
NAC Atlanta Corporate Headquarters 

IINTERNATIONAL 655 Engineering Drive 
Norcross, Georgia 30092 
770-447-1144 
Fax 770-447-1797 

June 19, 2000 www.nacintl.com 

U.S. Nuclear Regulatory Commission 
11555 Rockville Pike 
Rockville, MD 20852-2738 

Attn: Document Control Desk 

Subject: Docket No. 72-1015 

Submittal of Responses to June 11, 2000 Telecon RAIs (Structural) as Supplemental 
Information for the UMS® Universal Storage System Amendment for Maine Yankee 
Atomic Power Company Site Specific Spent Fuel (TAC No. L22979) 

References: 1. Submittal of Responses to Telecon RAIs as Supplemental Information for the 
UMS® Universal Storage System Amendment for Maine Yankee Atomic 
Power Company Site Specific Spent Fuel (UMSS-00D), May 2000 

2. NAC Letter, U.S. NRC Review of NAC-UMS® Universal Storage System 
Submittals, NAC International, June 16, 2000 

NAC International (NAC) herewith submits 10 copies of Responses to June 11, 2000 Telecon RAIs 

(structural) as Supplemental Information to Reference 1 for the NAC-UMS® Universal Storage 
System Amendment for Maine Yankee Atomic Power Company site specific spent fuel. This 
submittal includes the telecon RAI comments and NAC's responses presented in the standard NAC 
RAI response format, followed by the SAR Revision UMSS-00E changed pages, including NAC 
license drawing 790-564, Revision 2. The List of Effective Pages and the Master Table of Contents 
for the SAR are updated to incorporate the text and page changes in the body of the SAR.  

The VCC Shield Plug design shown on license draw~ing 790-564, Revision 2, is reinstated by this 
submittal, replacing Revision 3 of the drawing (defined an alternate configuration that included NS-3 
neutron shielding material), which was submitted in SAR Revision UMSS-OOC on April 18, 2000.  
As NAC stated in Reference 2, the alternate configuration of the VCC Shield Plug, containing NS-3 
neutron shielding material, is withdrawn. NAC and Maine Yankee intend to pursue this alternate 
shield plug configuration via the 10 CFR 72.48 regulatory process.  

The telecon RAI responses and the SAR changed pages in this submittal address the following items: 

"* Comparison of fracture toughness of SA-182 (forging) and SA-240 (plate) stainless steels; 

"* Revision of retaining ring bolt material to ASTM A-193, Grade B6, high alloy steel on 
Page 3.3-2; 
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"Incorporation of NAC-UMS® Storage System design basis ISFSI pad and foundation 
characteristics in Section 11.2.12 and similarly, UMS-MY design basis ISFSI pad and 
foundation characteristics in Section 11.2.15; 

" Administrative correction in Section. 9.0 to state that the VCC can be lifted by lifting lugs 
or by jacks and air pads and incorporation of the periodic inspection program for the 
transfer cask in Section 9.2; 

"* Revision of Section 11.2.16 to include the cladding stress component due to fuel rod 
internal pressure; 

"* Revision of SAR tables and text to clarify that a Maine Yankee Fuel Can may only be 
placed in a NAC-UMS® Class 1 Transportable Storage Canister.  

If you have any comments or questions, please contact Jim Ballowe or me at (770) 447-1144.  

Sincerely, 

Thomas C. Thompson 
Director, Licensing and Competitive Assessment 
Engineering & Design Services 

Enclosure 

cc (w/o enclosure): P. Bemis (SWEC) G. Zinke (MY) 
E. Washer (SWEC) P. Plante (MY) 
M. Meisner (MY)
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NAC-UMS 

Docket # 72-1015 

TAC # L22979 

NAC INTERNATIONAL 

TELECON REQUEST FOR ADDITIONAL INFORMATION 

CHAPTER 3: STRUCTURAL EVALUATION 

1 Is the fracture toughness of the alternate material SA-182 comparable to that of 
SA-240 for its effects on determining critical flaw sizes for the TSC closure plate? 

NAC Response 

The fracture toughness of the austenitic stainless steel does not change for different forms 

of the material. Austenitic stainless steels do not experience a ductile-to-brittle transition 

for the range of temperatures considered in this Safety Analysis Report. Therefore, 

fracture toughness is not a concern. Tables 3.3-1 and 3.3-3 were revised to reflect this 

determination.
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NAC-UMS 

Docket # 72-1015 

TAC # L22979 

NAC INTERNATIONAL 

TELECON REQUEST FOR ADDITIONAL INFORMATION 

CHAPTER 3: STRUCTURAL EVALUATION 

2 On SAR page 3.3-2, revise the retaining ring bolts material to ASTM A193, 
Grade B6 high alloy steel.  

NAC Response 

The retaining ring bolt material shown on page 3.3-2 is revised to ASTM A193, Grade 

B6, high alloy steel.
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NAC-UMS 

Docket # 72-1015 

TAC # L22979 

NAC INTERNATIONAL 

TELECON REQUEST FOR ADDITIONAL INFORMATION 

CHAPTER 11: ACCIDENT ANALYSES 

3 The pad and foundation parameters shown on SAR page 11.2.15-4 are those for 
UMS. They should be called out in SAR Subsection 11.2.12. Since both Chapter 
12, B3.4.1 and B3.4.2 are revised, there are two sets of parameters to be called out 
in the SAR text. One for UMS and another for MY. Also, the parameters are for 
tip-over analysis only. The case for end drop has not been analyzed in the SAR 
because of the unyielding surface assumption for the 24-inch vertical drop 
analysis.  

NAC Response 

Section 11.2.15 is revised to delete the UMS Storage System design basis ISFSI pad and 

foundation parameters and to incorporate the Maine Yankee ISFSI pad and foundation 

parameters.  

Section 11.2.12 is revised to incorporate the UMS Storage System design basis ISFSI pad 

and foundation parameters.
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NAC-UMS 

Docket # 72-1015 

TAC # L22979 

NAC INTERNATIONAL 

TELECON REQUEST FOR ADDITIONAL INFORMATION 

CHAPTER 9: ACCEPTANCE TEST & MAINTENANCE PROGRAM 

4 In Section 9.2.4, add a description of the transfer cask periodic inspection 
program to ensure that the trunnion welds are not damaged after repeated use.  
Use ANSI N14.6 standards, as appropriate (This is being addressed for the UMS 
rulemaking).  

NAC Response 

Section 9.2 is revised to incorporate the periodic inspection program for the trunnion 

welds. The inspection requirement references ANSI N14.6. The weld examinations are 

performed in accordance with Section V of the ASME Code. Acceptance criteria are in 

accordance with Section III, Subsection NF, Articles NF-5340 or 5350, as appropriate.
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NAC-UMS 

Docket # 72-1015 
TAC # L22979 

NAC INTERNATIONAL 

TELECON REQUEST FOR ADDITIONAL INFORMATION 

CHAPTER 11: ACCIDENT ANALYSES 

5 In Subsection 11.2.16, for the damaged fuel assembly with missing grid spacers, 
the side impact stress evaluation should consider the cladding stress components 
due to rod internal pressure, similar to that addressed in LLNL Report 21246, in 
which the failure criteria may not have to be based on the maximum shear theory.  

NAC Response 

Section 11.2.16 is revised to include the cladding stress component due to rod internal 

pressure. The revised margin of safety is +0.53 and +0.44 for ultimate and yield strength, 

respectively.
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NAC-UMS 
Docket # 72-1015 

TAC # L22979 

NAC INTERNATIONAL 

TELECON REQUEST FOR ADDITIONAL INFORMATION 

CHAPTER 1: GENERAL DESCRIPTION 

6 Revise the SAR as appropriate to clearly specify that a Maine Yankee Fuel Can 

may only be placed in a NAC-UMS Class 1 canister.  

NAC Response 

Tables 1-1, 2.1.3.1-1, 12B2-6 and 12B2-7, and Section 2.1.3.1.5 are revised to include 

the specification that a Maine Yankee Fuel Can may only be placed in a NAC-UMS 

Class 1 Transportable Storage Canister.
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Terminology (Continued)

Mvaine Yankee Fuel Can 

Transportable Storage 

Canister (Canister) 

Shield Lid 

- Drain Port 

- Vent Port 

- Port Cover 

- Quick Disconnect 

Structural Lid

A peiayl Le#igqstiess steel screened can s~ized to hold a 

release ofgross. culates into*'thecasercvity.jheM aiiie 
Yankee Fuel Can may nyb loaded in a Class I Canister.  

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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Terminology (Continued)

Fuel Basket (Basket) 

- Support Disk 

Heat Transfer Disk 

- Fuel Tube 

- Tie Rod 

- Spacer 

- Split Spacer

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

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 is a circular carbon steel plate with 56 square holes 
machined in a symmetrical pattern. Each square hole is a 
location for a fuel tube.  

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 fuel basket.  

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.  

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.  

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.  

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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1.8 License Drawings 

This section presents the list of License Drawings for the Universal Storage System.  

1.8.1 License Drawings for the UMS® Universal Storage System 

Drawing Revision No. of 
Number Title No. Sheets

..z ~ ...... ... ..... --...... ....... ....... .... .. a n ._.te _...... a s .......-......... ....... A ~ ......... ..y- _ ._.a b ....N..-..s.. ... .............. ........... ... .. ... .......... ...  
790-559 Assembly, Transfer Adapter, NAC-UMS ...... . ..... 5. 5 -... ........... ... ... ... .s e m b .... ..... . , T a ..s........... ......... .......... .-.- A. S ....... ..... .... ... .. ..... ......... .... ..... .............. . . .. .... .....  

790-560 Assembly, Transfer Cask (TFR) NAC-UMS .. .C .:.5....... .....- ... ... ... - ......As e n l .! ... .T r n .f...... .... .-. a s..... _......... .. - •- .... ... S-. . .................................. ...................... ...... . ..  

790-561 Weldment, Structure, Vertical Concrete Cask (VCC), 
NAC-UMS® 

790-562 Reinforcing Bar And Concrete Placement, Vertical Concrete 
.Cask (VCC), NAC-UMS® 

790-563 Li d, Vertical Conc.... .ret.e Ca.sk. (VCC), ...NAC-UMS. .. ...........  

790-564 Shield Plug,'- - Vertical Concrete Cask (VCC), NAC-UMS® 

790-565 Nameplate, Vertical ConceteCask (VCC), NAC-UMS®..0. ............. .......... ........... .N..*.a e........{qa.!.C n r t_ a k_( c ) N .• • • ....................  
790-570 Fuel Basket Assembly, 56 Element BWR, NAC-UMS 

790-571 Bottom Weldment, Fuel Basket, 56 Element BWR, 

NAC-UMS® 

790-572 Top Weldment, Fuel Basket, 56 Element BWR, NAC-UMS 
790-573 Support Disk and Misc. Basket Details, 56 Element BWR, 

NAC-UMS® 
790-574 Heat Transfer Disk, Fuel Basket, 56 Element BWR, 

NAC-UMS® 7 0 5 .B W F.u b.e., N AC............ BW.-UM..S...........N A®- ..................................................................................................................................................................................  

790-581 PWR Fuel Tube, NAC-UMS® 

790-582 Shell Weldment, Canister, NAC-UMS® 

790-583 Assembly, Drain Tube, Canister, NAC-UMS® 

790-584 Details, Canister, NAC-UMS® S.. 9 2 S i@ a @ -b e { r~ e a i~ r @ c i ia ~ 4.................... ...... --........... ....... i........... ....  
790-585 Transportable Storage Canister (TSC), NAC-UMS .......... ....9 0 .5 9 ..... ............. ---- .o . .. .... ......v e ..a .. n..r ............. ... k ...V C................- ..N........ .- . S. • .. ................. ....... ...... .... ...................................  
790-590 Loaded Vertical Concrete Cask (VCC), NAC-U`MS® 
790-591 Bottom Weldment, Fuel Basket, 24 Element PWR, 

NAC-UMS®

2 

'7

1 S............1 

3 

5

4

1 

2 

4

1 

1 
..... ..{ .. ... .2 ............  

2 S.............. i ..... ........ . ... . ...  

1 

1 

1 

S........... . .. . . . - - .. . . ..  

2 

2 
S......... ....... ........ . . . ... . . ..  2 1 

2 
2 
1 

12
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License Drawings 

(Continued)

Drawing Revision No. of 
Number Title No. Sheets 

790-592 Top We.dment, Fuel Basket, 24 Element PWR, NAC-UMS® 4 1 
790-593 Support Disk and Misc. Basket Details, 24 Element PWR, 4 1 

NAC-UMS® 
..... .. .. . ... . ........... ......... .... .... .... ... ......... .. .. ....... ... ................ ...... ... ... .. ............... ...................... .......... ........... ................... ... ... .. ... ................ .............. ..... ........ ........... ...... ..... ... .. ... ... ............." . ........ ... ........... ................... ..  

790-594 Heat Transfer Disk, Fuel Basket, 24 Element PWR, 2 1 
NAC-UMS® 

.... ..... .... .......... ...... .. .............. .... .... ...................... ... . ...... . .. ..... ......... ... ........ .... . . ............... ....... ... .............................. .... ..... . . . . .. .... ....... .. .. .. .. ..... .. .. .... .. .. . .. .. .. .. .. .. ... .. .. ........... .... ........ . . . .... .. ........  

790-595 Fuel Basket Assembly, 24 Element PWR, NAC-UMS® 4 2 .. ...... .. ...0 ....5 ........... .. ... ......... ..g • e .L ..s....... .....t .... .a ........ . b.. .. . .......... .m n .W R ..A_ .....S.. ....... .................... ...... .. ... ... . .... .. ......... .... .. .. .  
790-605 BWR Fuel Tube, Over-Sized Fuel, NAC-UMS® 5 2 

1.8.2 Site Spiecifc Spent Fuel License Drawings 

Drawing Revision No. of 
Number TilSo heets 
412-501 Spent Fuel Can Assembly, Maine Yankee (MY), NAC-UMSO 2 1 

412-502 Fuel Can Details, Maine Yankee (MY), NAC-UMS" ý2 4

1.8-2
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ýQric th en fittings. 4itThgtpnfitni designed so that the lattice can be han~led-y- the 

stanigfaxt e ~ lattice were not usedl in he eactor and 

the stainless ste- elhardware inot activated.  

One of these lattices contains 283 fuel rods and 2 rod position vaCancieS. The other contains 172 

fuel rods, with the 76 stainless steel dummy rods in the outer _-iphery ofthe lattice.  

T he consolidated fuei _placed ina Maine Yankee felca fortge N6, credit is taken for the 

'lattice structures in the criticality, structural, or thermal analy§'js.* 

2.1.3.1.3 Maine Yankee Spent Fuel with Inserted Integral Hardware 

Certain Maine Yankee fuel assemblies have either a Contro Emen AssemIblyr Isue 

Thimble inserted in the fuel assembly. These cormponents.add to the gamma radiation soiuce 

term of the standard fuel assembly, 

A Maine Yankee Control Element Assembly (CEA) consists of five controlos rmIounted.on.: a 

Type 304 stainless steel s~pider assenmbly._ The five control rods are inserted in the fuel assemibly 

guide tubes when the CEA is inserted in the fuel assembly. _When fully inserted, the Control 

element spier rests. on -the fuel assembly g r aefabiate frIon 

625 or stainless steel and encapsulate 34C .as the priemary-neron spoison, material. uel 

assem blies wi .t ... bedTh l deth bleo_ . .. ......... because ... the 

additional height that thecontrol elemenit spdrad otefel ~qbyvr~~ 

Some standard fuel assmblies. have an incr ntuettib netd nt ýgKo;q4 

tube of the fuel assembly. The detector maemo 

thimble assem~bly. hqtimlopend _andt r _.piaiy--__ly.ý ~eisald the 
inS�tmen thimble does enotadd to the overall fel f assemblenosu 

instrument y.im _ _ assemblies withintuettibearloddithClsIcnse.  

2.1.3.1.41 Maine Yankee Spent Fuel- with Unique Design 

Certan Maine Yankee fuel assmmtliee were Sulq 

These assemblies inqorpora~te variable radia qicbhmnte o4j lnes

2
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Two batches of fuel used at Maine Yankee contain vabl Ynricedfulrd Thmaiu 

rods~~~ ~ ~ ~~~vr enrc1e etoch -f 4 rods Th maximum.......................  
fuel rod, enrichment of one. batch is 4.21 w~t % --U. with the variably enriched. ods ~enriched to 
3.5 wt % 235. . The maximum planar average nrichrnet of this batch is .99 wt %" 235:U. For ,the other batch, the maximum fuel rod enrichment I'S 4.0 wt, % 3 U, with -the variably enriched 
rods enriched to 3'.4 wt % 235u. The maximum pla Ina-r average enrichment of this batch is 3.92 
wt % 235u 

One batch of variably e.riche.d fuell also incorporates axial end blankets wibacfuel pellets that 
have a center hole, referred to as annular fuel pellets. •A•nnular fuel pellets are uused in the top and 
bottom 5% of the active fuel length of each fuel rod in th.is batch.  

2.113.1.5 Maine Yankee Fuel Can 

Fuel assemblies classified as damaged and certain undam.a.gedf n t are ode.i.  
~~~~~~e ....... c .............:........... d •,e.d d e. n .n ! .~ g O . oe g nfigurations are loaded i~n a 

Maine Yankee fuel can, which is shown in Drawings 412-501 41.2-5027- he.f cTa'e 
loaded only in a corner position in the basket. The fuel can analysi assumethfalr '6% 
of the fuel rods held in the fuel can.  

The fuel can is sized to accom.modate a fuel assembly and to be inserted in a comer position of 
the fuel basket. As shown in the drawings, the can is 162.8 inches in length an has an external 
square dimension of 8.62 inches and an internal square-dimensionof 8.52 .. ches. .n t 4.  
inches the external square ....... ... .. . ... .. .... . . T f e me nsn lof e on2the bo t .  

a0.63-inch thick plate that is welded to theS cnsellT e plt as &le oes~in eac :comer to allow water to rain from the can. A screen co.ers the holes to prelude the release ofg 
particulates . from the fuel can. A lidjeaving : coveras depth dmes of 2.38 inches Irsluh 
can. The lid is not secured to the canshell, but is held n place whe the shield lid is instal.led in 
tie canister. The lid also has four drilled, and screened-holes. The dama~ged uelisinsre in the 
fuel can and ~the lid is installed. Lifting-lugs in~the can s~hell alo heladedcan eleifted an 
installed in, theI basket. Alternately, the fuel can ~may,~ -,i~n,,e~td .n..,TY .s~~et~loj r-D'si lon before the damaged fuel assnb.y.is inserted in the fuel _ .alne'maea I'eid i- sjnertddg tin 
place by the caniser shield lid, the fuelclan may_ be used onlyiAn'te C1lass, ',!a ister_ 

A Maine Yankee fuel can containing fuel debris with greater than_20 Curies o .pi.tq..ium.  
requires double containment for transport conditions in accordanc with1 CFR7163(b)

2j.13--'
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Table 2J,31j-11 Mane Yankee Site.Spii FuelPoulati

Site Specific Spent Fuel ConflugIratiqon

Inserte d Control Eleme~nt Assembly (Qp) 4 , ,5 , 

Inserted In-Core Instrument (ICI) Thim-bl.-e 

Consolidated F~uel 

Fuel Rod Replaced by R.od Enriched to 1.95 wt.% 

Fuel Rod Replaced by Stainless Steel Rod or Zircaiqy Rod 

Fuel Rods Removed 

Variable.Enric~hmet 

Variable Enrichment and Axial Blanket 

Burnable Poison Rod Replaced by Hollow Zircaloy Rod

jE-st"' N- umý''b e r of,

1 6 - 8A~ny 
.......... .......... ...7 -;:•; .......... .............. +.. ... .... ......... .......... i: + :+7.. ........ .............  

Any 

... . . .. .... .. L _2 L + 2 . . .. ... . . ...... ........................... • +. s . .1 . .. ..... .. ............ .  

18 Any 

..0............... ......... . ............................................. C... ....... . .............. .....  

++... . ............. ......................... - .......... ....... ............ ......... .... a ..................

S.... M • i e • k ~e e -u ; •i .................................................................. ............. ......... .... ......  

DamSage ad Fuel'0 1  12emhs a laeomnyomt• 

Burnup between 45,000 and 50,000 MWDLMTU 9QPrp 'ey1 

~~~~~~~~~~~~~ ... . . -' .. .. ----++ + + ++• .. ...... . . .. • " + • •--- . .. ..... ..' .....e a ....  

Maine Yankee Fuel Can &ýýqie oe

1. The total numnber of fuel asebisi netricuig.toest-pcfcpn:fe 

configurations and standa t fuel assemness r 

2. The number of fuel assemblies in some categories mayyary dep•pendip•. foutur fue.l jnspgqtion 

3. +tandardfuel ass bliel saybelae insyposition, 
4. A fuel assembly with anins',erted GEAm must be loaded in. a, Class; q ais ter.  

.5. A fuel assembly wtout aninsered. CEA must not be loddin, a Class 2 canister.  

6. CEAsmay not. b, nserted in dmgdfeasmbies, cosliaeje.asmle 

with irradiatedstainless ~steel replacement rods.  

7. Basket com erositions are positions 3, 6, 19, and 22 jin Fijgp 12BZ2-1 Comner positio. S -as 

pe-riphey~qsitios.

8. Oly one-Coiisolidated F~uel.lati cejpay-be loaded_ i ny Transportable Storage Canster.  

C. o sýid--'ed-~~----u'-"b' o an ake can.  

10. All fuel classified a damged mu~st b-piaced.-in ,M-a~i~ne Ya~nkee' ,fuel cn 4Pfu!el 
as~semblies wit damaged fe rods opipison rods insre nue tubes.  

11. spent ' f elunding_ _a~thel.d 1ina- Maine Y~ank-ee, fueonfos~4rm, to' the' loadin2` rnits 

presen ed in ~Tablesl2B2-8 and 12B2-9'fo cotiie he felm nm~ta yrg 

eanAhinent should be used for variable enrich!!2L-.e--- cool lime.  

12. are Dostios '?3 7J ,L, - _ýA2&~ 22_ '2 nd2JFiau 

1221LP riphery positjopnsjnclu t crepotions.  

13. The MieYankee ue can may hload o'nly in a Class il c~anister.

'23--9,

Canister LoadingI
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'The Maine ýYankeeFe Can shall be deig -i'acrac ýif ANECdSco Suibsection NG 
except for: 1) the~noted exceptions~o table 13- for fuel basketslutiýs and2)-jtk_ Mai ne Y anl e F ue I C an 

---a-- 4cdn , _- -juq of- storage, 
Th e Mai n6 `ank e -Fu' e iCa"- wiI Ih £a ve' s c__ ed , si -the-Iid dsr 

'(25,Qx250).shal , e lloenns 
~ Te ain Ynke FeL~n halfl t hereease of natei6 orfnidarned fuel assex4 iesa f~e debris to 

the canister cavyity.  
*The Maine Yankee Fuel Ca.n lifting structure and lifting toosal beU de with auiainimu act&ofsaet of 

3.0 on material yield strenqgth.  

Materials 

* All material'shaill bein' acodac 'wi-~t--eee-cedrwngand_ meetgh ,e pplicablp ASME Cadpkqq 
SAll.-structural materials are. ASME SA,240, Typp,304 stainless steel.  

*All -welids shall be-ina ccrdlanee with' the r eferenced* draw'inJs 
* h ial s fc' l wel. ds -sh a I I beISectionetrat-earn-e-inýý6cor-aE-S 

Article 6, with acceptance in accordance with ASECd, eto.Y 

Fabrica~tion 

*All cuitti-n g, weldin g, an'd' fqrhghb in acco-rd, n cew.Th.AMOnj11,NP___ _ 

Acceantjce Testiiie 

*The Ma Iine Yank .e e -FIu~el a' uit nd-h.adi tgo Io II h .all b I dte
completion of- fabrication.  

Quality Assurance! 

*The M'a-i-n'e Yank-ee-F-u-el' C--an 'shall be constructed under a quality'ass ance-prograrnI tat meets, 1 CFR, 7 Subpart G. The qualit -surance program must be, ceptedbNA Intern ton, and the Ii ensee p 
initiati-on of th'e-work.  

*A Certifcatie of-Conrfoi-raance o'.qp_ -fbf r tt tatt P 
ýhe spcfications- and driings.

~.2 .340.
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Mechanical Properties of Materials

The mechanical properties of steels used in the fabrication of the Universal Storage System 

components are presented in Tables 3.3-1 through 3.3-10. The primary steels, Type 304 and 

Type 304L stainless steel, were selected because of their high strength, ductility, resistance to 

corrosion and brittle fracture, and metallurgical stability for long-term storage.

3.3.1 ~Primgar Component Materials

The steels and aluminum alloy used in the fabrication of the canister and basket are:

Canister shell 

Canister bottom plate 

Canister shield lid 

Canister structural lid 

Support disks 

PWR basket 

BWR basket 

Heat transfer disks 

Spacer nuts 

Tie rods 

Basket end weldments 

Fuel tubes

ASME SA-240, Type 304L stainless steel 

ASME SA-240, Type 304L stainless steel 

ASME SA-240, Type 304 stainless steel 

ASMIE SA-240, Type 304L stainless steel 

ASME SA-693, Type 630, 17-4 PH stainless steel 

ASME SA-533, Type B Class 2 carbon steel 

ASME SB-209, Type 6061-T651 aluminum alloy 

ASME SA-479, Type 304 stainless steel 

ASMIE SA-479, Type 304 stainless steel 

ASME SA-240, Type 304 stainless steel 

ASTM A240, Type 304 stainless steel

SA- 182 Type 304 stainless steel May be substituted for S-240 Type 04 stainless steel for -the 

,shield lid provided that the SA-182 material.ha's yield lard ulimt stegh gprt-nor ep.ual 

to those ofI the SA-240 material.. SIA-l82 Type 3 tainless sl be substitutedAfr A

240 Type 304L stainless steel for the structural, lid. profvde that theriA-l82mater'ia has y:id 

and ultimate strengt.hs greater than or equal to those of the SA-240 material.

3.3-1

3.3
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Steels used in the fabrication of the vertical concrete cask are: 
Inner shell ASTM A36 carbon steel 
Pedestal and base ASTM A36 carbon steel 
Reinforcing bar ASTM A615, Grade 60 carbon steel 

The steels used in the fabrication of the transfer cask are: 
Inner shell ASTM A588 low alloy steel 
Outer shell ASTM A588 low alloy steel 
Bottom plate ASTM A588 low alloy steel 
Top plate ASTM A588 low alloy steel 
Retaining ring ASTM A588 low alloy steel 
Trunnions ASTM A350, LF2 low alloy steel 
Shield doors and rails ASTM A350, LF2 low alloy steel 
Retaining ring bolts ASTM A193, Grade B6, high alloy steel 

The mechanical properties of the 6061-T651 aluminum heat transfer disks in the fuel basket are 
shown in Table 3.3-11. The mechanical properties of the concrete are listed in Table 3.3-12.
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Table 3.3-1 Mechanical Properties of SA-240 and A-240 Type 304 Stainless Steel 

Property* Value 

Temperature -40 -20 70 200 300 400 500 750 

(OF) 

Ultimate strength,'" S, 75.0 75.0 75.0 71.0 66.0 64.4 63.5 63.1 

(ksi) 

Yield strength,"° S, 30.0 30.0 30.0 25.0 22.5 20.7 19.4 17.3 

(ksi) 

Design Stress Intensity,'" Sm 20.0 20.0 20.0 20.0 20.0 18.7 17.5 15.6 

(ksi) 

Modulus of Elasticity,'0 E 28.7 28.7 28.3 27.6 27.0 26.5 25.8 24.4 

(x 10' ksi) 

Alternating Stress " @ 10 cycles 718.0 718.0 708.0 690.5 675.5 663.0 645.5 610.4 

(ksi) 

Alternating Stress "1 @ 106 cycles 28.7 28.7 28.3 27.6 27.0 26.5 25.8 24.4 

(ksi) 

Coefficient of Thermal Expansion,"° 8.13 8.19 8.46 8.79 9.00 9.19 9.37 9.76 

cx (x 10-1 in/in/IF) 

Poisson's Ratio"' 0.31 

Density'0  503 lbm/ft3 (0.291 lbm/in 3) 

SA-182, Type 304.stainless steel may be subs titut iedfor SA-240T a e 

provided that the SA-182 material yield and ul•imate strengths_ are. equajlut or,3li4p 

those of th~eSA24maeil The'SA-18 fogng material and the SA-240. plate maten~ 
are both Tye 304 austenitic stainless steels.' Austenitic stainlesss do not eprn 

are bothe Typ _Q4tepn ea 
d uti1e-to-brittle transition for the range of _temeratureso _ S en 

Report. Thereforeracture toughness is not a con.

10 ASME Code, Section II, Part D.  

11 ASME Code, Appendix I.
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Table 3.3-2 Mechanical Properties of SA-479, Type 304 Stainless Steel

Property Value 

Temperature ('F) -40 -20 +70 +200 +300 +400 +500 +750 

Ultimate strength, - 75.0 75.0 71.0 66.0 64.4 63.5 63.1 

S_, (ksi) 

Yield strength, - 30.0 30.0 25.0 22.5 20.7 19.4 17.3 

S,,, (ksi) * 

Design Stress Intensity,'0  20.0 20.0 20.0 20.0 20.0 18.7 17.5 15.6 
S,,(ksi) 

Modulus of Elasticity", 28.8 28.7 28.3 27.6 27.0 26.5 25.8 24.4 

(x 103 ksi) 

Alternating Stress1" 720 718 708 683 675 663 645 610 

@ 10 cycles (ksi) 

Alternating Stress" 28.8 28.7 28.3 27.6 27.0 26.5 25.8 24.4 

@ 106 cycles (ksi) 

Coefficient of Thermal 8.46 8.79 9.00 9.19 9.37 9.76 

Expansion,"' 

Ct (xlO-6 in/in/-F) 

Poisson's Ratio'0  
0.31 

Density"' 503 ibm/ft3 (0.291 lbm/in3) 

10 ASME Code, Section HI, Part D.  

"11 ASME Code, Appendix 1.  
• Calculated based on Design Stress Intensity: 

SS m temp 
~~ ~u -0utemp

3.3-4
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Table 3.3-3 Mechanical Properties of SA-240, Type 304L Stainless Steel

Yield strength,10 

S, (ksi) 

Design Stress Intensity,'o 

S,,(ksi) 

Modulus of Elasticitylo 

(x10 3 ksi)

Alternating Stress"

@ 10 cycles (ksi) 

Alternating Stress" 

@ 106 cycles (ksi)

Coefficient of Thermal 

Expansion,10 

cc (xl10-6 in/in/°F) 

Poisson's Ratio'0 

DensitylO

Propertyý 

Tem~pe~rature (OF) 

Ultimate strength,1° S., 

(ksi)

SA18,Tye3,4h tanes sel a b sbti 240 Tp _4ýatefqal SAes te provided thiat the SA-' 82 mpaterial yield and uiltimate stren~gths-,are equltor gratqrý _than 
those of the SA4 maeial.The SA-182 forn atn d tema ei 
are both Type 304L austeritic stainl'ess steels,. Austen__tc ta~uess steels do ot e npennc a .... ile-to-b..-.it....transition for the an oftem ert .. ....  S. ........ ......... ..... -...........peratures consj qere4 i n th s Sa q ...4# y~ 
Report. Therefore, fracture toughness is not -a conce.  

10 ASMIE Code, Section II, Part D.  

11 ASME Code, Appendix I.
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Value 

-40 -20 70 200 300 400 500 750 

70.0 70.0 70.0 66.2 60.9 58.5 57.8 55.9 

25.0 25.0 25.0 21.4 19.2 17.5 16.4 14.7 

16.7 16.7 16.7 16.7 16.7 15.8 14.8 13.3 

28.7 28.7 28.3 27.6 27.0 26.5 25.8 24.4 

718.0 718.0 708.0 690.5 675.5 663.0 645.5 610.4 

28.7 28.7 28.3 27.6 27.0 26.5 25.8 24.4 

8.13 8.19 8.46 8.79 9.00 9.19 9.37 9.76 

0.31 

503 lbm/ft3(0.291 Ibm/in 3)
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Table 3.3-4 Mechanical Properties of SA-564 and SA-693, Type 630, 17-4 PH Stainless Steel

3.3-6

I I I

10 ASME Code, Section II, Part D.  

t ASME Code, Section III, Appendix I.  

1
5 MIL-HDBK-5G.
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9.0 ACCEPTANCE CRITERIA AND MAINTENANCE PROGRAM 

This chapter specifies the acceptance criteria and the maintenance program for the Universal 

Storage System primary components - the Vertical Concrete Cask and Transportable Storage 

Canister. The system components, such as the concrete cask liner, base and air outlets, and the 

canister shell with the bottom plate, the shield and structural lids, and the basket that holds the 

spent fuel, are shop fabricated. The concrete cask consists of reinforced concrete placed around 

the steel liner and base that are integral to its performance. The liner forms the central cavity of 

the vertical concrete cask, which is mounted on the base. The liner/base interface forms air inlet 

passageways to the central cavity. The inlets allow cool ambient air to be drawn in and passed by 

the canister that contains the fuel. Air outlets at the top of the concrete cask allow the air heated 

by the canister wall and concrete cask liner to be discharged. The base of the concrete cask acts 

as a pedestal to support the canister during storage.  

The concrete reinforcing steel (rebar) is bent in the shop and delivered to the concrete cask 

construction site. Concrete cask construction begins with the erection of the cask liner onto the 

steel base. Reinforcing steel is placed around the liner, followed by a temporary outer form 

which encircles the cask liner and reinforcing steel. The temporary form creates an annulus 

region between the liner and the form into which the concrete is placed.  

As described in Section 8.1.3, the vertical concrete cask is either lifted by hydraulic jacks an 

moved by using air pads underneath the base or liftedl using the lifting lugsan~d moved using a 

mobile lifting frame.  

9.1 Acceptance Criteria 

The acceptance criteria specified below ensure that the concrete cask, including the liner, base, 

and canister are fabricated, assembled, inspected and tested in accordance with the requirements 

of this SAR and the license drawings.  

9.1.1 Visual and Nondestructive Examination Inspection 

The acceptance test program establishes a set of visual inspections, nondestructive examinations 

and test requirements and corresponding criteria to determine the adequacy of the fabricated 

components and sub-components. Similar acceptance requirements and criteria are established 

for the on-site concrete cask construction. Once in service, cask performance monitoring is used

9.1-1
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to assure that the cask is operating within the expected temperature range. Satisfactory results for 
these inspections, examinations and tests demonstrate that the components comply with the 
requirements of this Safety Analysis Report and the license drawings.  

A fit-up test of the canister shell and sub-components is performed during the canister acceptance 
inspection. The fit-up test demonstrates that the canister, basket, shield lid and structural lid can 
be properly assembled during canister closure operations, and that the fuel assemblies can be 
installed in the fuel tubes.  

A visual inspection is performed on all materials used for concrete cask, canister and basket 
fabrication. The visual inspection applies to finished surfaces of the components. All welds 
(shop and field installed) are visually inspected for defects prior to the nondestructive 
examinations that may also be specified. The welding of the canister is performed in accordance 
with ASMIE Code, Section IEl, Subsection NB-4000 [1], except as described by this Safety 
Analysis Report. (See Section 7.1.) 

The visual inspections of the canister welds are performed in accordance with the ASME Code, 
Section V, Article 9 [2]. Acceptance criteria for the visual examinations of the canister welds are 
in accordance with ASME Code, Section VNII, Division 1, UW-35 and UW-36 [3].  
Unacceptable welds in the canister are repaired as required by ASME Code, Section M11, 
Subsection NB-4450 and reexamined in accordance with the original acceptance criteria.  

Welding of the vertical concrete cask's steel components, including field installed welds, is 
performed in accordance with ANSIIAWS D1. 1-96 [4], or ASME Code Section VIll, Division 1, 
Part UW, and inspected in accordance with ANSIAWS D1.1, Section 8.15.1, or ASME Code 
Section VNII, Division 1, UW-35 and UW-36. Weld procedures and welder qualifications shall 
be in accordance with ANSI/AWS D1.1, Section 5 or ASME Code, Section LX [5].  

Welding of the basket assemblies for spent fuel is performed in accordance with ASME Code, 
Section Ill, Subsection NG-4000 [6]. Visual examination of the welds is performed per the 
requirements of ASME Code, Section V, Article 9. Acceptance criteria for the visual 
examination of the basket assembly welds are those of ASME Code, Section HI, Paragraphs 
NB-4424 and NIB-4427. Any required weld repairs are performed in accordance with ASME 
Code, Section HII, Subsection NG-4450 and reexamined in accordance with the original 
acceptance criteria.

9.1-2
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9.2 Maintenance Program 

'This section presents the maintenance requirements for the UMS® Universal Storage System and 

for the transfer cask.  

9.2,1UMS®Storage System Maintenance 

The Universal Storage System is a passive system. No active components or systems are 

incorporated in the design. Consequently, only a minimal amount of maintenance is required 

over its lifetime 

The Universal Storage System has no valves, gaskets, rupture discs, seals, or accessible 

penetrations. Consequently, there is no maintenance associated with these types of features.  

The routine surveillance requirements are described in Technical Specification LCO 3.1.6 in 

Appendix 12A of Chapter 12. It is not necessary to inspect the concrete cask or canister during 

the storage period as long as the thermal performance is normal, based on daily temperature 

verification.  

The ambien ir temperature and air outlet temperature of each vertical concrete cask muistbe 

recorded upon placement in service. Thereafter, the temperatures shall be recorded on a daily 

basis to verify the continuing thermal performance of the system.  

In the event of a decline in thermal performance, the heat removal system must be restored to 

acceptable operation. The user should perform a visual inspection of air inlet and outlets for 

evidence of blockage and verify that the inlet and outlet screens are whole, secure, and in place.  

The user must also visually inspect the vertical concrete cask within 4 hours of any off-normal, 

accident of natural phenomena event, such as an earthquake.

9.2-1
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An annual inspection of the vertical concrete cask exterior is required, to include: 

" Visual inspection of concrete surfaces for chipping, spalling or other surface defects.  
Any defects larger than one inch in diameter (or width) and deeper than one inch shall 
be regrouted, according to the grout manufacturer's recommendations.  

"* Reapplication of corrosion-inhibiting (external) coatings on accessible surfaces, 
including concrete cask lifting lugs, if present.  

9.2.2 Transfer Cask Maintenance 

The transfer cask trunnions and shield door assembliessshall be visually inspecteo os 
damage and proper function prior to each use. Anualy, theiftingt trnnions, shieid dolo,, and 
shield door rails shall be either dye penetrant -or.,niag1etic. particle examined, usi .,the 
examination method appropriate to the material.- The examination meth]od shl, e in accordance 
with Section V of the ASME Code. The acceptancecr se in a ae with Section 
1ELI, Subsection NF, Article NF-5350 or NE-5340 as appropriate to the examination method, as 
required by ANSI N14.6.  

IThe ann~ualI examin Iation may be omitted in Periods of nonuse -of Ith.e transfer ,as k, .provid ed , -h at 
the transfer cask examination is performed prior to thefnextuse ofthe , transfer cask.  

Annually, the coating applied to the carbon steel surfaces .of thetransfer cask3 shall be inspcted, 
and any chips, cracks or other defects in the coating shall be repaired.

9.2-2
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11.2.12 Tip-Over of Vertical Concrete Cask 

Tip-over of the Vertical Concrete Cask (cask) is a non-mechanistic, hypothetical accident condition 

that presents a bounding case for evaluation. There are no design basis accidents that result in the 

tip-over of the cask.  

Functionally, the cask does not suffer significant adverse consequences due to this event. The 

concrete cask, canister, and basket maintain design basis shielding, geometry control of contents, 

and contents confinement performance requirements.  

Results of the evaluation show that supplemental shielding will be necessary, following the tip-over 

and until the cask can be righted, because the bottom ends of the concrete cask and the canister 

have significantly less shielding than the sides and tops of these components.  

11.2.12.1 Cause of Cask Tip-Over 

A tip-over of the cask is possible in an earthquake that significantly exceeds the design basis 

described in Section 11.2.8. No other events related to design bases are expected to result in a tip

over of the cask.  

11.2.12.2 Detection of Cask Tip-Over 

The tipped-over configuration of the concrete cask will be obvious during site inspection following 

the initiating event.  

11.2.12.3 Analysis of Cask Tip-Over 

For a tip-over event to occur, the center of gravity of the concrete cask and loaded canister must be 

displaced beyond its outer radius, i.e., the point of rotation. When the center of gravity passes 

beyond the point of rotation, the potential energy of the cask and canister is converted to kinetic 

energy as the cask and canister rotate toward a horizontal orientation on the ISFSI pad. The 

subsequent motion of the cask is governed by the structural characteristics of the cask, the ISFSI 

pad and the underlying soil.

11.2.12-1
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The objective of the evaluation of the response of the concrete cask in the tip-over event is to 
determine the maximum acceleration to be used in the structural evaluation of the loaded canister 
and basket (Section 11.2.12.4). The methodology to determine the concrete cask response follows 
the methodology contained in NUREG/CR-6608, "Summary and Evaluation of Low-Velocity 
Impact Tests of Solid Steel Billet Onto Concrete Pads" [38]. The LS-DYNA program is used in the 
evaluation. The validation of the analysis methodology is shown in Section 11.2.12.3.3.  

The parameters of the JSFýSJ pa~d a@d foundation are:

Concrete thickness 
Pad subsoil thickness 
Specified concrete compressive strength 
Concrete dry density (p) 
Soil in place density (p) 
Soil Modulu's of Elasticity

11.2.12.3.1

6 -inches. maximum 
10 feet minimum 
< 4,0.00 psi at 28days 
125•! p,:• 140. lbs/ft3 

10 p •120 lbs/ft3 

< 60,000 psi (PWR4) or < 30,0,00 psi (BWR)

Analysis of Cask Tip-Over for PWR Configurations

The finite element model includes a half section of the concrete cask, the concrete ISFSI pad and 
soil subgrade, as shown:

11.2.12-2
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The concrete pad in the model corresponds to a pad 30-feet by 30-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 35-feet by 35-feet square and 10-feet thick. Only one-half of the concrete cask, pad and soil 

configuration is modeled due to symmetry.  

The concrete is represented as a homogeneous isotropic material. The concrete cask (outer shell) 

and the pad are modeled as material Type Number 16 in LS-DYNA. The values for concrete pad 

a I.nd soil properti es provided below are typical values for the input to the LS-DYNA model: 

Compressive Strength (f.) = 4,000 psi 

Density (p,) = 125 pcf 

Poisson's Ratio (v,) = 0.22 (NUREG/CR-6608 [38]) 

Modulus of Elasticity (E,) = 33 p'-' j - = 2.917E6 psi (ACI 318-95) 

Bulk Modulus (Kc) =. E _ = 1.736E6 psi (Blevins [19]) 
3(1 - 2vc) 

The material properties used in the model for the soil below the ISFSI pad are: 

Density = 120 pcf 

Poisson's Ratio (vs) = 0.45 (NUREG/CR-6608) 

Modulus of Elasticity = 60,000 psi 

The concrete cask steel liner has the properties: 

Density = 0.284 lbs/in 3 

Poisson's ratio = 0.31 

Modulus of elasticity = 2.9E7 psi 

To account for the weight of the shield plug, the loaded canister, and the concrete cask pedestal, 

effective densities are used for the elements in the first row of the steel liner in the model adjacent 

to the impact plane of symmetry. These densities represent the regions (6' in the circumferential 

direction) of the steel liner subjected to the weight of the shield plug, the loaded canister and the 

pedestal, during the side impact (tip-over) condition. The contact angle (60) is determined based on 

the canister/basket analysis for the tip-over condition (Section 11.2.12.4).
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Boundary Conditions and Initial Conditions 

A friction coefficient of 0.25 is used at the interface between the steel liner and the concrete shell, 
between the concrete cask and the pad, and between the pad and the soil. For all the embedded 
faces (three side surfaces and the bottom surface) of the soil in the model, the displacements in the 
direction normal to the surface are restrained. The symmetry boundary conditions are applied for 
all nodes at the plane of symmetry.  

The initial condition corresponds to the concrete cask in a horizontal position with an initial vertical 
velocity into the concrete pad. The pad and soil are initially at rest.  

The distribution of initial velocity of the concrete cask is simulated by applying an angular velocity 
(o) to the entire cask. The point of rotation is taken to be the lower edge of the base of the concrete 
cask. The angular velocity value is computed by considering energy conservation at the cask 
"center of gravity over comer" tip condition versus the side impact condition.  

From energy conservation: 

10)2 
mgh = 2 

where, 

mg = total weight of the loaded concrete cask 
= 292,401 lbs (PWR Class 1*) 
= 303,317 lbs (PWR Class 2*) 

= 308,432 lbs (PWR Class 3*) 
* See Table 1.2-1 for the description of Class.  

h = height change of the concrete cask center of gravity (LCG) = 2 +- R 

= 59.11 inches (PWR Class 1) 
- 62.80 inches (PWR Class 2) 

= 66.16 inches (PWR Class 3)

11.2.12-4



SAR - UMS® Universal Storage System June 2000 

Docket No. 72-1015 Revision UMSS-OOE 

where, 

LCG = location of the center of gravity above the pad for the concrete cask 

= 107.39 inches (PWR Class 1) 

= 111.73 inches (PWR Class 2) 

= 115.65 inches (PWR Class 3) 

R = radius of the concrete cask = 68 inches 

I = total mass moment of inertia of the concrete cask about the point of rotation 

= 7,779,111 lbs-sec -inch (PWR Class 1) 

= 8,610,059 lbs-sec2-inch (PWR Class 2) 

= 9,264,863 lbs-sec 2-inch (PWR Class 3) 

CG 

LCG R 

The mass moment of inertia for the concrete shell and the steel liner is calculated using the formula 

for a hollow right circular cylinder (Blevins).  

I1=22 + 3R2 + 4L2 )+md 2 

where: 
2 m = mass (lbs-sec /in) 

R1 and R2 = the outer and inner radius of the cylinder (inch) 

L = height of the cylinder (inch) 

d = distance between the center of gravity and the point of rotation (inch) 

For the mass of the shield plug, loaded canister and the pedestal, the formula for the moment of 

inertia for a solid cylinder is used: 

I = -(3R 2 + 4L2 )+md2 

12
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where, 

m = mass of the cylinder (lbs-sec2/in) 

R = radius of the cylinder (inch) 

L = height of the cylinder (inch) 

d = distance between the two pivot axes (inch) 

The angular velocity is given by o 2-gh 

= 1.493 radians/sec (PWR Class 1) 

= 1.488 radians/sec (PWR Class 2) 

= 1.484 radians/sec (PWR Class 3) 

Filter Frequency 

The accelerations are evaluated at the inner surface of the cask liner, which physically corresponds 
to the interface of the liner and the loaded canister nearest the plane of impact. Following the 
methodology contained in NUREG/CR-6608, the Butterworth filter is applied to the nodal 
accelerations. The filter frequency is based on the fundamental mode of the cask.  

The fundamental natural frequency of a beam in transverse vibration due to flexure only is given by 

Blevins as: 

f =C 2g EaL 

271 p AL4 

where: 

X = 3.92660231 for a pin-free beam 

The frequencies of the concrete (fj) and the steel liner (fs) are computed as: 

Area of concrete cask = 7z {(68) 2 _ (39.75)2} = 9562.8 in2 

Moment of inertia of concrete cask = 1 (68)4 - (39,75)4} = 14,832,070 in4 

4 

f = 805819

= 284 Hz (PWR Class 1) 

= 261 Hz (PWR Class 2) 

= 244 Hz (PWR Class 3)
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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~ar -performed for ISFSI pad concrete, compressive 

strengths of 3,000 and 4,000 psi. The Poisson's Ratio~ j Qs..2. The con~crete dryensity is 

considered to be between_35 pcd 1.45 p7f __ ccountjpr theyeight of reinforcing bar in the 

pad, three values of Density-(p) are<ysed in the model:

The corresponding values of Modulus of Elastim•itY( and Bulk Modulus (K,)are, also pro yAed, 

where:

Modulus of Elasticity (E) =33( AC! 318-95) 

Bul Modulus (K,) (Blevins [t19)

11.2.15-3
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Soil Properties 

The soil properties used in the mnodel are based on two soil avers. The vertical concrete cask, tipovei.r analyses _arpformed for two different combinations of so'] 
py~erIanal~es, ae _il densities: (1) 4.5-foot th~ick 

upper layer density of 135 pcf (Modulus of Elasticity, E162,070 psi), wib a 10-foot thick lower 
layer density of 127 pcf (E = 31,900 psi); and (2) 4.5-foot thick upper layer density of 130 pcf, with 
a 10-foot thick lower layer density of 127 pcf. The Poisson's Ratio (-v),of the soil is 0.45.  

Summary of Design Basis ISFSI Pad Parameters 

The ISFSI pads and foundation shall include the following characteristiccs as applicable to the end 
drop and tip-over analyses: 

Concrete thickness 36 inches maximum 
Pad subsoil thickness 4.5 feet maximum _(upper layer) 

10 feet minimum (lower l•yer) 
Specified concrete compressive strength •4,000 psi at 28 days 
Soil in place density_(p) p< 13 5 lbs/ft3 (upper layer) 

p:!• 127 lbs/ft3 (lo'wer layer) 
Concrete dry density(p) .135 - p< 145 lbs/ft3 

Soil Modulus of Elasticity <150,000 psi (upperJIaye.r) 

<30,000 psi (lower layer) 

The concrete pad maximum thickness excludes the ISESI pad footer. The compressive strength of 
the concrete is determined in accordance with Section 5.6 of ACI-318_with concrete acceptance in 
accordance with the same section. Steel reinforcement is used in t'he pad and footer.*The' soil 
modulus of elasticity is determined according to the test method described in ASTM D4719.  

Vertical Concrete Cask Properties 

The material properfies used in the model for the Ver-ical Concrete C-ask are the same as:de 
properties used in, the, PWR models in, Section 11.2.12.3. The tip-ovrer ipcissinulatdy 
applying an initial angular velocity of 1.485 rad/sec (PWR Class 1) and 1.483 rad/sec (PR'W Class 
2), respectively to the entire cask. The angular v u are determined by the method used 
in Section 11.2.12 based on the weightdf the loaded concrete cask withMaine Yankee fuel 
(285,513 pounds and 297,509 pounds for PWR, Class I and PWR Class 2 respectively).

11.2,1574
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A cut-off frequency of 210 Hz (-PWRClass~ 1) and ~190 Hz~ (PWR ass) is pplied to filter the 

4tialysis results from th L-DYlNA models and determine the paacertin.The resulting 

calculated accelerations on the canister at the location of the top support disk and of the top of the 

.structural lid are tabulated fo.rall-of the analysis cases that were run. The maximum accelerations at 

The two key lo'cations on the canister for the PWR Class 1 and Class 2 configurations 

Position Measured from the Bottom 

of the Concrete Cask inches) Acceleration (g) 

Component Location Class I Class 2 Class I Class,2 

Top Support Disk 176.7 185.2 32.3~ 34.2 

t of the Canister Structural Lid 197.9 35.3 37.6 

The impact accelerations for the vertical concrete cask tip-over on the Maine Yankee ISFSI pad site 

are observed to be slightly higher than those reported in Section~ 11.2.12.3.1 for the design-basis 

IuFSI pad. Therefore, peak accelerations are calculated for the top suppor disk and are evaluated 

with respect to the analysis presented in Section 11.2.12.4.1.  

To determiine the effect of the, rapid application of the inertia loading for the support disk, a 

dynamic load factor (DLF) is computed using the method presented 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.j Applying the DL~s to 

the 32.3g and 34.2c, results in peak accelerations of 34.6g and 34.9g for te top support disk PWR 

Class 1 and Class 2, respectively. The DLFs for the caite ids are considered, o b uniy_ýsm 

the lids have sig-nificant in-plane stiffness and are considered. to b~e rigid. Additional sensitivity 

evaluations considering varying values of the ISFSI concrete pad den-sity~have beeii perforrq_-The 

results of those evaluations demonstrate that the maxlimum acceleration for th aister an bsket 

are below 40g. Therefore, the maximum acceleration for the canister and baset for thecask 

tipover accident on the Maine Yankee site JSFSI pad isfbounded by~the ~40g~sed in Section 

11.2.12.4.1 (Analysis of canister and basket for PWR configurations for.tip-over event).  

1.2. 1.5.1.2 arametric Study of Support Disk"Evaluation for Maine Yankee Consolidated Fuel 

A parametric, study isperfonined to show-tjChat the-VR basket loaded ith a Maine Yankee 

consolidated fuel lattice is bounded by-the PWR basket deiz.basis loading for a ieimp~act 

condition. , Only one cosliae fuel -lattice, in a Maine YakeFe awl elae n n 

single Transportable Storagze Canister. HowevrMa~inieYank~ee Fuel Can~hoding-otherPiintator 

damaged fuel can be loaded in the other~ three comer positon of the basket.. (Maine Yankee Fuel

11.2.15'-5
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_anplay be loaded only in the four corner positions of. the basket. See Figur 11.2.15.1.2-2 for 

corner positi~ons. Therefore, tebounding case for Maine Yankee is the basket configurtonwt 

twenty (20) Maine Yankee 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. sa4qqtudy as, shown in Figure 

11.2.15.1.2-1. The load from a PWR fuel assembly is modeled as a pressure-load at the inner 

surface of each support disk slot opening, The design basis fuel pressurjoading (I g)is 12.26 

psi. Based on the-same design parameters (slot size =9.272 in.,- disk. thickness .=0.5, inch,' and 
the number of disks = 30), the pressure load corresponding. to aMaine Yank e standa rd CE 

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.  

This study considers a 60g side impact condition for four different basket orientations 0', 18.22', 
26.280 and 450, as shown i Figure 11.2.15.1.2-2. The 60g bounds tgload for the PWR suport 

disks (40g) due to the Vertical Concrete Cask tip-over accident as shown inSection i1.2.•i•.  

A total of five cases are considered in the study. Inertial loads are applied, tthe support dikjn4l 

cases. The base case considers that all 24 fuel positions-hold design basis PWR fuel assemblies.  

The other four cases (Cases 1 through 4) represent four ppossible load ,ormbinations forgthe 

placement of four Maine Yankee fuel cans in the comer positions, one of which holds consolidated 

fuel. The remaininmgt .tnty basket positions holdMaine Yankee stanar 14 14 fuel assemblies.  

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 Ba'ket Position 3 Basket Positionii4'
1i Consolidated Damaged Damaged Damaged 

2Damaged Consolidatied Damaged D .amagI ed 
3 amaged Damaged Dam Iaged Con Isoli Id ated 

4 Damaged Damaged Consolidated Damaged 

Table. '11.2. 15, 1.271. provides a- parametric comparison, between the Base • ase and the fou'r cqas es 

evaluated, based-ont•he- maximum sectional stress in theupportp As +-shown in the tble the 

maximum stress incthe PWR basket support disk loaded with 20 standard fuel assembliestor dsour 
Maine Yankee fuel cans, including one holding- consolidated fuel, is ,bounded lby tha for th sippr 
disk loaded with the design b Iasis PWR fuel1 .

11.2.15-6
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The. maximum. deflection of ~a fuel rod is at ~the top of the fuel: assembly and the minimum 

deflec-ti~oI, i tteb.otm-ftefe seby 

,Assuming a,17x17 array (which envelopes the Maine Yankee 14x14 array), the, maximum fuel rod 

(17- 1) x (0.82-0.,44) =_6.08 inche's.  

The defle~ction of a simply supported b~eam with a distributed load is given by the equation: 

5ow 14 5(gow) 14 .A = - =: - " ' 5 2 1 
384EI 384 (EI.j[5 

384A(ETlt ) 
g 5= 4 

The cladding bending stress is given by the equation: 

S(~~(gow12)_X 

Mc 8-Aa " 
1 1, ad E total) 

Inlserting the equ'ation-fqor-'g': 

S 384AcE d

,40xl 2~ 

The bending stress in thefuel rod is: 

384x6.08x0.22x10.47E6 S =37.4 ksi 
40(60)2

where: 

c = 0.22 inch distance from center of fuel rod to extreme outer fiber

11.2.16-5
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ýThe maximum hoop stress clue. to the fuel rod internal pesr sdtrnndt e1.1ki(~ý 

MPa per Tables 4.4.7-3 and 4.5.1.2-1). Therefore, the maximum axial stress is 9.6 ksi (one half of 
the hoop) stress 153]) 

The bearing- stress between two fuel rods under a 60glais

Sbrg = 0,591 
FD

=05 (0.000143x386.4)x 60XI0.47IE6-7. s 
V 0.22

where:

ýKD D 1D, 0.44 x0.44 =02 

DI +D, 0.44±+0.44 

The total stress is: 

S = 37.4 + 9.6 + 7.4 = 54.4 ksi 

The margin of safety for ultimate strength is:; 

NIS= 8 -1 0.53 
:5474

where:

=83.4 ksi (57,5 Mpa) JIradiated-Zircaloy-4 Ultimate:-S~trengthq Allowable (Fig 3-2 541

The margi n of safety for yield strength is: 

MS= -83_1=0.44 
54.4

11.2,1&66
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where:

S= 78.3ksi i(540 M adiatd Zcoyq YieldStnAllowabll e (Fig 3-2 541)

The maximum bearn stress occurbewn ~~the bottomfuel rod and the fuel tube. The bea~ng 

stres's is,: 

Sr 0 .5 9 11 17xo.000143x386.4x60xl0.47E6 21.6 ksi 
0.44~ 

The bending stress is negligible because the maximum~ deflection is equal to the spacing of the fuel 

rods established by the grid. Therefore the top--fuel rod is bounding,.

111.2. 6-7
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Definitions 
A1.1

I-GH BURNUP FUEL

FUEL DEBRIS

CONSOLIDATED FUEL

A fuel assembly having a burnup between. 45,000 and 

50,000_ MWVDI/v1T, which must be preferentially 

loaded in periphery positions of the basket.  

An intact HIGH BURNUP FUEL assembly in which 

no more than 1% of the fuel rods in the assembly 

have a peak cladding oxide thickness greater than 80 

microns, and in which, -no more, than 3% of the fuel 

rods in the, assembly havea~ peak oxide- sayer 

thickness greater than 70 microns, as determined by 

measurement and statistical analysis, maybe stored 

as INTACT FUEL.  

HIGH BURNUP FUEL assemblies not meeting the 

cladding oxide thickness criteria for INTACTFjUEL 

or that have an oxide layer that has become detached 

or spalled from the cladding is stored as DAMAGED 

FUEL.  

An intact or a partial fuel rod or an individual intact 

or partial fuel pellet.not contained in a fuel rod. Fuel 

debris is inetdinto a 9 x 9 a~rry~o ubesjpL 

lattice, that has aprxmtlytesm dimensions as 

a standard fuel assembly.  

A nonstandard fuel configuration. jinwhich__the 

individual fuel rods from one or mnorejfuel assemblies 

are placed iina or a lattice structure 

that is simi~lar to a fuel assemby., CONSOLIDATED 

FUEL is stored- in aM MAIN-, YAKE_ FUEL CAN

(continued)

12A1-5



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

June 2000 
Revision UMSS-OOE

Definitions 
A1.1

SITE SPECIFIC FUEL

MAINE YANKEE FUEL CAN

'Spent fuel configurations that are unique.-to a site or 

reactordue to the addition of other components or 

,reconfigurtono tefue l assejij ly-a th sif~teIt 

inldsfuel asmlewihhold nonfuel-bearing 

ýopnns,_.u a on.toý"_cmpnnts,'-or 

instrument,~and ,ptug thmls rwhich are modified 

as required by .expediepncy_ n reactor operations, 

research- and developmn or testing. Modification 

may consist of i~ndividual Ifuel rod removal, fuel- rod 

replacement, of',smia or - ismlar aterial.or 

enrichment, the intlainrmvlor relcmn 

of burnable poison rods,.or containerizing d4amged 

fuel.  

Site specific Ifuel includes irradiate Id 1fuel asIs emb ies 

desiganed with variable enrichments and/or. axial 

blankets, fuel that. is~ consolidated. and. fuel.-that 

exceeds desigp~basis fuel parameters.' 

A specially., designqed_ stainless steel scene 4 

sized to hol INAT_ UL CONSOLIATE 

FUEL or DAMAGED FUEL. The. screnspre~lud6 

the release of grs atclt7from, the can-intitlýe 
canister caiy.,h AN AKEFE A 

may be loddonyi Class I1 canister.
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T~able 12B2-6 MainleYaneeSiteSpecific~ Fuel Population 

EsL Number of 'Canister Loading 
sife Sp~ecific Spent F uel Confi~gur~ation ~Assemblies 1'2  Position 3 

Inserted Control Element*Assemibly (CEA) 4'5 6  168 .n. y.  
Inserted In-.Core Instrument (lCD. Thimble 138 Any ~~~ ..... .. ... ........ . ...... ....... ... ....... . ......................... .; .a .: .... .............. .. ........... ........ .......... ......... .........  

Consolidated Fuel 2 •CoerT'• 9 

Fuel Rod Replaced by Rod Enriched to 1.95 wt % - -3 An~y 

Fuel Rod Replaced by Stainless Steel Rod or Zircaloy Rod Is 1 Any 

Fuel Rods Removed Co0nComer 

Variable Enrichment ...2 A.  

Vari able Enrichment and Axial Blanket 68 'Any ...  
Burnable Poison Rod Replaced by Hollow Zircaloy Ro~d _80 Corner 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ... ..... - .... ... .. ... . ...... .... I_ ..................................... .............................................. ... ......................... ......... ...... ... ... ......... ... .... ... .....2...... .. ....... ... ... ... ....... ... ...... ....o................ ......  

Bumnup between 45,000 and 50,000 MWDIMTU 90 _Per iphe ry 
S....B • .• , :• i w i•...• i. i• • 9 0 .Q . .... .................................................. .....................................................  

MAINE YANKEE FUEL CAN A RSequirea Comer 

1. The total number of fuel assemblies in inventory, includingthese site specificsD sent _fuel 
configýýurations and standard spent fuel assemnblies sJ~jpjprximt jy7434.' 

2. The number of fuel asebisinsm a va y deedi 2 on future fuel. inspecios 

3. Standard fuel assemblies-y be1loadedin an• Yosition.  
.4. 'A fuel -assembly with an inserted CEA must be lo'aded' -in a Class 2 canRist'er.  
5. A fuel assembly witout an inserted CEA must not be loadedjn a Class 22canister.  

6. CEAs' ayjnotb isrted indamagedfuel assemblies, consolidated fuel assemblies or assemblies 
with irradiatef stainless stee -repace-mentro-ds.  

7. Basket comer opsitions a • tiogs -, 6, . , and 2 in Fiznre m1-. Comrer positions are aso 

8 Yate I ay loadedin any Tra.spportae Storge Canister, 

9. ConsolidategFuef must beoaddin a Maine Yankee fuel can.  

10. ýkll fu-efcl a-s~ie -d-a"m-ag-e-d- mSbpjaced in a Maine Yanke-ul can, includingfuel 

assemnblies with daraged fu~rods rvos'rods inere in___-.tues 

11. All spentfuel_ inlding thathel in a Ma~ine Yankee fuel can,,ust onforim to t loadinw unmits 

enrichmeY~nt solbeused for variable enriciied assemiesi wiv lernmg m~mimumcool time.  

12.3 ....... hý__y ..,4 ' gd. ud- in Figure 

13. th AN fýb n ls aitr 

4l2B2,13
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A. Allowable Cotents 
1. Combusto 'nine 1i~4, IWNTACT FULASSEMBIS'..eiin2 the 

Assebl~s (CA) r'nsrdInCoe n truet(Il es 
3.PW R, INTAýCTFUELASSEMBLIES' withfuel rod' rp laced ~withý stailes''I~ 

ZiurcaloyroIds-r~with Uranium oxide rods nom~iinalyenihed'up-t .9 IWASO& 

4. PWR INTACT FUEL ASSEMLE ihu rdhaig vaial enn h~en with -a 
maximum~ fuel rod enrichmentu o .1wt ¾ý - n tht shv-maxi ptan 
avrg enricment up to3.9w% 

5. PWR INTACT FULASMTh&wt anlraxa ~ eai--nd 
blanket enrichmetmabe upj~ajet-, 

6. PWR INTACT FUEL ASSEMLE wthsolid fllrros o brablepisn rods 

.occupying up tol-16 of _176 ~fuiel rod positions.  
7. PYR~ INTACT FUEL ASSEMBLIES with one~ ormr ndsaesmsi2*r 

such that the unsuppokted )legth of theC rds'does not xced60inhes:n 
4#Mge inciudiig- -- qe.rmsin-od S S' 

asse Imbly~ c pb~ad d-sfeIIvb om ý 

B. Allowable~Cnetr uii rferential loadigbsdo shieinii~ (ri&4ttyF ¶Wh 
constraints.- Thef pgfreta loadingon~i reeuremen in 

T-able_ 12B2ý-6_.  

assernbly-attilce, 

ý2. PWRý-' TAC SFQELSSEM h IE Sw _,ý bra eOefi'4, 
MTeV/MTU._ _ 

3.o oXR -NTACT Lbiýod ylJJql____ 

Zirca~ioy rod.

I�B2-i4
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-7~_ Seiic Fuel Limits (coniud 

_able 12B2- Maine Yankee Site _p ontnue 

4. FUEL enclosed in a MAIN4E YANKE IE FUELCAN. The a]l-low Iable con .t ents -of the 

MAINE YANKEE FUEL CAN are: 

a)A PWR TINTACT FUEL ASSEMBLY.  

b)PWR_ fuel assemblies -with up to two LNTA(CT or-DAMAGED FUEL -rods' in'serted -in 

each fuel assembly guide tube or with up,,to twvo bumablejpqison rods iniserted in -each 

guide jube. The rods. inserted, in the guide tubes>ca, no 't "be _"from, a- .different fuel 

assembly. The maximum numb,er~o rod in-he fuel assembly (fel rods,_plus- inserted 

rods, including burnable poison rods) is 176.  

c) A DAMIAGED FUEL ASSEMBLY with up to 100% of the fuel rods classified as 

damaged and/or damaged ormsigasml hrwr opnns 

d)Individual INTACT or-DAMAGED FUEL rods in rod't whsti~~yich mab 

gpide~,tu.be, to maintain contigur~ation control.  

e) FUEL DEBBRIS consisting of fuel rods,,with,.exposed fuel pellets or individual intact, or 

parti al fuel pellets not. contained 'in -fuel rods.  

f) CONSOILEDATED FUEL lattice structure with a 17 x 17array fone, y gjcgflý Mj4 p 

and bottom end fittings connected by fur solid stainless steel rods, Maximum 

contents: 

-Up to 289 fuel rods 

£Lattice weight:!V2,10 pounds 

g)HIGH BURNUP FUEL (45,000 to 50,000 rW`D/IMTU) 

C. The MAINE YANKEE FUEL CAN rnayvbe loaded only in a C~lass 1 CANISTER(.  

D. Unenriched fuel assemnblies are not authorized-for loa~ding.  

E.A caitrpeeetal oddi codnewt al 22$my,ý!ycnanfe 

assemblies selected from tesame loa~i',pAtterri 

12B2-15
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T__N~x_2.•5 n o: 14:• •Fue: Nq• o-e Material 

urn'up ••30 GWD/MTU - Miimum CoI Time [years] for] 
Enrichment Standard2  Pref (0.958i) Pref (0.958p) Pref (1.05i) Pref (1.050) 
1.9E <2.1 5 5 5 5 
2.1 E <2.3 S 5 5 5 
2.3 E <2.5 55 _____ 

2.5 E-< 2.7 5 5 S 
2.7<E< 2.9 5 5 
2.9:•IE <3.1 5 5 5 5 
3. E <3.3 5 5 5 55 
3.3 EE<3.5 5 5 5 5 
3.5_E< 3.7 5 5 5 5 
3.7:•-E:!•4.2 5 55 5 

30 < Burnup! •35 GWVD/MTU - Minim'um Cool Time [year s] for 
Enrichment Standard 2  Pref (I0.958i) Pref (0.958]p) IPref (1.05i) Pref.(l.05p) 
1.9•B E< 2.1 5 5 5 5 
2.1:5E <2.3 55 5 
2.37 E< 2.5 5 5 5 5 
2.5E< 2.7 5 5 5 5 
2.• E<2.9 5 5 5 
2.9:5E <3.1 5 5 55 
3. 1 E <3.3 5 5 55 
3.3 E <3.5 5 5 5 
3.5 E <3.755 __ ___5 

3.7 !•E 4.2 c5 555 
35 < Burnup! •40 GWD/MTU - Mimimium Cool Time [years] for 

Enrichme~nt Standard2  Pref, (0.958i) Pref (0.958p) Pref (1.05i) iPref (1.05p) 
1.9:•E <2.1 7 b7 ' 
2.1!•E <2.3 66 i 
2.3 E <2.5 146 
2-5 E <2.7 0 ______144 

2.7E < 2.9 a 5~4 
2.9•!ýE <3.1 $5 56 
3.l1•ýE <3.3 5 5 
3.3:•ýE <3.5 5 __ ___5 

3,5 E <3.755

I..uoi innes,,rr preferenail oading of fuel, assembrnes with a decay hieat' of either 0.958 or 1.05 kwv er~assemb]9. lo~ded in' eithier interioi (i) or periphery(p basket poisitions. All of h Ie* fxel assll 'a 44 
preferential loadinjg pattern (Standard, 0.958 kW or~ 1.05 MY_ 
Fuel assemblies with cool tinmes'fomý 5 to' 7 yer'rs b6kW)piooetun_ ieeZiY 
§hoqrtesrcool time in the baske~t intefrioiq scrdneStiona I2


