UMS

SAFETY
ANALYSIS
REPORT

for the
UMS®UNIVERSAL STORAGE CASK

Amendment for

MAINE YANKEE ATOMIC POWER COMPANY

Site Specific Spent Fuel

March 2000 UMSS-008B

nNAC
F INTERNATIONAL




SAR - UMS® Universal Storage System March 2000
Docket No. 72-1015 Revision UMSS-00B
List of Effective Pages

Master Table of Contents 122 et Revision 1

T e Revision UMSS-99E 1.2-3 e Revision 1
H o e, Revision UMSS-99E 1.2 e Revision 1
TR Revision UMSS-99E 125 oo Revision 1
IV e Revision UMSS-99E L26iiieieeeciecceen, Revision 1
Vo e Revision UMSS—99E 1.2-7 e Revision 1
N S, Revision UMSS-99E 128 e Revision 1
TR Revision UMSS-99E 1.2 eee e Revision 1
VAL oo Revision UMSS-99E T (o N Revision 1
IX e, Revision UMSS—bOB 12-1 1 Revision 1
X e Revision UMSS-00A 1212 oo Revision 1
ST Revision UMSS-99E 1213 e Revision 1
ST RO Revision UMSS-99E e S Revision 1
XIL eereeeereesreenns Revision UMSS-99E 12515 e Revision 1
XIV oo Revision UMSS-99E 12160 Revision 1
S Revision UMSS-99E 12417 oo Revision 1
XVE v Revision UMSS-99E 12518 e, Revision 1
1.2-190 e Revision 1

Chapter 1 1.2-20 e Revision 1
ST Revision UMSS-99D 1221 e Revision 1
Todl veee et Revision 1 L2922 e Revision 1
I-1 e, e Revision 1 1.2-23 e Revision 1
1 Revision 1 Y S Revision 1
Revision UMSS-00B 1225 oo Revision 1

17 e Revision UMSS-00B
1-8 i RevmonUMSS-OOB
L1-1 . Revision UMSS-99D
112 s Revision UMSS-99D
L1-3 e Revision 1
TIed e Revision 1

L.2-1 et reeeen Revision 1

1.4-2 e Revision 1
15T Revision 1
152 Revision 1
153 Revision 1



SAR - UMS® Universal Storage System March 2000
Docket No. 72-1015 Revision UMSS-00B

List of Effective Pages (continued)

154 e, Revision 1 1.5-30 Revision 1
L5-5 Revision 1 1.5-40. e Revision 1
[5G i Revision 1 1.5-41 i, Revision 1
1.5-7 e Revision 1 1.5-42 i, Revision 1
L5-8 e Revision 1 15430 e, Revision 1
159 i Revision 1 1.5-44 i Revision 1
L1.5-10 i Revision 1 1.5-45. i Revision 1
LS5-11 o, Revision 1 15446, Revision 1
1.5-12 i Revision 1 1.5-47 i, Revision 1
15-13 e, Revision 1 L5-48 i, Revision 1
L5-14 i, Revision 1 1.5-49 i Revision 1
L5-15 Revision 1 1550, Revision 1
L1516 oo, Revision 1 ' L5-51eiiiiiiiiiie, Revision 1
LS5-17 o, Revision 1 1.5-52 e Revision 1
1.5-18 e Revision 1 1.5-53 e Revision 1
15-19 i, Revision 1 1554 i, Revision 1
1.5-20 i, Revision 1 L6-1 i, Revision 1
L5-21 i Revision 1 16-2 i Revision 1
[.5-22 i, Revision 1 LT, Revision 1
1.5-23 e, Revision 1 172 i e Revision 1
1.5-24 i Revision 1 L 7-3 e Revision 1
1.5-25 ... TR Revision 1 L8-1.iiiine Revision fJMSSm-:é:ﬂéP}"S '
1.5-26 oo, Revision 1 182, Revision UMSS-00A
1527 i Revision 1

L5-28 i Revision 1 28 drawings (see Section 1.8)
L1529 i Revision 1

1530 i, Revision 1 Chapter 2

1.5-31 i, Revision 1 241 e, Revision [M§§-9§§
1.5-32 i, Revision 1 290 Revision 1
1533 oo, Revision 1 2 o, Revision UMSSI00B
1534 oo, Revision I 24V o, Revision UMSS-00B
1535 i, Revision 1 2-1 i, Revision 1
1.5-36 i Revision 1 2-2 e, Revision 1
1.5-37 o, Revision 1 2-3 Revision 1
1.5-38 oo, Revision 1 2.1 Lo, Revision UMSSZ99D

8]



SAR - UMS® Universal Storage System

March 2000

Docket No. 72-1015 Revision UMSS-00B
List of Effective Pages (continued)

21151 e Revision UMSS-99D D36 Revision 1
2112 Revision 1 23T e Revision 1
2.1.1-3 Revision 1 238 Revision 1
21.1-4 Revision 1 2329 Revision 1
2.1.2-1 Revision 1 23100 Revision 1
2.12-2 Revision 1 23T Revision 1
21,23 e Revision 1 23120, Revision UMSS-99D
2.1.2-4 o, Revision 1 2.3-13 e Revision 1
2.1.3-1 oo Revision UMSS-00A 2314 Revision UMSS-99E
2132 o, Revision UMSS-00A 2.3-15 . Revision UMSS-99E
2133 o Revision UMSS-00A 23160 . Revision UMSS-99E
2134 . Revision UMSS-00A o 3 OO Revision 1
2.1.3-5 oo, Revision UMSS-00B 0 Revision 1
2136 covreena. Revision UMSS-00B T SR Revision 1
2137 et Revision UMSS-00B 30 Revision 1
2.1.3-8 oo Revision UMSS-00B 2 5 SRR Revision 1
2139 i, Revision UMSS-00B 2052t Revision 1
2.1.3-10 e, Revision UMSS-00B

2.1.3-11 oo Revision UMSS-00B Chapter 3

221 oo, Revision UMSS-99D I S Revision UMSS-99D
2.2-2 e Revision 1 1S | EUURTOURRR Revision UMSS-99D
223 Revision 1 I L SOOI Revision 1
2.2-4 e Revision 1 3oV e Revision 1
2255 Revision 1 3oV i Revision 1
226 i Revision 1 BoVi v Revision 1
22T e Revision 1 B l-Toieen Revision 1
2.2-8 e Revision 1 312 Revision 1
2.2-9 Revision 1 3B Revision 1
2.2-10 s Revision 1 31 Revision 1
2.2-11 i Revision 1 3-8 Revision 1
231 o Revision 1 316 Revision 1
232 Revision 1

233 e Revision 1

234 Revision 1




SAR - UMS® Universal Storage System March 2000
Docket No. 72-1015 Revision UMSS-00B

List of Effective Pages (continued)

331 e, Revision UMSS-99D 3431, Revision 1
332 Revision 1 343-12 i, Revision 1
333 Revision 1 343-13 i Revision 1
334 Revision 1 343-14. i Revision 1
335 Revision 1 34315 Revision 1
336 i, Revision 1 343160 Revision 1
337 e, Revision 1 343-17 e Revision 1
3.3-8 e, Revision 1 34318 Revision 1
339 e, Revision 1 343-19 i, Revision 1
3310 e, Revision UMSS-99E 34320 oo, Revision 1
3311 oo, Revision 1 34321 Revision 1
3312 e, Revision 1 343220 Revision 1
33-13 oo, Revision UMSS-99E 34323 e, Revision 1
34.1-1 Revision 1 34324 i, Revision 1
34.1-2 i, Revision 1 3432500, Revision 1
3403 Revision 1 343-26ucci i, Revision 1
3414 Revision 1 34327 i, Revision 1
34.1-5 oo Revision UMSS-99E 34328 i, Revision 1
3416 oo, Revision UMSS-99E 3.4.3-29 oo, Revision 1
34.01-7 e Revision 1 343-30. i, Revision 1
34.1-8 e, Revision 1 34331, Revision 1
3419 e, Revision 1 34332 Revision 1
34.1-10 Revision 1 34333 e, Revision 1
342-1 i Revision 1 34334 i, Revision 1
34.2-2 Revision 1 343350 Revision 1
3431 Revision 1 34.3-36cc.ccciieeiie, Revision 1
3432 e, Revision 1 34.3-37 i, Revision 1
3433 Revision 1 34338, Revision 1
3434 Revision 1 34339 i Revision 1
3435 e Revision 1 34340 i, Revision 1
3436 i Revision 1 34341 i, Revision 1
3437 e, Revision 1 343420 Revision 1
3438 e, Revision 1 34343 i, Revision 1
343-9 e, Revision 1 34344 Revision 1
343-10 i, Revision 1 343-45 i, Revision 1



SAR - UMS® Universal Storage System March 2000
Docket No. 72-1015 Revision UMSS-00B

List of Effective Pages (continued)

34.3-46 i Revision 1 3442000000 Revision 1
34347 i Revision 1 34427 i Revision 1
34348 i Revision 1 3.4.4-28. e Revision 1
34.3-49 i Revision 1 34429 e Revision 1
3.4.3-50 i, Revision 1 344300 Revision 1
34351 i Revision 1 34431 R evision 1
34352 i Revision 1 34432 Revision 1
34.3-53 Revision 1 34433 e Revision 1
34354 i Revision 1 34434 i Revision 1
34.3-55 e Revision 1 344-35 Revision 1
344-1 i Revision 1 344360 Revision 1
34.4-2 i Revision 1 34437 Revision 1
3443 e Revision 1 344-38 i Revision 1
3444 i Revision 1 34439 Revision 1
344-5 e Revision 1 344-40..iiiiiieieee Revision 1
3446 i Revision 1 34441 i Revision 1
34.4-T e Revision 1 34442, i, Revision 1
344-8 i Revision 1 34443 Revision 1
3449 oo Revision 1 34444 oo, Revision 1
344-10 Revision 1 34445, i Revision 1
34.4-11 i Revision 1 34446t Revision 1
344-12 s v Revision 1 34447 i Revision 1
344-13 i Revision 1 _ 34448 Revision 1
344-14 i Revision 1 34.4-49 i Revision 1
344-15 Revision 1 3.4.4-50. e Revision 1
34416 v Revision 1 34451 Revision 1
34.4-17 i Revision 1 34.4-520 i Revision 1
344-18 i Revision 1 3.4.4-53. e Revision 1
344-19 i Revision 1 34454 Revision 1
34420 i Revision 1 34.4-55 e Revision 1
34421 i Revision 1 344560 Revision 1
34422 i Revision 1 34457 i Revision 1
34423 Revision 1 344-58 Revision 1
34424 e Revision 1 34.4-59 i, Revision 1
34425 i Revision 1 34.4-60...cccciiiriiiiiniins Revision 1



SAR - UMS® Universal Storage System

Docket No. 72-1015

List of Effective Pages (continued)

34461 i, Revision 1
34.4-62 i, Revision 1
34463 i, Revision 1
34464 i, Revision 1
34.4-65 i, Revision 1
34.4-66 ..o Revision 1
34.4-67 oo Revision 1
34468 ooiciiieiiee, Revision 1
34469 . Revision 1
34470 i Revision 1
34471 i Revision 1
34472 i, Revision 1
3.4.4-T3 e, Revision 1
34474 i Revision 1
34475 i, Revision 1
34476 i, Revision 1
34.4-T7 e, Revision 1
345-1 .. Revision UMSS-00A
351 i Revision 1
3.6-1 oo, Revision UMSS-99D
362 oo, Revision UMSS-99D
R —— Revision UMSS-00B
3.6-4 oo Revision UMSS-00B
3.6-5 i Revision UMSS-00A
366 oo, Revision UMSS-00A
367 coveeerrerin, Revision UMSS-00A
3.6-8 oo, Revision UMSS-00A
BT-1 e, Revision 1
372 Revision 1
373 e, Revision 1
381 e Revision 1
382 e Revision 1
3.8-3 e, Revision 1
384 i, Revision 1

March 2000

Revision UMSS-00B
386t Revision 1
38T e Revision 1
3.8-8 e Revision 1
389 Revision 1
3.8-10 i, Revision 1
3811, Revision 1

Chapter 4

41 i Revision 1
I SR Revision UMSS-99D
Ao o, Revision UMSS-99D
441V i Revision IJMSS ”9:15
4-V i Revision QMS oD
AVE oo, Revision UMSS-99D
. Revision UMSS-99D
411, Revision 1
G 1-20 i, Revision 1
413 Revision 1
414, Revision 1
415 Revision 1
416, Revision UMS%Q@A
A LT e, Revision 1
418, Revision 1
42T Revision 1
422 Revision 1
423, Revision UMSS-00A
424 e, Revision 1
4.2-5 e Revision 1
426t Revision 1
4.2-T i, Revision 1
431 i, Revision 1
R S UPO PRSI Revision 1
44 1=, Revision 1
4.4 1-200 i, Revision 1
4.4.1-3 i Revision 1



SAR - UMS® Universal Storage System March 2000
Docket No. 72-1015 Revision UMSS-00B

List of Effective Pages (continued)

4414 e Revision 1 4.4.1-39 Revision 1
44.1-5 e Revision 1 4.4.1-40.  ccaoeiiininnns Revision 1
4416 oo Revision 1 4.4.1-41. i Revision 1
4417 o Revision 1 44142 i Revision 1
44.1-8 e Revision 1 44143 i Revision 1
4.4.1-9 o Revision 1 4.4.1-44 e Revision 1
4.4.1-10 oo Revision 1 4.4.1-45. i Revision 1
4.4.1-11 o Revision 1 4.4.1-46. .t Revision 1
4.4.1-12 Revision 1 44.1-47 . i Revision 1
4.4.1-13 e, Revision 1 4.4.1-48. s Revision 1
4.41-14 oo Revision 1 44149, i Revision 1
4.4.1-15 e Revision 1 4.4.1-50. i Revision 1
4.4.1-16 oo Revision 1 4.4.1-51 i Revision 1
A44.1-17 oo Revision 1 G4.2-1 e Revision 1
44.1-18 i Revision 1 4431 Revision 1
4.4.1-19 Revision 1 G432 e Revision 1
4.4.1-20 i Revision 1 4433 Revision 1
44021 oo Revision 1 4434 it Revision 1
4.4.1-22 oo Revision 1 4435 Revision 1
4.4.1-23 e Revision 1 4436 Revision 1
44124 (i Revision 1 BA.3-T oo Revision 1
4.4.1-25 i Revision 1 AA43-8oiiiiiiiiieiieeiieeie Revision 1
44126 oo Revision 1 4439 e .Revision 1
44127 o Revision 1 4.4.3-10 e Revision 1
44128 coiiieeiiieieeeeeeei Revision 1 44311 Revision 1
4.4.1-20 (e Revision 1 44312 e Revision 1
4.4.1-30 i Revision 1 44.4-T. 0o Revision 1
4.4.1-31 oo Revision 1 G451 0o Revision 1
4.4.1-32 i Revision 1 4452 Revision 1
4.4.1-33 e Revision 1 4453 e Revision 1
44134 s Revision 1 4454 ieiiiireenriiianiaee Revision 1
4.4.1-35 e Revision 1 BA.5-5 e Revision 1
44.1-36 i Revision 1 4456 Revision 1
4.4.1-37 ot Revision 1 4.4.6-1 it Revision 1
4.4.1-38 i Revision 1 GAT-1 oo Revision 1



SAR - UMS® Universal Storage System March 2000
Docket No. 72-1015 Revision UMSS-00B

List of Effective Pages (continued)

447-2 i, Revision 1 4.6-2oeeieieeee, Revision 1
4.4.7-3 Revision 1 4.6-3. i, Revision 1
4474 o, Revision 1 4.6-4.....o..... Revision UMSS-00A
4475 i Revision 1

4.47-6 oo, Revision 1 Chapter 5

4.4.7-T o, Revision 1 591 e, Revision 1
4.4.7-8 e, Revision 1 511 e Revision IMS§;Q§D:
4479 i, Revision 1 51T ceveeireiieeecee e Revision 1
4.47-10 i Revision 1 51V e, Revision 1
L A Revision 1 5V e, Revision UM§§;§9D
4.4.8-1 oo Revision 1
4.5-1 oo, Revision UMSS-00B
452 o, Revision UMSS-99D
453 oo, Revision UMSS-99D
454 oo, Revision UMSS-99D G0 05 2 Revision 1
455 oo, Revision UMSS-99D ST B S Revision UMSS-99D)
456 coooroe, Revision UMSS-99D 514, Revision UMSS-99D
457 oo, Revision UMSS-99D 70 5 TS Revision 1
4.5-8 oo, Revision UMSS-00B 506 Revision 1
459 i Revision UMSS-00A 50T e, Revision 1
' Revision UMSS-00B 30 O S Revision 1
Revision UMSS-99D 519 e, s Revision 1
4.5-12 Revision UMSS-99D G5 15 ¢ OO Revision 1
4.5-13 ool Revision UMSS-99D S0 155 5 OO Revision 1
4514 oo, Revision UMSS-00A S D Revision 1
.5-15 Revision UMSS-00B 5,22, Revision 1
Revision UMSS-00B 523 e, Revision 1
524, Revision 1
5.2-5 i, Revision 1
526 Revision 1
52T e Revision 1
5-2 5.2-8e e Revision 1
4522 o, Revision UMSS-99D 5.2 oo, Revision 1
4523 i, Revision UMSS-99D 52100, Revision 1
4.6-1 i, Revision 1 5.2-1 e Revision 1




SAR - UMS® Universal Storage System March 2000
Docket No. 72-1015 Revision UMSS-00B

List of Effective Pages (continued)

5.2-12 oo Revision 1 5316 e Revision 1
5.2-13 Revision 1 5317 Revision 1
52-14 e Revision 1 5318 e Revision 1
5.2-15 e Revision 1 5.3-19 s Revision 1
52416 i Revision 1 5.3-20 e Revision 1
5.2-17 oo Revision 1 5320 Revision 1
5.2-18 i Revision 1 5322 e Revision 1
52419 i Revision 1 5.3-23 e Revision 1
5.2°20 i Revision 1 54-1 e Revision 1
5221 e Revision 1 542 Revision 1
5.2-22 e Revision 1 543 e Revision 1
5.2-23 e Revision 1 54 Revision 1
5224 i Revision 1 545 Revision 1
5.2-25 Revision 1 54O Revision 1
5220 e Revision 1 54T e Revision 1
5.2-27 e Revision 1 S48 Revision 1
5228 i, Revision 1 54O Revision 1
5.2-29 e Revision 1 54100 Revision 1
5230 e Revision 1 54-11ne, Revision 1
5231 Revision 1 54-120 i Revision 1
5341 i Revision 1 54-13 e Revision 1
5.32 e Revision 1 SA-T4 i, Revision 1
5.3-3 oo Revision 1 5.4-15. e Revision 1
534 e Revision 1 54-16. i Revision 1
535 e Revision 1 54-17 e Revision 1
5396 it Revision 1 5.4-18. i Revision 1
53T oo Revision 1 5.4-19. i Revision 1
53-8 e Revision 1 542000 i Revision 1
539 Revision 1 5421 Revision 1
5.3-10 e Revision 1 5422 Revision 1
5.3-11 e Revision 1 5423 e Revision 1
5312 i Revision 1 5424 i Revision 1
5313 i Revision 1 55T e Revision 1
5314 e Revision 1 5. 52 e Revision 1
5.3-15 s Revision 1 5 T 1 TN OO NP UUPRROIOPP Revision 1



SAR - UMS® Universal Storage System March 2000
Docket No. 72-1015 Revision UMSS-00B

List of Effective Pages (continued)

554 i, Revision 1 5.2 e Revision 1
5.5-5 Revision 1 5.3 Revision 1
556 e Revision 1

5.5-7 o Revision 1 Chapter 6

558 i, Revision 1 6-1 o Revision 1
5.5-9 oo Revision 1 R Revision UMSS-00B
5510 oo Revision 1 T S Revision UMSS-00A
56-1 i, Revision UM§S~99D O-1V e Revision 1
5.6.1- BV e Revision 1
(T R Revision UMSSTGQA
. -2 ) 6.1-1 i, Revision 1
5.6.14 oo, Revision UMSS-99D 6. 120, Revision 1
56.1-5 oo, Revision UMSS-99D 6.1-3 e, Revision 1
5606 oo Revision UMSS'—O‘OA 60.2-1uueiieiieiiiiee Revision 1
56.1-7 oo Revision UMSS-99D 6.2-2 e, Revision 1
5.6.1-8 oo Revision UMSS-99D 3 SO Revision 1
561—9 ............... Rev131onUMS%S-99D 6.3-Luiiiiiieceeeceee Revision 1
5.6.1-10 ............. Revision UMSS-99D 6.3-2 oo Revision 1
5.6.1-11 oo Revision UMSS-99D 6.33 oo Revision 1
5.6.1-12 oo, Revision UMSS-00B 6.3-4 oo, Revision 1
5.6.1-13 oo, Revision UMSS-99D 6.3-5 e, Revision 1
5.6.1-14 ............ Revision UMSS-99D .36, Revision 1
56.1-15 ............. Revision UMSS-99D 6.3- 7 evoeveeeereeeereeeresvennn. Revision 1
5.6.1-16 .38t Revision 1
5.6.1-17 6.3, Revision 1
561-18 6.3-10..cc i, Revision 1
0.3-T1 e, Revision 1
0.3-12 e Revision 1
5.6.1-21 oo Revision UMSS-99D 6.3-13 1o Revision 1
5.6.1-22 oo Revision UMSS-99D 6.3-14 oo, Revision 1
5.6.123 oo Revision UMSS-99D S S Revision 1
5.6.1-24 oo Revision UMSS-00A 6,82 Revision 1
5.6.1-25 ... Revision UMSS-99D S S Revision 1
5.6.1-26 oo Revision UMSS-99D 6.4 Revision 1

571 i, Revision 1 0.4-5. e Revision 1
10




SAR - UMS® Universal Storage System

Docket No. 72-1015

March 2000
Revision UMSS-00B

List of Effective Pages (continued)

6.4-6 oo Revision 1
6.4-T oo, Revision 1
6.4-8 oo Revision 1
6.4-9 oo Revision 1
6.4-10 .o Revision 1
6.4-11 oo Revision 1
6.4-12 oo Revision 1
6.4-13 o Revision 1
6.4-14 i Revision 1
6.4-15 e Revision 1
6.4-16 v Revision 1
60.4-17 oo Revision 1
60.4-18 e Revision 1
6.4-19 oo Revision 1
6.4-20 i Revision 1
6.4-21 i Revision 1
6.4-22 (oo Revision 1
6.4-23 o Revision 1
0.4-24 o Revision 1
6.4-25 e Revision 1
6.4-26 i Revision 1
6.4-27 i Revision 1
6.4-28 oo Revision 1
6.4-29 e Revision [
6.4-30 i Revision 1
6.4-31 oo, Revision 1
6.4-32 oo Revision 1
6.4-33 Revision 1
6.4-34 i Revision 1
6.5-1 ooeieeieeee Revision 1
0.5-2 ot Revision 1
6.5-3 Revision 1
0.54 i Revision 1
6.5-5 e Revision 1
60.50 oo, Revision 1

11

6.5-T e Revision 1
6.5-8urii e Revision 1
6.5 e Revision 1
6.5-10. i Revision 1
6.5-11 oo Revision 1
6.5-12 i Revision 1
6.5-13 e .....Revision 1
6.5-14 i Revision 1
0.5-15. e Revision 1
6.5-16 0o Revision 1
6.5-17 oo Revision 1
6.5-18. e Revision 1
6.5-19. it Revision 1
6.5-20. i Revision 1
6.5-21 e Revision 1
6.5-22 e Revision 1
6.5-23 e Revision 1
0.5-24 e Revision 1
6.5-25 e Revision 1
6.6-1. e Revision UMSS-99D

Rev131on UMSS- 99}9

Revision UMSS-99D

Rev1s1onAUMSS OB
Revision UMSS- \
Revision UMSS-00A
Revision UMSS:00A
Revision UMSS-00A
Rev1s1on',UMSS OA




SAR - UMS® Universal Storage System March 2000
Docket No. 72-1015 Revision UMSS-00B

List of Effective Pages (continued)

Revision UMSS-00A 6.8-29. oo, Revision 1
Bﬁéﬂwsmn (TMS§—OOA 0.8-30 e, Revision 1

Revision UMSS-00A 6.8-31 i Revision 1
6.832 i, Revision 1
Revision UMSS-00A K I Revision 1
................................... Revision 1 6.8-34...cccccceiiieieeiinennne.... Revision 1
.................................. Revision 1 6.8-35...cccieeieeieeeieeeen Revision 1
................................... Revision 1 6.8-36.....cccccecveveeeurenen.nn. Revision 1
6.8-2 e Revision 1 6.8-37 e Revision 1
6.8-3 1o, Revision 1 6.8-38 e Revision 1
6.8-4 i Revision 1 6.8-39 e, Revision 1
6.8-5 i, Revision 1 6.8-40. i Revision 1
6.8-6 oo Revision 1 6.8-41 i, Revision 1
6.8-7 coieeie e Revision 1 6.8-42. i, Revision 1
6.8-8 oo Revision 1 6.8-43 i, Revision 1
6.8-9 i, Revision 1 6.8-44 o, Revision 1
6.8-10 i Revision 1 6.8-45 i, Revision 1
6.8-11 oo, Revision 1 6.8-46..cccoiiiiiiiiiiee, Revision 1
6.8-12 i Revision 1 6.8-47 i, Revision 1
6.8-13 o Revision 1 6.8-48 .., Revision 1
6.8-14 oo Revision 1 6.8-49 i Revision 1
6.8-15 i Revision 1 6.8-50.. e Revision 1
6.8-16 oo Revision 1 6.8-51 i Revision 1
60.8-17 oo Revision 1
6.8-18 i Revision 1 Chapter 7
6.8-19 oo, Revision 1 £ T Revision UMSS-99D
6.8-20 oo Revision 1 T e Revision 1
0.8-21 oo, Revision 1 T 11, Revision 1
6.8-22 i Revision 1 T 12, Revision 1
6.8-23 (i, Revision 1 TA-3 Revision 1
6.8-24 o Revision 1 TL14iiiiieeeeeee. Revision 1
6.8-25 1o Revision 1 T 1-5 e Revision 1
6.8-20 oo Revision 1 T X6, Revision 1
6.8-27 oo Revision 1 0 e S VSR Revision 1
6.8-28 i, Revision 1 T1-8ee e Revision 1



SAR - UMS® Universal Storage System

March 2000

Docket No. 72-1015 Revision UMSS-00B
List of Effective Pages (continued)
T 19 i, Revision 1 833 Revision 1
T1-10 i Revision 1 83 Revision 1
TI-11 e Revision 1 8.3 e Revision 1
T2-1 e Revision 1 Bul-Tuiiiiii, Revision 1
T2-2 e Revision 1
731 o Revision 1 Chapter 9
T74-1 i Revision UMSS—99D 940 e Revision 1
751 e Revision 1 Q-1 Revision 1
0.1-2 e Revision 1
Chapter 8 9.1-3 e Revision 1
3 SO Revision UMSSTOOA .14 Revision 1
8l rveerrrrrenninn Revision UMSS-00A 0. 1-5 e Revision 1
8-1 oo Revision UMSS-99D .16 Revision 1
8-2 e Revision ‘U'MS“S-99D 0.1-T oo Revision 1
8.1-1 v, Revision UMSS-00A 9. 181 Revision 1
81.1-1 oo, Revision UMSS-00A 9.1 Revision 1
8.1.1-2 oo, Revision UMSS-00A 9110 Revision 1
35 05 B T Revision UMSS-99D 9.2 Revision 1
8114 oo, Revision UMSS-99D 0,22 oo, Revision 1
8.1.1-5 coocorr Revision UMSS-99D ST DR Revision 1
8.1.1-6 oo Revision UMSS-99D
81.1-7 oo, Revision UMSS-99D Chapter 10
81:1-8 oo Revision UMSS-99D 104 oo, Revision UMSS-99D
8.1.2-1 oo Revision UMSS-99D L0 S Revision 1
8122 . Revision UMSS-99D S0 TS DO Revision 1
8.1.3-1 oo, Revision UMSS-99D 1012 Revision 1
81.3-2 oo Revision UMSS-99D 10.2T oo Revision 1
8141 v, Revision UMSS-99D 10,22 Revision 1
8.1.4-2 oo, Revision UMSS-99D 10.3- Lo Revision 1
8143 oo, Revision UMSS-99D 10 IS Revision 1
8144 oo, Revision UMSS-99D 10,33 e Revision 1
B8.2-1 i Revision UMSS-99D 1034 e Revision 1
8. 2.2 e Revision 1 1035 e, Revision 1
831t Revision 1 10361 Revision 1
10.3-7 e Revision 1

8.3 e Revision 1

13



SAR - UMS® Universal Storage System March 2000
Docket No. 72-1015 Revision UMSS-00B
List of Effective Pages (continued)

10.3-8 e, Revision 1 I1.1.3-5 i, Revision 1
10.3-9 el Revision 1 11136, Revision 1
10.4-1 i, Revision 1 11137 i Revision 1
10.4-2 e Revision 1 I1.1.3-8 i Revision 1
10.4-3 e Revision 1 11.1.3-9 i, Revision 1
104-4 e Revision 1 11.1.3-10. e Revision 1
10.4-5 e Revision 1 11311, Revision 1
10.5-1 vooeereeen, Revision UMSS-99D 11134120 e, Revision 1
10.6-1 oo, Revision 1 11.1.3-13 0, Revision 1
| 111314 Revision 1

Chapter 11 I1.1.3-150 i Revision 1
TI-1 oo Revision 1 11.1.3-16uc e Revision 1
L1 i, Revision UMSS-99D |18 0 0 OO Revision 1
L1 e Revision UMSS-99D 11142 o Revision 1
T1AV e, Revision UMSS-99D I1.1.5-Tciieeeee, Revision 1
TI-v o, Revision 1 111520, Revision 1
TE-vi, Revision UMSSeOOB 11.1.6-1.............. Revision UMSS—dQB
R N Revision 1 11.2-1ur, Revision UMSS-00B
T1-VHT e Revision 1 I1.2.1-T1eiie Revision 1
110X oo, Revision UMSS-99D 11,2120, Revision 1
11X o, Revision UMSS-00A 112,130, Revision 1
11-1 ... SR Revision 1 11214 e Revision 1
ITLI-1 Revision 1 11.2.1-50 i, Revision 1
TLEL-2 Revision 1 11216 Revision 1
TT.11-3 Revision 1 11.2.1-7 e Revision 1
I1.1.1-4 o, Revision 1 11.2.1-8eeeiiieeiiieeeeiee Revision 1
IT1I-5 oo, Revision 1 11.2.2-T o Revision 1
11116 e, Revision 1 11.2.3-1o i, Revision 1
[1.1.2-1 o Revision 1 112320, Revision 1
11.1.2-2 Revision 1 11.24-1 i, Revision 1
T1E2-3 Revision 1 11.2.4-20 i, Revision 1
TLE3-1 Revision 1 11.24-3. i Revision 1
TT13-2 s Revision 1 11.24-4. i, Revision 1
I1.1.3-3 Revision 1 11.24-5 Revision 1
11.1.3-4 L, Revision 1 11.2.4-6..coviviieeciiic Revision 1

14




SAR - UMS® Universal Storage System March 2000
Docket No. 72-1015 Revision UMSS-00B

List of Effective Pages (continued)

10.2.4-7 e Revision 1 11284 Revision 1
10.24-8 e Revision 1 F1.2.8-5u s Revision 1
11.24-9 (e Revision 1 11286, Revision 1
11.24-10 . Revision 1 T1.2.8-7 i, Revision 1
11.2.4-11 Revision 1 11.2.8-8.eireiiececeee, Revision 1
11.2.4-12 (s Revision 1 11.2.9-1 e, Revision 1
11.2.4-13 (s Revision 1 11.2.9-2. s Revision 1
11.24-14 oo Revision 1 11.2.9-3 e Revision 1
11.24-15 e, Revision 1 10294 i Revision 1
11.24-16 oo Revision 1 11.2.9-5. e Revision 1
11.24-17 (e Revision 1 11296, Revision 1
11.24-18 e, Revision 1 11.2.9-7 e Revision 1
11.24-19 i Revision 1 11.2.10-1 o, Revision 1
11.2.4-20 e Revision 1 11.2.10-20 e, Revision 1
11.2.4-21 oo Revision 1 I1.2.10-3 s Revision 1
11.24-22 e Revision 1 11.2.10-4 e Revision 1
11.2.4-23 Revision 1 T1.2.101-1 e Revision 1
11.2.4-24 Revision 1 I1.2.01-2 e Revision 1
11.2.4-25 (e Revision 1 TL201-3 s Revision 1
11.2.4-26 oo Revision 1 TE2 114 Revision 1
11.2.4-27 e Revision 1 I1.2. 1150 Revision 1
11.2.4-28 oo, Revision 1 1121160, Revision 1
11.2.4-29 (i Revision 1 11.2.00-T e Revision 1
11.24-30 Revision 1 T12.10-8eiiiiiiiiiiecceee, Revision 1
11.2.5-1 e, Revision 1 I1.2.11-9 i Revision 1
T1.2.6-1 e Revision 1 11.2.11-1000 e Revision 1
11.2.6-2 i Revision 1 11.201-1 1 Revision 1
11.2.6-3 e Revision 1 11.2.11-120 s Revision 1
11.2.6-4 (i Revision 1 11.2.11-130 e Revision 1
11.2.6-5 e Revision 1 I1.2.11-14. Revision 1
11.2.7-1 e Revision 1 112121, Revision 1
[1.2.7-2 e Revision 1 11.2.12-20 e Revision 1
11.2.8-1 e Revision 1 11.2.12-3 e Revision 1
11.2.8-2 oo Revision 1 11.2.12-4 i, Revision 1
11.2.8-3 e Revision 1 11.2.12-50 i, Revision 1

15



SAR - UMS® Universal Storage System March 2000
Docket No. 72-1015 Revision UMSS-00B
List of Effective Pages (continued)

112126 e Revision 1 11.2.12-41 ., Revision 1
11.212-7 (e, Revision 1 11.2.12-42.., Revision 1
11.2.12-8 i Revision 1 112124430, Revision 1
I1.2.12-9 i Revision 1 11.2.12-44. .o Revision 1
11.2.12-10 e, Revision 1 11.2.12-45 i, Revision 1
1E2.12-11 e Revision 1 11.2.12-46...eoveeeee Revision 1
11.2.12-12 Revision 1 11.212-47 i, Revision 1
11.2.12-13 e Revision 1 11.2.12-48. e Revision 1
11.212-14 i Revision 1 11.2.12-49. e, Revision 1
11.2.12-15 Revision 1 11.2.12-50. i, Revision 1
11.2.12-16 e, Revision 1 11.2.12-51 i Revision 1
11.2.12-17 i Revision 1 11.2.12-52 e Revision 1
11.212-18 i, Revision 1 11.2.12-53 i, Revision 1
I1.212-19 (i, Revision 1 11.2.12-54 e Revision 1
11.2.12-20 oo Revision 1 11.2.12-55. i Revision 1
I1.232-21 i, Revision 1 11.2.12-56. i Revision 1
T1.212-22 e, Revision 1 11.212-57 i, Revision 1
11.212-23 e, Revision 1 I1.2.12-58 e, Revision 1
11.2.12-24 o, Revision 1 11.2.12-59. i, Revision 1
1121225 Revision 1 11.2.12-60..ciriiiei, Revision 1
11.2.12-26 i, Revision 1 11.2.12-61. e Revision 1
[1.2.12-27 e, Revision 1 11.2.12-62..iiiei, Revision 1
11.2.12-28 i, Revision 1 11.2.12-63...eie Revision 1
[11.2.12-29 i, Revision 1 11.2.12-64 e Revision 1
[1.212-30 e, Revision 1 11.2.12-65.iiie Revision 1
11.2.12-31 e, Revision 1 11.2.12-66....c0ccciveiiiiecinnn, Revision 1
[1.2.12-32 i, Revision 1 11.2.12-67.cccvveieiieiees Revision 1
11.212-33 e, Revision 1 11.2.12-68...covieiiiiiiiieen, Revision 1
11.2.12-34 i, Revision 1 11.2.12-69....oviiiiiiieen, Revision 1
11.212-35 i, Revision 1 11.2.13-1 i, Revision 1
11.212-36 i, Revision 1 11.2.13-20 i Revision 1
11.2.12-37 o, Revision 1 11.2.13-3 e, Revision 1
11.2.12-38 e, Revision 1 11.2.14-1 i, Revision 1
11.2.12-39 i, Revision 1 11.2.14-20 e, Revision 1
11.2.12-40 oo, Revision 1 11.2.15 L. Revision UMSS-(0B

16



SAR - UMS® Universal Storage System March 2000
Docket No. 72-1015 Revision UMSS-00B

List of Effective Pages (continued)

11 2 15 z ........... Rewsmn UMSS-99D 1221, Revision UMSS-00A
‘ 123, Revision UMSS-00B
1244, i, Revision UMSS—OOB
T2AT e, Revision 1
12A-2 i, Revision UMSS OA
12A-3 e, Revision UMSS-00A
12A1-1.cn, Revision UMSS OB
12A1-20 i, Revision UMSS-00B
.2.15-1¢ Revision UMSS-0 12A1-3. . Revision UMSS
11.2.15-11 Revi ff UMSS-00¢ 12A14u.. Revision UMSS
11.2.15-12 .........Revision UMSS-00A 12A1-5 oo, Revision UMSS-008
11.2.15-13 ......... Reyision UMSS-00A 12A16e.. Revision UMSS-00A
11.2.15-14 ......... Revision UMSS-00A 12A1-7 o, Revision UMSS-99D
11.2.15-15 ......... Revision UMSS-00A 12A1-8 oo, Revision UMSS
11.2.15-16 ......... Revision UMSS-00A 12A1-9. oo, Revision UMSS
11.2.15-17 .oo.... Revision UMSS-00A 12A1-10
11.2.15-18 ......... Revision UMSS-00A 12A1-11
11.2.15-19 .........Revision UMSS-00A 12A1-12
11.215-20 ......... Revision UMSS-00A 12A1-13
11.2.15-21 ......... Revision UMSS-00A 12A1-14
11.2.15-22 ......... Revision UMSS-00B 12A1-15
11.2.15-23 ....... Revision UMSS-00B 12A1-16
11.2.15-24 ......... Revision UMSS-00B 12A1-17 Revision UMSS-99D
11.2.15-25 ........ Revision UMSS-00B 12A2-1 oo,
11.2.15-26 ......... Revision UMSS-00B 12A3T oo,
11215—27 ......... RevxsmrfUMSS-OOB 12A3-2 i, Revision 1
11.3-1 i, Revision 1 12A3-3 e, Revision 1
11.3-2 e, Revision 1 12A3-4 e, Revision 1
11.3-3 Revision 1 12A3-5. i, Revision 1
1134 oo, Revision UMSS-00B 12A361reverereereeeeerere Revision 1
12A3-7 e, Revision 1
Chapter 12 12ZA3-8.oeiicoi Revision 1
1240 e, Revision UMSS-99D 12A39 oo, Revision 1
12400 e, Revision UMSS—99D 12A3-10. i Revision 1
121 oo, Revision UMSS-99D 12A3-11.oee. Revision UMSS-00A
17




SAR - UMS® Universal Storage System March 2000
Docket No. 72-1015 Revision UMSS-00B

List of Effective Pages (continued)

12A3-12..cc... Revision UMSS-00A 12B2-13............. Revision UMSS-00A
12A3-13 e, Revision 1 12B2-14............ ReVJSlon UMS
12A3-14 o, Revision 1 12B2-15
12A3-15 Revision 1

12ZA3-16. i, Revision 1

12A3-17 e, Revision 1

12A3-18. e Revision 1

12A3-19. . Revision 1

12A3-20. i, Revision 1 12B3-3 e Revision !
12A3-21 e, Revision 1 12B34........... Revision UMSS-99D
12A322 oo, Revision 1 12B3-5 o, Revision UMSS-99D
12A3-23 i, Revision 1

12A3-24 i, Revision 1

12A3-25. i Revision UMSS-99D

12A4-1 ., Revision 1

12A5-1., Revision UMSS—99D

12A52. Revision UMSS-00A

12A5-3 i Revision UMSS-00A

12A5-4 e, Revision UMSS-00A

] 12C3-1 .o, Revision 1
12B2-4.............. Revision UMSS*OOB 12C3-2 e, Revision 1
12B2-5...ieas Revision ._UMSAS;QQD 12C3-3 e Revision 1
12B2-6....ccr... Revision UMSS-99D 12C3-4 oo, Revision 1
12B2-7 oo, Revision UMSS-99D 1O T Revision 1
12B2-8....oo...... Revision UMSS-99D 12C36 v, Revision 1
12B2-9............... Revision UMSS-99D 12C3-T i Revision 1
12B2-10.....o...... Revision UMSS-99D 12C3-8 i, Revision 1
12B2-11 o Revision UMSS-99D 12C3-9 .o, Revision 1
12B2-12..n.. Revision UMSS-99D 12C3-10 e, Revision 1

18



SAR - UMS® Universal Storage System March 2000
Docket No. 72-1015 Revision UMSS-00B

List of Effective Pages (continued)

12C3-11 i, Revision 1 12C3-46...uiiiieieiieeiecee Revision 1
12C3-12 e Revision 1 12C3-47 o Revision 1
12C3-13 e Revision 1 12C3-48 .. Revision 1
12C3-14 e Revision 1 12C3-49 ., Revision 1
12C3-15. i Revision 1

12C3-16 i, Revision 1

[2C3-17 i Revision 1

12C3-18 . Revision 1 Chapter 13

12C3-19 e, Revision 1 131 i Revision 1
12C3-20. e, Revision 1 13410 e Revision 1
12C3-21 . e, Revision 1 I3 0L, Revision 1
12C3-22 i Revision 1 13.1-2 e Revision 1
12C3-23 ., Revision 1 13.2-T e Revision 1
12C3-24 e Revision 1 13.2-2 e Revision 1
12C3-25. e, Revision 1 13.2-3 e Revision 1
12C3-26. e Revision 1 1324 s Revision 1
12C3-27 oo, Revision UMSS-00A 13.25 et Revision 1
12C3-28.co... Revision UMSS-00A 13.26 e, Revision 1
12C3-29 e, Revision 1 1327 e Revision 1
12C3-30 i, Revision 1 13.2-8 e Revision 1
12C3-31 e Revision 1 1331 Revision 1
12C3-32. i, Revision 1

12C3-33.......... SOTTRRURPN Revision 1

[12C3-34 . Revision 1

12C3-35. e Revision 1

12C3-36. i, Revision 1

12C3-37 oo Revision UMSS-99D

12C3-38 e Revision 1

[2C3-39 . Revision 1

12C3-40.iiiiieeieene Revision 1

12C3-41 e Revision 1

12C3-42. e Revision 1

12C3-43 . Revision 1

12C3-44 . Revision 1

12C3-45. e, Revision 1

19



THIS PAGE INTENTIONALLY LEFT BLANK



SAR — UMS® Universal Storage System March 2000
Docket No. 72-1015 Revision UMSS-00B

6.6

6.7

6.8

7.0

7.1

7.3

Master Table of Contents (Continued)

6.5.3  TIENAS  cevreeeereereemtieeeereeeeseeas b s s ae e 6.5-5
6.5.4 Comparison of NAC Method to NUREG/CR-6361 .ceeiviiiiiiiniiiiiiiieeens 6.5-6
Cntlcahty Evaluatlon for S1te Spec:1ﬁc Spent FUCT oo 6.6-1
6.6.1 Criticality. Evaluation for Maine. Yankee Site Specific Spent Fuel................ 6.6.1-1
6. 6 1 1 Mame Yankee Fuel Cntlcahty MOGEI ..o 6.6 1 1

6.1, ine Yankee Intact, Spent Fuel 6.1-2

6 6 1 3 Mame Yankee Damaged Sp Euel and Fuel DEbLS coovveeeeeereeens 6.6.1-7
6.6.1.4 Maine Yankee Fuel Companson tok:Cntlcahty Benchmarks ............ 6.6. 1-9
RIEEETEIICES vovvevsveeeeeeesssenesssesessscesases s e s e s b s eSS S 6.7-1
CSAS INPULS ANA OUIPULS 1.evoiierrricesnmssimssssns s 6.8-1
CONFINEMENT ...ttt eec et emes bttt s s e 7.1-1
Confinement BOUNAATY ....cvoveoriursirecesimn et 7.1-1
71.1  CONFNEMENT VESSE] coourrierieriiiiriiiisnieiiins s 7.1-1
7.1.1.1 Design Documents, Codes, and Standards .......coocevveviimiimnimiens 7.1-3
7.1.1.2 Technical Requirements for Canister .......ccvoiimiiinsieeees 7.1-3

71.1.3 Release RALE.....vceieeeeremiiimemiserereeiims s s 7.1-4

712  Confinement PENEITAtIONS ......cciirecririerinmrsssss s 7.1-4
713 Seals and WELAS ...o.viveriiiceciieierc e U 7.1-5
7 1.3.1 FaADTICAUION cvviveetiiteeioreeee et ees et s et e 7.1-5

7.1.3.2 Welding Specifications ..o 7.1-5

7.1.3.3 Testing, Inspection, and EXamiNation .. ..o 7.1-6

T 1 CLOSULE ooevveerreeeetesesessessbssesesasessses s b s L 7.1-8
Requirements for Normal Conditions Of STOTAZE ....civeriieimreierieirsecs e 7.2-1
72.1 Release of Radioactive Material. ..o 7.2-1
72.2  Pressurization of Confinement VESSel ..o 7.2-1
Confinement Requirements for Hypothetical Accident ConditionsS.....ocoverreeinnnienes 7.3-1

1X



SAR - UMS® Universal Storage System February 2000
Docket No. 72-1015 Revision UMSS-00A

7.5

8.0

8.1

8.3

8.4

9.0

9.1

Master Table of Contents (Continued)

.................................... 7.4-1
7 4 1 W\Conﬁnement Evaluaﬁon‘forMame Yankee Site - Specific Spent Fuel .............. 7.4-1
REFEIENCES ... 7.5-1
OPERATING PROCEDURES ............o.oiooomiecomcooooooo 8-1
Procedures for Loading the Universal Storage SYSeM .o.oveviueovvoeieeeieeeee e 8.1- 1

8.1.1
8.1.2
8.1.3
8.14

Removal of the Loaded Transportable Storage Canister from the

Vertical Concrete Cask.........oooviiioiioiieeeeseoeeoeeo oo 8.2-1
Unloading the Transportable Storage Canister ..o 8.3-1
REEIENCES ... 8.4-1
ACCEPTANCE CRITERIA AND MAINTENANCE PROGRAM............... 9.1-1
ACCEPLANCE CTIETIA . o...ve oo 9.1-1
9.1.1 Visual and Nondestructive Examination INSPECTION ..o 9.1-1
9.1.1.1 Nondestructive Weld Examination............coooooooooooo 9.1-3
9.1.1.2 Fabrication INSPECtions ...............oovoeoieeeomosoooooooooo 9.1-4
9.1.1.3 Construction INSPeCtionS.................coveverorromooosoooo 9.1-4
9.1.2 Structural and Pressure Test ..............occoueverommoeeoooooooooo 9.1-5
9.1.3  Leak TeSTS. ..o s 9.1-6
9.1.4  COMPONENt TESLS ..o oo 9.1-7
9.14.1 Valves, Rupture Disks and Fluid Transport Devices......oovovvviviivi 9.1-7
9.1.4.2 GASKEIS o.e.oece e 9.1-7
9.1.5 Shielding TestS .......covuiiirerreeiiieieeoeoe oo 9.1-7



SAR - UMS® Universal Storage System March 2000
Docket No. 72-1015 Revision UMSS-00B

Table 1-1 Terminology

Universal Storage System The storage component of the Universal MPC System (UMS®)
designed by NAC for the storage and transportation of spent

nuclear fuel.

Universal Transport The packaging consisting of a Universal Transport Cask body

Cask with a closure lid and energy-absorbing impact limiters. The
Universal Transport Cask is used to transport a Transportable
Storage Canister containing spent fuel. The cask body provides
the primary containment boundary during transport.

Confinement System The components of the Transportable Storage Canister intended

to retain the radioactive material during storage.

Contents Twenty-four PWR fuel assembhes ;or\ ﬁfty—31x BWR fuel
nay be. configured as Si

assembhes The fuel assemb 1es

Specific Fuel. The fuel assemblies are’ contained in a
Transportable Storage Canister.

Standard Fuel Irradiated fuel assemblies, ‘haxéihg the same. ‘édﬁﬁgﬁf’éﬁé as
when originally fabricated consisting generally of the end
fittings, fuel rods, guide 1 tubes, and integral hardware For BWR
fuel, the channel is considered:

The design basis fuel characteristics and analysis are based on
the standard fuel configuration.
Consolidated Fuel A nonstandard fuel configuration in which the individual intact
‘placed in'a single

fuel rods from one or more fuel assemblies ar

container or a lattice structure that is similar to a fuel assembly.
Intiaét Fuel N A fuel assembly or fuel rod with no fuel rod cladding defects, or
(Assembly or Rod) with known or. suspected fuel rod cladding defects not greater

(Undamaged Fuel) than pinhole leaks or hairline cracks.
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Table 1-1 Terminology (Continued)
Damaged Fuel A fuel assembly or fuel rod with known or suspected cladding

(Failed Fuel) defects greater than pinhole leaks or hairline cracks.

Damaged Fuel must be placed in a Maine Yankee Fuel Can,

High Burnup Fuel A fuel assembly havmg a burnup between 45,000 and 50,000
MWD/MTU, which must be preferentially loaded in periphery
positions of the ‘basket.

Intact High Burnup Fuel havmg a cladding oxide layer thlckness
of 80 microns or less, as _determined by measurement .and
statistical analysis, may be stored as intact fuel:

High Bumup Fuel havmg a claddlng oxide ‘layer_thickness
greater than 80 microns is stored as damaged fuel.

Site Specific Fuel Spent fuel conﬁouratlons that are umque to 2 s1te or reactor due

ennchment, .the mstallauon,,“_tcm;oxal‘pz ;‘r,epla,czemgm ».Q.fgbum@blq
poison rods, or containerizing damaged (failed) fuel.

 err s e s,

Site specific fuel includes irradiated fue
with variable enrichments and/or axial blankets, i 1at.. 1
consolidated and fuel that exceeds design basis fuel parameters

1-4
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Maine Yankee Fuel Can

Transportable Storage

Canister (Canister)

Shield Lid

- Drain Port

- Vent Port

- Port Cover

- Quick Disconnect

Structural Lid

Table 1-1 Terminology (Continued)

fspemally des1gned stamless steel screened an sized to' holdan
‘ damaged fuel. The
. while precludmg ‘the

mtact fuel asse nbl

can screens pemnt dr.
release of gross pamculates mto the camster cavity.

The stainless steel cylindrical shell, bottom end plate, shield lid,
and structural lid that contain the fuel basket structure and the

contents.

A thick stainless steel disk that is located directly above the fuel
basket. The shield lid comprises the first part of a double-
welded closure system for the Transportable Storage Canister.
The shield lid provides a containment/confinement boundary for

storage and shielding for the contents.

A penetration located in the shield lid to permit draining of the

canister cavity.

A penetration located in the shield lid to aid in draining and in

vacuum drying and backfilling the canister with helium.

The stainless steel covers that close the vent and drain ports, and
that are welded in place following draining, drying, and
backfilling operations.

The valved nipple used in the vent and drain ports to facilitate

operations.

A thick stainless steel disk that is positioned on top of the shield
lid and welded to the canister. The structural lid is the second
part of a double-welded closure system for the Transportable
Storage Canister. The structural lid provides a confinement
boundary for storage, shielding for the contents, and canister
lifting/handling capability.

1-5
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Table 1-1 Terminology (Continued)

Fuel Basket (Basket) The structure located within the Transportable Storage Canister
that provides structural support, criticality control, and primary
heat transfer paths for the fuel assemblies.

- Support Disk The primary lateral load-bearing component of the fuel basket.
The PWR support disk is a circular stainless steel plate with 24
square holes machined in a symmetrical pattern. The BWR
support disk 1s a circular carbon steel plate with 56 square holes
machined in a symmetrical pattern. Each square hole is a
location for a fuel tube. |

- Heat Transfer Disk A circular aluminum plate with 24 (PWR basket) or 56 (BWR
basket) square holes machined in a symmetrical pattern. The
heat transfer disk enhances heat transfer in the fue] basket.

- Fuel Tube A stainless steel tube having a square cross-section with
enclosed BORAL neutron poison material on its exterior
surfaces. One fuel tube is inserted through each square hole in
the support disks and heat transfer disks. Fuel assemblies are
loaded into the fuel tube.

- Tie Rod A stainless steel rod used to align, retain, and support the support
disks and the heat transfer disks in the fuel basket structure. The
tie rods extend from the top weldment to the bottom weldment.

- Spacer Installed on the tie rod between the support disks (BWR only) or
between the support disks and top and bottom weldments (BWR
and PWR) to properly position the disks and provide axial
support for the support disks.

- Split Spacer Spacers installed on the tie rod between the support disks and the
heat transfer disks to properly position the disks and provide
axial support for the support disks and the heat transfer disks.

1-6
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Table 1-1 Terminology (Continued)

Vertical Concrete Cask A concrete cylinder that contains the Transportable Storage
(Concrete Cask) Canister during storage. The Vertical Concrete Cask is formed
around a steel inner liner and base and is closed by a shield plug

and lid.
- Shield Plug A thick carbon steel plug installed in the top end of the Vertical

Concrete Cask to reduce skyshine radiation. The shield plug

contains a 1-inch thick neutron shield.

- Lid A thick carbon steel plate that serves as the bolted closure for the
Vertical Concrete Cask. The lid precludes access to the canister

and provides additional radiation shielding.

- Liner A thick carbon steel shell that forms the annulus of the concrete
cask. The liner serves as the inner form during concrete pouring
and provides radiation shielding of the canister contents.

- Base A carbon steel weldment that contains the air inlets, the concrete
cask jacking points and the pedestal that supports the canister

inside of the concrete cask.

Transfer Cask A shielded lifting device for handling of the Transportable
Storage Canister during loading of spent fuel, canister closure
operations, and transfer of the canister into or out of the Vertical
Concrete Cask during storage, or into or out of the Universal
Transport Cask during transportation.  The transfer cask
incorporates bottom doors that permit the vertical loading of the
storage and transport casks.

- Transfer Cask Four low alloy steel trunnions used to lift and move the transfer

Lifting Trunnions  cask.
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Table 1-1 Terminology (Continued)

Adapter Plate A carbon steel plate assembly that attaches to the top of the
transport or concrete cask to facilitate installation and alignment
of the transfer cask. It also provides the operating mechanism

for the transfer cask bottom doors.

NS-4-FR A solid, borated, hydrogenous, synthetic, polymer material with
neutron absorption capabilities, similar to those of borated water.
Developed by BISCO Products, Inc., NS-4-FR is now supplied

by Japan Atomic Power Company and its product licensees.

Air Pad Rig Set A device used to lift the Vertical Concrete Cask by using high
(Air Pallet) volume air.
Heavy Haul Trailer The trailer used to transport the empty or loaded Vertical

Concrete Cask.

Margin of Safety An analytically determined value defined as the “factor of
safety” minus 1. Factor of safety is also analytically determined,
and is defined as the allowable stress or displacement of a
material divided by its actual (calculated) value.
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1.3.2.1 Maine Yankee Site Specific Spent Fuel

The configurations of Maine Yankee site specific fuel assemblies that have been evaluated and
found to be acceptable contents are:

« Fuel assemblies with up to 176 fuel rods removed from the assembly lattice.

e Fuel assemblies with fuel rods replaced with stainless steel rods, solid Zircaloy rods or
fuel rods enriched to 1.95 wt %.

. hFuel assembhes with bumable poison rods replaced Wlth hollow ercaloy tubes

e Fuel assembhes that are Varrably ennched wrth a‘maxrmum:fuel rod ennchment of 4 21

wt % U and that also have a maximum planar average enrichment of 3.99 wt % **U.

o Fuel assemblies with variable enrichment and/or annular axial blankets.

e Fuel assemblies with a control element inserted.

e Fuel assemblies with an instrument thimble inserted in the center guide tube.

e Fuel assemblies with up to two fuel rods vin)serted in any or all of the guide tubes.

e Consolidated fuel.

e Fuel assenlblies having up to 100% of the rods damaged in eaoh_a_s'syemblyg

. Fuel assetnbklies having a burnup of ‘greater than 45,000 MWD/MT U but less thanWSO,OOO
MWD/MTU.

These site specific fuel configurations are evaluated against the limits established for the UMS®

Storage System based on the design basis fuel. The‘éite\speciﬁofuel is either shown to be
bounded by the evaluation of the design basis fuel or is separately evaluated to estabhsh hrmts

which are maintained by. preferential loading - administrative controls i
specific conﬁguratlons the preferential loading controls. are described in Section 2.

preferential Joading controls take advantage of design. features of the UMS® Storage “System to
allow the loading of fuel configurations that may have higher burnup or additional hardware or
fuel source material that is not specifically considered in the design basis fuel evaluation.

The Transportable Storage Camster loadmg procedures w111 decate that the loadmg of 'a?\fuel

Yankee fuel can, or fuel wrth bumup greater than 45 OOO but less than 00, M
admlmstratrvely controlled in accordance with Section 2.1,3.1 and Table 2. 1 3 1 .
the table, only one consolidated fuel lattice is. loaded in any single camster Preferentlal loadmg

positions in the canister basket are shown in Figure 2.1.3.1-1.

133



THIS PAGE INTENTIONALLY LEFT BLANK



SAR - UMS® Universal Storage System
Docket No. 72-1015

March 2000
Revision UMSS-00B

List of Figures

Figure 2.1.3.1-1  Pre ding Diagram for Maine Yankee Site

Specific Spent Fuel

2-iii



SAR - UMS® Universal Storage System March 2000

Docket No. 72-1015 Revision UMSS-00B
List Of Tables

Table 2-1 Summary of Universal Storage System Design Criteria............cccocoevrvvinnn.... 2-2
Table 2.1.1-1  PWR Fuel Assembly CharacteriStics ..........ocvevvcveeereeereeeoeeeoeosoeeeoo. 2.1.1-2
Table 2.1.1-2  Maximum Allowable Decay Heat for PWR Systems ...........coocovereena... 2.1.1-3
Table 2.1.1-3  Loading Table for PWR FUEIS...........cocoeoireieeeeeeeeeeeoeeoee oo 2.1.14
Table 2.1.2-1  BWR Fuel Assembly CharacteriStics .......oovoveurveoeereoseeooeeoosoee 2.1.2-2
Table 2.1.2-2  Maximum Allowable Decay Heat for BWR Systems.............cccovvvree...... 2.1.2-3
Table 2.1.2-3  Loading Table for BWR FUEIS ........cccovoviiioeieeee oo 2.1.2-4
Table 2.1.3.1-1 Maine Yankee Site Specific Ftel POPUIAtion..............ooooovvvvooroooooooo 2.1.3-9
Table 2.1.3.1-2 Maine Yankee Fuel Can Design and Fabrication

SPECIfication SUMIDIATY ...........oovveeeeerveeeeeeeoeeeeroeeoeeeoeeeoeeeo oo 2.1.3-10

‘Tﬂable2.1.3.1-3 Mdjor Physwal Des10n Parameters of the Mame Yankee Fuel Can 2.; 1.3 11‘

Table 2.2-1 Load Combinations for the Vertical Concrete Cask ........cccccovvervevecnennnnnn. 2.2-9
Table 2.2-2 Load Combinations for the Transportable Storage Canister...................... 2.2-10
Table 2.2-3 Structural Design Criteria for Components Used in the Transportable

StOraZE CANISIET c.ivviiieiiieiet et 2.2-11
Table 2.3-1 Safety Classification of Universal Storage System Components............... 2.3-12
Table 2.4-1 Activity Concentration Summary for the Concrete Cask - PWR

Design Basis FUel (CI/M®)........coo.ovvmoeomrereroeeeoeeeeeeeeseeeeeoeeeoeeee oo 2.4-3
Table 2.4-2 Activity Concentration Summary for the Canister - PWR

Design Basis Fuel (Ci/m3) ............................................................................ 2.4-3
Table 2.4-3 Activity Concentration Summary for the Concrete Cask - BWR

Design Basis Fuel (Ci/m3) ..................................................................... . 2.4-4
Table 2.4-4 Activity Concentration Summary for the Canister - BWR

Design Basis FUel (CI/M®).....o.ovvooeooeeieseoeeeeeeeeeeeo oo, 2.4-4



SAR - UMS® Universal Storage System March 2000
Docket No. 72-1015 Revision UMSS-00B

1‘s‘ pr_ovt_ded in Section:3.6.1. As shown in_ Secttc 4.5, 1 the maximum allowable heat 1oad for
the contents of a Maine Yankee fuel can is 0.958 kW.

2.1.3.1.6 Maine Yankee Site Specific Spent Fuel Preferential Loading

The eshmated Mame Yankee sxte spemﬁc spent fuel \ ]
(Note that the populatlon of fuel ina glven conﬁguratxon may change based on § uture spe_ fuel

1nspect10n or survey) As shown in thts table certam fuel conflguratlons are preferentlally
loaded to take advantage of the de51gn features of the Transportable Storage Camster and basket
to allow the loading of fuel that does not spemﬁcally conform to the de81gn bams spent fuel ,‘The

de51gnated preferent1a1 loadmg posmons are shown 1n Flgure 2 The comer posmon are

schemes using the corner posmons result pnmanly from sh1eld1ng or criticality evaluatlons of the

designated fuel confi gura_hons.

by the 1ettef “P” in F1  2.1:3.1-1. The 1alysi: >-0f the ns
for hlgher burnup fuel is presented in Sectlon 4. 5.1“ As descnbed 1n that secuon -the. mtenor
locations must be loaded with fuel that has lower burnup and/or Ionger cool times in order to
maintain the de31gn basis heat load and component temperature hrmts Loadmg tables, whlch
provide the limits for decay heat on a perassembly.bas;s, are also PIOYLS@@AQS@PUM 4].5,.1_,

80 microns tthk Smce the transportable storage camster is testedwto be leak ttght no adchtlonal

confinement analysis i is requ1red for theh1gh ,b_umup_ftlel,

2.13-5
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Fuel assembhes w1th a contr F"element mserted w111 be loaded 1n‘a Classf,2 camster and.baskct

for. storage and. transportidue to_the in f ase _ me
installed. However, ‘these assemblies are not restricted as | o loading position fwnhm the basket

2.1:3.1.7 Maine Yankee High Burnup Fuel

There are mnety (90) Mame Yankee fuel asscmbhes that have achi burnup Bét&ééﬁa'z 6(35
and 50 OOO MWD/MTU As descnbed in Sectxon 2.1.3.1.6, thesewfuel__ assembhe afe

Z1rcaloy matenal proﬁérty changes occur dunncf the early stages of irrad fiation and do not: change

significantly during the higher burnup periods.




SAR - UMS® Universal Storage System March 2000
Docket No. 72-1015 Revision UMSS-00B

The supporting data and_ information demonstrates that the physical and mec] hanical charactenstlcs
of the ;hlgh: burnup:fuelr‘ assemblies are - essentially identical to the fuel assemblies with burnup less
0. ‘onsequently, the high burnup fuel assemblies ¢ can be ’safety: ned m

2137
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Figure2.13.1-1  Preferential Loading Diagram for Maine Yankee Site Specific Spent Fuel
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Table2.031-1  Maine Yankee Site Specific Fuel Population

Site Specific Spent Fuel Configuration'

Inserted Control Element Asscmbly (CEA)** ) 243

Inserted In-Core Instrument (ICD) Thimble

Consolidated Fuel

Fuel Rod Replaced by Rod Enriched to 1.95 wt %

Puel Rod Replaced by Stainless Steel Rod or Zircaloy Rod 18
Fuel Rods Rernoved 10

Variable Enrichment 72

Variable Enrichment and Axial Blanket 68

Burnable Poison Rod Repiaced by Hollow Zircaloy Rod 80

Damaged Fuel™"" 1 12

Burnup b.et_ween_45 000 and 50,000 MWD/MTU 90

1. The total number of fu massembhes in mventory IS approx1 mat ““

NI

Jhpsa Bt

‘A fuelassembliwﬂhout an’ mserted CEA must not be Ioaded m a Class 2 camster

R

assembhes with irradiated stainless steel replacement rods

6. Basket comer posiuoﬁ 'arc“posmons 3,6, 19, and 22 1n Flgure 12B2 1 Corner posmons

R o e ster]

7. O "Consolidated Fuel lattice may be loaded ir any fbf‘anspprtable Storage Canister:

€ e Ougen
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Table 2.1.3.1-2 Maine Yankee Fuel Can Design and Fabrication Specification Summary

may deform under accident conditions of storage,
' The Maine. Yankee Fuel Can wxll have screened vents m the hd and base plate Stamless stcel meshed s‘ eens
(250x250) shall coyer all openings.

. ;The Mame YankeeFueI Can shall limit the rclease of material from. damaged fuel assembhes and fuel debns to

the canister cavity.
. ff"The Mame ‘Yankee Fuel Can hftmg structure and lifting tool shall be designed with a minimum factor o safety of
3.0 on material yield strength.

Materials
«  All'material shall be in accordance with the referenced drawings and meet the applicablé ASME Code sections,
o ' All structural materials are ASME SA 240, Type 304 stainless steel:

Welding

o All welds shall-be in accordance with the referenced drawxngs

o _The final surface of all welds’ shall be liquid penetrant examined in accordance with: -ASME Code Section.V,
Article 6, with acceptance in accordance with ASME Code, Section NG-5350.

Fabrication
e Al cutting, welding, and forming shall be in accordance with ASME Code Section IIL, NG-4000,

Acceptance Testing

» _The Maine Yankee Fuel Can (first unit) and handling ‘ool ‘shall be load tested and visdall

compleuon of fabncauon

Quality Assurance

»- The Maine Yankeé Fuel Can shall be constructe :
Subpart G.' The quahty ‘assurance program must be accepted' by. NAC International and thé licensee ‘prior: o
initiation of the work.

. “,"VA Cemﬁcate o onformance (or Compliance) shall be issued by the. fabricator stating that the. componen
the spec1ﬁcauons and drawings.
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Table2:1.3.1-3  Major Physical Design Parameters of the Maine Yankee Fuel Can

Parameter

Inside Cross Section (in.)

Outside Cross Section (in.)
Can Wall Thickness
Inernal Cavity Length (in.)

Empty Weight (nominal) (Ibs.)

Note POutside cross section
structure is 8.82 x 8.82 in.
and fuel can lifting, This upper structure is located above the

top weldment plate of the fue] basket assembly,

famnci s e e
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T i AL o i 8 A T S

volume:

The Wiaine Vankes fosll dan is desipned to hold. an mtact fueli assembly, a damaged fuel
9 ) MWDfMTU ‘and havmg a

‘microns, or consolidated fuel in the' Maine

assembly, a fuel assemb y wit A_a‘burnup betw

cladding oxidation layer thickness greater than &
Yankee fuel inventory.

The fuel can is a square cross-section tube miade of Type. 304“" Mamless steel with a total 1 ngth of
162 8 mches The can walls are O 048—1nch h1ck )

plates screened w1th a Type 304 stamless steel\f Vi

of a handlmg tool to hft the can and contents.

assembly con51sts of a O 88—1nch thlck plate Wlth

can may be suppoxted by the 31des of the fuel assembly tube Whlch' arebacked by the structural
support disks. Alternately, the empty fuel can may be, placed m the basket pnor to havmg the

desi gnated contents 1nserted in the fuel can.

AT

n is in‘a vertical posmon The weight of the fuel can-contents.is
is the ident Tcal

In normal operation, the ¢
transferred through the bottom plate of the can to the cam ster bottom plate,;th

the top assernbly. _The hftmgof. they}can~w1th_‘1ts contents ls,also;m theAyve;;uc‘alf,dl\reCtion;f

Classical hand calculations are used to qualify the stresses in the Maine Yankee fuel can,

top of the fuel can and for the lifting tool.

3.6:3
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P

Calculated stresses are compared to allowable stresses 1n accordan \
III; Subsection 'NG.. The ASME Code, ‘Section 1II, Subsectlon NG allowable stresses: used for
stress analysis:are:

Property 600°F 00°E
Su 63.3 ksi
Sy 188k

Sm

condmons of storage Slnce the can is not, restramed 1t is free to expand Therefore the thermal

stress is con31dered to be neghgxble

The Maine Yankee fuel can lifting components and handhng tools are designed w1th a safety
factor of 3.0 on matenal yield strength

36.121  Dead Weight and Handling Loading Evaluation

The weight of the Maine Yankee fuel can is 130 Ibs. The m

3.6.1.2.2 Lifting Evaluation

stress evaluanons for the hft condmon Smce a combmed stress. state results from. the loading

e
FR N
8
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4.5 Thermal Evaluation for Site Specific Spent Fuel

This seenon presents th'”"ﬁthermal evaluatlon of fuel assembhe:m‘or conﬁguratxons Whmh are

partlmpanon in research and development programs and from testmg programs mtended to

1mpr0ve reactor operatlons Site spemﬁc fuel 1ncludes fuel assembhes th quely desi gned

to accommodate reactor physms, such as, ax1a1 fi _‘M;lﬁblanket and vanable’ennchment assembhes
and fuel that is class1f1ed as damaged Damaoed fuel includes fuelwodsﬁwnh claddmg that
exhibit defects greater than pmhol_e Ieak‘s, o_r;haul_me c,;?gelgs;.

Site specific fuel assembly configurations are either shown to be bounded by the analy51s of the
standard design basis fuel assembly configuration of the same type (PWR or BWR), or are shown
to be acceptablecontents ,by spec1ﬁc evaluatlon.

4.5.1 Maine Yankee Site Specific Spent Fuel

loadmg of fuel assembh es in h1s burnup range is subjectq ‘o preferentlali_.loadmg 1nde31gnated
basket posmons in'the ransportable Storage | Camster and certain. fuel ‘assemblies i in th1s burnup

range must be 1oaded in a V. aine Yankee fuel can

The site specifie fuéifs'iﬁél,u&édfiﬁ th1s ‘é'{(éiu'atibﬁ efe:_

1. Consolidated fuel rod lattices consisting of a 17 x 17 lattice fabricated
with 17 x 17 grids, 4 stainless steel stipport rods and stainless steel end

4.5-1
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10.

11,

12.

- Standard fuel assemblies that have defective fuel Tods stored in their guide

P P T N T S T

fuel rods" and replacmg them" w1th ?; stamles 'steel dummy rods, sohd

Standard r‘f‘ucl. ~ .aS,SmehﬁS ‘with in-core instrument thimbles stored in’ the

center guide tube,

Standard ' fuel ‘assemblies that are’ designed with -variable enrichment
(radial) and axial blankets.
Standard fuel assemblies that have son

oottt xRy

is a 9 X 9 array of tubes some of Wthh ontain damage fuel rods

tubes.
Fuel assemblies with 2 burnup greater than 45,000 MWD/MTU, but less

than 50,000 MWD/MTU:

The Maine Yankee site specific fuels are also described in Section 1.3.2.1,

4.5-2
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4._5:._1 1.5 Standard Fuel with In-core Instrument Thimbles

Certai
each fuel assembly. Storing an in-core instrument thimble assembly in the center guide tube of a

‘fuel assemblies have in-core instrument thimbles stored within the center guide tube of
fuel assembly will slightly increase the axial conductance of the fuel ‘assembly (helium replaced
by solid material). Therefore, there is no negative impact on the thermal performance of the fuel

assemb]‘y with this configuration. The thermal performaneeef the‘se‘ f_nxel asSemtiiies is bounded
by that of the standard fuel assemblies.

4.5.1.1.6 Standard Fuel Assemblies with Variable Enrichment and Axial Blankets

The thermal cenductivities of the fuel assemblies w1thvanableennchment f(radialb)j andax1al
blankets are considered to be essentially the same as those of the standard fuel assemblie's Since
the heat load per assembly is limited to the design basis heat load there 1s no effect on the
thermal ‘performance of the system due to this loadmg conﬁguranon

4.51.1.7 Standard Fuel Assemblies with Removed Fuel Rods

Except for assembly number EF0046 the maxrmum number of rmssm g fuel rods from a standard

remammg 1n its 1att1ce ThlS fuel assembly has a heat load 0 0 watts, or 7% O‘fb‘t}i.é;ﬁﬁéiélgn'-baSi§

heat load of 0.958 KW. Therefore, the thermal performance ‘of fuel assemty)llii'es" w1threm0\;edfuel
rods is bounded by that of the standard fuel assemblies:

451.1.8 Fuel Assemblies with Damaged Fuel Rods

matenal w1th1n the can and to facﬂxtate handhng and retnevablhty The Mame Yankee

e e

is shown in Drawings 412-501 and 412-502. The placement of the loaded fuel cans is restricted

by the operating procedures ‘and/or Technical Spemﬁcanons to loadmg into the four fuel tube

4.5-7
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positions at the penphery of the fuel basket as shown in Figure 12B2-1. The heat load for each
damaged fuel assembly is limited to the. design basis heat load 0.958 kW (23 kW/24).

A steady—state thermal analys performed usmg the three-dlmensmnal camster model

tubes of the damaged fuel held m the Mame Yankee fuel can The cantster 1s assumed to contam

twenty (20) design basis PWR fuel assemblies and damaged fuel assembhes in fuel cans in each

of the four corner positions.

faﬂure condation (Case 1) 100%
fs resultlng iri ‘a_52-inch debris

Two debris compaction levels are considered for the 100%

compaction of the fuel rod, fuel claddmg, and Oulde;tube deb)
level in the bottom of each fuel can, and (Case 2) 50% compactlo (iofthe fue] rod fuel claddlng,
and gulde tube debns resultmg ina 104-1nch debns 1eve1 m the bottom of each fuel can, 'The

the design basis. PWR Tfuel assembly (Sectlon 4 4 1 5) are used for the debns regton : Thlsls
conservative since the debns (100% failed rods) is expected to have hlgher den51ty (better
conduction) and more surface area (better radlatmn) than an 1ntact fuel assembly In addltlon the
thermal conductivity of helium is used for the’ remamder of the actlvefuel length Thej results of
the thermal analyses performed for 100% fuel rod, fuel cladding, and ilure 4

Maximum Temperature (°F)
Fuel | ... ..... | Support | HeatTransfer

. Damaged Fuel . .
Description Cladding Disk Disk
Case 1 (100% Compaction) 654 672 598 594
Case 2 (50% Compaction) 674 594 620 616
Design Basis PWR Fuel 670 N/A 615 612
Allowable 716 N/A 650 650

Boundary conditions . correspondmg to the normal cond1t1on of storage are. used at the, outer

surface of the canister rnodel (see ! Section 4 4.1.2). A steadyQState thermal analys1s 1s performed

4.5-8
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As dernonstrated th se:‘” f 100% fuel rod i M‘l claddlng, and gulde tube fallure w1th

4.5.1.1.9 Standard Fuel Assemblies with Damaged Lattice

Certain standard fuel assemblies rnéiy have damage or ‘pﬁ’ysfi‘cfal’:altefatioﬁf to t‘hé,lattic’éﬁ(;{ cage
that holds the fuel rods, but not exhibit damage to the fuel rédéf.

The effectwe thermal conduct1v1ty for the fuel assembly used in thewthermal analyses m Sectlon
44 is ~determined by the two- dlmenswnal fuel model (Sec 10n 4. 4 1.5). ydel

conservatively i ignores the conductance of the steel cage of the fuel assembly Therefore ‘damage
or physical alteration to the cage has no effect on the ;t‘h‘ermal, p_ondgthl;y of the fuel kasggmb*_ly
used in the thermal models. The thermal performance of these fuel dssemblies is bounded by that
of the standard fuel a_ssemblies.

4.51.1.10  Failed Fuel Rod Holders

The Maine 'Yaﬁkéé"'sit‘é’éﬁéciﬂé' ‘faa*in{;eﬁfofy‘mcmaeg“‘ava'(z’)i*&a‘lﬁagjéa“’ uel lattices deslgnated
CF1 and CA3 CFl is a9 x 9 ‘array of tubes havmg roughly the samy dunensxons _a

assembly. Some of the tubes hold darnaged fuel rods. CA3 is a prev1ously ‘used fuel ‘asser *

cage, into which damagcd fuel rods have been inserted.

Simﬂ"ar'to the. ‘fuél ‘as;sez'nblies thét have déhuaged fiie'I 'fodS‘ the da‘naagea fu’él""léitiéé’éffi%}‘iif be
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4,5.1.1.11 Assemblies with Damaged Fuel Rods Inserted in Guide Tubes

replaced by sohd matenal) The des1gn bas1s heat load bound the
Therefore, the thermal performance of these fuel assembhes 1skbounded by that of the standard

fuel assemblies.

4.5-10
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4.5.1.2 Maximum Allowable Heat Loads for Maine Yankee Site Specific Spent Fuel

o,iifféidé'f df'tbé;,éiléddiﬁg' (t‘ﬂéﬁiéér‘aiurcﬁc‘f\'félilvzit‘ibn presented in Section 4.4.7, or « be subject to all of
these differences.

Maximum allowable clad temperatures and decay heats are evalated for:

1. Fuel - w1th burnup 1n excess of 45 000 MWD/M'I‘ U (max1mum 50 000
MWD/MTU),
2. Preferential loading patterns with hotter fuel on the. penphery of the basket, ‘and

3. Preferential loading with fuel exceeding de51gn basis heat load (0.958 kW) per

assernbly on the basket periphery.

conservative to apply the charactenstlcs of the desi :
Yankee fuel assembhes (Note that the Westmghouse 14 x 14 assembly evaluated'in S ctlon

_4.4‘.7 is the fuel éssembly kusedm Westmghousereactors, but V1t' ;s\ ,n,ot, the Wes_tlnghouse 1,,4-‘:X14
assembly built for use in the CE reactors, such as the Maine Yankee reactor.)

1nstalled control components

ngh bumup fuel (45 OOO 50 000 MWD/MT U) rnay be Ioaded as mtact fuel prov1ded that the

80 microns thICk Smce the transportable storage canister is tested to be leak tight, no "additional

confinement ana]ys1s‘ is requlred for the high burnup ‘fuel.
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4.5.12.1 Maximum Allowable Temperature and Decay Heat for 50,000 MWD/MTU Fuel

burnup up. 0 55 000 MWD/MTU), ABB/Combustxon Englneenng Incorporated unposes ‘a

claddmg ox1de layer thrckness of 120 rmcrons as an operatronal limit and reports that the

rnaxnnum gas release fractlon (fuel pellet to rod plenum 1n 1ntact fuel rods) IS less thanﬁ3 ‘o [36]

fractlon estabhshed for BWR fuel 1s conservatlvely apphed for:the htgher burnup PWR ﬁ elf

Using the evaluatlon method presented in Section 4 4 7 and a claddmg omdatton layer tluckness
of 0.012 cm, the claddmg stress levels for the 50 000 "MWD/MTU burnup PWR assembly
(maxrmum stress) are deterrmned and hsted m Table 4.5.1.2_ 1. The data is plotted against the

generic allowable temperature curves in F1gure 4. 5. 1 22, Included 1n,;F1gure< 5. 1 2 2>"are ‘the
35,000 MWD/MTU to 45,000 MWD/MTU limit lines developed in Section 4 ‘
of the 50,000 MWD/MTU results in the lumtmg claddmg temperat ares. sh 2-2
The resulting maximum allowable ‘heat load per camster for fuel ‘assem_ _eSleth( burnup . of
50,000 MWD/MTU is listed in Table 4.5.1.2-3.

45.12.2 Preferential Loading with Hotter Fuel on the Periphery of the Basket

The design ’béi“siéfhfééii;l'dé;djfotirf,ﬂiegﬁﬁéiiﬁéﬁiiai"’ nalysis. is 23 kW, bmiformly, chstnbuted

] unds of’ the requirement of maximum heat
load as Sho,wnm Tables ,4.4,-?-§ and_, 4-511‘2',',3: .The_se'aesembltes.ttngludei

1.
maximum allowable_decay heat dictated by the
(exceediﬁ’g*the’f‘fﬁhi‘ts‘“‘as’ shown in Tables 4.4.7- 8 and 4.51.23); vafi?loaded
umformly (all 24 fuel assembhes w1th the same burnup ‘and cool time, i.e.. the
same decay heat)

2. Fuel assemblies that are expected to exceed the design basis heat load of 0.958

kW per assembly (maximum heat per assembly less than 1:.05 kW).
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To ensure that ,these fuel assernbh d ) t X eed thelr allowable claddmg temperatures, a

assembhes in the«basket mtenor posmons : (Posmons@“B” m Flgure.;;4.:5‘l 2~1) There are 12

1nter10r basket 10cat10ns and 12 penpheral basket locatlons int the UMS PWR basket desmn The

O,

rnaxrmum total basket ‘; eat loads 1nd1cated m Tables 4 47- 8 and 4 5 1. 2 3 are mamtamed for

these peripheral loading scenarios.

approach increases the per assembl.y_ he,a,t,load hnnt;.stq,tl-ox kW for assembl
peripheral locations. The split approach allows maximum flexibility at fuel Joading.

In brder to load' the preferential Mpa'tterh | t’h"'e’” fael“e}'adai\nﬁgjf—

: ':mum temperature must be

requtrement of maximum total heat load per | basket as shown in Tables ‘4.“
must also be met.

451221  Peripheral Assemblies Limited to a Decay Heat Load of 0.958 kW per Assembly

Wlth a basket heat 10ad of 23 kW umformly Ioaded the max1mum{cladd1n° temperatur" of a

penpheral basket locat1on at any cool time, prov1ded mtenor assembhes meet; the restnctlons
outlined below.

Deéay Heat Limit on Fuel Assemblies Loaded into Basket Interior Positions

T i A

"umform?” oadmg
' “Heat ] o4

4.5:17
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case, The 51de surface of the model is assumed tohavea um_orm temperature of5350°F
Two cases are considered (total heat load per cask = 20 kW for both cases):

1. Uniform loading: Heat load = 0.833 (20/24) kW per assembly for all 24
assemblies

Iy

Non-uniform loading:
Heat load = 0.958 (23/24) kW per assembly for 12 Peripheral assemblies
Heat load = 0.708 (17/24) kW per assembly for 12 Interior assemblies

The analysw results (max1mum temperatures) are

Uniform Loading (°F) Non-Uniform Loading (°F)
Fuel (Location 1) 675 648
Fuel (Locations 2 & 4) 632 611
Fuel (Location ‘5) 577 588
Fuel (Locations 3 & 6) 563 576

‘‘‘‘‘‘‘

Basket 611 592

Locations are shown in Figure 4.5.1.2-1:

in the. mte.n.qr ,als.sembly),;a.s‘.w:cllf_.al.s.,the. maximum basket temperature,

Because the basket mtenor ternperatures decrease for, non—umform 10ading; it is conservati
determine the maximum allowable heat load for the interior assembhes based on the values _ﬁotal
allowed heat load) shown 1n Tables 447 8 and 45 1 2‘3 and the heat load for the fuel

4518
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assembly asa functlon\ of i)urnup andy‘cool time for. mtenor-assembhéé C jhe :eggfggurat;gn ;yyuh

the peripheral assemblies having a maximum heat 16ad of 0.958 kW per assembly:

451222  Peripheral Assemblies Limited to a Decay Heat Load of 1.05 KW per Assembly

The Maine Yankee fuel 1nvent01y 1nc1udes fuel assembhes that wﬂ "‘»excw‘d the
assembly heat load of 0.958 kW at k y enabl e
assemblies into the storage ‘cask, h1gher penpheral heat 1oad is evaluated The maxm:num “heat

loadmg pnor t

load for peripheral assemblies is set at 1.05 kW,

The maximum basket heat load for this conﬁguratlon is restricted to 2 3;kW Given the h1gher

than des_lgn bas;s heat (Ioad m pegphe_ral ,\basket «loggt;ons, an evaluat10n 1s performed to assure

that maximum cladding allowable temperatures are not exceeded.

outhned below

Decav Heat Limit on Fuel Assembhes Loaded into Basket Intenor Posmons

.contam.sf; the ;maxzmum,e;allfowablq .df,:cay, .,hsa_t.s ufqrf;b.qskat; interior’ fuel assemblies,
assembly heat load of 1.05 kW for peripheral Tocations.
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Figure4.5.1.2-1  Canister Basket Preferential Loading Plan

“A” indicates peripheral locations.
“B” indicates interior locations

Numbered locations indicate positions where maximum fuel temperatures are presented.
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loadi‘ng' pattern, permitting 1.05 kW per peripheral asskembly‘, reduces the kminimum cool time
based on thermal constraints to 6 years. The storage cask dose rate constraint is satisfied for the
preferentially loaded assembles after 5 years cooling. Recognizing that only two of the
aéééniblies in ’th’e 'M‘ainé 'Yankée skpent fuel inventofy, R439 andk R444, ‘require“ periphéral
loading, the transfer cask. dose rate limit is not apphed for these two assemblies. Since the dose
rate comparisons are ‘made on the basis of an assumed fuel cask of assemblies, the transfer cask

dose rate limit is unnecessarily rostnctive.

5.6.144 Consolidated Fuel

There are ‘two consolidated fuelr]attice‘s intended‘fors_torag‘e‘ (and tr\ansfer)‘tin the Uniiérsal
'Storage” Cask. The lattices house fuel rods taken from aséemb_iie?s: as :shown in Table 5'._6.1-6‘.
This fuel has decayed for over twenty years and does not represent a significant shielding issue.

A limiting cool time analysis is conducted by identifying a fue_]_kass‘cmblywdosorinti’on_analyied in
the loading table analysis that bounds the paramctors,‘o_f ‘th_e; fu:el‘ :ro’d‘s in théQ(conisolidatéafﬁlol
lattices. The‘parametersof those fuel rods are shown in Table 5.6_.“1}1‘5; The CE 14 x 14 fuel at
30,000 MWD/MTU and 1.9 wt % enrichment repreéénts a botinding{as'séznbly typé since it has a
swmﬁcant}y h1gher burnup and a lower enrichment than the original assemblies. “This fuel
requires six years cool time before it can be loaded in the storage or transfer cask as shown in
Table 5.6.1-10. The consolidated fuel has been cooled for at least 24 years. For contalner CN-;
lattice, one can immediately conclude that dose rates are bounded by the limiting fuel.

However, the CN-10 lattice contains significantly more fuel rods than an intact assembly.
Neglectmg the nnngatmg effects of additional self—shleldmg, this situation is addressed "by
comparing the radiation source strength of the limiting fuel at six and 24 years cool tlme

Conservatwely assuming that all fuel rods present in CN-10 are at the limiting conditions of
30,000 MWD/MTU and 1.9 wt %, the ratio of the source rate in the CN—10 to the source rate in
the limiting fuel assembly is shown to be less than one for each source type in Table 5.6.1-16.
For each source type, the ratio is computed as:

Ratio = (Num Rods in CN-10)(Source Rate at 24 Yr) / (Num Rods in F/A)(Source Rate at 6 Y1)

Hence, CN-10 is also bounded by the limiting case as of January 1, 2001.

5.6.1-11
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56.145  Damaged Fuel and Fuel Debris

The Maine Yankee spent fuel inventory contains damaged fuel rods and fuel debris. Damaged

fuel rods and fuel debns WﬂI_be placed mto a scree ed‘ Mame Yankee fuel can pnor to»loadmg in

fuel mass of 100% of an intact fuel assembly Damaged fuel Tods. may be loaded»;m the can with
intact rods.

swmﬁcant increases in personnel exposures are expected as a result u'of the Collap

material.

canister is not bemg credlted by thxs approach the actual expecte

the transportable storage camsters loaded w1th damaged fuel For cases in Wthh th_ 2

contalmng the most restrictive ennchment and bumup combmatl,on;l%s apphed; ,tcheﬂ _cor;tﬂegts;: pf

the entire can.

the fuel debns is conﬁgured in a rod structure it can be treated from af shleldmg pers ective

identical to the damaged fuel rods.

5.6.1-12
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6.6.1.3.2 Puel Debris

Prior to loadlng fuel debris into the screened Maine Yankee fuel can, fuel debris must be placed
into a rod type ‘structure. ‘Placing the debris into tods confines the spent nuclear material to a
known volume and. allows the fuel debris to be. _treated zdentmally to the damaged fuel for
criticality analysis.

Based ‘o‘ﬁ" the aigilments presentéd ii'h’ S_ecﬁo_h 66131 , themax1rnum ks :Qf( tﬁe UMS® canrikéter
with fuel debris will be less than 0.95, including associated uncertainty and bias.

6.6.1.4 Maine Yankee Fuel Comparison to Criticality Benchmarks

The most reactive system configuration parameters for Maine Yankee fuel have been compared
to the range of appl1cab111ty of the critical benchmarks evaluated usmg the KENO-Va code of the
SCALE 4.3 CSAS sequence. As shown below, all of the Maine Yankee fuel parameters fall
within the benchmark range.

Benchmark | Benchmark | Maine Yankee Fuel

Minimum Maximum Most Reactive
Parameter Value Value Configuration
Enrichment (wt. % *’U) 2.35 4.74 42
Rod pitch (cm) 1.26 2.54 1.50
H/U volume ratio 1.6 11.5 2.6
198 areal density (g/cm”) 0.00 0.45 0.025
Average energy group causing fission 21.7 24.2 22.5
Flux gap thickness (cm) 0.64 5.16 2.22103.81
Fuel diameter (cm) 0.790 1.265 0.896
Clad diameter (cm) 0.940 1415 1111

The H/U volume ratio for the assembly is shown. The lattice H/U volume ratio is 2.2 for the

clad gap flooded scenario.

The results of the NAC-UMS® System benchmark calculations are provided in Section 6.5.2.
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Figure 6.6.1-1 24 Removed Fuel Rods - Diamond Shaped Geometry, Maine Yankee Site
Specific Fuel

6.6.1-10
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11.1.6 Off-Normal Events Evaluation for Site Speeiﬁc Spent Fuel

This section presents the off-normal events ‘evaluation of spent fuel assemnblies or configurations,
wh1ch are unique to spec1ﬁc reactor sites. These 31te specﬁic fuel conf1gurat1ons result from
conditions that occurred durmo reactor operatlons partlcxpatlon in research and development
programs, and from testing programs intended to 1mprove reactor operations. Site specific fuel
includes fuel assemblies that are uniquely designed to accommodate reactor physics, such as axial
fuel blankets and variable enrichment assemblies, fuel with burnup that exceeds the design basis,
and fuelihaf is c>1‘a>s§iﬁedg éé;'delnaged;

Site specific fuel assembly configurations are either shown to be bounded by the anﬁalys(is‘:jof the
standard design basis fuel assembly of the same type (PWR or BWR), or ére shown to be

acceptable contents, by specific evaluation of the conﬁguration.

11.1.6.1 Off-Normal Events Evaluation for Maine Yankee Site Specific Spent Fuel

Maine Yankee site specific fuels are described in Section 1.3.2.1. A thermal ei{aluation has Mbeen
performed for Maine Yankee site specific fuels that exceed the design basis burnup as shown in
Section 4.5.1.2. As shown in that section, loading of fuel with a burnup_ between 45,000_@‘(1
50,000 MWD/MTU is subject to preferential loading in designated basket positions. in- the
Transportable Storage Canister.

With preferential loading, the design basis total heat load of the canister s mot changed.
Consequent]y, the thermal performance for the Mame Yankee site spemﬁc fuels is bounde W_‘,yfthe

design basis PWR fuels. Therefore, no further evaluation is- reqmred for the off-normal thermal

events (severe ambient temperéture conditions and blockage of half of the air inletS) asshownm
Sections 11.1.1 and 11.1.2. In Section 3.6.1.1, the total Weight of the canister contents for Maine
Yankee site speciﬁc fuels is shown to be bounded by the PWR desyign;basilspifuelv_s’. ) Th‘er'efdrfe,; ‘the
evaluation for the off-normal canister handling load in Section 11.1.3 bounds the canister
configuration loaded with Maine Yankee fuels.

11.1.6-1
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11.2 Accidents and Natural Phenomena

This section presents the results of analyses of the design basis and hypothetical accident conditions
evaluated for the Universal Storage System. In addition to design basis accidents, this section
addresses very low probability events, including natural phenomena, that might occur over the
lifetime of the ISFSI, or hypothetical events that are postulated to occur because their consequences

may result in the maximum potential impact on the immediate environment.

The Universal Storage System includes Transportable Storage Canisters and Vertical Concrete
Casks of five different lengths to accommodate three classes of PWR fuel or two classes of BWR
fuel. In the accident analyses of this section, the bounding cask parameters (such as weight and
center of gravity) are conservatively used, as appropriate, to determine the cask’s capability to

withstand the effects of the accidents.

The results of analyses show that no credible potential accident exists that will result in a dose of
> 5 rem beyond the postulated controlled area. The Universal Storage System is demonstrated to
have a substantial design margin of safety and to provide protection to the public and to

occupational personnel during storage of spent nuclear fuel.
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11.2.15 Accident and Natural Phenomena Events Evaluation for Site Specific Spent Fuel

This section presents the_accident and natural phenomena events evaluation of spent fuel
ias/sernhhes'or'eonﬁgurationsﬁ whiohw arevuni“q‘ue to speeiﬁereac’tor“'sitesr“ These site sneci'ﬁe ‘fuel
conﬁguratlons result from conditions that occurred dunng reactor operatrons, pamcrpanon in
research and development programs, and from testing programs intended to nnprove reactor
operations. Site specrﬁc fuel includes fuel assembhes that are umquely deswned to accommodate
reactor physics, such as axial fuel blankets and variable ennchment assembhes, fuel with burnup
that exceeds the desrgn basis, and fuel that is classrﬁed as damaged Damaged fuel mcludes fuel
rods with cladding that exhibits defects greater than pinhole leaks or hairline cracks.

Site specific fuel assembly conﬁgurations are either shown to be bounded hy the and‘ysis of the
standard design basis fuel assembly of the same. type (PWR or BWR), or are shown to be
acceptable contents, by specific evaluation of the confi guratlon

11.2.15.1 Accident and Natural Phenomena Events Evaluation for Maine Yankee Site
Speciﬁe Fuel

Maine Yankee site specific fuels are described in Section 1.3.2.1. A thermal Neyaluationl hasbeen
performed for Maine Yankee site specific fuels that exceed the 4design baswburnup,asshown in
Section 4.5.1.2. As shown in that section, loading of fuel with a burnup between 45,000 and
50,000 MWD/MTU is subject to preferential loading in designated basket positions in. the
Transportable Storage Canister, and certain high burnup fuel may require loading in the Maine
Yankee fuel oan.,

With preferential loading, the design basis total heat load of the canister is not changed.
Consequently, the thermal perforrnance for the Maine Yankee 31tespec1ﬁc fuel,s:i‘s’fhoundedhwy the
design basis PWR fuels. Therefore, no furtherwe\?aluation is '-requir’e‘d for the thermal ‘accident
events, as presented in Sections 11.2.6, 11.2.7, and 11.2.13.

As shown in Sectron 3.6. 1.1, the total wei ght of the contents of the Transportable Storage Cahister
for Malne Yankee fuels is bounded by the total werght for the PWR desrcn basrs fuels However
some design parameters for the Maine Yankee site ISFSI pad are drfferent from those for the desi; gn
basis ISFSI pad. Therefore, the hypothetical accident (non-mechanistic) tip-over event is evaluated

to ensure that the maximum tip-over g-load remains beloxx} the,bounding_ géfoati (40g) usedrn ;the
evaluation of the PWR canister and basket in Section 11.2.12.4. k‘ The eyaluati_on of\theﬂMS@
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Vertical Concrete Cask tlp—oi}er event on the Maine Yankee site ISFSI pad1s presented in Section
11.2.15;14.'1{ The methodology used 18 similat 'to that,{u_sed in Secti;fon\ 1_'1,2»‘.12’.3,1.

Although the total Welght and the maxnnum g-load for the Mame Yankee fuel is bounded by the
PWR deswn basis fuels the max1mum welght of th consohdated latnces (2 100 1bs) is larger
than that of a single PWR Class 1 design basis fuel assembly (1,567 1bs). This additional welght
need only be considered in the support disk evaluation for a side impact condition, similar to the

analysis presented in Section 11.2.12.4.1. A parametnc study is presented in Section 11.2.15.1.2 to
demonstrate that the maximum stress in the support disk due to the consolidated fuel lattice remains
bounded by the maximum stress for the support disk for the PWR design basis fuels for a side
impact condition.

Section 11.2.15.1.3 proifides the structural evaluation for the Malne Yankee ,fuel_‘,'can ‘for‘t’lle“24}ineh
drop (Section 11.2.4) and the tip~0$)er‘ (Seetion 11.2.‘12‘)_ eceidenf events

A Maine Yankee site earthquake evaluation is presented in ‘Seetio'nffl_:l.f2:l;5;l‘;‘4; to demonstratethe
stability of the Vertical Concrete Cask on the Maine Yankee site I_SFSI,"p'ad;

11.2.15.1.1  Maine Yankee Vertical Concrete Cask Tip-Over Analysis

This section evaluates the maximum acceleration of the Transportable Storage Canister and basket
during the Vertical Concrete Cask tip over event on the Maiﬁé’ Yankee Site AI'S'FS‘I‘ pad; ThlS

A finite element model is generated using the LS-DYNA program to determine the acceleration of
the vertical concrete cask‘during the tip-over event.

The concrete pad in the model corresponds to a pad 31-feet by 31-feet square and 3-feet thick,
supporting one concrete cask in the center of the pad. The soil under the concrete pad is considered
to be 40-feet by 40-feet equare and made np' of two layers: a 4. S-foot'tﬁi‘eki “upper’ layef anjdqe 1O4fo’ot

thick lower layer. Only one-half of the concrete cask, pad and soﬂ conﬁgurauon is modeled V"due 0

symmetry Both the Class 1 and Class 2 UMS® confi; crurations are evaluated
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The model includes a half section of the concrete cask, the concrete ISFSI pad and soil subgrade, as

shown:

Concrete Pad Properties

Vertical concrete cask tip-over analyses “are_performed for ISFSI "pa\dcoﬁCrct,e,lcﬂomp:rfé;s‘g‘il\}é
strengths of 3,000 and 4,000 psi. The Poisson’s Ratio (vo) is 0.22. The concrete dry density is

considered to be betWéen 135 pCf -a:ﬁd 145 pef. \Té k‘acﬁc‘i_)untk for the Wéight of_ féinforéing barjink.‘the

pad, three values of Density (p) are used in the model
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The correspondjng values of Modulus of Elasticity (E.) and Bulk Modulus (K) are also proVidéd;

where:
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Modulus of Elasticity (E)

(Blevins [19])

Bulk Modulus (K.)
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Soil Properties

The soil properties used in the model are based on two soil layers. The vertical concrete cask tip-
over analyses are perfornied,for two different combinagi@ops Qf soil ﬁcﬁSi’ties: (1);4.5»,foyot thick
upper layer density of 135 pcf (Modulus of Eylasﬁcity,‘ﬂE; 162,070 psi), with a 10-foot thick lower
layer density of 127 pef (E = 31,900 psi); and (2) 4.5-foot thick upper layer density of 130 pef, with
a 10-foot thick lower layer density of 127 pcf. The Poisson’s Ratio (vs) of the soil is 0.45.

Vertical Concrete Cask Properties

The material properties used in the model for the Vertical Concrete Cask are the same as the
properties used in the PWR models in Section 11.2.12.3. The tip-over impact is simulated by
appiying an initial angular velocity of 1.485 rad/sec (PWRClassl)and 1483 rad/sec (PWR Ciass
2), respectively to the entire cask. The angular Velocity _VélueS are deténhiﬁed ‘byxthé method used
in Section 11.2.12 based on the weight of the loaded COncrétc ‘cask with Maine Yankee fuel
(285,513 pounds and 297,509 pounds for PWR Class 1 and PWR Class ‘2 respectively).’

A cut-off frequency of 210 Hz (PWR Class 1) and 190 Hz (PWR Class 2) is applied to filter the
analysis results from the LS-DYNA models and determine the peak accelerations. The resulting
calculated accelerations on the canister at the location of the top suppoﬂ disk and of the top of the
structural lid are tabulated for all of the analysis cases that were run. The ma}{imum accelerations at
the two key locations on the canister for the PWR Class 1 and Class 2 conﬁgurations are:

Position Measured from the
Bottom of the Concrete Cask ,
(inches) Acceleration (g)
Component Location Class 1 Class 2 Class1 | Class2
Top Support Disk 176.7 185.2 323 34.2
Top of the Canister Structural Lid 197.9 207.0 35.3 37.6

The impact accelerations for the vertical concrete cask tip-over (')n"kthé Maine Yankee ISFSI pad sHe
are observed to be slightly higher than those reported in Section 11.2.12.3.1 for the design-basis
ISFSI pad. Therefore, peak accelerations are caiculated for the t(’)pksupp:ort‘diéktahd ére cv'éijqatéd
with respect to the analysis presented in Section 11.2.12.4.1.
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To determine the effect of the, rapid application of the inertia loading for the support disk, a
dynarmc load faeiet (DLF) is cemputed usiﬁg 4the‘ ,n‘left_hd‘d’ pfesented in Section 11.2.12.4. The DLF
is computed to be 1.07 and 1.02 for PWR Class 1 and Class 2, respectively. Applying the DLFs to
the 32.3g and 34.2¢g results in peak accelerations of 34. 6g and 34. 9g for the top support dlSk PWR
Class 1 and Class 2, respectwely The DLFs for the canister lids are “considered to be umty since
the lids have s1gmﬁcant in-plane stiffness and are considered to be ngld Addmonal sensmvny
evaluations cons1denn0 varymg values of the ISESI concrete pad densﬁy have been performed The
results of those eyaluanons demonstrate that the max;mum aceelerat;on fop the c}amstelj and_basket
are below 40g.~ Therefore, the maximum a'c:celera:t_ien; fo: thecamsterand bésket for the:\‘_ﬂcz‘isk
tipover accident on the Maine Yankee site ISFSI pad is bounded by the 40g used in Section
11.2.12.4.1 (Analysis of canister and basket for PWR conﬁgurationSi\fer tipéover event).

11.2.15.1.2  Parametric Study of Support Disk Evaluation for Maine Yankee Consolidated Fuel

A parametric study is performed to show that the PWR basket leéded »W'*ith a Maine Yankee
consolidated fuel lattice is bounded by the PWR basket design basis loading for a side impact
condition. Only one consolidated fuel lattice, in a Maine Yankee Fuel Ca_n,“wi_l;l be loaded in any
single Transportable Storage Canister. However, Maine Yankee Fuel Cans holdihg other intact or
damagedfuel‘ can be loaded in the other three corner p(')sittiéonsef theibéskef. _ (Maine YankeeFueI
Cans may be loaded only in the four corner positions of the basket. See Figure 11.2.15.1.2-2 for
corner positions.) Therefore, the bounding case for Maine Yankee is the basket configuration with
twenty (20) Maine Yatkee fuel assemblies, three (3) fuel cans containing spent fuel, and one (1)
fuel can containing consolidated fuel.

A two-dimensional ANSYS model is employed for the parametric study as shown in Figure
11.2.15.1.2-1. The load from a PWR fuel assembly is modeled as a’press’ﬁr'e load at the inner
surface of each support disk slot opemng The de31gn ba31s fuel - pressure loadmg (lg) is 12_96
psi. Based on "the same des.1gn parameters (slot size = 9 272 in., ‘disk thickness = 0.5 1nch ‘__,\nd
the number of disks = 30), the pressure Ioad cor:espondlng to,.a Mame_ Yankee sta_ndgr{d ,.C.E
14 x 14 fuel assembly is 10.3 psi. The pressure load is 11.3 psi for a Maine Yankee fuel can
holding an intact or damaged fuel assembly. For a Maine Yankee fuel can holding consolidated
fuel the pressure load is 17.0 psi.
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This study eensiders.a‘ 60g ,s.i»de impaet condition for four different basket orientations: 0°, 18.22°,
26.28° and 45°, as shown in Figure 11.2.15.1.2-2. Note that 60g bounds the maximum g-load for
the PWR support disks (40g) due _to'theVerticaI Concrete Cask 4tip’~ovef‘ accident as shown in
Section 11.2.12.

A total of five cases are considered in the study. I‘neﬁi_a‘l‘ Vlkoads are applied to the sdppoft_ disk in all
cases. The base case considers that all 24 fuel positibﬁs hbolddesigﬁ basis PWR fuel assemblies.
The other four cases (Cases 1 through 4)- represent four p0531ble Ioad combmanons for the
placement of four Maine Yankee fuel cans in the corner positions, one of which holds consolidated
fuel. The remaining twenty basket positions hold Maine Yankee st\and_ard;lt}x 14 fuel assembhes.
The basket loading positions are shown in Figure 11.2.15.1.2-2. The load combinations evaluated
in the four Maine Yankee fuel can loading cases are:

Case | Basket Position 1 | Basket Position 2 | Basket Position 3 | Basket Position 4
1 Consolidated Darnaged Damaged Damaged
2 Damaged Consolidated Damaged Damaged
3 Damaged Damaged D'amaged Consolidated
4 Damaged Damaged Consolidated Damaged

Table 11.2.15.1.2-1 provides a parametric comparison between the Base Case k_andﬂthe:‘fovur_ cases
evaluated, based on the maximum sectional sttess in the supppr‘t d1$kAs shown in the table, the
maximun stress in the PWR basket support disk loaded with 20 standard fuel assemblies and four
Maine Yankee fuel cans, including one holding consolidated fuel, is bounded by that for the support
disk loaded with the design basis PWR fuel. |

Additionally, a three-dimensional analysis was performed for Case 4 with a 26.28° drop’ oﬁehtatioﬁ
using the three-dimensional canister/basket model presented in Section 1121241 ‘Results of the
analysis for the top support disk, where maximum stress occurs, are presented in  Tables
11.2.15.1.2-2 and 11.2.15.1.2-3, The minimum margin of safety is +1.12 and +0.11 for Py, stresses
and Py, + Py, stresses, fespectively The rflinimurh"m'argiﬁ of safety fdr the. eoﬁesﬁdhdiﬁg ana1y51s
for the design basis PWR configuration is +0.97 and +0.05 for Py, and Py, + Pb stresses, respecnvely
(See Table 11.2.12.4.1-4). ‘Therefore, it is further demonstrated that the maxunum stress in ‘the
PWR support disk loaded with Maine Yankee fuel with consolidated fuel is bounded by the stress
for the PWR support disk loaded with the design basis PWR fuel.
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Sliding Evaluation of the Vertical Concrete Cask

To keep the cask from sliding on the concrete pad, the force holding the cask (F,) has to be greater
than or equal to the force trying to move the cask.

Based on the equation for static friction:

E=uN2G,W

wha Jwzo,w

Where:
u = coefficient of friction
N = the normal force
W = the weight of the concrete cask
G, "’_”véiiiéaiaécéléfaﬁon compdnem
Gh resultant of horizontal acceleration component

Substituting Gy and G, for the two cases:

Casel) u(l- 0667a)>0566a e 'i“‘bs‘CaseZ) j.z(l 0267a)>1077af
¥ 1:,0-;6.,672_1.“ L R e,eeleO;,2_67a

Fora=038g

Case 1) p20.29 Casc2) w2045

The analys1s shows that the minimum coefﬁment of fnctlon u, requ1red to prevent ‘sliding
concrete. cask is 0. 45 The coefﬁ01ent of fnctmn between the steel bottom plate of the cone te‘ cask
and the concrete surface (broom ﬁmsh) of the storage pad 0 50 1s greater than the coefﬁ01ent of

friction required to-prevent sliding of the concrete ‘cask [45,46].  Therefo e the concret
not slide under design-basis earthquake conditions. The factor of safety is. 0. 50 / 0 45 '41 11 h1ch
is greater than the required factor of safety of 1.1 in accordance with ANS/ANS-57.9 [1].
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11.2.15.1.5  Buckling Evaluation for High Burnup Fuel Rods

This section addresses the potentlal buckhng of intact Combustlon Engmeenng 14 x 14 fuel rods
with a burnup between 45,000 and 50,000 MWD/MTU and havmg a claddlng oxide layer up to 80
microns (0.003 inch) thick. An end drop orientation is considered with an acceleration of 60g,
which subjects the fuel rod to axial loading. A reduced clad thickness is assumed, due to the 80
micron thick cladding oxide layer.

For the buckling evaluation for the end drop orientation, the fuel rods arke"kl\a‘terally'rest“rziined by the
gnds and may come mto contact w1th the fuel assembly base T he only rhcal constramt for the

fuel rod is the base of the assembly The wei ight of the fuel pellets is mcluded m this evaluatl n as
the pellets are considered to be vertically supported by the claddmgM Adtwo d1rnens1ona1 model
comprised of ANSYS BEAM3 elements, shown in Flgure 11.2.15.1.5—1,;13 used for the evaluatmn.
This evaluation is considered to be the bounding condition (as opposed to an evaluation, which
considers the cladding only).

During the end drop, the fuel rod unpacts the fuel assembly base.. The fuel rod 1tse1f w1ll respond as

an elastic bar under a sudden compression load at its bottom end.. The duratlon of this imy

bounded by the first extentional mode shape of the fuel rod Contnbutlon of higher frequency

extentional modes of the rod would tend to shorten the durat1on of 1mpact of the fuel rod ‘with the
fuel assembly base. The fuel rod, upon initiation of 1mpact corresponds to an undeformed state. ‘In
the process of the impact, the compression of the fuel rod will increase to a ‘maximum and then
return to a near uncompressed state, at which pomt the time of impact has been completed " This

TS

actually represents half ofa cycle of the lowest frequency mode shape of the fuel rod. - The shape of

the time dependence of the deformation is s1nus01dal The smgle extentlonal mode shape

be considered to be a single degree of freedom with a correspondmg mass and st1ffness.- In V.l

such an event as a spring mass system, the time variation of the deformation during the impact is
expected to be sinusoidal.

The buckling mode for the fuel rod is governed by the bounda.ry condxtrons For this conﬁguratlon
the grids prov1de a lateral support but no vertical suppoﬂ "The only verncal restramt is con31dered
to be at the point of contact of the fuel rod and the base of the assembly. The weight of the fuel rod
pellets and cladding is assumed to be uniformly distributed along the length of the fuel rod, . In the
end drop, this results i in the maximum compressive load ¢ occum__ng, at the ,b,ase_k of the fuel rod,“’fhe

first buckling mode shape corresponding to these pconditkions 1scomputedasshown in Flgure
11.2.15.1.5-2.
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Typically eigenvalue buckling is applied for static environments. For kdynamic loading, it is
assumed that the durat1on of the loadmc is sufﬁcxently long to aIlow the system to expenence the
complete load even as the defonnanon assocxated w1th the bucklmg 1s commenced For dynamlc
load;ng, the«lat_eral motlon wh10h would coxrespond to the buckled shape wﬂl correspond to the

oy

idwe"s’i’iﬁda‘é"éhépé Thls Iowest frequency mode shape is shown in Flgure 11 2.15.1. 5 2 and

11 2 15.1.5-2 is expected since both have the same dlsplacement bounda,ty condltlons the same
stiffness matrix, and the same govemmg finite element equatlons ie.,

Ko} =2 [al{e:}

where:
[K] = structure stiffness matrix
()} = e1genvector
A o= elgenvalue

[A] = mass matrix for the mode shape calculation or stress stiffening
‘matrix for the buckling evaluation
Based on the time duration of the impact and the inherent inability of the fuel rod to rapidly
displace in the lateral direction, the effect of the actual lateral motlon of buckhng can be computed

with a dynamic. ]oad factor (DLF) [47] ‘The expressmn for the DLF for a half-sme 1oad1ng for a
single degree of freedom is given by

1- 8%
where:
B =ratio of the first extentional mode frequency to the first lateral mode frequency
These valies, computed in this section, are § = 8.52 and DLF = 0.24.
This DLF is apphed to the end drop acceleration of 60g, whlch is the boundlng load to_'py' ent'ally
result in the buckhng of the fuel rod. The product of 60g % DLF (- 14 4g) 1s well below the ‘v,
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acceleration corresponding to the first buckling mode shape, 40g as computed in this section. This
indicates that the time duration of the impact of the fuel onto the fuel assembly base is of
sufficiently short nature that buckling of the fuel rod cannot occur.

An effective cross»sectlonal propexty is used in the model to consider the propertxes of the fuel
pellet and the fuel claddmg “The modulus of elast1c1ty (EX) for the fuel pellet has a nominal value
of 26.0 x 10° psi [48]. To be conservative, only ! 50 percent of this. value is used in the evaluation,
The EX for the fuel pellet was therefore taken to be 13 0 X 106 p31 The same value of EX (13 0x
10° psi) was also conservatlvely used for the Zircaloy or stainless steel claddmg Reference
Ict ctility of the claddmg “due to

information shows that there is no additional reduction of the
extended burnup into the 45,000 ~ 50,000 MWD/MTU range [49].

The bounding dimensions and physical data (minimum clad thickness, maximum rod length and
minimum number o support gids)fo the Maine Yankee fuel rod used i the model e

Outer diameter of cladding (inches) 044
Cladding thickness (inches) 0.023*
Cladding density (Ib/in®) 0.237
Fuel pellet density (Ib/in®) 0.396

*Note that the cladding thickness has been reduced by 80 microns (0.003 inch).

The elevation of the gnds measured from the bottom of the fuel assembly are: 2. 3 330, '57.2,70.7,
89.6, 108.4, 127.3 and 144.9 (inches).

The effective cross-sectional properties (Eieg) for the beam are computed by adding the valué of EI
for the cladding and the pellet, where:

E = modulus of elasticity (Ib/in’)

L = cross-sectional moment of inertia (in’)
The lowest frequency for the extentional mode shape was eo'i}ipﬁ:t‘ecil"ﬂtﬂe be 223.2 Hz. The first mode

shape corresponds, to a frequency of 262 Hz. Using the expressmn for the DLF prevxously
discussed, the DLF is computed to be 0.24 (B =8.52). 4
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The buckhng calculatlon used the. same model employed for the mode shape calculanon Thc load
that Would potentlaﬂy buckle the fuel rod in the end dIOp is due to the deceleratlon of the rod. “This
loadmg was 1mplemented by applylng a lg acceleratlon in the dlrecuon that would result in
compressi ‘_@giadmg of the fuel rod The acce]eratlon corresponding: to the first buckhng mode is
computed to be 40. Og, Wthh is much hlgher than the g—load correspondmg to the ﬁrst bucklmg

mode of 14.4g. ‘Therefore, the fuel r_ods do not buckle durmg a 60g end drop.
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Figure 11.2.15.1.5-1  Two-Dimensional Beam Finite Element Model for Maine Yankee Fuel Rod
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Figure 11.2.15.15-2  Mode Shape and First Buckling Shape for the Maine Yankee Fuel Rod
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Spent fuel having a burnup from 45,000 to 50,000 MWD/MTUIS assigned to peripheral
'l'ocvatic'ins' and baéed' on‘é'clédding e'x‘ide Iayer 'thieldieSs deteﬁniﬁétien may requireileadiﬁg ina
Maine Yankee fuel can. The interior Iocatlons must be loaded wuh fuel that has Iower bumup
and/or Ioncrer cool times in order to mamtam ‘the de81gn ba31s ‘heat load and component

temperature limits for the basket and canister.

The Fuel Assembly Limits for the Maine Yankee SITE SPECIFIC FUEL are shown in Table
12B2-7. Part A of the table lists the STANDARD, INTACT FUEL ASSEMBLY and SITE
SPECIFIC FUEL that does not require preferentlal loadmg except as required by Section B 2.1.2
to assure that short-term fuel cladding temperature limits are not exceeded

Part B of the table lists the SITE SPECIFIC FUEL ceriﬁgurations that fequire preferehtial
loading due to the criticality, shielding or thermal ‘ei/'aluation.; [ The Ioadiﬁg pattem for Maine
Yankee SITE SPECIFIC FUEL that must be preferentially loaded is presented in Section B2.13.
The preferential loading controls take advantage of design features. of the UMS® Storage. Systern
to allow the loading of fuel conﬁguratzons that may have hlcher burnup or addltlonal hardware or
fuel source matenal that is not spee1f1calty con31dered in the deslgn bas;s fuel evaluatlog. ”The
preferential loading required by Part B must also consider the pfefetﬁentiéi :1eadjngkreqt1_ireihents
of Section B 2.1.2 for short-term cladding temperature limits.

Fuel assemblies with a control element inserted are loaded in a Class 2 canister and basket due to
the increased lengthu of the assembly with the control :ele’r/nei‘{t _:ivnstalled.‘_ ' However, these
assemblies are not restricted as to loading position within the basket.

The Trans'portableAStorage Caniéter lloading' proeedures for Maline“Yankee'S_l’I‘E ‘S?ECTPIC
FUEL will indicate that the lodding of a fuel configufati(jn with removed f_ueler poison rods,:’,o,r a
MAINE YANKEE FUEL CAN, or fuel with burnup between 45,000 MWD/MTU and 50,000
MWD/MTU, is administr,atively, controlled in accordance with the»requ,ire'rﬂerijts:'V'efwseetiyeritwB
2.1.3.
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Table 12-1

NAC-UMS® System Controls and Limits

Control or Limit

Applicable
Technical
Specification

Condition or Item Controlled

1. Fuel Characteristics

Table 12B2-1
Table 12B2-2
Table 12B2-3
Table 12B2-4
Table 12B2-5
Table 12B2-7
Table 12B2-8
Table 12B2-9

Type and Condition

Class, Dimensions and Weight for PWR

Class, Dimensions and Weight for BWR

Minimum Cooling Time for PWR Fuel

Minimum Cooling Time for BWR Fuel

Maine Yankee SITE SPECIFIC FUEL Loading

Minimum Cooling Time for Maine Yankee Fuel - No CEA
Minimum Cooling Time for Maine Yankee Fuel - With CEA

2. Canister
Fuel Loading

LCO3.14
Table 12B2-1
Table 12B2-7
Table 12B2-4
Table 12B2-5

Time in Transfer Cask (fuel loading)

Weight and Number of Assemblies

Maine Yankee SITE SPECIFIC FUEL Loading
Minimum Cooling Time for PWR Fuel
Minimum Cooling Time for BWR Fuel

Drying LCO3.1.2 Vacuum Drying Pressure
Backfilling LCO3.1.3 Helium Back{ill Pressure
Sealing LCO3.1.5 Helium Leak Rate
Vacuum LCO3.1.1 Time in Vacuum Drying
External Surface LCO3.2.1 Level of Contamination
Unloading LCO3.1.7 Fuel Cooldown Requirements
3. Concrete Cask LCO3.22 Surface Dose Rates
Note 1 Cask Spacing
Note 2 Cask Handling Height
4. Surveillance LCO3.1.6 Heat Removal System
5. Transfer Cask 12B 3.4(8) Minimum Temperature
LCO3.1.8 Canister Removal from the CONCRETE Cask
6. ISFSI Concrete Pad Note 3 Pad Concrete Thickness
Note 3 Pad Subsoil Thickness
Note 3 Pad Concrete Compressive Strength

L 1 —

12B.

. Limits are presented in the Operating Procedures of Chapter 8.
. Lifting height and handling restrictions are provided in Section A5.1.1 of Appendix 12A.
. Limits are verified at the time of construction of the ISFSI per Section B 3.4 (7) of Appendix
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A 1.0 USE AND APPLICATION
A 1.1 Definitions

Definitions
All

10 1y o — S—

The defined terms of this section appear in capitalized type and are applicable throughout

Chapter 12.

ACTIONS

CANISTER
CANISTER HANDLING FACILITY

CONCRETE CASK

INDEPENDENT SPENT FUEL
STORAGE INSTALLATION
(ISFSI

INTACT FUEL
(ASSEMBLY OR ROD)

(Undamaged Fuel)

Definition

ACTIONS shall be that part of a Specification that
prescribes Required Actions to be taken under
designated Conditions within specified Completion
Times.

See TRANSPORTABLE STORAGE CANISTER

The CANISTER HANDLING FACILITY includes
the following components and equipment: (1} a
canister transfer station that allows the staging of the
TRANSFER CASK with the CONCRETE CASK or
transport cask to facilitate CANISTER lifts involving
spent fuel handling not covered by 10 CFR 50; and
(2) either a stationary lift device or mobile lifting
device used to lift the TRANSFER CASK and
CANISTER.

See VERTICAL CONCRETE CASK

The facility within the perimeter fence licensed for
storage of spent fuel within NAC-UMS® SYSTEMs
(see also 10 CFR 72.3).

A fuel assembly or fuel rod w1th no fuel rod claddmg
defects, or with known or suspected fuel rod claddmg
defects not greater than pinhole leaks or hairline
cracks.

(continued)

12A1-1
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Definitions

All

LOADING OPERATIONS LOADING OPERATIONS include all licensed

activities on an NAC-UMS® SYSTEM while it is
being loaded with fuel assemblies. LOADING
OPERATIONS begin when the first fuel assembly is
placed in the CANISTER and end when the NAC-
UMS® SYSTEM is secured on the transporter.
LOADING OPERATIONS does not include
CANISTER transfer operations between the
TRANSFER CASK and the CONCRETE CASK or
transport cask.

INITIAL PEAK PLANAR-AVERAGE THE INITIAL PEAK PLANAR-AVERAGE

ENRICHMENT ENRICHMENT is the maximum planar-average
enrichment at any height along the axis of the fuel
assembly. The 4.0 wt % U enrichment limit for
BWR fuel applies along the full axial extent of the
assembly. The INITIAL PEAK PLANAR-
AVERAGE ENRICHMENT may be higher than the
bundle (assembly) average enrichment.

NAC-UMS® SYSTEM NAC-UMS® SYSTEM includes the components
approved for loading and storage of spent fuel
assemblies at the ISFSI. The NAC-UMS® SYSTEM
consists of a CONCRETE CASK, a TRANSFER
CASK, and a CANISTER.

OPERABLE The CONCRETE CASK heat removal system is
OPERABLE if the difference between the ISFSI
ambient temperature and - the  average outlet” air
temperature is < 102°F for the PWR CANISTER or
< 92°F for the BWR CANISTER.

(continued)
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Definitions
All

STORAGE OPERATIONS

TRANSFER CASK

TRANSPORT OPERATIONS

TRANSPORTABLE STORAGE
CANISTER (CANISTER)

TRANSFER OPERATIONS

STORAGE OPERATIONS include all licensed
activities that are performed at the ISFSI, while an
NAC-UMS® SYSTEM containing spent fuel is
located on the storage pad within the ISFSI perimeter.

TRANSFER CASK is a shielded lifting device that
holds the CANISTER during LOADING and
UNLOADING OPERATIONS and during closure
welding, vacuum drying, leak testing, and non-
destructive examination of the CANISTER closure
welds. The TRANSFER CASK is also used to
transfer the CANISTER into and from the
CONCRETE CASK and into the transport cask.

TRANSPORT OPERATIONS include all licensed
activities involved in moving a loaded NAC-UMS®
CONCRETE CASK and CANISTER to and from the
ISESI. TRANSPORT OPERATIONS begin when
the NAC-UMS® SYSTEM is first secured on the
transporter and end when the NAC-UMS® SYSTEM
is at its destination and no longer secured on the
transporter.

TRANSPORTABLE STORAGE CANISTER is the
sealed container that consists of a tube and disk fuel
basket in a cylindrical canister shell that is welded to
a baseplate, shield lid with welded port covers,
and structural lid. The CANISTER provides the
confinement boundary for the confined spent fuel.

TRANSFER 'OPERATIONS include all- licensed
activities involved in transferring -a ' loaded
CANISTER from a CONCRETE CASK to another
CONCRETE CASK or to a TRANSPORT CASK.

(continued)
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Definitions
All

UNLOADING OPERATIONS

VERTICAL CONCRETE CASK
(CONCRETE CASK)

STANDARD FUEL

DAMAGED FUEL

UNLOADING OPERATIONS include all licensed
activities on a NAC-UMS® SYSTEM to be unloaded
of the contained fuel assemblies. UNLOADING
OPERATIONS begin when the NAC-UMS®
SYSTEM is no longer secured on the transporter and
end when the last fuel assembly is removed from the
NAC-UMS® SYSTEM.

VERTICAL CONCRETE CASK is the cask that
receives and holds the sealed CANISTER. It
provides the gamma and neutron shielding and
convective cooling of the spent fuel confined in the

CANISTER.

Irradiated fuel _assemblies having _ the'. same
conﬁguratmn as when ongmally fabncated conszsting
generally of the end ﬁttmgs “fuel rods, guide tube
and mtegral hardware For BWR fuel the char nel ,'1s

considered to be 1ntegral hardware The de31gn basw

fuel charactenstlcs and analysxs are based on the
STANDARD FUEL conﬁguratlon.

A fuel assembly or fuel rod with known or suspected
cladding defects greater t than pmhole Ieaks ‘or hairline
cracks

DAMAGED FUEL must be placed in. a MAINE

(continued)
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Definitions
All

HIGH BURNUP FUEL

FUEL DEBRIS

CONSOLIDATED FUEL

A fuel assembly havmg a bumup between 45,000 and
50, 000 MWD/MT_U Wthh ‘must be preferent1ally
loaded in periphery positions of the basket.

Intact_ HIGH BURNUP FUEL havmg a claddmo
ox1de layer thickness of 80 Mrmcrons or 1es
determined by measurement and statistical analyss.

may be stored as intact fuel,

HIGH BURNUP FUEL having a cladding oxide
layer thickness greater than 80 rnicrkon‘s is stored as
damaged fuel.

An intact or a partial fuel rod or an individual intact
or partial fuel peiletk’ﬁbt:édﬁtaiﬁed in a fuel rod. "Fuél
debris is mserted into a 9-x 9 array of tubes 1n a
lattice that has approx1mately the same dxmensmns as
a standard fuel assembly,

A nonstandard fuel conf1gurat1on in“'w

individual fuel rods from one or more fuei assembhes

are placed ina s1ng1e contamer ora lattlce strﬁétﬁre
that is similar to afuel assembly. C,ONSOLIDATED

FUEL is stored in a MAINE YANKEE FUEL CAN.

:(coﬁtinued)
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Definitions
All

SITE SPECIFIC FUEL

MAINE YANKEE FUEL CAN

Spent fuel configurations that are unique to a site or
reactor due to the addition of other components or
rec'onfigii}at)ion of the fuel assembly at the site. It
1ncludes fuel assembhes Wthh hold nonfuel- bearmg
components ‘ such as ' control components

instrument a.ndwplyga.tmmblewsg,gz which are quzﬁ,e.,d

as required by expediency in reactor operations,
research and development or testing.  Modification
may consist of individual fuel rod removal, fuel rod
replacelnent kof“‘éi‘nﬁlar or - dissinﬁlar rna’t'eﬁalkof
ennchment the 1nstallat10n removal or replacement
of burnable p01son rods, or contamenzmc damaged

fuel.

Site specific fuel includes irradiated fuel asseinijiies
designed with variable ennohments and/or ax1a1

blankets, fuel that is consoh_dated and fueﬂl_; ;tﬂhat
exceeds design basis fuel parameters.

A spemally designed stalnless steel screened can
sized to hold INTACT FUEL CONSOLIDATED
FUEL or DAMAGED FUEL. The scteens preclude
the release of gross particulate from the can into the

canister cavity.

12A1-6
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B2.0 APPROVED CONTENTS

B 2.1 Fuel Specifications and Loading Conditions

The NAC UMS® System 1s desroned to prov1de passwe dry storaoe of camstered PWR

and BWR spent fuel. The system requlres few opera ing contr ]s The prmc1pa1 controls
and hmrts for the NAC- UMS® System are. satrsﬁed by the selecnon of fuel for storage
that meets the Approved Contents presented rnkthls‘ sectron and 1n Tablespl”Bz 1 _tnroubh

12B2f5 for deSign basis spent fuels.

This section also permits the loading of fuel assemblies that are umque to specrﬁc reactor
sites. SITE SPECIFIC FUEL assembly conﬁguratlons are either shown o be bounded by
the ana]ysrs of the standard design basis fuel assembly conﬁguratlon of the same type
(PWR or 'BWR), or are shown to be acceptable contents by spec1frc evaluatlon of the
configuration.

Separate “evaluation may establish different limits, - which are maintained by
administrative controls for preferennal loadrng The preferentlal Ioadrng controls allow

the loadmg of fuel conﬁguranons that ‘may have h1gh‘ burr up,\ addmonal hardware

matenal or umque confi guranons as compared to the de31 gn basm fuel

Unless specifically excepted, SITE SPECIFIC FUEL must meet all of the conditions
spec1ﬁed for the desi gn ba51s fuel presented in Table 12 -1.

If any Fuel Specification or Loading Conditions of this section are violated, the following
actions shall be completed:

o The affected fuel assemblies shall be placed in a safe condition.

« Within 24 hours, notify the NRC Operations Center.

. kW_itfhin 30 days submit a special report Atha,t ‘descrikbes ',’the ica‘use,tof the_:yiointion
and actions taken to restore compliance and prevent recurrence.
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B2.1.1 Fuel to be Stored in the NAC-UMS® SYSTEM

INTACT FUEL ASSEMBLIES meeting the limits specified in Tables 12B2-1 through
12B2-5 may be stored in the NAC-UMS® SYSTEM.

B2.1.2 Preferential Fuel Loading

Loading of the fuel assemblies designated for a given TRANSPORTABLE STORAGE
CANISTER must be administratively controlled to ensure that the dry storage fuel
cladding temperature limits are not exceeded for any fuel assembly, unless all of the
designated fuel assemblies have a cooling time of 7 years of more. When preparing the
loading schemes for each canister, ALARA principles will be used in determining the
specific assemblies to be placed in each basket location. The fuel with shorter cooling
times (thus, higher fuel cladding temperature allowable and higher radiation source

strength) will be placed in the center of the basket.

CANISTERS contammg fuel assemblies, all of Wthh have a coohng;tlme of, 7 year ' ‘or

more, do not require preferent1a1 Ioadmg, because analyses h shown -that. th
cladding temperature limits will always be met for those CANISTERS CANISTERS ’
containing fuel assemblies with cooling times from 5 to 7 years must ‘be preferentially
loaded based on cooling time. By controlling the 'p'lacemeri‘t‘ df the fuel asSemineS, w1th
the shortest coohno time (thermally hottest) m the basket interior, preferentlal 1o .dmg

ensures that the allowable fuel claddmg temperature for a glven fuel assembly is: et
exceeded. The preferential loading of fuel into the CANISTER based on cooling fime is
described below.

The normal temperature distribution in the loaded TRANSPORTABLE STORAGE
CANISTER results in the basket having the highest temperature at its center and lowest
temperature at the outer edge. Considering this temperature distribution, spent fuel with
the shortest cooling time (and, therefore, having a higher allowable cladding temperature)

is placed in the center of the basket. Fuel with the longest cooling time (and, therefore,

having a lower allowable cladding temperature) is placed in the periphery of the basket.

(continued)
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Using a similar argument, fuel assemblies with cooling times between the highest and

lowest cooling times of the designated fuel, are placed in intermediate fuel positions.

For the PWR fuel basket configuration, shown in Figure 12B2-1, fuel positions are
numbered using the drain line as the reference point. Fuel positions 9, 10, 15 and 16 are
considered to be basket center positions for the purpose of meeting the preferential
loading requirement. The fuel with the shortest cooling times from among the fuel
designated for loading in the CANISTER will be placed in the center positions. A single
fuel assembly having the shortest cooling time may be loaded in any of these four
positions. Fuel positions 1, 2, 3, 6, 7, 12, 13, 18, 19, 22, 23 and 24 are periphery
positions, where fuel with the longest cooling times will be placed. Fuel with the longest
cooling times may be loaded in any of these 12 positions. Similarly, designated fuel
assemblies with cooling times in the midrange of the shortest and longest cooling times
will be loaded in the intermediate fuel positions — 4, 5, 8, 11, 14, 17, 20 and 21.

For the BWR fuel basket configuration, shown in Figure 12B2-2, fuel positions are also
numbered using the drain line as the reference point. Fuel positions 23, 24, 25, 32, 33
and 34 are considered to be basket center positions for the purpose of meeting the
preferential loading requirement. The fuel with the shortest cooling times from among
the fuel designated for loading in the CANISTER will be placed in the center positions.
However, the single fuel assembly having the shortest cooling time will be loaded in
either position 24 or position 33. Fuel positions 1, 2, 3,4, 5, 6, 12, 13, 19, 20, 28, 29, 37,
38, 44, 45, 51, 52, 53, 54, 55 and 56 are periphery positions, where fuel with the longest
cooling times will be placed. Fuel with the longest cooling times may be loaded in any of
these 23 positions. Designated fuel assemblies with cooling times in the midrange of the
shortest and longest cooling times will be divided into two tiers. The fuel assemblies
with the shorter cooling times in the midrange will be loaded in the inner intermediate
fuel positions - 15, 16, 17, 22, 26, 31, 35, 40, 41, and 42. Fuel assemblies with the longer
cooling times in the midrange will be loaded in the outer intermediate fuel positions - 7,
8,9,10, 11, 14, 18, 21, 27, 30, 36, 39, 43, 46, 47, 48, 49 and 50.

{continued)
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These loading patterns result in the placement of fuel such that the shortest-cooled fuel is in
the center of the basket and the longest-cooled fuel is on the periphery. Based on engineering
evaluations, this loading pattern ensures that fuel assembly allowable cladding temperatures

are satisfied.

B2.13 Maine Yankee SITE SPECIFIC FUEL Preferential Loading

The estimated Maine Yankee SITE SPECIFIC FUEL inventory is shown in Table 12B2-6.
As shown in this table, certain of the  Maine Yankee fuel configurations must be
preferentially loaded in specific basket fuel tube positions.

Corner positions are used for CONSOLIDATED FUEL, certain HIGH BURNUP FUEL and
DAMAGED FUEL or FUEL DEBRIS loaded m a MAINE ‘YANKEE FUEL CAN for fuel
assemblies with missing fuel rods or fuel with fuel rods that have been replaced by rods of ,other

material. Designation for placement in corner positions results pnmanly from shleldmg or
criticality evaluations of these fuel configurations. CONSOLIDATEDFUEL is ,cons_enyquyely
designated for a corner position, even though analysis shows that these lattices could be loaded
in any basket position. Com_er positions are pos;i‘tionsﬁ,’ 6, 19, and 22 1nF1gure 12B2—l

Preferential loading is also used for spent fuel havmg a bumup between 45 OOO and 50, 000
MWD/MTU not loaded in the MAINE YANKEE FUEL CAN.  This fuel is “assigned to
peripheral locations, posltxons 1, 2, 3, _6, 7, 12, 13, l_8,_ 19, 2,2,[23, ande}_kln Fl_gu,rem 123;2-1.
The interior locations must be loaded with fuel that has lowerburnupand/orlongercool

times to maintain the design basis heat load and component temperature limits for the basket
and canister, and the sp'ent'fuel short-term teinbefatiil"e limits, as deseﬁb“ed,in Secnon B 2?1.;1;

Fuel assemblies with a control element inserted will be loaded in a Class 2 canister and
basket due to the increased length of the assembly with the control element installed.
However, these assemblies are not restricted as to loading position within the basket.

The Transportable Storage Canister loadmg ‘procedures will indicate that loadmg of a fuel
conﬁguranon with removed fuel or poison rods, CONSOLIDATED. FUEL or aqM‘A]l'\IE
YANKEE FUEL CAN with HIGH BURNUP FUEL, DAMAGED FUEL or FUEL DEBRIS,
or HIGH BURNUP FUEL, is adrmmstranvely controlled in accordaneed,wl.th ‘Sect,lon_\ B 2.1.

12B2-4
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Table 12B2-7 Maine Yankee Site Specific Fuel Limits (continued)

B. Allowable Contents requiring preferent1a1 Ioadmg based on shleldmg, cnt1ca11ty or thermai
constramts The preferentlal loading requlrement for these fuel conﬁguratlons is descnbed in
Table 12B2-6. (contmued)

5. FUEL enClOSéd in a Maine Yankee fuel can. The alld%ablé btc'inteﬁts“of thé MAINE
YANKEE FUEL CAN are:

a)
b)

c)

d)

g)

A PWR Intact Fuel Assembly.
A PWR INTACT FUEL ASSEMBLY with damaged fuel rods within the guide tube
positions.
A Dafnaged Fuel Assembly with up to‘ 100% of the fu(él' rods classified as damagéd
and/or damaged or missing aSsembly hardware Cbmponents.
Individual intact or damaged fuel rods in a rod type ‘s‘trilcmrék,i\_vhichkmay be Yévgﬁiﬁd‘e
tube, to ’m,éiin”tain conﬁ‘gurationcontrokl.
Fuel debris consisting of fuel rods with exposed fuel pellets or individual intact or
partial fuel pellets not contained in fuel rods.
Consolidated fuel lattice structure with a 17 x 17 array formed by gnds and top and
bottom end flttmcrs connected by four solid stainless steel rods Maximum contents_
- Up to 289 fuel rods
- Lattice welght < 2,100 pounds
HIGH BURNUP FUEL (45,000 to 50,000 MWD/MTU)

C. Unenriched fuel assemblies are not authorized for loading.

12B2-15
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Table 12B2-8  Loading Table for Maine Yankee CE 14 x 14 Fuel with No Non-Fuel Material —
Required Cool Time in Years Before Assembly is Acceptable

30 GWD/MTU Burnup Minimum Cool Time [years] for
Enrichment Standard Pref(0.958i) Pref(0.958p) Pref(1.05i) Pref(1.05p)
1.9 5 5 5 5 5
2.1 5 5 5 5 5
2.3 5 5 5 5 5
2.5 5 5 5 5 5
2.7 5 5 5 5 5
2.9 5 5 5 5 5
3.1 5 5 5 5 5
3.3 5 5 5 5 5
3.5 5 5 5 5 5
3.7 5 5 5 5 5
35 GWD/MTU Burnup Minimum Cool Time [years] for
Enrichment Standard Pref(0.958i) Pref(0.958p) Pref(1.05i) Pref(1.05p)
1.9 5 5 5 5 5
2.1 5 5 5 5 5
2.3 5 5 5 5 5
2.5 5 5 5 5 5
2.7 5 5 5 5 5
2.9 5 5 5 5 5
3.1 5 5 5 5 5
3.3 5 5 S 5 5
3.5 5 5 5 5 5
3.7 5 5 5 5 5
40 GWD/MTU Burnup Minimum Cool Time [years] for
Enrichment Standard Pref(0.958i) Pref(0.958p) Pref(1.05i) Pref(1.05p)
1.9 7 7 6 15 5
2.1 6 6 6 15 5
2.3 6 6 5 14 5
2.5 5 5 5 14 5
2.7 5 5 5 14 5
2.9 5 5 5 6 5
3.1 5 5 5 6 5
3.3 5 5 5 6 5
3.5 5 5 5 6 5
3.7 5 5 5 6 a)
1. Cool times for preferential loading of fuel assemblies with a decay heat of either 0.958 or

1.05 kw per assembly, loaded in either interior (i) or periphery (p) basket positions.

12B2-16




SAR - UMS® Universal Storage System March 2000
Docket No. 72-1015 Revision UMSS-00B

Design Features
e r . B 3.0
B 3.4.2 Maine Yankee Site Specific Parameters and Analyses

The design basis site-specific parameters and analyses that require verification by Maine

Yankee are:

1. The temperature of 76°F is the max1mum average yearly temperature The
3-day average ambient temperature shaH be 106°F or less

2. The allowed temperature extremes, averaged over a 3-day period, shall be
greater than —40°F and less than 133°F,

3. The design basis earthquake horizontal and vertical seismic acceleration levels
at the top surface of the ISFSI pad are bounded,by the ‘value’sﬁ shown:

Horizontal g-level in each of Corresponding Vertical
Two Orthogonal Directions g-level (upward)
0.38g 0.38 x 0.667 =0.253¢g
4, The'analyZed flood condition of 15 fps water _Ve_loeity and a ‘h'eight of 50 'feet 6f

water (full submergence of the loaded c\ésk) are not exceeded.

5. The potential for fire and explosion shall be ‘addressed, base,d_on' site-‘epeeific_
considerations.  This includes the ’conditib'n that the) fuel tank of 'tﬁe’ eaék
handlmg equrpment used to move the loaded CONCRETE CASK onto or from
the ISFSI site contams no more than 50 gallons of fuel

6. PhySiCal teéting shéll be conducted to ‘d'emens'tra\te ‘thetultﬁe coefficient of fncnon
between the concrete cask and ISFSI pad surface is ‘at least iO,.‘Sf ‘ The ISFSIpad
surface, or test pad surface, shall be prepared as described in B 3.4.2 (7).

(continued)
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B3.4.2

Maine Yankee Site Specific Parameters and Analyses (continued)

In addmon to the requ1rements of 10 CFR 72 212(b)(’?)(11) the ISFSI pads
and foundation shall mclude the followmcT characteristics as apphcable to
the end drop, earthquake or tip-over analyses:

a.  Concrete thickness 36 inches maximum
b.  Pad subsoil thickness 4.5 feet maximum (upper layer)
10 foot minimum (lower layer)
c. Specified concrete < 4,000 psi at 28 days
compressive strength
d. Concrete dry density (p) j135‘ .<_ p S 145 Ibs/ft?
e. Soil in place density (p) ps 135 1bs_/ft3 4(up‘per Iay;:f)

p < 127 Ibs/ft> (lower layer)
f. Soil Modulus of Elasticity < 150 000 pS] (upper- 1ayer)

< 30 000 p51 (lower layer)
g  Surface Broom Finish / Brushed Surface

The concrete pad maximum thickness excludes the I'SFSI‘pad fobt\éf::’v ‘,
compressive strength of the concrete should be deterrmned according to
the test method given in Section 5.6 of ACI 318 Steel remforcement‘ is
used in the pad and footer. The basis for acceptance of concrete ‘shall be
as descnbed in Secuon 5.6 of ACI—318 The S i modulus “of @elastlcuy
should be determined ac_cordmg to the tcst, _method descmbed in ASI’M
D4719.

The suffacie of the ISFSI pad shall have a brodm finish orbrushedsurface
as defined in ACI 116R-90 and described in Sections 7.12 and 7.13.4 of
ACI 302.1R.

In cases where Cnglneefed features (i.e., berms, shield walls) ar

ensure that requlrements of 10 CFR 72.104(a) are met, such features are to
be considered important to safety and must be evaluated to determine the
applicable Quality Assurance Category on a site specific basis.

12B3-10
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B3.4.2 Maine Yankee Site Specific Parameters and Analyses (c'ontinUed)

9.  TRANSFER CASK OPERATIONS shall only be conducted with

surrounding air temperatures > 0°F.
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B 3.5 CANISTER HANDLING FACILITY (CHF)
B 3.5.1 TRANSFER CASK and CANISTER Lifting Devices
Movements of the TRANSFER CASK and CANISTER outside of the 10 CFR
50 licensed facilities, when loaded with spent fuel are not permitted unless the
movements are made with a CANISTER HANDLING FACILITY designed,
operated, fabricated, tested, inspected and maintained in accordance with the
guidelines of NUREG-0612, “Control of Heavy Loads at Nuclear Power Plants”
and the below clarifications. This Technical Specification does not apply to

handling heavy loads under a 10 CFR 50 license.

B 3.5.2 CANISTER HANDLING FACILITY Structure Requirements
B 3521 CANISTER Station and Stationary Lifting Devices

1. The weldment structure of the CANISTER HANDLING
FACILITY shall be designed to comply with the stress limits of
ASME Code, Section I, Subsection NF, Class 3 for linear
structures. The applicable loads, load combinations, and
associated service condition definitions are provided in Table
12B3-2. All compression loaded members shall satisfy the
buckling criteria of ASME Code, Section IH, Subsection NF.

o

If a portion of the CANISTER HANDLING FACILITY structure is
constructed of reinforced concrete, then the factored load
combinations set forth in ACI-318 (1995) for the loads defined in
Table 12B3-2 shall apply.

3. The TRANSFER CASK and CANISTER lifting device used with
the CANISTER HANDLING FACILITY shall be designed,
fabricated, operated, tested, inspected and maintained in
accordance with NUREG-0612, Section 5.1.

(continued)
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