

. Tensile (Ultimate) Strength (S.)

. Yield Strength (S,)

. Coefficient of Thermal Expansion (o)

. Coefficient of Thermal Conductivity (k)

Each of these material properties are provided in the ASME Code Section IT [1.A.1]. Tables 1.A.1

HI-STAR SAR Rev. 10
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through 1.A.5 provide the ASME Code values for each constituent of Alloy X along with the least
favorable value utilized in this licensing application. The ASME Code only provides values to -
20°F. The design temperature of the MPC is -40°F to 725°F as stated in Table 1.2.3. Most of the
above-mentioned properties become increasingly favorable as the temperature drops.
Conservatively, the values at the lowest design temperature for the HI-STAR 100 System have been
assumed to be equal to the lowest value stated in the ASME Code. The lone exception is the thermal
conductivity. The thermal conductivity decreases with the decreasing temperature. The thermal
conductivity value for -40°F is linearly extrapolated from the 70°F value using the difference from
70°F to 100°F.

The Alloy X material properties are the minimum values of the group for the design stress intensity,
tensile strength, yield strength, and coefficient of thermal conductivity. Using minimum values of
design stress intensity is conservative because lower design stress intensities lead to lower allowables
that are based on design stress intensity. Similarly, using minimum values of tensile strength and
yield strength is conservative because lower values of tensile strength and yield strength lead to
lower allowables that are based on tensile strength and yield strength. When compared to calculated
values, these lower allowables result in factors of safety that are conservative for any of the
constituent materials of Alloy X. Further discussion of the justification for using the minimum
values of coefficient of thermal conductivity is given in Chapter 3. The maximum and minimum
values are used for the coefficient of thermal expansion of Alloy X. The maximum and minimum
coefficients of thermal expansion are used as appropriate in this submittal. Figures 1.A.1-1.A.5
provide a graphical representation of the varying material properties with temperature for the Alloy
X materials.

1.A4 References

[1.A.1]ASME Boiler & Pressure Vessel Code Section II, 1995 ed. with Addenda through 1997.

HI-STAR SAR Rev. 10
REPORT HI-951251 1.A-2



Table 1.A.1

ALLOY X AND CONSTITUENT DESIGN STRESS INTENSITY (Sg) vs. TEMPERATURE

Alloy X
Temp. CF) | Type304 | Type304LN | Type316 | Type 316LN (miniﬂ?im of
constituent
values)
-40 20.0 200 20.0 200 20.0
100 20.0 20.0 20.0 20.0 20.0
200 20.0 20.0 20.0 20.0 20.0
300 20.0 20.0 20.0 20.0 20.0
400 18.7 18.7 19.3 18.9 18.7
500 17.5 175 18.0 17.5 17.5
600 16.4 16.4 17.0 16.5 16.4
650 16.2 16.2 16.7 16.0 16.0
700 16.0 16.0 16.3 15.6 15.6
750 15.6 15.6 16.1 15.2 15.2
800 15.2 152 15.9 14.9 14.9
Notes:
1. Source: Table 2A on pages 314, 318, 326, and 330 of [1.A.1].
2. Units of design stress intensity values are ksi.
HI-STAR SAR Rev. 10
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Table 1.A.2

ALLOY X AND CONSTITUENT TENSILE STRENGTH (S,) vs. TEMPERATURE

Source: Table U on pages 437, 439, 441, and 443 of [1.A.1].

Units of tensile strength are ksi.

Alloy X
Temp. °F) | Type304 | Type304LN | Type316 | Type316LN (?igi:g:‘;fn‘:f

values)
-40 75.0(70.0) | 75.0(70.0) | 75.0(70.0) | 75.0(70.0) | 75.0(70.0)
100 75.0(70.0) | 75.0(70.0) | 75.0(70.0) | 75.0(70.0) | 75.0(70.0)
200 71.0(662) | 71.0(662) | 75.0(70.0) | 75.0(70.0) | 71.0(66.2)
300 66.0 (61.5) | 66.0(61.5) | 73.4(68.5) | 70.9(66.0) | 66.0(61.5)
400 64.4(60.0) | 64.4(60.0) | 71.8(67.0) | 67.1(62.6) | 64.4(60.0)
500 63.5(59.3) | 63.5(593) | 71.8(67.0). | 64.6(60.3) | 63.5(59.3)
600 63.5(59.3) | 63.5(593) | 71.8(67.0) | 63.1(589) | 63.1(58.9)
650 63.5(59.3) | 63.5(593) | 71.8(67.0) | 62.8(58.6) | 62.8(58.6)
700 63.5(59.3) | 63.5(593) | 71.8(67.0) | 62.5(58.4) | 62.5(58.4)
750 63.1(58.9) | 63.1(589) | 71.4(66.5) | 622(58.1) | 62.2(58.1)
800 62.7(58.5) | 62.7(585) | 709(662) | 61.7(57.6) | 61.7(57.6)

Notes:

Values in parentheses are for SA-336 forging material (Types F304, F304LN, F316, and
F316LN) that are used solely for the one-piece MPC lids. Other values correspond to SA-240
plate material.

HI-STAR SAR Rev. 10

REPORT HI-951251 1.A4



Table 1.A.3

ALLOY X AND CONSTITUENT YIELD STRESSES (Sy) vs. TEMPERATURE

Alloy X
Temp.(F) | Type304 | Type304LN | Type316 | Type 316LN (mmim of
constifuent

values)
-40 30.0 30.0 30.0 30.0 30.0
100 30.0 30.0 30.0 30.0 30.0
200 25.0 25.0 25.8 25.5 25.0
300 22.5 22.5 233 229 22.5
400 20.7 20.7 21.4 21.0 20.7
500 19.4 19.4 19.9 19.4 19.4
600 18.2 18.2 18.8 183 182
650 17.9 17.9 185 17.8 17.8
700 17.7 17.7 18.1 17.3 173
750 17.3 17.3 17.8 16.9 169
800 16.8 16.8 17.6 16.6 16.6

Notes:

1. Source: Table Y-1 on pages 518, 519, 522, 523, 530, 531, 534, and 535 of [1.A.1].

2. Units of yield stress are ksi.
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Notes:
1.

2.

ALLOY X AND CONSTITUENT COEFFICIENT OF THERMAL EXPANSION
vs. TEMPERATURE

Table 1.A.4

e | P | | st |

Type 304LN | Type316LN | Maximum | Minimum
40 8.55 8.54 8.55 8.54
100 8.55 8.54 8.55 8.54
150 8.67 8.64 8.67 8.64
200 8.79 8.76 8.79 8.76
250 8.90 8.88 8.90 8.88
300 9.00 8.97 9.00 8.97
350 9.10 9.11 9.11 9.10
400 9.19 9.21 9.21 9.19
450 9.28 9.32 9.32 9.28
500 9.37 9.42 9.42 9.37
550 9.45 9.50 9.50 9.45
600 9.53 9.60 9.60 9.53
650 9.61 9.69 9.69 9.61
700 9.69 9.76 9.76 9.69
750 9.76 9.81 9.81 9.76
800 9.82 9.90 9.90 9.82

Source: Table TE-1 on pages 590 and 591 of [1.A.1].

Units of coefficient of thermal expansion are in./in.-°F x 105,

HI-STAR SAR
REPORT HI-951251
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ALLOY X AND CONSTITUENT THERMAL CONDUCTIVITY vs. TEMPERATURE

Notes:

Table 1.A.5

Type304 | Type316 Alloy X
Temp. (°F) and " and (mmm_mm of
Type 304LN | Type 316LN cof:li?s;nt

-40 8.23 6.96 6.96

70 8.6 1.7 7.7
100 8.7 7.9 7.9
150 9.0 8.2 8.2
200 9.3 8.4 8.4
250 9.6 8.7 8.7
300 9.8 9.0 9.0
350 10.1 9.2 92
400 104 9.5 9.5
450 10.6 9.8 9.8
500 10.9 10.0 10.0
550 11.1 103 103
600 11.3 10.5 10.5
650 11.6 10.7 10.7
700 11.8 11.0 11.0
750 12.0 112 112
800 12.2 115 115

1. Source: Table TCD on page 606 of [1.A.1].
2. Units of thermal conductivity are Btu/hr-ft-°F.
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DESIGN STRESS INTENSITY VS. TEMPERATURE
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TENSILE STRENGTH VS. TEMPERATURE
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YIELD STRESS VS. TEMPERATURE
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COEFFICIENT OF THERMAL EXPANSION VS, TEMPERATURE
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THERMAL CONDUCTIVITY VS. TEMPERATURE
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APPENDIX 1.B: HOLTITE ™ MATERIAL DATA

The information provided in this appendix describes the neutron absorber material, Holtite-A for
the purpose of confirming its suitability for use as a neutron shield material in spent fuel storage
casks. Holtite-A is one of a family of Holtite neutron shield materials denoted by the generic
name Holtite™. It is currently the only neutron shield material approved for installation in the
HI-STAR 100 cask. It is chemically identical to NS-4-FR which was originally developed by
Bisco, Inc. and used for many years as a shield material with B4C or Pb added.

Holtite-A contains aluminum hydroxide (Al(OH);) in an epoxy resin binder. Aluminum
hydroxide is also known by the industrial trade name of aluminum tri-hydrate or ATH. ATH is
often used commercially as a fire-retardant. Holtite-A contains approximately 62% ATH
supported in a typical 2-part epoxy resin as a binder. Holtite-A contains 1% (nominal) by weight
B4C, a chemically inert material added to enhance the neutron absorption property. Pertinent
properties of Holtite-A are listed in Table 1.B.1.

The essential properties of Holtite-A are:
1. the hydrogen density (needed to thermalize neutrons),
2. thermal stability of the hydrogen density, and
3. the uniformity in distribution of B4C needed to absorb the thermalized neutrons.

ATH and the resin binder contain nearly the same hydrogen density so that the hydrogen density
of the mixture is not sensitive to the proportion of ATH and resin in the Holtite-A mixture. B4C
is added as a finely divided powder and does not settle out during the resin curing process. Once
the resin is cured (polymerized), the ATH and B4C are physically retained in the hardened resin.
Qualification testing for BsC throughout a column of Holtite-A has confirmed that the B4C is
uniformly distributed with no evidence of settling or non-uniformity. Furthermore, an excess of
B4C is specified in the Holtite-A mixing and pouring procedure as a precaution to assure that the
B4C concentration is always adequate throughout the mixture.

The specific gravity specified in Table 1.B.1 does not include an allowance for weight loss. The
‘specific gravity assumed in the shielding analysis includes a 4% reduction to conservatively
account for potential weight loss at the design temperature of 300°F or an inability to reach
theoretical density. Tests on the stability of Holtite-A were performed by Holtec International.
The results of the tests are summarized in Holtec Proprietary Reports HI-2002396, “Holtite-A
Development History and Thermal Performance Data” and HI-2002420, “Results of Pre- and
Post-irradiation Test Measurements.” The information provided in these reports demonstrates
that Holtite-A possesses the necessary thermal and radiation stability characteristics to function
as a reliable shielding material in the HI-STAR 100 overpack.
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The Holtite-A is encapsulated in the HI-STAR 100 overpack and therefore should experience a
very small weight reduction during the design life of the HI-STAR 100 System.

The data and test results confirm that Holtite-A remains stable under design thermal and
radiation conditions, the material properties meet or exceed that assumed in the shielding
analysis, and the B4C remains uniformly distributed with no evidence of settling or non-
uniformity.

Based on the information described above, Holtite-A meets all of the requirements for an
acceptable neutron shield material.
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Table 1.B.1

REFERENCE PROPERTIES OF HOLTITE-A NEUTRON SHIELD MATERIAL

PHYSICAL PROPERTIES
% ATH 62 (nominal)
Specific Gravity 1.68 g/cc (nominal)

Max. Continuous Operating Temperature | 300°F

Hydrogen Density 0.096 g/cc minimum

Radiation Resistance Excellent

CHEMICAL PROPERTIES (Nominal)

wi% Aluminum 215
wt% Hydrogen 6.0 (nominal)
wt% Carbon 277
wt% Oxygen 42.8
wt% Nitrogen 20
wt% B,C 1.0 (nominal)
HI-STAR SAR Rev. 10
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APPENDIX 1.C: MISCELLANEOUS MATERIAL DATA

The information provided in this appendix specifies the thermal expansion foam (silicone sponge),
paint, and anti-seize lubricant properties and demonstrates their suitability for use in spent nuclear
fuel storage casks. The following is a listing of the information provided.

. HT-800 Series, Silicone Sponge, Bisco Products Technical Data Sheet

. Thermaline 450, Carboline, Product Data Sheet and Application Instructions

. Carboline 890, Carboline, Product Data Sheet and Application Instructions

. FEL-PRO Technical Bulletin, N-5000 Nickel Baéed-Nuclear Grade Anti-Seize Lubricant

HT-870 silicone sponge is specified as a thermal expansion foam to be placed in the overpack outer
enclosure with the neutron shield. Due to differing thermal expansion of the neutron shield and outer
enclosure carbon steel, the silicone sponge is provided to compress and allow the neutron shield
material to expand. The compression-deflection physical properties are provided for the silicone

sponge.

Silicone has a long and proven history in the nuclear industry. Silicone is highly resistant to
degradation as a result of radiation at the levels required for the HI-STAR 100 System. Silicone is
inherently inert and stable and will not react with the metal surfaces or neutron shield material.
Additionally, typical operating temperatures for silicone sponges range from -50° F to 400° F.

Thermaline 450 is specified to coat the inner cavity of the overpack and Carboline 890 is specified to
coat the external surfaces of the overpack. As can be seen from the product data sheets, the paints are
suitable for the design temperatures (see Table 2.2.3) and chemical environment. Chemically
identical substitutes are permitted (i.e., Carboguard 890 in lieu of Carboline 890).

Nuclear grade anti-seize lubricant, N-5000, from FEL-PRO is specified as the lubricant for the
overpack closure bolts. The lubricant is formulated to have the lowest practical levels of halogens,
sulfur, and heavy metals. NEVER-SEEZ NGBT provides equivalent properties to FEL-PRO N-5000
and is also acceptable for use on the HI-STAR 100 System.
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-HT-BQQ SERIES

-Specification Grade
Sflicone Sponge

" SPECIFICATION
HT-870 HT-800

HT-820 | TESTMETHOD

PROPERTY

(Soft) -

* (Medium)

(Firm)

Density

12+ 24 pef R

16 - 28 pef

20 - 32 pef

ASTM D-3574

éompression Force
@ 25% Deflection

2-7psi

6- 14 psi

12 - 20 psi

ASTM D-1056

ASTM D-1056
(Compressed 50%for
22 hrs, @ 100°C)

Compression Set

(Meximu) 10%

10%

10%

‘Wa.xcrA.bsolptlon ASTM D-1056

10% | 5%

AMS-3195 (HT-800)
AMS-3196 (HT-820)

UIJ-94 v( Limited to spocifis clanscs, densitics, thicknosses aud eclors)

Avaﬁhble Industry Specifications:
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\{ Carboline Company to verify carrectness befors

- AR s

1 carboline

SELECTION DATA

GENERIC TYPE: A glass fiske filled, phenolic modified,
amine cured epoxy novalac.

GENERAL PROPERTIES: A dense cross-linked polymer
which exhibits outstanding barrier protection against a
variety of chemical exposures. Excellent resistance to
wet/dry cycling conditions at elevated temperatures.
Designed to coat the exterior of insulated piping. It is
also suitable for coating non-insulated piping and equip-
ment exposed to chemical attack. The glass flakes
help provide excellent abrasion resistance, permeation
resistance and internal reinforcement.

Temperature resistance 10 450°F
'Excellent abrasion resistance
Excellent cverall chemica! resistance
Excellent thermal shock resistance

RECOMMENDED USES: Typically used as a one coat
system to coat pipes and tanks that will be insulated.
May also be used to coat non-insulated pipe, structural
steel, equipment or concrete that may be subjected to
severe chemical attack, abrasion or other abuse typica!
of a chemical plant environment. '

TYPICAL CHEMICAL RESISTANCE:

Exposura Splash_& Spiilage “Fumes
Acids " Excellent © . - .Excellent
Alkalies . Excellent - Excellent
Solvents - Excellent Excellent
Salt Excellent Excellent
Water Excellent Excellent

TEMPERATURE RESISTANCE (Under .insulation):
Continuous: 425°F (218°C} - - -
Excursions to: . 450°F {232°C)

At-200°F (83°C) coating discoloration. may be ob-
served without loss of film integrity.

SUBSTRATES: Apply over properly prepared steel.

COMPATIBLE COATINGS: Normally applied directly to
substrate. May be applied over epoxies and phenolics
as recommended. May be topcoated with epoxies,
polyurethanes or other finish coats as recommended.

July 86 Replaces September 85

THERMALINE 450
Thinner 213

Thinner 213 22°F

SPECIFICATION DATA

THEORETICAL SOLIDS CONTENT OF MIXED

MATERIAL:
Volume

THERMALINE 450 70 = 2%
VOLATILE ORGANIC CONTENT [VOC):

The following are nomina! values:

As supplied: 2.13 Ibs./gal. (255 gm./liter).

Fluid Pounds/ Grams/
Thinner  Ounces/Gal. Gallon Liter
213 ’ 13 2.56 307 .

RECOMMENDED DRY FILM THICKNESS: _
8-10 mils {200-250 microns) to be achieved in 1 or 2

THEORETICAL COVERAGE PER MIXED GALLON:*
1,117 mil sq. ft. {27.9 sq.m/l at 25 microns)

139 sq. ft at 8 mils (3.5 sq. mA at 200 microns)
111 sq. ft at 10 mils (2.8 sq.mAl at 250 microns)

*Mixing and application losses will vary and must be
taken into consideration when estimating job require-
ments. T

STORAGE CONDITIONS: Store indoors.
Temperature: 40-110°F (4-43°C) Humidity: 0-80%

SHELF LIFE: 24 months when stored indoors at 75°F
{24°C) .

COLOR: Red. (0500) and Gray (5742)

GLOSS: Low [Epoxies lose gloss, discolor and eventu-
ally chalk in sunlight exposure.) '

ORDERING INFORMATION

Prices may be obtained from your Carboline Sales
Representative or Carboline Customer Service Depart-

ment. :
APPROXIMATE SHIPPING WEIGHT:
; 1 5

12 Ibs. (5.5 kg) 58 tbs. (26.3 kg}

8.4 Ibs. (3.8 kg) 41 Ibs. (18.6 k)

FLASH POINT: (Setaflash)

THERMALINE 450 Part A: 53F  ( 12°C)
THERMALINE 450 Part B: >200°F (>s::é°c=
{ 6°C

To the best of our knowledge the technical data contained herain are trus and accurate st the date of fssuance snd are subject to changs without prior notice. User must contect

shown, sre subject to changs without prior notics. NO OTHER

citying or ordering. No gusrantee of accuracy is given or implied. We gusrsntes our products to conform to Carboline quali
b or nmulﬁng from wse. Liability, If any, is Simitod to replssement of products. Prices and cost dau,!;

control. We msume no respomaibi for_coveraga, performance or injuries
ho nodca. NI chrMRANTY OR GUARANTEE OF ANY KIND 1S MADE s!g CARBOLINE, EXPRESS OR IMPUIED, STATUTORY,

subje
8Y OPERATION OF LAW, OR OTHERWISE, INCLUDING MERCHANTABILTY AND FITNESS FOR A PARTI
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APPLICATION INSTRUCTIONS
THERMALINE 450

Thase instructions e not intonded 18 xhow product recommendstions for specific servics. They ars issusd as i aid In determining
d that the proper product recommandations have bean mada. Thuhnuaimshmﬂhfoﬂwdawymobtmhmmunm

and application procadure. Itfs
from the materisis,
SURFACE PREPARATION:. Remove all oil or grease
from surface to be coated with Thinner 2 or Surface
Cleaner 3 (refer to Surfaca Cleaner 3 instructions) in
accordance with SSPC-SP 1.

STEEL:

Not Insulated: Abrasive blast to a Commercial Finish
in accordance with SSPC-SP 6 and obtain a 2-3 mil
{50-75 micron) blast prafile.

Under Insulation: Abrasive blast to a Near White
Finish in accordance with SSPC-SP 10 and obtain a 2-
3 (50-75 micron} blast profile.

MIXING: Power mix 2ach component separately, then
combine and power mix in the following proportions.

Allow 30 minutes Induction time at 75°F (24°C) prior

to usa.

1 Gal. Kit 5 Gal, Kit
THERMALINE 450 Part A: 0.8 gals. 4.0 gals.
THERMALINE 450 Part B: 0.2 gals. 1.0 gals.

THINNING:
Thinner 213.

May be thinned up to 13 oz/gal with

Use of thinners other than those supplied or approved
by Carboline may adversely affect product performance
and void product warranty, whether express or implied.

POT LIFE: Three hours at 75°F (24°C) and less at
higher temperatures. Pot life ends when coating loses
body and begins to sag.

APPLICATION CONDITIONS:

Matarial Surfacss Ambient  Humidity
Normal 65-85°F 65-85°F 85-85°F 30-50%
(18-29°C) (18-29°C) {18-29°C)

Minimum 55°F {(13°C} S0°F (10°C} S0°F (10°C) 0%
Maximum S0°F (32°C} 110°F {43°C) 100°F (38°C) 85%

Do not apply when the surface temperature is less
than 5°F or 3°C above the dew point.

Special thinning and application technigues may be
required above or below normal conditions.

SPRAY: The followmg spray equipment has been
found suitable and is available from manufacturers such
as Binks, DeVilbiss and Graco.

Conventional: “Pressure pot equipped with dual regula-

tors, 1/2" 1.D. minimum material hose, .110" 1.D. fluid
tip and appropriate air cap.

July 86 Replaces September 95

ation, mixing instructione

Alrless:

Pump Ratio: 30:1 (min}*
GPM Output: 3.0 {min)
Material Hose: 112" 1.D. (min)
Tip Size: .035"-.041"
Output psi: 2200-2500

*Teflon packings are recommended and are available
from the pump manufacturer.

BRUSH: For striping of welds, touch-up of small areas
only. Use a natural bristle brush, applying full strokes.
Avoid rebrushing.

ROLLER: -Not recommended.

DRYING TIMES: These times are based on a dry film
thickness of 10 mils {250 microns). Higher film thick-
ness, insufficient ventilation or cooler temperatures will
require longer curs times and could result in solvent
entrapment and premature failure.

Surface .
Tamparaturs Dry To Handls Dry to Topcoat Final Curs

50°F {10°C) 18 hours 48 hours 21 days
B0°F (16°C) 12 hours 32 hours 14 days
75°F (24°C) -8 hours 18 hours . 7 days
90°F (32°C) 3 hours 8 hours 4 days

if the final cure time has been exceeded, the surface
must be abraded by sweep blasting prior to the
application of any additional coats.

EXCESSIVE ‘HUMIDITY OR CONDENSATION ON THE
SURFACE DURING CURING MAY RESULT IN A SUR-
FACE HAZE OR BLUSH; ANY HAZE OR BLUSH MUST
BE REMOVED BY WATER WASHING BEFORE RE-
COATING. -

VENTILAT}ON & SAFETY: WARNING: VAPORS MAY
CAUSE EXPLOSION. When used in enclosed areas,
thorough air circulation must be used during and after
application until the coating is cured. The ventilation
system should be capable of preventing the solvent
vapor concentration from reaching the lower explosion
limit for the solvents used. In addition to insuring
proper ventilation, fresh air respirators or fresh air
hoods must be used by all application personnel.
Where flammable solvents exist, explosion-proof
lighting must be used. Hypersensitive persons should
wear clean, protective clothing, gloves and/or protec-
tive cream on face, hands and all exposed areas.

CLEANUP: Use Thinner 2.

CAUTION: READ AND FOLLOW ALL CAUTION STATE-
MENTS ON THIS PRODUCT DATA SHEET AND ON
THE MATERIAL SAFETY DATA SHEET FOR THIS
PRODUCT.

CAUTION: CONTAINS FLAMMASBLE SOLVENTS. KEEP AWAY FROM SPARKS AND OPEN FLAMES. WORKIMEN IN CONFINED AREAS MUST WEAR FRESH AIRLINE RESPIRATCRS.
HYPERSENSITIVE PERSONS SHOULD WEAR GLOVES OR USE PROTECTIVE CREAM. ALL ELECTRICAL EQUIPMENT AND INSTALLATIONS SHOULD BE MADE IN ACCORDANCE WATH THE
NATIONAL ELECTRICAL CCDE. IN AREAS WHERE EXPLOSION HAZARDS D(ISY. WORKMEN SHOULD BE REQUIRED TO USE NONFERROUS TOOLS AND TO WEAR CONDUCTIVE AND

NONSPARKING SHOES.
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SELECTION DATA

GENERIC TYPE: Cross-linked epoxy.

GENERAL PROPERTIES: CARBOLINE 890 is a self priming,
high solids, high gloss, high build epoxy mastic. It can be
epplied by spray, brush, or roller over hand or powsr tool
cleaned steel and is compatible with most existing coatings
and tightly adhered rust. The cured fiim provides s tough,
clesnable surface and is available in a wide varisty of colors.

s  Single coat corrosion protection.

¢  Excellent chemical resistance.

¢  Good flexibility and lower stress upon curing than mast
spoxy coatings.

" & Excellent tolerance of damp (not wet) substrates.

& Very good abrasion resistancs.

¢  Suitable replacement for Carbornastic 801.

RECOMMENDED USES: Recommended where 2 high perfor-
mance, chemically resistant epoxy coating is desired. Offers
outstanding protsction for interior fioors, walls, piping, squip-
ment and structural steel or as an exterior coating for railcars,
structural stee! and equipment in various corrosive environ-
ments. industrial environments include Chemical Processing,
Offshore Qil end Gas, Food Processing, Pharmaceutical, Water
and Waste Water Treatment, Pulp and Paper and Power
Generation among others. May be used ss a two coat
system direct to metal or concrete for Water and Municipal
Waste Water immaersion. Acceptable for use in incidental food
‘contact sreas and as a kning for hopper cars carrying food
grade plastic pellsts when processed according to FDA criteria
{ref: FDA 21 CFR 175.300). Consult Carboline Technica!
Service Department for other specific uses.

NOT RECOMMENDED FOR: Strong acid ot solvent exposures,
immersion service other than watsr, extsrior weathering whers
color retention is desired, such as a finish for tank exteriors
or over chlarinated rubber and latex coastings, :

TYPICAL CHEMICAL RESISTANCE:

Splash & ‘
Exposure Immersion :Spillage Fumes
Acids " NR -Very Good Very Good
Alksliss ‘NR - Excellent Excellent
Solvents NR Very Good Excellent
Salt Solutions Excellant " Excelient Excellent
Water  Excellent Excelfent

Excellent

TEMPERATURE RESISTANCE: (Non-lmmersion)
. Continuous: 250°F (121°C)
Non-continuous: 300°F {149°C)

At temperatures above 225°F, coating discoloration and loss
of gloss can be observed, without loss of ﬁlm integrity.

SUBSTRATES: Apply over suitably prepared metal, concrete,
"or other surfaces as racommended. -

"COMPATIELE COATINGS: May be applied directly over
inorganic zincs, weathersd galvanizing, spoxies, phenolics or
other coatings as recommended. A tast patch is recom-
mended before uss over existing coatings. A mist coat of
CARBOLINE 880 is required when applied over inorganic zincs
to minimize bubbling. May be topcoatsd with polyurethanes
or acrylics to upgrade weathering resistance. Not recommend-
ed over chlorinated rubber or latex coatings. Consult Carbo-
gne Technical Service Department for specific recomman-
ations. - .

June .96 Replaces December 85
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CARBOLINE 890
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CARBOLINE® 890

SPECIFICATION DATA

THEORETICAL SOLIDS CONTENT OF MIXED MAT\&;:nllAu-
) oluma
CARBOLINE 890 %’—s% £2%

VOLATILE ORGANIC CONTENT:*
As Supplied: 1.78 Ibs./gal. (214 grams/iter)

Thinned: )
Fluid Pounds/ Grams/

Thinner Ounces/Gal. Gallon Liter

2 8 2.08 250

2 13 2.26 2n

33 16 2.38 285

*Varies with color

RECOMMENDED DRY FILM THICKNESS PER COAT:

4-6 mils {100-150 microns).
6-8 mils (150-200 microns) DFT for a mare uniform gloss
over inorganic zincs, or for use over light rust.

In more severe environments a second coat of 4-6 mils (100-
150 microns) is recommended. .

Dry fim thickness in excess of 10 mils (250 microns) per
coat is not recommended. Excessive film thickness over
fnorganic zinc may increass damags during shipping or
erection. -
THEORETICAL COVERAGE PER MIXED GALLON:

1202 mil sq. ft. {30 sq. mA at 25 microns)

241 sqg. ft. at 5 mils {6.0 sq. mA at 125 microns)

Mixing and application losses will vary and must be taken into
consideration when estimating job requirements. -

STORAGE CONDITIONS: Store Indoors -
Temperature: 40-110°F (4-43°C) Humidity: 0-100%

SHELF LIFE: 36 months when stored et 75°F {24°C).

COLORS: Available in Carboline Color Chart colors. Some
colors may reguire two coats for adequate hiding.

GLOSS: High gloss {Epoxies loss gloss, discolor and eventual-
ly chalk in sunlight exposura). i

ORDERING INFORMATION

Prices may be obtained from your Cerboline Sales Representa-
tive or Carboline Customer Service Department.

APPROXIMATE SHIPPING WEIGHT:
' "2 Gal. Kit
29 ibs. (13 kg)

10 _Gal. Kit
125 Ibs. (66 kg)

THINNER #2 8 ibs. 39 Ibs,
. . {4 kg) (18 kg)
THINNER #33 9 Ibs. 45 Ibs.
(4 kgl {20 kg)
FLASH POINT: (Setafiash) o '
CARBOLINE 890 Part A 89°F {32°C)'

71°F (22°C)
24°F (-5C)
89°F (32°C)

CARBOLINE 890 Part B
THINNER #2
THINNER #33

To the best of our knowlodge the tachnical data contsined huan are true snd accurate st the date of lssusnce and ere subjoct to change without prior notice. User must contect

Carboline Company to verify correctness before specifying or ordering. No

n, 8re

Quarantes of acciracy is given or implied. We Quarantes our products to conform to Carboline quality

control. We sssume no responsibility for coverage, performance or injuries resulting frem use. Liability, if sny, is limited to replacement of prodi
subject to change without prior notice. NO OTHER WARRANTY OR GUARANTEE OF ANY KIND IS MADE BY CARBOLINE, EXPRESS OR IMPLIED, STATUTORY,

Prices and cost data, if

show|
BY OPERATION OF LAW, OR OTHERWISE, INCLUDING MERCHANTABILITY. AND FITNESS FOR A PARTICULAR PURPOSE.
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APPLICATIUNS INSIRUCIIONS
CARBOLINE® 890

These instructions ars not intended to show product recommendations for specific servics. They are Iszsusd as an aid in dstarmining comrect surfacs

preparation, mixing instructions and application procedurs. itis

SURFACE PREPARATION: Remove all cil or greass from
surface to ba costsd with Thinner #2 or Surfacs Cleanar #3
(refer to Surfacs Cleanar ¥#3 instructions) in accordance with
SSPC-SP 1. :

Steel: For mild snvironments Hand Tool or Powser Tool Clsan
in accordance with SSPC-SP 2, SSPC-SP 3 or SSPC-SP 11 to
producs a rust-scels frse surfaca.

For more severs snvironmants, sbrasive blast to a Commércial
Finish in accordance with SSPC-SP 6 and obtain a 1% - 3 mil
{40-75 micron) blast profile.

For immarsion service, abrasive blast to a Near Whita Metal
Finish in accordance with SSPC-SP10 and obtain a 1% - 3 mil
(40-75 micron)} blast profile.

Concrate: Must be cured st least 28 days at 70°F (21°C)
and 50% R.H. or sguivalant time. Remove fins and other
protrusions by stoning, sanding or grinding. Abrasiva blast to
open all surfacs voids and remove all form oils, incompatible
curing agents, hardensrs, laitance and other forsign matter
and produce a surface texture similsr to that of a medium grit
sandpaper. Voids: in the concrete may require surfacing.
Blow or vacuum off sand and dust.

MIXING: Power mix separately, then combins and power mix
in the following proportions:

2 Gal, Gt 10 Gal. Kit
CARBOLINE 830 Part A 1 gallon 5 gallons
CARBOLINE 830 Part B 1 galion 5 gallons

THINNING: For spray applications, may be thinned up to 13
oz./gal. with Thinner #2. For hot and windy conditions, or for
brush and roller application, may be thinned up to 16 oz./gal.
with Thinner #33. :

Use of thinners other than thoss supplied or approved by
Carboline may advarsaly affect product performance and void
product warranty, whethar sxpress or implied.

POT LIFE: Three hours at 75°F (24°C) and less at higher
temperatures. Pot life ends when material loses film build.

APPLICATION CONDITIONS:

Matesial Surfaces Amblent Humidity
Normal 60-85°F 60-85F &0-80°F 0-80%
{16-29C) (16-29°C} {16-32°C)
Minimum  50°F (10°C) SO°F (10°C) S0°F {10°C) 0%
Maximum 90°F (32°C} 125°F (52°C} 10°F {43°C) 90%

Do not apply or cure the material when the surfacs tempera-
ture is less than 5°F or 3°C abovs the dew point.

Special thinning and application techniques may be required
above or below normal conditions.

SPRAY: This is a high solids coating and may require slight
adjustments in spray techniques. Wet film thicknesses are
easily and quickly achieved. The following spray squipment
has been found suitables and is available from manufacturars
such as Binks, DeVilbiss and Graco.

Conventional:  Pressurs pot equipped with dual reguiators,
3/8" 1.D. minimum materal hose, .070" L.D. fluid tip and
appropriate air cap.

June 38 Replaces December 95

d that the proper product recommendations have been made. Thesa instructions
should be followed closely to obtain the maximum service from the materials.

Airlegs:

Pump Ratio: 30:1 {min.)*
GPM Output: 3.0 (min.}
Material Hose: 3/8" L.D. {min.)
Tip Size: .017-.021"
Output psiz 2100-2300
Filtsr Size: 60 mesh

*Teflon packings ara reacommendsd and ars available from the
pump manufacturer.

BRUSH OR ROLLER: Use medium bristls brush, or pood
quality short nap roller. Avoid excessive rebrushing and
rerolling. Two coats may ba required to obtain desired appaar-
ance, hiding and recommendad DFT. For best results, tis-in
within 10 minutes at 75°F (24°C).

DRYING TIMES: Thess times are bassd on a 5 mils (125
microns) dry film thickness. Higher film thicknesses, insuffi-
cisnt ventilation or cooler temperstures will raquire longer cure
;iq'xes and could result in solvant entrapment and prematurs
ailurs. -

Dry to Touch 2 1/2 hours at 75°F (24°C)
Dry 1o Handle 8§ 1/2 hours at 75°F {24°C)

Surface Racoating Dry to
JTemparatura  With heelf Topcoat al Cure
50°F (10°C) 12 hours 24 hours 3 days
80°F {16°C) 8 hours 18 hours 2 days
75°F {24°C) 4 hours 8 hours 1 day
90°F (32°C) 2 hours 4 hours 16 hours

Excessive humidity or condensation on the surface during
curing can interfers with the curs, can cause discoloration and
may result in 8 surface haze or blush. Any haze or blush
must be removed by water washing bafore recoating. During
high humidity conditions, it is recommended that the spplica-
tion bes done while temperatures are increasing. For best
results over “damp” surfaces, apply by brush or roller.

Maximum Recoat or Topcoat Times at 75 °F (24°C):

With Epoxies - 30 days
With Polyursthanes - S0 days

if the maximum recoat time has been sxceeded, surface must
be abraded by sweep blasting prior to tha application of any
additional coats.

Minimurmn cure time bsfors immersion service is 5 days at
75°F (24°C) surface temparaturs. Curs st tamperatures below
BO°F {16°C) is not recommended for immersion service.

VENTILATION & SAFETY: WARNING: VAPORS MAY CAUSE
EXPLOSION. When usad as a tank lining or in enclosed arsas,
thorough air circulation must ba used during and after applica-
tion until the coating is cured. The ventilation systern should
be capable of preventing ths solvant vapar concentration from
reaching the lower explosion limit for the solvents used. In
addition to ensuring proper. ventilation, frash air respirators or
fresh air hoods must bs used by all application personnel.
Whera flammabls solvents exist, sxplosion-proof lighting must
be used. Hypsrsensitivs persons should wear clean, protec-
tive clothing, gloves and/or protective -cream on face, hands
and all exposed areas.

CLEANUP: Uss Thinner # 2.

CAUTION: READ AND FOLLOW ALL CAUTION STATEMENTS
ON THIS PRODUCT DATA SHEET AND ON THE MATERIAL
SAFETY DATA SHEET FOR THIS PRODUCT.

CAUTION: CONTAINS FLAMMABLE SOLVENTS. XEEP AWAY FROM SPARKS AND OPEN FLAMES. IN CONFINED AREAS, WORKMEN MUST WEAR
FRESH AIRLINE RESPIRATORS. HYPERSENSITIVE PERSONS SHOULD WEAR GLOVES OR USE PROTECTIVE CREAM. ALL ELECTRIC EQUIPMENT AND
INSTALLATIONS SHOULD BE MADE AND GROUNDED IN ACCORDANCE WITH THE NATIONAL ELECTRICAL CODE. IN AREAS WHERE EXPLOSION
HAZARDS EXIST, WORKMEN SHOULD BE REQUIRED TO USE NONFERROUS TOOLS AND TO WEAR CONDUCTIVE AND NONSPARKING SHOES.
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FELPRO"

< ~ | Technical Bulletin

N-5000 NICKEL BASED - NUCLEAR GRADE ANTI-SEIZE LUBRICANT

N-5000 is a nickel based nuclear grade anti-seize

lubricant produced under 100% controlied conditions for Recommended applications:
highest purity and traceability. It is formulated to have s Bolts, studs, valves, pipe fittings, slip fits and press
the lowest practical levels of halogens, sulfur, and heavy fits in electric power generating plants, chemical
metals, including copper. N-5000 has a general plants, pharmaceutical plants, paper mills, and other
composition of nickel and graphite fiake in petroleum ’ locations where stainless steel fasteners are used.
carrier. All ingredients are selected for extreme purity. It
meets or exceeds the following specifications, appendix Operational Benefits:
A of NEDE-31295P, "BWR Operator's Manual for « Before assembly - certifications and traceability.
Materials and Processes", Westinghouse Material « During assembly - prevents high friction, galling,
Specification 53701WQ, and 10CFR Ch1, Part 21, and ¢ and seizing. Promotes uniform and predictable
Part 50, appendix B. clamping.

¢ During operation - high punty prevents stress
Special Features: corrosion.
o High purity- made from highest purity ingredients. s Disassembly - prevents seizing, galling,
e Traceability- each can marked. destruction of threads. -

Free from copper- less than 50 ppm copper.
\__~ TVesting- each batch tested before packaging.
o Certifications- 3 copies with each case.

T p!cal Physical Properties:
T S e e e e S R e S N ke e P hite Y R EE o SRR &

Sllver-Gray paste

Apearance

SR RANGEOIS ey

300 - 380
Purity:
Impurities - Elemental Test Method Type References Controlled - Average Values
and Combined ASTM OR (SM1B) Maximum
———-————-—"—. = e Y Ty vy 12 oy (S s | 9 S 3 PES

,_ ‘4‘ 5 ‘..‘ ,,
Parr Bomb Spec:ﬁc ION 03761-84
Electrode

Fluonne

O S S BT PRI B O mb SR DG METIC i S D2 O A D B0y ?“ﬁf_’ﬁgmﬁp‘_g;_pﬁjj AT ,'; ’*m“wﬁ;‘ ¢
l.ead ] Wet Dlges’aon AAS ’ (3020) D3559-84 ) 25p m
(3020) E37-75 25 m 9 ppm
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Directions for use:

s Before or during assembly, wipe brush onto threads
and other joint surfaces needing protection.

o Do not overuse, as excess will be pushed off.

» Use full strength, do not thin.

Packaging

51243 8 oz. (227 g) Can-brush top 12 9 b. (4. Kg )

51245 8 Ib. (3.6 kg) Can 2 18 Ib. (8. Kg.)
51246 21b. (208 g) Can 12 29 Ib. (13. Kg.)
51269 1 Ib. (454 g) Can-brush top 12 16 1b. (7. Kg.)
51346 10z (28 g) Tube 48 61b. (2.7 Kg.)

N-5000 has an unlimited shelf life when stored at room
temperature in the original unopened container.

FOR INDUSTRIAL USE ONLY.

WASH THOROUGHLY AFTER HANDLING.

KEEP OUT OF REACH OF CHILDREN.

SEE MATERIAL SAFETY DATA For immediate answers

to your technical questions, in the United States or Canada

ull the Technical Support Line at 1-800-392-9739.
‘nternational customers call (303) 289-5651, or fax (303)
89-5283

For a Material Safety Data Sheet or Technical Bulletin on
this or any Fel-Pro product call our foll-iree FAX FOR THE
INFO line 24 hours a day, 7 days a week, in the United
States or Canada call 800-583-3069. International
customers calf (303) 289-5651 or fax

(303) 289-5283.

Except as expressly stipulated, Fel-Pro's liability,
expressed or implied, is limited to the stated selling price .
of any defective goods.

N-5000 8/97

FEL-PRO CHEMICAL PRODUCTS, L.P.

Fal-Pro el-Pro of Canada, Lid Fal-Pro Ltd,
6120 E. 58th Ave 4

Fal-Pro

U1ZW Ttllhl{AVI. hiveo S'IOS Kastral Road NW Way
LMM Commarce Cly, ississauga, Ontario orth Newmoor, lrvine
60645 U.S. 80022 U.SA L5T 18 Canada KA11 4JU Scotland
847-568-2820 800-592-9793 905-564-1530 44-1234-215054

Fax 847-574-0019 Fax 303-289-5283  Fax 905-564-1534 Fax 44-1294-218157

Fel-Pro Chamical Products Latin America LP.

Fel-Pro Chamical Products, Chile S.A

Bedega No. 12, Zona Franca Palmaseca Av. Pctte_ Eduardo Frai M. 9231 Omﬁun
Aaropuem Intemacional Bonilta Aragon Casﬂh {P.O. Box) 14325

S 3aat 1108 - e e '

57-2: 1168 56-2 18

Fax 57 2-851 -1179 Fax 56-2-623-2569
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Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053

Telephone (609) 797-0900
Fax (609) 797-0909

BY FAX AND FEDEX

January 15, 1999

Mr. Mark S, Delligatti

» Senior Project Manager

Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike

Rockville, MD 20852

Subject: USNRC Docket No. 71-9261
HI-STAR 100 Safety Analysis Report, TAC No. L22085
Comment Resolution Létter A

References: 1. Holtec Project No. 5014

2. Meeting Between NRC/SFPO and Holtec International held January 13, 1999

Dear Mr. Delligatti,

We are pleased to note that the Spent Fuel Project Office (SFPO) staff has completed it
acceptance review of Revision 7 of Holtec International’s Safety Analysis Report (SAR)
submitted in support of our application for a 10CFR71 Certificate of Compliance (CoC) for the
HI-STAR 100 System. This Comment Resolution Letter (CRL), first in the expected series of
letters to document the responses to the SFPO’s questions in an expedited and interactive mode,
provides a synopsis of the January 13, 1999 meeting commitments. The SFPO’s requests and
Holtec’s commitments thereto are listed below by reference to the appropriate SAR Chapters.

Chapter 1 — General Information

A.1.1 Fuel data in Tables 1.2.10 and 1.2.11 must be reviewed for consistency with HI-STAR
storage Technical Specification Tables 2.1-2 and 2.1-3. Examples of differences include
the absence of maximum planar average enrichments limits in SAR Table 1.2.1 and the
U-235 mass for BWR assembly array/class 6X6C fuel is different.

Commitment

SAR Tables 1.2.10 and 1.2.11 will be reviewed against the HI-STAR storage technical
specifications and appropriate corrections will be made. Draft Revision 8 SAR pages
will be provided to the NRC by February 1, 1999.
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A.1.2 Throughout the SAR, reference is made to NUREG-1536. The correct Standard Review
plan to reference for transportation is draft NUREG-1617.

Commitment

Holtec will thoroughly review all chapters of the SAR for references to NUREG-1536. If
the reference is correct in context for the dual purpose system, it may be left in the SAR
with an additional entry made to provide the appropriate reference to draft NUREG-1617.
These changes will be incorporated in Revision 8 of the SAR, to be submitted to the NRC
by Febmary 22, 1999.

, A.1.3 Several drawings included with SAR Revision 7 are a different revision level than those in
N Revision 9 of the HI-STAR 100 TSAR. -

Commitment and Comment

The drawing revisions in Revision 8 of the SAR are comrect. A small number of HI-STAR
100 drawings have.been revised since the submittal of-Revision 8. of the HI-STAR 100
TSAR in August, 1998. These revisions were made to incorporate lessons learned from
the HI-STAR 100 prototype fabrication, clarify 2 number of Bill-of-Material items, and to
reflect the current weld inspection requirements for the MPC lid-to-shell weld (i.e.,
allowing a multi-layer PT examination in lieu of volumetric examination). Upon receipt
of the HI-STAR 100 storage CoC, Holtec will submit a conforming revision to the TSAR
which will include updating any drawings affected by these revisions. This TSAR
revision will be submitted within 90 days of receipt of the HI-STAR 100 storage CoC.
Additionally, a list of the differences between the drawings in the HI-STAR TSAR and the
HI-STAR SAR will be provided in a comment resolution letter to be submitted by
February 8, 1999.

A.1.4 Table 1.2.1 lists the maximum weight of a loaded HI-STAR 100 as 254,617 lbs. This is
greater than the design load for the overpack’s lifting trunnions. Please clarify how the
general licensees are to ensure the trunnions are -not loaded beyond their design limit
when lifting a loaded HI-STAR during any phase of loading operations.
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Commitment

A review of this SAR table revealed that 3,600 Ibs of the total weight is from the lift rig
itself. While the lift rig weight may be subtracted from the load on the trunnions, the
user’s crane will be required to have the capacity to lift the rigging as well as the loaded
HI-STAR. Holtec will review SAR Chapters 1 and 2 and the operating procedures in
SAR Chapter 7 to ensure appropriate guidance is provided to licensees to ensure neither
the HI-STAR trunnions nor the cranes lifting the HI-STAR are loaded beyond their
design capacity. Draft Revision 8 of SAR Table 1.2.1 and other affected SAR sections
will be provided to the NRC by February 3, 1999.

A.1.5 In Table 1.3.3, specify the surface preservative to be authorized for use as a corrosion
inhibitor between the averpack intermediate shells.
Commitment
The requested information will be provided. Draft Revision 8 SAR pages will be
submitted to the NRC-by February 3, 1999.

A.1.6 On SAR page 1.2-20, the description of the mesh size for the screen in the Damaged Fuel
Container is inconsistent with the Bill-of-Material.
Commitment
The SAR text will be revised to match the Bill-of-Material. Draft Revision 8 SAR pages
will be submitted to the NRC by February 3, 1999.

A.1.7 Drawing 1765, Sheet 6 shows the nominal impact limiter crush strengths. Holtec needs to
ensure the nominal crush strength, including tolerances does not cause make the impact
limiter crush strength to exceed the values used in the % scale drop tests.

Commitment

Nominal values of impact limiter crush strength (F:) will be specified in Drawing 1765
such that the range of F. (sum of nominal plus tolerance) will not exceed the actual
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values of F. used in the % scale drop tests. Draft Revision 8 SAR pages and draft
drawings changes will be submitted to the NRC by February 3, 1999.

A.1.8 On SAR page 1.3-1, the MPC lid-to-shell weld inspection specifies that sufficient
intermediate layers are to be inspected by liquid penetrant (PT) examination to detect
critical weld flaws. Specify the critical weld flaw size and the required number of weld
passes to be inspected by the PT method. :

Commitment

See the commitment under item A.2.6.

\’/ Chagter 2 Structural Evaluatlon
A21 Some allowable stresses in SAR Tables 2.1.3, 2.1.11, and 2.1.12 exceed the ultimate
stresses for the materials. The SAR needs to be reviewed and revised where appropriate

to_ensure the stress criteria of Regulatory. Guide. (RG) 7.6 are met. and.all loading
combinations of RG 7.8 have been considered.

Commitment

The SAR tables were reviewed with the NRC reviewer at the January 13, 1999 meeting
and all stresses were found to be below the ultimate stresses for the material. No further
action is required. Chapter 2 of the SAR will be reviewed against RG 7.6 and 7.8 to
ensure the appropriate stress limits and loading combinations have been used in the HI-
STAR 100 structural analyses. The revised SAR will make explicit commitments to Reg.
Guide 7.6 for the containment boundary and document compliance with the stress limits
and brittle fracture criteria therein. The adherence of the SAR to Reg. Guide 7.8 load

- combinations will be documented in the revised SAR with sufficient explanatory material
to demonstrate explicit compliance. Draft Revision 8 SAR pages will be submitted to the
NRC by February 3, 1999.

“—" A22 The outer two shells of the HI-STAR 100 overpack provide protection for the containment

boundary. As such, these two shells should meet the criteria of ASME, SCCIJOII I,
Subsection NF, Class 1 rather than Class 3.
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Commitment

The two outermost intermediate shells (which are welded with single bevel full
penetration weld), shall meet the stress intensity limits and brittle fracture criteria for
Section III, Subsection NF, Class 1 plate and shell structures. Affected pages of the SAR
will be revised. Draft Revision 8 SAR pages will be submitted to the NRC by February 3,
1999.

A.2.3 Figure 2.1.10 does not contain sufficient information describing how the loads are applied
for the CG-over-corner drop analysis. Details are needed on loads, load application, and
resultant stresses for the HI-STAR 100 structural components. (MPC shell and baseplate -
and the overpack forgings, endplates, bolts, etc).

Commitment

A complete stress analysis of the HI-STAR 100 overpack under the C.G.-Over-Comer
drop scenario will be presented in the SAR. The maximum values of primary, membrane,
local membrane, and primary bending stress intensities in the overpack will be
summarized in the SAR. The axial stress in the lid bolts will be shown to remain below
the bolt material’s nominal yield strength. Draft Revision 8 SAR pages will be submitted
to the NRC by February 3, 1999. '

A.2.4 More information is required on the applied load distributions for side drop analyses.
Commitment
The presentation of the result of the side drop analyses in the SAR will be reviewed and

changes made where necessary to add additional information. Draft Revision 8 SAR pages
will be submitted to the NRC by February 3, 1999.
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A.2.5 The justification for not analyzing the oblique drop is inadequate.
Commitment

The value of the peak deceleration (amax) s a function of the oblique drop angle will be
computed at 15° intervals up to the C.G.-Over-Corner orientation. The maximum
predicted value of the ay,, from the parametric study shall be used in the stress analysis of
item A.2.3 above to bound all oblique drop scenarios. Draft Revision 8 SAR pages will
be submitted to the NRC by February 5, 1999.

A.2.6 Figures 2.H.5.14 through 2.H.5.21 in Appendix 2.H showing the drop test data are not in
the appropriate time scale to show the data necessary for evaluatmg the drop test. The
N time scale should be of shorter duration.

.éommitment
Acceleration test data shall be re-plotted to improve its readability during the time when

the impact load is maximum (before its sharp attenuation).. Draft. Revision 8 SAR pages
will be submitted to the NRC by February 3, 1999.

A.2.7 The abtual location of the accelerometer placement on the overpack % scale model needs
to be provided. The filtered data should be superimposed over the unfiltered data.
Commitment
The precise locations of accelerometers will be shown in Appendix 2.H of the SAR. The

filtered and unfiltered data will be superimposed on the same plot. Draft Revision 8 SAR
pages will be submitted to the NRC by February 3, 1999.

A.2.8 The sensitivity of the test data to filter frequency should be determined for the end drop.
A minimum filter frequency of 500 Hz or the preferred filter of 550 Hz should be used.
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Commitment

Filtering will be performed at 550 Hz for the case of the end drop to evaluate the
sensitivity of the predicted peak acceleration to the filter frequency. Draft Revision 8
SAR pages will be submiited to the NRC by February 3, 1999.

A.2.9 The critical flaw size for the MPC lid-to-shell weld must be defined. A fracture
mechanics analysis would be acceptable.

Comaiitment

A computation for the acceptable crack flaw size in the MPC lid weld will be prepared
which determines the critical flaw size -and number of passes for the multi-layer PT
examination of the weld. A telephone call with the reviewer will be required to discuss
the approach to such an analysis considering the material under consideration is stainless
steel. The calculation and appropriate draft revisions to the SAR text will be submitted to
the NRC by February 10, 1999.

A.2.10 The thermal stresses for a transient condition where a cask at steady state conditions is
moved to a relatively cold ambient location should be analyzed.

Commitment

An integrity evaluation of the containment boundary under the postulate of a sudden drop
in the ambient temperature (e.g., from 100°F to -40°F in one hour) will be performed.
The thermal stresses in the containment boundary will be shown to not exceed Level A
service limits for Section III Class 1 components. Appropnate revisions to the SAR text
will be submitted to the NRC by February 10, 1999.

Chapter 3 — Thermal Evaluation

A.3.1 In a fire accident, the Holtite-A will overheat. The offgassing created by the overheating
of the neutron shield material needs to be addressed. (This may affect the structural
chapter also).
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Commitment

The HI-STAR 100 overpack is eqiﬁppcd with two rupture disks to relieve any internal
pressure above the set limit. The text of SAR Chapters 2 and 3 will be revised to address
this issue. Draft Revision 8 SAR pages will be submitted to the NRC by February 8,
1999.

A.3.2 Provide a summary of cask hot normal transportation condition temperatures afier
eliminating credit for the “Rayleigh Effect” (Nussault Number) in the MPC basket
periphery. '

Commitment

The analysis will be performed as requested and the results provided to the NRC in a
comment resolution letter by February 8, 1999.

A.3.3 Provide clarification in the SAR as to the fraction of heat transmitted from the. overpack
through the top and bottom.

Commitment

The HI-STAR 100 thermal model takes no credit for heat transfer through the overpack
impact limiters. The SAR text will be reviewed and clarification provided. Draft
Revision 8 SAR pages will be submitted to the NRC by February 8, 1999.

A34 What is the maximum ferperature of the accessible surfaces of the casks?
10CFR71.43(g) requires the maximum temperature at all accessible surfaces of the
package to be less than 185° F.

Commitment

Access to the sides of the HI-STAR 100 overpack is restricted through the use of a
~ personnel barrier. Access is possible to the impact limiters at the top and bottom of the
cask. A specific analysis will be run to determine the impact limiter surface temperature
by allowing heat transfer through the top and bottom of the cask. The text of the SAR
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will be revised to include this information. Draft Revision 8 SAR pages will be
submitted to the NRC by February 8, 1999.

A.3.5 EPRI Report TR-106440 should be used for the short term fuel cladding temperature limit
for stainless steel clad fuel as the basis.
Commitment
SAR Chapters 2 and 3 will be changed to incorporate this reference and the new

temperature limit. Draft Revision 8 SAR pages will be submitted to the NRC by February
8, 1999.

A.3.6 The pressure value tables need to be revised to include the average bulk gas temperatures
used in the pressure calculation.
Commitment
The requested information will be provided. Draft Revision 8 SAR pages will be
submitted to the NRC by February 3, 1999. .

Chapter 4 — Containment

A.41 The SAR text references the 1987 edition of ANSI N 14.5. This should be the 1997
edition.

Commitment

The 1997 edition was used. Draft Revision 8 of the HI-STAR SAR pages are provided in
Attachment 2 to this letter.

A.4.2 In section 4.1.5, the description of fuel debris should be revised to match that used in the
HI-STAR 100 storage Technical Specifications. '
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Commitment

The SAR will be revised to be consistent with the HI-STAR 100 storage Technical
Specifications. Draft Revision 8 SAR pages are provided in Attachment 2 to this letter.
A.43 On SAR page 4.1-5, the descﬁption of the mesh size for the screen in the Damaged Fuel
Container is inconsistent with the Bill-of-Material.
Commitment
The SAR text will be revised to match the Bill-of-Material. Draft Revision 8 SAR pages
will be submitted to the NRC by February 3, 1999.

bhapter 5 — Shielding Evaluation

A5.1 Provide the coordinates and dlmensmns of the dose point locations depicted in Fxgures
5.1.1and 5.1.2. -

Commitment

The coordinates and dimensions of the dose point locations for the shielding model used
in SAR Chapter 5 are provided in Attachment 1 to this letter.

AS52 Provide a calculation showing the azimuthal variation in dose rate around the
circumference of the cask on contact and at 2 meters to account for the fact that the fuel
basket is not cylindrical.

Commitment

The calculation will be provided to the NRC by close of business January 20, 1999.
Draft Revision 8 SAR pages will be submitted to the NRC by February 3, 1999.
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A.5.3 Demonstrate that gamma source term energies outside of the range of 0.7 to 3.0 MeV do
not add a significant contribution to the total dose rate. Address the full range of cooling
times.

Commitment

The calculation will be provided to the NRC by close of business January 20, 1999.
Draft Revision 8 SAR pages will be submitted to the NRC by February 3, 1999.

A.5.4 Provide dose rate values for 11, 13, and 14 years cooling time in Chapter 5 for the MPC-
24 and MPC-68.

Commitment

Chapter 5 will be revised to add dose rates for the additional cooling times shown in SAR
Chapter 1 for the MPC-24 and MPC-68. Draft Revision 8 SAR pages will be submitted to
the NRC by January 27, 1999.

A.5.5 Describe how the impact limiters were modeled in the shielding analyses. The text on the
top of SAR page 5.3-1 appears to conflict with the text on page 5.3-2.

Commitment

The SAR text will be clarified to accurately describe the modeling of the impact limiters
for both normal and accident conditions. Draft Revision 8 SAR pages will be submitted to
the NRC by February 3, 1999.

A.5.6 Itis not clear from SAR Figure 5.3.10 and the text of Section 5.3 which types of steel
make up which portions of the model.
Commitment
The figure and text will be reviewed and clarified as necessary to clearly describe the

steel types assumed in the model. Draft Revision 8 SAR pages will be submitted to the
NRC by February 3, 1999.
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A.5.7 The dose rate at the pocket trunnions in Table 5.4.15 is above 10 mrem/hr.
‘Commitment

The dose rate at this point will be re-analyzed. The modeling assumptions will be

discussed with the NRC reviewer before the amalysis is performed. A proposed

refinement in the calculations will be provided in 2 Comment Resolution Letter by

January 20, 1999. A conference call will be held to discuss this issue with the reviewer

by January 21, 1999. Upon agreement on the assumptions from the conference call, the

calculation will be performed and the results transmitted to the NRC by January 25,
- 1999. Draft Revision 8 SAR pages will be submitted to the NRC February 3, 1999.

.~ A.S5.8 Provide a discussion of the dose rate gradient an the surface of the overpack at dose
location 3.
Commitment
The discussion will be provided in-a Comment Resolution Letter by January 20, 1999. A

conference call will be held to discuss this issue with the reviewer by January 21, 1999.
Changes to the SAR, if necessary will be provided by February 3, 1999. -

Chapter 6 — Criticality Evaluation

A6.1 SAR Section 6.1 needs to clearly summarize the maximum k.¢ considering all biases and
uncertainties from the calculations used to demonstrate compliance with Part 71
(71.55(b), (d), and (e) and 71.59(a).1 and (2).2). Refer to NUREG 1617, Section 6.5.1.3.

Commitment
The requested. information will be provided. Draft Revision 8 SAR pages will be
submitted to the NRC by January 27, 1999.

“— A.6.2 The single package evaluation in SAR section 6.4.2.1.1 needs to be revised to show a
single package is subcritical when the 2 % in inner shell is closely and fully reflected by
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water or justify that the reflection provided by the surrounding 6 inches of steel is greater
than or equivalent to water.

Commitment
The requested information will be provided. Draft Revision 8 SAR pages will be
submitted to the NRC by January 27, 1999.

A.6.3 Remove the suggestion in SAR page 6.1-5 that flooding or reflection with unborated
water is a conservatism.
Commitment
The requested information will be provided. Draft Revision 8 SAR pages will be
submitted to the NRC by January 27, 1999.

Chapter 7 — Operating Procedures

A.7.1 The operating procedures don’t appear to address the items required to be verified per
10CFR71.87 prior to shipment. In particular, 10CFR71.87(g) requires verification that
the neutron absorber is present and in proper condition. Note that both immediate
shipment and shipment after some time in storage need to be addressed with unique
requirements for shipment after storage clearly described.

Commitment

The requested information will be provided. Draft Revision 8 SAR pages will be
submitted to the NRC by February 5, 1999.

A.7.2 There is no recognition in the operating procedures that the package may be shipped after
some time in storage. Consider what extra steps are needed if shipping takes place after
the package is in storage for some period of time (e.g., leakage testing requirements for
the MPC-68F)
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Commitment

The requested information will be provided. Draft Revision 8 SAR pages will be
submitted to the NRC by February 5, 1999.

A.7.3 Step 25.k of the operating procedures needs to specify tile minimum number of multi-
‘layer PT exams required based on the minimum flaw size calculated.

Commitment
The requested information will be provided based on the results of item A.2.6 above.
Draft Revision 8 SAR pages will be submitted to the NRC by February 10, 1999.

‘A.7.4 The warning at step 12 in Section 7.1.5 needs to be clarified to address the maximum

trunnion loading issue (see item A.1.4).

Commitment

The operating procedures will be revised appropriately to address this issue based on the
response to item A.1.4. Draft Revision 8 SAR pages will be submitted to the NRC by
Februnary 5, 1999.

A.7.5 Step 26.k in the operating ptoccdures should be revised to mclude PT as an addmonal test
to be re-performed after a weld is repaired.

Commitment

The requested information will be provided. Draft Revision 8 SAR pages will be
submitted to the NRC by February 5, 1999.
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Chapter 8 — Acceptance Criteria and Maintenance Program

AB8.1

AB.2

AB83

Section 8.1.1.1, item 3 needs to specify the critical flaw size.

Commitment

The requested information will be provided based on the results of item A.2.6 above.
Draft Revision 8 SAR pages will be submitted to the NRC by February 10, 1999.

The text of Section 8.1.2.1 may be affected by the resolution of the trunnion loading issue
(item A.1.4).

Commitment

The Chapter 8 SAR text will be revised as necessary to address this issue based on the
response to item A.1.4. If revisions are necessary, draft Revision 8 SAR pages, will be
submitted to the NRC by February 3, 1999.

Table 8.1.3 may need revision to specify the number of intermediate PTs required for the
multi-layer PT examinations.

Response

Table 8.3.1 is a summary of the required NDE inspections showing the applicable Code
requirements. A more appropriate location for this information is Section 8.1.1.1, item 3.
The affected text will be revised based on the results of item A.2.6. Draft Revision 8 SAR
pages will be submitted to the NRC by February 10, 1999.

If you have any questions or comments, please contact us.

Sincerely,

ORGINAL S16MED (3¢ BG

Bernard Gilligan
Project Manager, HI-STAR/HI-STORM Licensing
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January 16, 1999

Mr. Mark S. Delligatti

Senior Project Manager

Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike

Rockville, MD 20852

Subject: USNRC Docket No. 71-9261
HI-STAR 100 Safety Analysis Report, TAC No. 1L.22085
Comment Resolution Letter A (errata)

References: 1. Holtec Project No. 5014

2. Letter, B. Gilligan, Holtec to M. Delligatti, NRC dated January 15, 1999,
Document ID 5014251

N
Dear Mr. Delligatti,

Upor reviewing the above-referenced letter to the NRC regarding HI-STAR 100 commitments,
we have discovered an editorial error for which a correction is provided here. Commitments
A.7.3, A8.1, and A.8.3 cross-reference an incorrect commitment number from Chapter 2. Each
of these commitments should cross-reference Commitment A.2.9, not A.2.6. Attached are
markups of the affected pages from the Reference 2 letter showing the correct cross-reference.
We regret any inconvenience this error may have caused.

If you have any qﬁestions or comments, please contact us.

Sincerely,

o
Brian Gutherman
Licensing Manager

cc:  B. Gilligan
S. Agace
_Jocument I.D.: 5014252

Attachment: Corrected pages from Holtec Letter of January 15, 1999 (Document ID 5014251)
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January 20, 1999

Mr. Mark S. Delligatti

Senior Project Manager

Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission

11555 Rockville Pike

Rockville, MD 20852

Subject: USNRC Docket No. 71-9261 o | _
HI-STAR 100 Safety Analysis Report, TAC No. L22085 -
Comment Resolution Letter B
References: 1. Holtec Project No. 5014
2. Comment Resolution Letter A from Holtec to NRC dated January 15, 1999
3. Errata to Comment Resolution Letter A, dated January 16, 1999
Dear Mr. Delligatti,
The purpose of this letter is to provide information in accordance with commitments A.2.9,
A.5.2, A.5.3, A5.7, and A.5.8 cited in Comment Resotution Letter (CRL) A (Reference 2). In
addition, this CRL documents addmonal questlons and commitments recently discussed with the
Spent Fuel Project Office staff. - :
Commitment A.2.9
A position paper describing the proposed Holtec methodology for determining the critical
weld flaw size in the MPC lid-to-shell weld and the results are provided as Attachment 1
to this letter.
Commitment A 5.2

The calculation of the azimuthal variation in dose rate is provided in Attachment 2 to this
letter.
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Commitment A.5.3

The evaluation of gamma source energies outside the range of 0.7 MeV to 3.0 MeV is
provided in Attachment 2 to this letter.

Commitment A.5.7

A description of the proposed refinement of the calculation of the dose rate at the pocket
trunnions is provided in Attachment 2 to this letter.

Commitment A.5.8

A discussion of the dose rate gradient at the surface of the overpack at dose location 3 is
provided in Attachment 2 to this letter.

As requested in our Reference 2 letter, Holtec wishes to discuss the shielding information
provided herein with the SFPO staff reviewer before completing the resolution of these
comments. A conference call as soon as possible would be appreciated. ’

NEW ITEMS

General: In the Reference 3 letter, three examples of an incorrect cross-reference in the
Reference 2 letter were identified. Upon further review, one additional example of
the same erroneous cross-reference was discovered. Commitment A.1.8 incorrectly
references Commitment A.2.6. This cross-reference should be A.2.9.

B.1.1 The footnote marker in the “BWR” column, “Design Temperature” row of Table 1.23
should be a double dagger, not a triple dagger.

Commitment

This item will be corrected and submitted with Revision 8 of the SAR to be submitted to
the NRC by February 22, 1999.
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B.2.1 Provide additional information ip the Safety Analysis report (SAR) to verify compliance

B.2.1

with 10CFR71.45(a) and 10CFR71.45(b)(3) regarding the design of lifting attachments
and tie-down devices under excessive loads.

Commitment
Additional information will be added to the SAR to demonstrate compliance with the cited

regulations. Draft Revision 8 SAR pages will be submitted to the NRC by February 3,
1999.

Provide additional information is the SAR Section 2.52.7.3 to clarify the loading,
boundary conditions, and stress distribution for the pocket trunnion rccess (refer to
drawing 1399, Sheet 3)

Commitment

Additional information will be added to the SAR to clarify the information as requested.
Draft Revision 8 SAR pages will be submitted to the NRC by Febxuary 3, 1999.

If you have any questions or comments, please contact us.

Sincerely,

Bernard Gilligan
Project Manager, HI-STAR/HI-STORM Licensing

Document 1.D.: 5014253

Attachments: 1. Holtec International Proprictary Position Paper DS-213, “Acceptable Flaw Size

in MPC Lid-to-Shell Welds™.
2. Shielding Information Related to Commitments A.5.2, A.5.3, A5.7,and A.5.8

3. Afhdavit Pursuant io 10CFR2.790

ettt e - e s e oo



Mr. Mark Delligatti

U. S. Nuclear Regulatory Commission

January 20, 1999
Page 4 of 4

Approvals:

Nj@, For. Pamnd JuTheqcmp

J X Rtiveb

Brian Gutherman
Licensing Manager

Technical Concurrence:
Dr. Everett Redmond (Shielding)

Dr. Alan Soler (Structural Analysis)

Distribution :

Project

Mr. David Bland
M. J. Nathan Leech
Mr. Bruce Patton
Dr. Max DeLong
Mr. Rodney Pickard
Mr. Ken Phy

Mr. David Larkin
Mr. Eric Meils

Mr. Paul Plante

Mr. Stan Miller
Mr. Jim Clark

Mr. Ray Kellar

K'P. Singh, Ph.D.

President and CEO.

A

tili

‘Southern Nuclear Operating Company

Commonwealth Edison’
Pacific Gas & Electric Co.
Private Fuel Storage, LLC
American Electric Power

New York Power Authority
'Washington Public Power Supply System

Wisconsin Electric Power Company

Maine Yankee Atomic Power Company
Vermont Yankee Corporation

Southern California Edison

Entergy Operations ~ Arkansas Nuclear One

(U oo

'ﬂoltéc Project

71188
50438
71178
70651

- 70851

80518



c

. . . Hoitec Center, 555 Lincoln Drive West, Marlton, NJj 08053

O Telephone (609) 797-0900
Fax (609) 797-0909

INTERNATIONAL
BY FAX AND OVERNIGH!‘ MAIT,
January 22, 1999
Mr. Mark S. Delligatti
Senior Project Manager

Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike '

Rockville, MD 20852

Subject: - USNRC Docket No. 71-9261
HI-STAR 100 Safety Analysis Report, TAC No. 1.22085
Comment Resolution Letter C

References: 1. Holtec Project No. 5014
2. Phone Calls Between SFPO Staff and Holtec, held Jannary 21 and 22, 1999
3. Comment Resolution Letter A, dated January‘ 15,1999 .
4. Comment Resolution Letter B, dated January 15,.1999'

Dear Mr. Delligatti,

The purpose of this letter is to document questions from the Spent Fuel Project Office staff
regarding the Holtec HI-STAR 100 System Safety Analysis Report (SAR) and Holtec’s
commitments to respond to those questions. These questions were received over the course of
several telephone calls held January 21 and 22, 1999. The submittal dates for Commitment
C.53 in this letter snpersede the draft SAR page submittal dates for Commitments A.5.2
through A.5.8 made in Comment Resolution Letter A (Ref. 3). We are also prowdmg an
editorial correction to Comment Resolution Letter B (Ref. 4). _

C.3.6 The bulk gas temperatures for the pressure values to be provided under commitment A.3.6
neéd to be submitted by Febmary 1, 1999.

- -

Commitment

The draft Revision 8 SAR pages will be provided by February 1, 1999

C.5.1 The staff requested verification that in Table 5.4.15 the dose rate at two meters for the
neutron shield and the channel were the same. »
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Response

The dose rates shown in Table 5.4.15 at two meters for the neutron shleld and the channel
are the same. No further action is required."

C.5.2 The staff requested that Inconel grid spacers be included in the dose rate assessment.
Justification for the cobalt impurity level assuined in the Inconel grid spacers must be
provided. A value of 4700 ppm is acceptable based on DOE data, or another value may
be used with adequate supporting justification.

Commitment

Holtec will provide the NRC with its proposed cobalt impurity level in Inconel grid
~ spacers via telephone call at 10:00 AM on January 26, 1999 with a confirming letter to
T follow.

LAY

C.5.3 The staff requested that minimum enrichments be specified in the CoC.

Commitment

Holtec will provide minimum enrichments, bumups, and cooling times used in the
shielding analyses via draft Revision 8 SAR pages by noon Janmary 29, 1999. Draft
Revision 8 SAR pages showing dose rates at all dose locations for all burnups and cooling
-times from SAR Chapter 1 will be provided to the NRC by February 8, 1999. SAR
Tables 5.5.1 and 553 will include peak dose rates. The balance of the dose rate tables
will present average dose rates. Draft Revision 8 SAR text pages reflecting these changes
and those listed below will be provided by February 10, 1999.

* Azimuthal variation of dose rate around the circumference of the cask (Commitment
AS5.2) 2

* Source strength data (Commitment A.5.3)

~— e Description of how the impact limiters were modeled in the normal and hypothetical
¢ accident condition shielding analyses (Commitment A.5.5)

* Description of steel types used in the shielding model (Commitment A.5.6)
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* Dose rates at the pocket trunnionts (Commitment A.5.7)
« Discussion of the dose rate gradient at dose location 3 (Commitment A538)
* Location of the hypothetical accident two-meter dose location

Correction

Commitment B.2.1 is listed twice in Comment Resolution Letter B (Ref. 4). The second B.2.1
should be B.2.2. -

If you have any questions or comments, please contact us.

Bernard Gilligan
Project Manager, HI-STAR/HI-STORM Licensing
Document LD.: 5014254

. Approvals:

Bifan Guthefman ~ | K_P. Singh, PhD.
Licensing Manager - : President and CEO

Technical Concurrence: -. 3=

_ ‘ T
Dr. Everett Redmond (Shielding Evaluation) | KZ’ /A,Q—rﬁ?@
' Dr. Indresh Rampall (Thermal Evaluation) , I’\M Mw -
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NTERNATIO

BY FAX AND OVERNIGHT MAIL,

January 27, 1999

Mr. Mark S. Delligatti

Senior Project Manager

Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike

Rockville, MD 20852

Subject: USNRC Docket No. 71-9261
HI-STAR 100 Safety Analysis Report, TAC No. 122085
Comment Resolution Letter D

References: 1. Holtec Project No. 5014
2. Phone Calls Between SFPO Staff and Holtec, held January 26 and 27, 1999 |

3. Holtec Comment Resolution Letter “A”, B. Gilligan to NRC, M. Delligatti,
dated January 15, 1999 :

4. Holtec Comment Resolution Letter “B™, B. Gllhgan to NRC, M Delligatti,
dated January 22, 1999

5. Holtec Comment Resolution Letter “C”, B. Gilligan to NRC, M. Delligatt,
dated January 22, 1999

Dear Mr. Delligatti,

The purpose of this letter is to provide information in accordance with previous commitments to
the Spent Fuel Project Office staff regarding the Holtec HI-STAR 100 System Safety Analysis
Report (SAR). Where draft Revision 8 SAR pages are provided, the commitment number to
which they apply is noted on the top of each page. In addition, new questions and commitments
arising from telephone calls held January 26 and 27, 1999 are provided. Please refer to
Comment Resolution Letters (CRL) A, B, and C (Refs 3 ~ 5) for the detailed description of each
question and commitment statement for which the responses are provided below. This letter
meets commitment C.5.2 of CRL “C” (Ref. 5). Note that Commitment D.5.1 modifies one
commitment date for Commitment C.5.3 based on discussions with the SFPO staff and NRC
Project Manager.
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Commitment A.2.1

Enclosed please find draft Revision 8 of SAR Section 2.1.2 which has been revised to clarify
stress limits and load combinations as a result of our review of Regulatory Guides 7.6 and 7.8

Commitments A.2.6, A.2.7, and A.2.8

Enclosed please find draft Revision 8 of SAR pages 2.H-14 through 2.H-18 and Figures 2.H.5.14
through 2.H.5.21A which discuss and depict the cask drop test data, respectively. Rather than
revise the previous figures, new Figures 2.H.5.154, 15B, 15C, 17A, 19A, and 21A were
developed to address the issues which are the subjects of these commitments. The entire series
of figures is enclosed for continuity.

Commitment B.2.1

Enclosed please find draft Revision 8 of SAR Section 2.53 and Appendix 2.B which address
compliance with 10CFR71.45(a) and 10CFR71.45(b)(3) regarding the design of hfhng
attachments and tie down devices under excessive loads. -

Commitment B.2.2

Enclosed please find the following draft Revision 8 of SAR documents which clarify the loading,
boundary conditions, and stress distributions for the pocket trunnion recess:

Revised SAR Section 2.5.2.7
Revised SAR Section 2.5.2.7.3
New SAR Section 2.5.2.7.4
New Figures 2.5.10 and 2.5.11
New Appendix 2. AN

Commitment A.3.6

Enclosed please find draft Revision 8 of SAR Table 3.4.15 which provides the MPC cavity bulk
gas temperatures added to compliment the temperature data previously presented in the table.
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Commitment A.4.3

Enclosed please find draft Revision 8 of SAR page 4.1-5 which clarifies the description of the
screen mesh for the Damaged Fuel Container. ‘

Commitment A.6.1

Enclosed please find draft Revision 8 of SAR pages 6.1-6, 6.1-11, and 6.4-4 which summarize
the maximum kg considering all biases and uncertainties from the calculations to demonstrate
compliance with 10CFR71.55 and 71.59. -

Commitment A.6.2

Enclosed please find draft Revision 8 of SAR pages 6.4-3 and 6.4-17 which discuss the
criticality evaluation considering water surrounding the containment boundary of the cask.

Commitment A.6.3

Enclosed please find draft Revision 8 of SAR pages 6.14, 6.1-5, 6.4-2, and 6.4-6 which have “ '
been revised to remove the assertion that flooding or reflection with unborated water is a
conservatism.

NEW ITEMS

D.5.1: The use of a cobalt-59 impurity level less than 4700 ppm in Inconel grid spacers must be
justified or the value of 4700 ppm must be used. Alternatives include a condition of the
Certificate of Compliance to require users to verify that the cobalt impurity level in their
fuel is less than that assumed in the analysis prior to loading fuel, or two sets of analyses
can be presented for fuel with, and without Inconel grid spacers, respectively.

Commitment
A cobalt-59 impurity level of 4700 ppm will be used as a bounding case for modeling

Inconel grid spacers in the shielding analysis. Holtec is currently considering the
feasibility of providing two sets of shielding data for fuel assemblies with and without
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D.5.2:

D.5.3:

D54

Inconel grid spacers. Minimum enrichments, burnups, and cooling times used in the
BWR shielding analyses will be submitted to the NRC by noon January 29, 1999.

Minimum enrichments, burnups, and cooling times used in the PWR shielding analyses
will be submitted to the NRC, and Holtec will inform the NRC of its decision on whether
to pursue two sets of shielding analyses by the close of business February 2, 1999. If we
proceed with the second set of shielding analyses for fuel without Inconel grid spacers,
minimum enrichments, burnups, and cooling times used in those PWR shielding analyses
will be submitted to the NRC by noon February 5, 1999. Other commitment dates for
Commitment C.5.3 remain the same.

Clarify SAR Section 5.2.3 regarding the distribution of uranium mass over the 144-in
assumed active fuel length.

Commltment

SAR Section 5.2.3 will be revised to clarify this information. Draft Revision 8 of SAR
pages reflecting these changes will be submitted by February 10, 1999. -

For the stainless steel fuel, provide dose rates at dose locations other than dose pdii:t 2.
Commitment

Dose rates at additional dose point locations will be provided in a Comment Resolution
Letter by February 8, 1999. Draft Revision 8 of SAR pages reflecting these changes
will be submitted by Febrnary 10, 1999,

Revise Figure 5.3.10 or add a new figure to provide the dimensions of the impact limiter
modeled in the shielding analysis.

Commitment

The dimensions will be provided in a Comment Resolution Letter by noon January 28,
1999. Final SAR Revision 8, to be submitted by February 22, 1999 will incorporate
these changes.
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D.5.5: The fuel mixtures on page 3. C-20 (MCNP input data) are different than the data in Table
53.2.

Commitment

The table is incorrect. A corrected draft Rev1smn 8 of SAR Table 5.3.2 will be submitted
to the NRC by February 10, 1999, o

D.7.1: Revise SAR Section 7.3 to rcfer to 49CFR173.428 instead of §173.443

Commitment

The affected SAR pages will be revised and submltted to the NRC with Revision 8 of the
SAR by February 22, 1999.

D.8.1: The shiclding effectiveness test described in SAR Section 8.125.2, which is taken from
the HI-STAR 100 storage TSAR may not be comprehensive enough for a transportation
package. Because the regulations impose dose rate limits “at any point on the package”, - -
taking measurements at twelve locations around the circumference may not be adequate. -
Other applications have been approved with license conditions for shielding tests
performed in 6” X 6” test grids. '

Commitment
Holtec will research other Certificates of Compliance for this information. The NRC
reviewer will discuss this issue with management and advise Holtec. If more stringent
shielding test requirements are necessary, Holtec will submit draft revised Revision 8
SAR pages to the NRC by February 10, 1999, ' ,

If you have any questions or comments, please contact us.

Smcerely,

Bemard Gilligan

Project Manager, HI-STAR/HI-STORM Licensing
Document LD.: 5014255
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Licensing Manager President and CEO

Enclosures: As Stated

Technical Concurrence:
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h Dr. Everett Redmond (Shielding Evaluation) L j
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Dr. Indresh Rampall (Thermal Evaluation)
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ENCLOSURES TO DOCUMENT 5014255
DRAFT REVISION 8 SAR PAGES

62 PAGES TOTAL ' .
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BY FAX AND OVERNIGHT MATL

January 28, 1999

Mr. Mark S. Delligatti

Senior Project Manager

Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike

Rockville, MD 20852

Subject: USNRC Docket No. 71-9261
HI-STAR 100 Safety Analysis Report, TAC No. L22085
Comment Resolution Letter E
References: 1. Holtec Project No. 5014
2. Comment Resolution Letter D, dated January 27, 1999
Dear Mr. Delligatti, |

Attached please find three pages showing the dimensions of the HI-STAR 100 System impact

* limiter as modeled in the shielding analysis. This information is provided in accordance with

Commitment D.5.4. Figure 5.3.10 will be revised to include this information in Revision 8 of
the HI-STAR 100 System Safety Analysis Report to be submitted to the NRC by February 22

1999. If you have any questions or comments, please contact us.

Sincerely,

=

Bernard Gilligan

Project Manager, HI-STAR/HI-STORM Licensing
Document LD.: 5014256

Attachment: As Stated

Approvals: .
gt AR Sons S
Brian Gutlerman K. P. Singh, Ph.D.

Licensing Manager ) o President and CEO
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BY FAX AND OVERNIGHT MAIT,
January 29, 1999
Mr. Mark S. Delligatti
Senior Project Manager

Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike

Rockville, MD 20852

Subject: USNRC Docket No. 71-9261
HI-STAR 100 Safety Analysis Report, TAC No. L22085
Comment Resolution Letter F

References: 1. Holtec Project No. 5014

2. Comment Resolution Letter C, dated January 22, 1999

3. Comment Resolution Letter D, dated January 27, 1999
Dear Mr. Delligatti,
The Boiling Water Reactor (BWR) minimum eﬁrichments, burnups, and cooling times used in
the HI-STAR 100 System shielding analysis are provided in the table below. These enrichment,
burpup, and cooling time combinations are applicable to all BWR assembly classes with the
exception of LaCrosse, Dresden 1 6x6, and Humboldt Bay 6x6 assembly classes. This
information is provided in accordance with Commitment C.5.3 (Ref. 2) as modified by
Commitment D.5.1 (Ref. 3). This information will be included in Revision 8 of the HI-STAR
100 System Safety Analysis Report to be submitted to the NRC by February 22, 1999.

BWR Enrichment, Burrup, and Cooling Times

Minimum Enrichment Maximum Burnnp Minimum Cooling Time
(wt% U-235) (MWD/MTU) (years)
2.1 24,500 8
24 29,500 9
2.6 34,500 12
29 39,500* 15

* The maximum allowed burnup for this enrichment in SAR Chapter 1 will be specified slightly
lower based on decay heat considerations.
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If you have any questions or comments, please contact us.

Sh;iy’,ﬂ?@

Bernard Gilligan
Project Manager, HI-STAR/HI-STORM Licensing -

.

Document 1.D.: 5014257

Approvals:

Telephone (609) 797-0900
Fax {609) 757-0909

@NM ' [P 1ol

Brian Gutfferman K. P. Singh, Ph.D.
Licensing Manager President and CEO

Technical Concurrence:

Dr. Everett Redmond (Shielding Evaluation) KT 7 W

Distribution :

Project Utility

Mr. David Bland Southern Nuclear Operating Company
Mr. J. Nathan Leech Commonwealth Edison

Mr. Bruce Patton Pacific Gas & Electric Co.

Dr. Max DeLong Private Fuel Storage, LLC

Mr. Rodney Pickard American Electric Power

Mr. Ken Phy New York Power Authority

Mr. David Larkin Washington Public Power Supply System

Holtec Project

71188
50438
71178
70651
70851
80518



Mr. Mark Delhgam

Holtec Center, 555 Lincoln Drive West, Mariton, Nj 08053

Telephone (609) 797-0900
Fax (609) 797-0909

U. S. Nuclear Regulatory Commission

January 29, 1999
Page 3 0f 3

Distribution (cont’d):

Mr. Eric Meils
Mr. Paul Plante
Mr. Stan Miller
Mr. Jim Clark
Mr. Ray Kellar

Wisconsin Electric Power Company

Maine Yankee Atomic Power Company
Vermont Yankee Corporation

Southern California Edison

Entergy Operations — Arkansas Nuclear One



- -

@

Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053

Telephone (609) 797-0200
Fax (609) 797-0509

BY FAX AND OVERNIGHT MAIL
February 1, 1999

Mr. Mark S. Delligatti

Senior Project Manager
- Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission

11555 Rockville Pike

Rockville, MD 20852

Subject: USNRC Docket No. 71-9261
HI-STAR 100 Safety Analysis Repoit, TAC No. 122085
Comment Resolution Letter G

References: 1. Holtec Project No. 5014

2. Comrhent Reso_luﬁon Letter A, dated January 15, 1999

Dear Mr. Delligatti,

The purpese of this letter is to provide the NRC with information in accordance with Holtec
International’s Commitment A.1.1 from Comment Resolution Letier “A” (Ref. 2). Attached
please find draft Revision 8 HI-STAR 100 Safety Analysis Report (SAR) pages 1.2-34 through
1.2-40. These changes have been made to align the fuel description in SAR Chapter 1 with the
descriptions in the Technical Specifications contzined in the proposed Certificate of Compliance
for HI-STAR 100 storage, currently in proposed rulemaking. In addition, generic note 1 for
these tables has been modified based on feedback from the Holtec Users’ Group to provide
clarification for implementation. With the NRC’s concurrence, Holtec will propose the same
change for.the HI-STAR 100 storage application through the public comment process.

If you have any questions or comments, please contact us. -

Sincerely,

NP 7 5=

Bemard Gilligan
Project Manager, HI-STAR/HI-STORM Licensing

- Document L.D.: 5014259
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BY FAX AND OVERNIGHT MAIL
February 2, 1999

Mr. Mark S. Delligatti

Senior Project Manager

Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike

Rockville, MD 20852

Subject: USNRC Docket No. 71-9261
HI-STAR 100 Safety Analysis Report, TAC No. 122085
Comment Resolution Letter H
References: 1. Holtec Project No. 5014
2. Comment Resolution Letter A, dated January 15, 1999
3. Comment Resolution Letter B, dated January 20, 1999
4. Comment Resolution Letter D, dated January 27, 1999
Dear Mr. Delligatti,

The purpose of this letter is to provide information to the NRC in accordance with prior
commitments made by Holtec International regarding the Spent Fuel Project Office's (SFPO)
ongoing review of our HI-STAR 100 System under 10CFR71. In addition, one new item
resulting from a conversation held between Holtec and the SFPO staff today is included. -

Commitment A.2.9

The following update to Commitment A.2.9 is applicable. Holtec’s Position Paper D-213
regarding critical weld flaw size in the MPC lid-to-shell weld, submitted to the NRC in
Comment Resolution Letter B (Ref. 3), was discussed with the SFPO staff reviewers. The staff
asked Holtec for information to supplement the linear fracture mechanics evaluation presented in
the position paper with an analysis methodology similar to the one used in the NEI document
dated October 20, 1998. Additionally, a specific dimension for, and number of liquid penetrant
examinations (i.e., root, final, and intermediate weld layers) needs to be included in the
conclusions of the position paper. Appropriate editorial changes to the SAR need to be made.
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Position Paper DS-213 will be revised to consider the methodology outlined in the NEI
position paper and submitted to the NRC by February 8, 1999. As advised by the SFPO
staff, draft revised SAR pages are not necessary to resolve this issue and will not be
submitted per Commitments A.1.8, A.2.9, A.7.3, A.8.1, and A.8.3 (Ref. 2). Instead,
affected SAR pages will be revised and submitted with Revision 8 of the SAR by
February 22, 1999.

Commitment D.5.1

The Pressurized Water Reactor (PWR) minimum enrichments, burnups, and cooling times used
in the HI-STAR 100 System shielding analysis are provided in the table below. These
enrichment, burnup, and cooling time combinations are applicable to all PWR assembly classes
with the exception of Haddam Neck and San Onofre 1 assembly classes. This information
* satisfies Commitment D.5.1 (Ref. 4).

PWR Enrichment, Burnap, and Cooling Times for Fuel
with Inconel Grid Spacers in the Active Fuel Region

Minimum Enrichment _ - Maximum Burpup Minimum Cooling Time
(wt% U-235) MWD/MTU) (years)
2.3 . - 24,500 A 10
2.6 29,500 12
29 - 34,500 ‘ 14
32 - 37,500 15
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PWR Enrichment, Burnup, and Cooling Times for Fuel
with Zircaloy Grid Spacers in the Active Fuel Region
Minimum Enrichment Maximum Burnup Minimum Cooling Time
(wt% U-235) MWD/MTU) (years)
23 24,500 7
2.6 29,500 8
2.9 34,500 10
32 39,500 12
3.4 44 500* 15
N

N
~—

* The maximum allowed burnup for this enrichment in SAR Chapter 1 will be specxﬁed slightly
lower based on decay heat considerations. )

H.5.1: SAR Figure 5.3.10 shows a length of 170.125 inches for the vertical dimension of the

outside of the enclosure shell housing the neutron shield. The design drawings show
173.125 for the same dimension. The 170.125 inch length appears to be the height of the
neutron shield, excludmg the thermal expansion foam. Where do the desngn drawings
show the thermal expansion foam material dimension? Please clarify.

- Commitment

The vertical dimension of the outside of the enclosure shell housing the neutron shield is
173.125 inches per Design Drawing 1397, Sheet 1. The top and bottom plates (enclosure

- shell returns, BOM item 17) are one half inch thick and the thermal expansion foam

depth is two inches. This creates the three inch difference between the outside dimension
of the enclosure shell and the neutron shield material vertical height. The 2-inch depth of
foam material is shown on Design Drawing 1398, Sheet 2 at Section D-D. The editorial
change to SAR Figure 5.3.10 will be made and submitted with Revision 8 of the SAR by

February 22, 1999,
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If you have any questions or comments, please contact us.

Sincerely, 92 ,

Bemard Gilligan
Project Manager, HI-STAR/HI-STORM Licensing

Document 1.D.: 5014260

Approvals:

A i D e v
Brian Gutherman K. P. Singh, Ph.D.
Licensing Manager -President and CEO
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Mr. Mark S. Delligatti

Senior Project Manager

Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike

Rockville; MD 20852

Subject: USNRC Docket No. 71-9261
HI-STAR 100 Safety Analysis Report, TAC No. L22085
Comment Resolution Letter I

References: 1. Holtec Project No. 5014

2. Comment Resolution Letter A, dated January 15, 1999

Dear Mr. Delligatti,

The purpose of this letter is to provide on-time responses per our undertaking in Comment
Resolution Letter A (Ref. 2) to the Spent Fuel Project Office (SFPO) in support of the ongoing
review of our HI-STAR 100 System under 10CFR71. In addition, one new item resulting from a
conversation held between Holtec and the SFPO staff today is included.

Commitment A.1.4

Draft Revision 8 Safety Analysis Report (SAR) Tables 1.2.1 and 2.2.3 are provided as

Attachment 1 to this letter. These changes demonstrate that the maximum weight applied to the

trunnions is less than 250,000 Ibs. Previously, in addition to the weight of the lift yoke (3,600
Ibs.) being included in the maximum lifted weight on crane hook over fitel pool, the MPC weight

used was that of the MPC-32 (89,057 Ibs.) which bounds the weight of the MPC-24 and MPC-

68. Since the MPC-32 has been removed from the application, the weight has been revised to

reflect the heaviest MPC in the SAR which is the MPC-68 at 87,241 Ibs. The resulting weight on

the trunnions is 249,460 as shown on the revised Tables 1.2.1 and 2.2.3.

The total lifted weight. on the crane hook over the fuel pool is 253,060 Ibs. This weight is clearly
specified in Tables 1.2.1 and 2.2.3. In SAR Chapter 7, Section 7.1.5, Step 13, a warning is given
to alert the user that the weight of the system being removed from the fuel pool may exceed
250,000 Ibs and that users may elect to pump a measured quantity of water from the MPC prior
to removal from the fuel pool. The warning also refers to Tables 7.1.1 and 7.1.2 where the
weights are described for the various components in each major operations sequence. Draft
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Revision 8 SAR Tables 7.1.1 and 7.1.2 are also provided in Attachment 1 to this letter to
correspond with the Table 1.2.1 and 2.3.3 revisions.

Commitment A.1.5

Draft Revision 8 SAR Table 1.3.3 is provided as Attachment 2 to this letter to specify the surface
preservative between to the intermediate shells. The surface preservatwe is a silicone
encapsulant, Dow Comning SYLGARD 567 or equivalent.

Commitment A.1.6

Draft Revision 8 SAR page 1.2-20 is provided as Attachment 3 to this letter to read “250 x 250
fine mesh screens” in lieu of “250 micron fine mesh screens.”

~ Commltment A.l.7

- Design Drawmg 1765, Sheet 6 specifies the nommal crush strength - for the alummum

- honeycomb in the impact limiter. SAR Subsection 8.1.4.3 states that the tolerance on the crush
strength is + 7%. The nominal crush strength was specified such that the maximum crush
strength (i.e., nominal plus 7%) would be approximately 95% of the crush strength used in the %
scale drop tests Therefore, the nominal crush strength, including tolerances, wﬂl not exceed the
crush strength values used in the % scale drop tests.

To illustrate this, the following table provides the ﬂotninal crush strength specified on Drawing
1765, Sheet 6, the maximum crush strength including tolerances, and the average crush strength
used in the % scale drop tests.

Impact - Limiter | Nominal Crush { Maximum Crush { Average Crush Strength
Section Type from | Strength for Full- | Strength for Full- | for % Scale Drop Tests
Drawing 1765, Sheet | Scale (psi) Scale (psi) | (ps) :
p . .
Section Type 1 1700 1819 1943
Section Type 2 700 749 783
Section Type 3 2300 2461 2583
w1 Section Type 4 1100 1177 1350
Section Type 5 2300 2461 A 2583
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As depicted above, the maximum crush strength for the full scale impact limiter will pot exceed
the crush strength used in the % scale drop tests. No changes are necessary to the drawings or
SAR as a result of this commitment.

Commitment A.2.2

The outermost two layers of the intermediate shells have been re-classified to meet the stress
intensity limits of ASME Section III, Subsection NF, Class 1 in lieu of Class 3. Draft Revision 8
SAR Tables 2.1.5 and 2.1.15 are provided as Attachment 4 to this letter to show the allowable
stress intensities for the outermost two intermediate shells under normal conditions. Note that the
allowable limits for hypothetical accidents for NF components are the same for both Class 1 and
Class 3. Therefore, no change in safety factors occurs for any accident evaluation. Also, draft
Revision & SAR Table 2.1.23 is provided in Attachment 4 to specify the appropriate Charpy
requirements for the outermost two intermediate shells.

Large margins currently exist for the intermediate shells under normal conditions. SAR Section
2.6 is being reviewed and updated to meet other commitments; any page changes required as a
result of changing the outermost two intermediate shells to Class 1 from Class 3 will be  provided

by February 12, 1999.
Commitment A.8.2

The calculated maximum weight on the HI-STAR 100 tmnnions has been revised per
Commitment A.1.4 to beless than 250,000 Ibs. Therefore, no changes to SAR Secnon 8.1.2.1

are required.

. NEW ITEM

L5.1: The NRC staff requested additional clarification be provided in the SAR regarding fuel
spacers and the axial position of fuiel assemblies. In addition, the staff requested
additional discussion on the density of Holtite assumed during normal conditions and the
depletion of '°B in the Holtite over the life of the cask.

Commitment

Additional clarification will be added to the SAR as requested. Draft Revision 8 SAR
pages will be submitted to the NRC by February 12, 1999. :
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If you have any questions or comments, please contact us.

Bemard Gilligan
Project Manager, HI-STAR/HI-STORM Licensing

Document LD.: 5014261
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Mr. Steve Agace (Operations) ' g . g"’"

(



Holtec Center, 555 Lincoln Drive West, Marlton, N) 08053

Telephone (609) 797-0900
Fax (609) 797-0909

HEEEE
HOLTE

INTERNATIONAL

B
S

Mr. Mark Delligatti

U. S. Nuclear Regnlatory Commission

February 3, 1999
Page5of 5

Distribution :

Recipient

Mr. David Bland
Mr. J. Nathan Leech
Mr. Bruce Patton
Dr. Max DeLong
Mr. Rodney Pickard
Mr. Ken Phy

Mr. David Larkin
Mr. Eric Meils

Mr. Paul Plante

Mr. Stan Miller

Mr. Jim Clark

Mr. Ray Kellar

 Utility

Southern Nuclear Operating Company
Commonwealth Edison

Pacific Gas & Electric Co.

Private Fuel Storage, LLC

American Electric Power

New York Power Authority

Washington Public Power Supply System
Wisconsin Electric Power Company
Maine Yankee Atomic Power Company
Vermont Yankee Corporation

Southern California Edison

Entergy Operations — Arkansas Nuclear One



l(

Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053

Telephone (609) 797-0900
Fax (609) 797-0909

--..
HOL

NTERNATI O A

m-

-

BY OVERNIGHT MAM,
February 5, 1999

Mr. Mark S. Delligatti

Senior Project Manager

Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike

Rockville, MD 20852

Subject: USNRC Docket No. 71-9261
HI-STAR 100 Safety Analysis Report, TAC No. 122085
Comment Resolution Letter J

References: 1. Holtec Project No. 5014
2. Comment Resolution Letter A, dated January 15, 1999
3. Comment Resolution Ithtcr C, dated J-anuary 22,1999
4. Comment Resolution Letter I, dated February 3, 1999

Dear Mr. Delligatti,

The purpose of this letter is to provide responses per our previous commitments in Comment
Resolution Letters A, C and I (Refs. 2, 3, and 4) to the Spent Fuel Project Office (SFPO) in
support of the ongoing review of our HI-STAR 100 System under 10CFR71. In addition, new
items resulting from a conversation held between Holtec and the SFPO staff on February 4, 1999

are included.

Commitments A23and A24

Draft Revision 8 SAR Section 2.6 and 2.7 excerpts are provided as Attachment 1 to this letter.
These revisions provide an expanded discussion of the finite element models with text and
figures in SAR Section 2.6. This revised text serves as a lead-in to the discussion in SAR
Section 2.7. In Section 2.7, we are providing an expanded description of the applied loads for
the side drop and oblique drop events. Additional figures to compliment the text are provided so
that the impact limiter applied and reaction loads are clearly described.

Please note that SAR Revision 7 already includes stress analysis results for the CG-over-corner
case. We will expand the discussion (e.g., stress results, safety factors) for specific areas of the
overpack in draft Revision 8 SAR pages to be submitted by February 12, 1999. We will also
provide a complete set of new results for the 30-degree (from horizontal) oblique drop event. As
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demonstrated in the discussion of Commitment A.2.5 below, the 30-degree oblique drop is the
worst case. Draft Revision 8 SAR Table 2.1.9 (included in Attachment 1) includes two
additional cases covering this new drop condition.

Commitment A.2.5

_r

Revised SAR pages 2.H-23 through 2.H-25 and new Figures 2.H.7.1 through 2.H.7.3 are
provided as Attachment 2 to this letter. This information provides a comparison of the
deceleration, maximum total crush, and available crush stroke of three variations of an oblique
drop of the gyerpack (30, 45, and 60 degrees from horizontal) to determine the worst case for
further stress analysis. The results show the 30-degree drop to be the worst case, ‘warranting a
detailed stress analysis.

Commitment C.5.3

Draft Revision 8 Safety Analysis Report pages 5.1-6 through 5.1-14, 5.2-12 through 5.2-14, 5.2-
17 through 5.2-22,5.4-9 through 5.4-20, and 5.4-23 through 5.4-28 are provided as Attachment 3
to this letter. These revisions show the calculated dose rates for the HI-STAR 100 System
considering recent revisions made to fuel burnup, cooling time, and source terms in the shielding
analyses.

Commitments A.7.1 and A.7.2

SAR Section 7.4 has been revised to address the procedural requirements for preparing the HI-
STAR 100 overpack for transport following a period of storage. Draft Revision 8 SAR Section
7.4 is provided as Attachment 4 to this letter. Former SAR Sections 7.4 and 7.5 will be re-
numbered to 7.5 and 7.6, respectively as a result of this change. Draft Revision 8 SAR page 8.1-
15 is also provided to specifically address the requirement in 10CFR71.87(g) to ensure the
neutron absorber is present and in proper condition. The wording used here is similar to that used
in a recently approved exemption to the requirements of 10CFR72.124(b) for the HI-STAR 100
storage application to show that this check is not necessary.

Commitment A.7.4

Draft Revision 8 SAR pages 7.1-13 and 7.2-7 are provided as Attachment 5 to this letter. The
existing warning has been modified to instruct the users to ensure that plant-specific lifting
devices are quahfied to lift the expected load. A previous resolunon to Commnment A.1.4 (Ref.
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4) established that the maximum calculated weight applied to the trunnions is less than 250,000
Ibs.

Commitment A.7.5

Draft Revision 8 SAR page 7.1-19 is provided as Attachment 6 to this letter. Loading operations
Step 26.k now requires a liquid penetrant examination after weld repairs.

Commitment A.8.1

Draft Revision 8 SAR pages 8.1-14 and 8.1-23 are provided as Attachment 7 to this letter. New

Subsection 8.1.5.2.1, “Pre-Transport Shielding Tests” has been added to address shielding

effectiveness testing required to meet 10 CFR 71.47. These tests are to be performed prior to

transporting HI-STAR 100 package to confirm the effectiveness of the neutron and gamma
shielding.

NEW ITEMS

J.2.1: Perform an analysis to demonstrate that the HI-STAR 100 design basis deceleration of 60
g’s for an end drop is within the buckling limit for the fuel rods being licensed for
transport. The analysis should demonstrate that the fuel being hcensed is bounded by the
-analysis.

Commitment

Holtec will perform an analysis to define the worst case fuel assembly or assemblies with
respect to the buckling limit under an end drop hypothetical accident. Using the worst
case assembly or assemblies, analysis will be performed to demonstrate that under the
design basis deceleration of 60 g’s, the worst case fuel assembly rods will not buckle.
Draft Revision 8 SAR pages will be submitted to the NRC by February 12, 1999.

J.7.1: On SAR pages 7.1-14 (warning) and 7.1-29 (note), dose rates are specified to verify the
correct fuel assemblies have been loaded. These actions may not be appmpnate for a
transport license. '
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Commitment

Holtec will evaluate the validity of these statements for the procedures in the SAR.
Changes, if required, will be incorporated into Revision 8 of the SAR to be submitied the
NRC by February 22, 1999. Please note that the proposed Certificate of Compliance
Holtec intends to submit for the HI-STAR 100 Transportation certification will include a
requirement that licensee loading procedures include a loading plan and independent

verification that only authorized fuel assemblies have been loaded into the MPC in
accordance with the CoC.

J.7.2: Revise the operating procedures to include a discussion of the 2 mrem/hr requirement for
any normally occupied space (10CFR71.47(b)(4)).

Commitment

Holtec will revise the affected operating procedures and incorporate the changes into
Revision 8 of the SAR to be submitted to the NRC by February 22, 1999.

1.7.3: SAR page 7.1-30, Step 7.f should be revised to specify that the radiation surveys should
_check potential streaming paths and areas of higher dose rates.

Commitment

The affected step will be revised and incorporated into Revision 8 of the SAR to be
submitted to the NRC by Febrnary 22, 1999.

i you have any ques_ﬁoris or comments, please contact us..
Sincerely,

f. Bernard gﬁ ,
Project Manager, HI-STAR/HI-STORM Licensing

Document 1.D.: 5014262
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Mr. Mark S. Delligatti

Senior Project Manager

Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike

Rockville, MD 20852

Subject: USNRC Docket No. 71-9261
HI-STAR 100 Safety Analysis Report, TAC No. 122085
Comment Resolution Letter K
References: 1. ﬁoltec Project No. 5014
2. Comment Reeoluﬁon Letter A, dated January 15, 1999
3. Comment Resolution Letter C, dated January Zﬁ, 1999
4. Comment Resolution Letter H, dated February 2, 1999
Dear Mr. Delligatti,
The purpose of this letter is to provide responses per our previous.commitments in Coinment

Resolution Letters A, C, and H (Refs. 2, 3 and 4) to the Spent Fuel Project Office (SFPO) in
support of the ongoing review of our HI-STAR 100 System under 10CFR71.

Commitment A.1.3

To incorporate lessons learned in the prototype fabrication of the HI-STAR 100 overpack and
MPC, revisions to the Design Drawings have been made between the HI-STAR 100 Topical
Safety Analysis Report (TSAR), Revision 9 and the HI-STAR 100 Safety Analysis. Report
(SAR), Revision 7. Provided below is a detall descnptlon of each of the changes.

Dwg. 1396, Sheet 1 has been revised from Revision 9 to 11 to mclude the following changes: .

* At location E-5, “see note 2 on this sheet” has been added to the inspection criteria of the
MPC lid-to-shell weld.

» Note 2 has been added to read “As an alternative to volumetric examination (UT) of the MPC
lid-to-shell weld, a multi-layer liquid penetrant (PT) examination may be performed. Multi-
layer PT shall include examination of the root and final weld layers, and sufficient
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intermediate layers to detect critical weld flaws.” (Please note that this drawing note will be
revised again for SAR Revision 8 to reflect the resolution of Commitment A.2.9 regarding
the critical weld flaw size and number of intermediate PT examinations).

* The tolerance on the chamfer of the MPC baseplate has been changed from +/- 0.5 degrees to
“(R.EF)’i-

Dwg. 1397, Sheet 1 has been revised from Revision 13 to 14 to include the following changes:

« Added “(see dwg. 1765, sht. 7 of 7 for orientation)” to the call-out for the impact limiter
attachment holes and impact limiter alignment holes. Previously, there was no orientation for

the holes given.
Dwg. 1402, Sheet 1 has been revised from Revision 10 to 12 td iuclude the following changes:

* At location E-5, “see note 2 on this sheet” has been added to the inspection criteria of the
MPC lid-to-shell weld. '

. Note 2 has been added to read “As an alternative to volumetric examination (UT) of the MPC
lid-to-shell weld, a multi-layer liquid penetrant (PT) examination may be performed. Multi-
layer PT shall include examination of the root and final weld layers, and sufficient
intermediate layers to detect critical weld flaws.” (Please note that this drawing note will be
revised again for SAR Revision 8 to reflect the resolution of Commitment A.2.9 regarding

- the critical weld flaw size and number of intermediate PT exarmnatlons)

* The tolerance on the chamfer of the MPC baseplate has been changed from +/- 0.5 degrees to
“(REF')32-

BM-1476, Sheets 1 and 2 have been revised from revision 11 to 12 to mclude the followmg
changes:

* Deleted the term “MIN.” after 2 ¥%” in the description of Item 2, inner shell, because the
thickness of plate in the HI-STAR 100 overpack is to be governed by the ASME Code

* Revised the description of Item 24 to read “Holtite -A” in lieu of “NS-4 FR” to remain
consistent with the HI-STAR 100 TSAR and SAR nomenclature.
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¢ Added “or SA-53” to the material description of Item 38 which is an equivalent material
description for the pipe.

Commitment A.2.9

Holtec International Position Paper DS-213, Revisionl, is provided as Attachment 2 to this leiter.
This revised position paper adds a supplemental analysis using a methodology similar to the one
discussed in the October 20, 1998 NEI position paper regarding dry storage cask weld cracks.
The results of the analysis demonstrate that an assumed 3/8 inch weld flaw size, around the
entire circumference of the MPC lid, will not propagate. Therefore, only one intermediate weld
layer liquid penetrant (PT) examination is required in addition to the root and final layer PTs.
This information will be added to the applicable drawings and text sections in SAR Revxsmn 8,
to be submitted to the NRC by February 22,1999,

Commitment A.2.10

New SAR Section 3.4.3.1 has been added and existing SAR Section 2.6.2.3 has been revised to
address the thermal and structural effects, respectively, of a scenario where a loaded overpack is
transported from a hot ambient environment to a cold ambient environment. Draft Revision 8 -
SAR pages for the affected SAR sections are provided as Attachment 3 to this letter.

Commitment A.3.1

The offgassing created by the overheating of the Holtite-A neutron shield material during a fire
accident has been evaluated. Draft Revision 8 SAR pages discussing this accident are provided
as Attachment 4 to this letter. Please note that the Bill-of-Materials will be revised in SAR
Revision 8 to specify rupture disks with larger diameter openings to provide sufficient rehevmg
capacity.

Commitment A.3.2

The HI-STAR 100 SAR in Subsection 3.4.1.1.5 describes the “Rayleigh Effect” in the large
peripheral regions of the MPC basket. This effect is caused by local convection cells formed as a
result of gravity acting on heat flow-induced temperature gradients in these fluid filled regions
when the HI-STAR cask is postulated to be in a perfectly horizontal condition. An additional
thermal analysis has been performed wherein the gravity is postulated to be completely absent.
In this condition, the fluid in these peripheral regions will be completely motionless (i.e.
“Rayleigh Effect” is absent) and the means of heat dissipation is limited to conduction and
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radiation. Tables A.3.2.1 and A.3.2.2 for the MPC-24 basket and MPC-68 basket designs,
respectively, are provided as Attachment 5 to this letter. These tables summarize the normal
transport condition maximum temperatures under this condition and compare the results with
normal condition limits. The basket, cladding and overpack containment boundary temperatures
are all within stipulated limits under the postulated zero gravity condition.

Commitment A.3.3

The HI- STAR 100 thermal model takes no credit for heat transfer through the overpack impact
limiters. A SBitement clarifying this conservative assumptxon has been added to Section 3.4.2 of
the HI-STAR 100 SAR. Draft Revision 8 SAR page is provided as Attachment 6 to this letter.

Commitment A.3.4

Access to the HI-STAR 100 overpack enclosure shell is restricted by the use of a personnel
barrier (See Holtec Drawing 1809 in Chapter 1 of HI-STAR SAR). Access is possible to the
impact limiter exposed surfaces. A new Subsection 3.4.2.1 has been added to Chapter 3 of the
SAR ‘to address this issue. In this subsection, the HI-STAR 100 System thermal model for
normal transport is solved by including heat dissipation through the impact limiters. A
conservatively bounding analysis has been performed by applying the thermal conductivity of
aluminum to .the honeycomb material encased in the impact limiters. In this manner heat
transport to the exposed surfaces from the hot ends of the cask is maximized and accessible
surface temperatures over estimated. The draft Revision 8 SAR pages are provided as
Attachment 7 to this letter. The maximum exposed surface temperatures are 142°F and 139°F for
the MPC-24 and MPC-68 basket designs.

Commitment A.3.5

High temperature creep nipture data presented in EPRI Report TR-106440 has been referenced
as the basis for short term temperature limits for stainless steel cladding. The draft Revision 8
SAR pages are provided as Attachment 8 to this letter.

Commitment C.53

Draft Revision 8 SAR Tables 5.5.1 and 5.5.3 are provided as Attachment 9 to this letter. These
tables present the maximum normal and accident dose rates for the MPC-24 and MPC-68,
respectively. '
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I you have any questions or comments, please contact us.

Sincerely, ;

Bernard Gllhgan
Project Manager, HI-STAR/HI-STORM Licensing

Document 1.D.: 5014263
Attachments: 1. Affidavit Pursuant to 10 CFR 2.790
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BY FAX AND OVERNIGHT MAIL

February 10, 1999

Mr. Mark S. Delligatti

Senior Project Manager

Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regnlatory Commission
11555 Rockville Pike

Rockville, MD 20852

Subject: USNRC Docket No. 71-9261
HI-STAR 100 Safety Analysis Report, TAC No. L22085
Comment Resolution Letter L

References: 1. Holtec Project No. 5014

2. Comment Resolution Letter D, dated January 27, 1999

Dear Mr. Delligatti,

The purpose of this letter is to provide responses per our previous commitments in Comment
Resolution Letter D (Ref. 2) to the Spent Fuel Project Office (SFPO) in support of the ongoing
review of our HI-STAR 100 System under 10CFR71. In addition, new commmncnts resulting
from a phone conversation held this morning are mcluded

Commitments D.5.2 and D.5.3

. Draft Revision 8 SAR Sections 5.2.3 and 5.4.4 are provided in Attachment 1 to this letter. These
sections discuss the evaluation of stainless steel clad fuel. Draft Revision 8 SAR Tables 5.2.18
through 5.2.22 and 5.4.22 through 5.4.24 are also provided in Attachment 1. These tables
provide the calculated source terms and dose rates for the stainless steel clad fuel.

The minimum U enrichment for the damaged and MOX fuel has been lowered to 1.8 wt.%
25U, Draft Revision 8 SAR Sections 5.4.2 and 5.4.3 and Tables 5.2.2, 5.2.6, and 5.2.14 through
5.2.17 are provided in Attachment 1. These sections and tables provide the discussion and
calcnlated results for the damaged and MOX fuel.
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NEW ITEMS
L.1.1: Bolt torque values need to be on the Design Drawings or added as a license condition.

Commitment

The bolt torques will be added to the Design Drawings included in the proposed
Certificate of Compliance to be submitted to the NRC by February 22, 1999.

L.1.2: Drawing 1765, Sheet 7 has a reference to a pin and cap detail to Drawing 1546, which is
not included in the SAR.

Commitment

There are two references to the pin and cap details to which this note is referring. The
. details of the full scale pin and cap may be found on Sheet 2 of Drawing 1765, which can

| be found in the SAR. The details for the % scale model are shown on Drawing 1546,
Shicet 1. The reference on Drawing 1765, Sheet 7 will be clarified and submitted with

SAR Revision 8 by February 22, 1999.

L13: The minimum 6 foot distance between the bottom impact limiter and the edge of the
transport vehicle should be specified in the Certificate of Compliance as a condition of

transportation.

Commitment

The 6 foot distance will be added as a condition in the proposed Cemﬁcate of
Comphance to be submitted to the NRC by February 22, 1999

If you have any questions or comments, plcase contact us.

Sincerely,

Bernard Gilligan
Project Manager, HI-STAR/HI-STORM Licensing.
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- Utility

Southefn Nuclear Operating Company
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American Electric Power
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Holtec Center, 555 Lincoln Drive West, Mariton, N} 08053

Telephone (609) 757-0900
Fax (609) 797-090%

BY OVERNIGHT MAIL
February 11, 1999 |

Mr. Mark S. Delligatti

Senior Project Manager

Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike

Rockville, MD 20852

Subject: USNRC Docket No. 71-9261
- HI-STAR 100 Safety Analysis Report, TAC No. 1.22085
Comment Resolution Letter M .

Reference:  Holtec Project No. 5014

Dear Mr. Deﬂigatﬁ,

The purpose of this letter is to provide information and to document commitments resulting from
phone conversations held between Holtec International and the Spent Fuel Project Office (SFPO)
over the past two days. Attachment 1 to this letter provides source term inventories from the
ORIGEN computer code for the MPC-24, 68, and —68F used in the containment analyses. They
are identified at the top of each inventory list by “BW15X15”, “7X7", and “6X6”, respectively.
Please note that this computer output is information which is commercially sensitive to Holtec
International and is treated by us with strict confidentiality. This information is of the type
described in 10CFR2.790(b)(4). Its proprietary status is noted at the bottom of each page of
output data. The affidavit provided as Attachment 2 to this letter sets forth the bases for which
the information is required to be withheld by the NRC from further disclosure, consmtent with
these considerations and pursuant to the provisions of 10CFR2.790(b)(1). - It is therefore
requested that the proprietary. information enclosed be withheld from public d1sclosure in

accordance with applicable NRC regulations.

NEW ITEMS

M.4.1: Safety Analysis Report (SAR) Table 4.2.5 appears o have a different A, value for crud
(Co-60) than provided in Table A-1 of Appendix A to 10 CFR 71.

-Commitment |

The A, value for crud in SAR Table 4.2.5 will be modified to match the value used in the
containment evaluation (10.8), which agrees with the value in Table A-1 of Appendix A
to 10 CFR 71. Draft Revision 8 SAR pages will be provided to the NRC by February
12,1999.
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-

M.4.2: SAR Table 4.2.2 includes isotopes not included in Table A-1 of Appendix A to 10 CFR
71. Please provide clarification of how the isotopic inventory used in the containment
analysis was developed and what value of A; was used for each isotope.

Commitment

As requested by the NRC, the following methodology will be used to develop the
radionuclide inventories for the containment analyses:

1. All isotopes constituting 0.01% of inventory or greater (per NUREG-6487);

2. Isotopes from the ORIGEN output which have an A; value from Table A-1 of
Appendix A to 10 CFR 71 less than 1 0

3. Isotopes having half-lives less than 10 days may be neglected since . they are
included with the parent 1sotope in Table A-l and -

4, For those isotopes not having an Az value in Table A-l, the default values in
Table A-2 of Appendlx Ato 10 CFR 71 will be used. - :

Draft Rev1smn 8 SAR pages will be subm1tted to the NRC by February 12, 1999

M.4.3: The contamment analyses must include Kr-85 with other gaseous isotopes. Kr-85 should
not be evaluated on its own. Additionally, the A; value for Kr-85 must be ten times the -
A, value presented in Table A-1 of Appendlx Ato 10 CFR 71

Commitment

The containment analysis will be re-evaluated with Kr-85 included in the gaseous
mixture. The effective Ap value for the mixture will be determined as requested. Draft
Revision 8 SAR pages will be submitted to the NRC by February 12, 1999.

M.4.4: Provide the equivalent diameter and volumetric leak rate used in the containment
analyses
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Commitment

The additional information requested will be added to the SAR Draft Revision § SAR
pages will be submitted to the NRC by February 12, 1999.

M.4.5: SAR Appendix 4A appears to have a tjﬁographica.l error in some of the equations
(missing pi symbol).
Commitment
ak

Appendi;c 4A will be reviewed and any editorial changes made. These changes will be
included in the submittal of SAR Revision 8 to be submitted to the NRC by Febmary

22,1999,

If you have any questions or comments, please contact us.

Sincerely,

N/’ZZ

Bernard Gilligan
Project Manager, HI-STAR/HI-STORM Llcensmg

Document L.D.: 5014265
Attachments: 1. ORIGEN Computer Output of Isotopic Inventories
2. Affidavit Pursuant to 10 CFR 2.790

Approvals: S

/4. / » /[7« Rewel
Brian Guthérman K. P. Singh, Ph.D.
Licensing Manager : President and CEO
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Utility

Southern Nuclear Operating Company
Commonwealth Edison

Pacific Gas & Electric Co.

Private Fuel Storage, LLC

American Electric Power

New York Power Authority

Washington Public Power Supply System
Wisconsin Electric Power Company

Maine Yankee Atomic Power Company
Vermont Yankee Corporation

Southern California Edison

Entergy Operations — Arkansas Nuclear One
GPUN - Oyster Creek Nuclear Power Station
IES Utilities

Nebraska Public Power District
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BY OVERNIGHT MATL,
February 12, 1999
Mr. Mark S. Delligatti
Senior Project Manager

Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commmsmn
11555 Rockville Pike :

Rockville, MD 20852

Subject USNRC Docket No. 71-9261
HI-STAR 100 Safety Analysis Report, TAC No. L22085
Comment Resolution Letter N ,
References: 1. Holtec Project No. 5014
‘2. Holtec Comment Resolution Letter A, dated January 15, 1999
3. Holtec Comment Resolution Letter D, dated Jz‘muary 27, 1999
" 4. Holtec Comment Resolution Lcttcri, dated Febmary 3, 1999
5. Holtec Comment Resolution Letter J, dated February 5, 1999
6. Holtec Comment Resolution Letter M, dated February 11, 1999
Dear Mr. Delligatti,
The purpose of this letter is to provide informatio.n in accordance with -Holtec Intemnational’s
commitments in Comment Resolution Letters (CRL) “A”, ‘D", “T", “J’, and “M” (Refs. 2
through 6). In addition, one new commitment resulting from a phone conversation with the -
Spent Fuel Project Office today is included. .
Commitments A.2.3 and A.24
Draft Revision 8 Safety Analysis Report (SAR) Section 2.7 excerpts are provided as Attachment
1 to this letter. The revisions to Section 2.7 provide expanded discussion (e.g., stress results,

safety factors) for the CG-over-comer drop analyses. These revisions complement the
information provided in CRL “T” (Ref. 5).
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February 11, 1999

Page 2 of 4

Draft Revision 8 SAR Section 2.9 is provided as Attachment 2 to this letter. This section has
been revised to add discussion on fuel buckling under the hypothetical accident drop loading.

Commitments M.4.1 through M.4.4

Draft Revision 8 SAR pages are provided as Attachment 3 to this letter. These changes address
the requested revisions to the isotopic inventories used in the containment analysis.

Chapter 5. Shielding Evaluation

Draft Revision 8 SAR pages from Chapter 5 are provided as Attachment 4 to this letter. The
following specific items have changes and are provided in Attachment 4.

Sections 5.1, 5.1.1, and 5.1.2 - minor changes (table numbers etc)
Figure 5.1.1 - minor change to bottom 1mpact limiter

Sections 5.2.1 and 5.2.2

Sections 5.2.5.1 and 5.2. 5 2 - removed reference to Table 5.2.23
Tables 5.2.1,5.2.2,5.2.15, 5.2.18, and 5.2.23

Sections 5.3.1,5.3.1.1,and 532

Parts of Table 5.3.2 and Table 5.3.3

Figures 5.3.11 and 5.3.12

Section 5.4 - minor changes

Section 5.4.1

Tables 5.4.14 and 5.4.15

Figure 5.4.1

Section 5.5 - minor change to last paragraph

Commitment D.7.1

Draft Revision 8 SAR Section 7.3 is provided as Attachment 5 to this ]etter 'I'hls sectlon has
been revised to implement the reqmrements of 49 CFR 173 428 - : .
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"Dr. Everett Redmond IT (Shielding Evaluation)
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February 11, 1999
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NEW ITEM

N.2.1: Provide additional information on the slap-down analysis which clarifies the loadings,
stresses, efc.

Commitment

The requested clarifications will be provided as draft RCVISIOD 8 SAR pages by February 15,
1999. o

If you have any questions or comments, please contact us.
Sincerely,

Bemard Gilligan _ v
Project Manager, HI-STAR/HI-STORM Licex_lsing

Document I.D.: 5014267 -

Attachments: As Stated

Approvals:

/O< 10 oLuqaLl}

Brian Gutherman K. P. Singh, Ph.D.
Licensing Manager _ ’ President and CEO

Technical Concurrence:

O —on 0,507

Ms. Joy Russell (Containment Evaluation) B Qﬁ";— (i aat ll
M. Steve Agace (Operations) %""’_/

Dr. Alan Soler (Structural Evaluation) _@ s
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Distribution (w/o attach.) :

Recipient Utility

Mr. David Bland Southern Nuclear Operating Company

Mr. J. Nathan Leech Commonwealth Edison

Mr. Bruce Patton Pacific Gas & Electric Co.

Dr. Max DeLong Private Fuel Storage, LLC

Mr. Rodney Pickard American Electric Power

Mr. Ken Phy New York Power Authority -

Mr. David Larkin Washington Public Power Supply System
Mr. Eric Meils Wisconsin Electric Power Company

Mr. Paul Plante Maine Yankee Atomic Power Company-
Mr. Stan Miller Vermont Yarikee Corporation

Mr. Jim Clark Southern California Edison

Mr. Ray Kellar Entergy Operations — Arkansas Nuclear One
Mr. Joe Andrescavage GPUN - Oyster Creek Nuclear Power Stat:on
Mr. Ron Bowker IES Utilities

Mr. William Swantz Nebraska Public Power District
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Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053

Telephone (609) 757-0900
Fax (609) 797-0909

BY FAX AND OVERNIGHT MAIL,
February 15, 1999

Mr. Mark S. Delligatti

Senior Project Manager

Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike

Rockville, MD 20852

Subject: USNRC Docket No. 71-9261
HI-STAR 100 Safety Analysis Report, TAC No. L22085
Comment Resolution Letter O

References: 1. Holtec Project No. 5014

2. Holtec Comment Resolution Letter N, dated February 12, 1999

Dear Mr. Delligatti,

The purpose of this letter is to provide information in accordance with Holtec International’s
commitment in Comment Resolution Letters (CRL) “N” (Ref. 2).

Commitment N.2.1

Draft Revision 8 Safety Analysis Report (SAR) Section 2.7 excerpts; Tables 2.1.9, 2.7.3, 2.7.5,
and 2.AE.27; and Figure 2.7.18 are provided as Attachment 1 to this letter. These revisions
provide the additional information regarding the slapdown analysis.

If you have any questions or comments, please contact us.

Sincerely, -7-

Bemard Gilligan
Project Manager, HI-STAR/HI-STORM Licensing

Document LD.: 5014269
Attachment: As Stated
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Telephone (609) 797-0900
Fax {609) 797-0909

BY FAX AND OVERNIGHT MAIL

February 17, 1999

Mr. Mark S. Delligatti

Senior Project Manager

Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike

Rockville, MD 20852

Subject: USNRC Docket No. 71-9261
HI-STAR 100 Safety Analysis Report, TAC No. 122085 _
Comment Resolution Letter P

References: 1 Holtec Pro;ect No 5014

2. Holtec Commcnt Resolution Letter O, dated February 15 1999

Dear Mr. Delligatti,

The purpose of this letter is to provide -additional clarifying information to supplement the
information provided in the above-referenced Comment Resolution Letter (CRL) and to
document a commitment made in a telephone conversation with the Spent Fuel Project Office
(SFPO) held this morning. As discussed with the SFPO during a telephone conversation
yesterday, all of the finite element analyses for the HI-STAR 100 hypothetical accident
conditions were re-run to include an enhancement to the computer model which more accurately
predicts the response of the overpack during the drop accidents. The results of these runs were
presented in draft Revision 8 Safety Analysis Report (SAR) Table 2.7.5 submitted with the
above-referenced CRL.

The reason for re-running the hypothetical accident finite element analyses is twofold:

1. In performing the new analyses of oblique drops, a minor discrepancy in the element
generation portion of the ANSYS model was discovered. This led to spurious reactions
being developed in directions that were not physically meaningful in the case of oblique
impact simulation. To ensure absolute quality assurance and precision in the results data
provided in the SAR, all hypothetical drop accident cases were re-run using the corrected
model, and all affected SAR tables updated. :

2. In the simulations performed for SAR Revision 7, the secondary stress intensities due to
thermal gradients (in the “heat” condition) were retained in the simulation and reported as if
they were primary stress intensities. In the Revision 8 tabular results, these secondary
thermal stress intensities were eliminated in the calculation of safety factors since only




. . . . . Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053
O L T E C : Telephone (609) 797-0900
Fax (609) 797-0909
INTERNATIONAL v
Mr. Mark Delligatti
U. S. Nuclear Regulatory Commission

February 17, 1999
Page 2 of 3

primary stress intensities are required. This is noted in the text of SAR Section 2.7 where the
models are discussed. Specifically, in subsection 2.7.1 (last paragraph before subsection -
2.7.1.1), it is noted that stress intensities arising from the thermal gradients in the “heat”
condition of transport are not included in the safety factor evaluation. Lo

NEW ITEM

P.8.1: The proposed requirements for verifying neutron shield integrity include reference to
compliance with 10 CFR 71.47. Compliance with this regulation is already addressed in
the operating procedures in SAR Chapter 7. The acceptance test in Chapter 8 should
address verification of the integrity of the poured Holnte-A neutron shield one time prior
to first use (shipment).

Commitment

Proposed new SAR Section 8.1.5.2.1 and reference to 10 CFR 71.47 will be deleted. A

one-time neutron shield verification test has been added to subsection 8.1.5.2 and Table -

8.12 has been revised accordingly. The SAR now-requires users to implement

procedures to verify the integrity of the poured neutron shield. Draft Revision 8 SAR

pages showing these changes are provided as Attachment 1 to this letter. ' o
If you have any questions or comments, please contact us. -

Sincerely,

gzl

%—. Bernard Gilligan o
Project Manager, HI-STAR/HI-STORM Licensing .
Document LD.: 5014270 o

Attachment: As Stated
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Holtec Center, 555 Lincoln Drive West, Marlton, Nj 08053

Telephone {609) 797-0300
Fax (609} 797-0909

BY FAX AND OVERNIGHT MAIL

February 18, 1999

Mr. Mark S. Delligatti

Senior Project Manager

Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commlssmn
11555 Rockville Pike

Rockville, MD 20852

Subject:  USNRC Docket No. 71-9261
HI-STAR 100 Safety Analysis Report, TAC No. 122085
Comment Resolution Letter Q

References: 1. Holtec Project No. 5014
Dear Mr. Delligatti, |

The purpose of this letter is to provide information discussed in telephone conversations with the
Spent Fuel Project Office (SFPO) held yesterday afternoon and this morning. Attachment 1 to
this letter is draft Revision 8 changes to Safety Analysis Report (SAR) Section 2.7 which show
the MPC-68F calculations for the MPC lid-to-shell (LTS) weld stresses under a hypothetical
corner drop event.

These calculations were performed using the existing 0.75-inch LTS weld depth and 0.5 inch
MPC shell thickness. We believe these calculations show sufficient margin to failure for the
weld to ensure continued lid-to-shell weld joint integrity in the wake of a top-down corner drop
event. Please consider the review of this information as a starting point for further discussions
for achieving the SFPO’s acceptance of the MPC-68F lid-to-shell weld con.ﬁtruration

We highly appreciate the diligence and sense of purpose exlnblted by the SFPO staff in thls
matter.

Bernard Gilligan
Project Manager, HI-STAR/HI-STORM Licensing

. Document L.D.: 5014271
Attachment: As Stated
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BY FAX AND OVERNIGHT MAIL,

February 19, 1999

Mr. Mark S. Delligatti

Senior Project Manager

Spent Fuel Licensing Section, SFPO, NMSS
U.S. Nuclear Regulatory Commission
11555 Rockville Pike '

Rockville, MD 20852

Subject: USNRC Docket No. 71-9261
HI-STAR 100 Safety Analysis Report, TAC No. L22085
Comment Resolution Letter R

References: 1. Holtec Project No. 5014
Dear Mr. Delligatti,

The purpose of this letter is to provide information in response to our telephone conversation
with the Spent Fuel Project Office (SFPO) held this moming. The MPC-68F shell and lid-to-
shell weld designs have been slightly modified to reduce the stresses resulting from-a CG-over-
corner top-end drop accident. For the MPC-68F only, the thickness of the top of the MPC shell
has been increased to 1.0 inch and the lid-to-shell groove weld thickness has been increased to
1 1/4 inches. Attachment 1 to this letter includes updated draft Revision 8 changes to Safety
Analysis Report (SAR) Section 2.7 which show the MPC-68F calculations for the MPC lid-to-
shell (LTS) weld stresses under this hypothetical corner drop event. '

These changes were made to strengthen the weld and shell to meet the stress acceptance limits
for this event suggested by the SFPO structural reviewer. The design change is illustrated in
SAR Figure 2.7.22 (attached), which clearly indicates that the required modification is
conceptually quite straightforward. We have discussed the change with each of the SAR chapter
authors and have established that only the structural evaluation (Section 2.7) needs to be updated.
Upon SFPO concurrence with the draft material presented herein, the affected Design Drawmgs
and Safety Analysis Report section will be rev1sed and submitted within 24 hours.

Please note that we recognize the schedule burden the SFPO staff is under in preparing the
Safety Evaluation Report for this application. We deeply apprecxate your continued efforts in
reaching this cruc1al milestone in the licensing process.
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Sincerely,

Bemard Gilligan
Project Manager, HI-STAR/HI-STORM Licensing
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Utility

Southern Nuclear Operating Company
Commonwealth Edison

Pacific Gas & Electric Co.

Private Fuel Storage, LLC

American Electric Power

New York Power Authority

Washington Public Power Supply System
Wisconsin Electric Power Company

Maine Yankee Atomic Power Company
Vermont Yankee Corporation

Southemn California Edison

Entergy Operations — Arkansas Nuclear One
GPUN - Oyster Creek Nuclear Power Station
IES Utilities

Nebraska Public Power District



