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655 Engineering Drive 

R INTERNATIONAL Norcross, Georgia 30092 USA 
Phone +1-770-447-1144 
Fax +1-770-447-1797 
www.nacintl.com 

May 31, 2000 

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 Telecon RAIs 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-00C), April 2000 

2. Submittal of Responses to the Request for Additional Information (RAI-1) for 
the NAC-UMS® Universal Storage System Amendment for Maine Yankee 
Atomic Power Company Site Specific Spent Fuel, NAC International, 
February 4, 2000 

NAC International (NAC) herewith submits 10 copies of Responses to Telecon RAIs as 

Supplemental Information 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-OOD changed pages for the NAC-UMS Maine Yankee SAR. 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 telecon RAI responses and the SAR changed pages in this submittal include the following: 

"* Revision to water flow path discussions during draining and reflooding for Sections 
1.2.1.2.1 (PWR Fuel Basket) and 1.2.1.2.2 (BWR Fuel Basket); 

" Addition of Section 11.2.16, Damaged Fuel Assembly Hardware Evaluation - fuel rod 
buckling for fuel assemblies with missing support grid strap (an unsupported span of 60 
inches) and fuel rod bending for lateral impact with 60g bounding acceleration; 

"* Incorporation of ISG-1 1, Revision 1, in Chapter 2, 4, 7, and 12; 

"* Minor administrative/editorial revisions in Chapter 3.  
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If you have any comments or questions, please contact me at (770) 447-1144.  

Sincerely, 

Scyý 

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 # L22511 

NAC INTERNATIONAL RESPONSE 
TO 

TELECON REQUEST FOR ADDITIONAL INFORMATION 

1. NAC should revise the SAR text, as appropriate, with respect to free drainage of the fuel 
tubes and flux traps through the bottom weldment, since the fuel tubes do not extend 
beyond the bottom weldment. The current discussion of notches at the bottom of the fuel 
tubes is no longer applicable.  

NAC Response 

Sections 1.2.1.2.1 (PWR Fuel Basket) and 1.2.1.2.2 (BWR Fuel Basket), are revised to include a 
discussion of the water flow paths during draining or reflooding of the Transportable Storage 

Canister.  

Water fills and drains freely between the basket disks through three separate paths. One path is 
the gaps that exist between the disks and the canister shell. The second path is through the gaps 
between the fuel tubes and the disks that surround the fuel tubes. The third path is through holes 
in each of the disks that provide an additional path for water flow between disks.  

Additionally, the basket bottom weldment supports the fuel tubes above the canister bottom 
plate. The fuel tubes are open at the top and bottom ends, allowing free flow of water from the 
bottom of the fuel tube. The bottom weldment is positioned by supports above the canister 
bottom to facilitate water flow to the drain line.
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NAC-UMS 

Docket # 72-1015 

TAC # L22511 

NAC INTERNATIONAL RESPONSE 
TO 

TELECON REQUEST FOR ADDITIONAL INFORMATION 

2. The "Buckling Evaluation for Fuel Assemblies with Missing Grid Straps" presented on 
SAR Page 11.2.15-25 of the UMS-MY SAR Revision UJMSS-00C should be rewritten as 
a separate section of the SAR and expanded to be similar to SAR Section 11.2.15.1.5, 
"Buckling Evaluation for High Burnup Fuel Rods," since the evaluation bounds all fuel 
rods, not just high burnup rods. This new separate section should also include a rod 
bending stress evaluation for a lateral impact condition with a g-load that bounds the 
transport accident condition (dual-purpose system) for the 60-inch unsupported span.  

NAC Response 

The Safety Analysis Report is revised to add Section 11.2.16. This section addresses fuel rod 

buckling for fuel assemblies with a missing grid strap - span of 60 inches.  

Section 11.2.16 also addresses a fuel rod bending stress evaluation for a lateral impact with a 60g 

bounding acceleration. The bending margin of safeties for a lateral impact are 0.86 for ultimate 

strength and 0.75 for yield strength.
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NAC-UMS 
Docket # 72-1015 

TAC # L22511 

NAC INTERNATIONAL RESPONSE 
TO 

TELECON REQUEST FOR ADDITIONAL INFORMATION 

3. Revise Chapter 2 as necessary to include high burnup fuel.  

NAC Response 

Sections 2.1.3.1.6 and 2.1.3.1.7 are revised to incorporate the definition of intact and damaged 

high burnup fuel as provided in ISG-11, Revision 1.
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NAC-UMS 

Docket # 72-1015 

TAC # L22511 

NAC INTERNATIONAL RESPONSE 
TO 

TELECON REQUEST FOR ADDITIONAL INFORMATION 

4. Revise Chapter 7 to include a statement that the canister is "leaktight" for confinement, 

so failure of high burnup fuel rods is not an issue.  

NAC Response 

Section 7.4.1 is revised to specify that the canister is tested to demonstrate that it is leak tight for 

all of the spent fuel configurations including Maine Yankee high burnup fuel rods.
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NAC-UMS 

Docket # 72-1015 

TAC # L22511 

NAC INTERNATIONAL RESPONSE 
TO 

TELECON REQUEST FOR ADDITIONAL INFORMATION 

5. Revise the Technical Specifications in Chapter 12, as appropriate, to incorporate 

administrative controls to ensure that ISG-11, Revision 1, is complied with. Revise the 

definition of damaged fuel to include the category of high bumup fuel.  

NAC Response 

The definition of high burnup fuel in Section A 1.1 of Chapter 12 is revised to incorporate the 

criteria for intact and damaged fuel specified in ISG- 11, Revisionl. The definition in Table 1-1 

is similarly revised.  

Section A 5.7 is added to provide administrative controls to ensure compliance with the cladding 

oxide layer thickness limits for high burnup fuel.
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NAC-UMS 

Docket # 72-1015 

TAC # L22511 

NAC INTERNATIONAL RESPONSE 
TO 

TELECON REQUEST FOR ADDITIONAL INFORMATION 

6. Revise Chapter 4 as necessary to state that fuel cladding temperatures meet the 1% creep 

strain limit (Refer to second paragraph, page 3, of ISG-1 1, Revision 1).  

NAC Response 

The thermal analysis provided in Chapter 4 for both the design basis fuel and Maine Yankee fuel 

incorporates the 1% creep strain limit. Figures 4.4.7-1 and 4.4.7-2 for the design basis fuel 

burned to 45,000 MWD/MTU, and Figure 4.5.1.2-2 for Maine Yankee fuel burned to 50,000 

MWD/MTU, are based on data presented in PNL-6189 and PNL-6364, which both incorporate a 

CSFM methodology.  

The loading limitations for the Maine Yankee high burnup fuel, with an oxide layer, are based on 

an assumed oxide layer thickness of 120 microns. Evaluation against the 1% creep stress limit is 

conservative with respect to the 80 micron limit for classifying high burnup fuel as intact.  

Section 4.5.1.2.1 is revised to incorporate the statement that the high burnup fuel cladding 

temperature evaluation considers the creep strain limit for fuel assemblies.  

As noted in Section 3.6.1.2, high burnup fuel classified as damaged is loaded into a Maine 

Yankee fuel can.
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NAC-UMS 

Docket # 72-1015 

TAC # L22511 

NAC INTERNATIONAL RESPONSE 
TO 

TELECON REQUEST FOR ADDITIONAL INFORMATION 

7. In Chapters 4 and 12, as appropriate, review the "delta T" margin increase or decrease 

between the calculated maximum component temperatures for reduced heat loads and the 

temperature limit and the delta T calculated for the design basis heat load.  

NAC Response 

The evaluation of the maximum content (fuel cladding and heat transfer disk) temperatures at 

variable heat loads (lower than the design basis) shows that there is an increase in the maximum 

content temperature at the lower heat loads. The increased temperatures are a function of the 

length of time that the canister and contents are allowed to remain in the vacuum condition 

and/or the helium backfill condition, not just the heat load. The variable heat load evaluations 

are performed using the same 2D axisym-metric model as was used for the 23 kW design basis 

load case. The increased temperatures result in a smaller margin (AT) between the calculated 

maximum contents temperature and the allowable temperatures. As shown in the table below, 

the AT for the heat transfer disk is reduced from 162°F in the design basis heat load case to 82°F 

in the 20 kW and 11 kW heat load cases. While the AT for the heat transfer disk in the vacuum 

condition is lower for the variable heat loads than it is for the design basis heat load, it provides a 

satisfactory margin for safe operation during canister closure.  

Max. contents Max. contents AT for AT for heat AT for heat 
Heat temperature in temperature in AT for fuel in transfer transfer disk 
load vacuum helium backfill fuel in helium disk in in helium 
(kW) condition(4) condition(4) vacuum("i backfill(1" vacuum(2) backfill (2) 

23 (3) 538 686 520 372 162 14 

20 618 685 440 373 82 15 

17 612 645 446 413 88 55 

14 617 569 441 489 83 131 

11 618 486 440 572 82 214 

8 609 392 449 666 91 308 

1) The fuel cladding allowable is 1058°F.  

2) The heat transfer disk allowable is 700'F (Limiting component temperature).  

3) This heat load corresponds to the evaluation for the PWR in SAR Table 4.1-4 using 23 kW.  
4) This is the maximum temperature for this condition and corresponds to the temperature at the 

end of the condition (SAR Table 4.4.3-5).
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NAC-UMS 

Docket # 72-1015 

TAC # L22511 

NAC INTERNATIONAL RESPONSE 
TO 

TELECON REQUEST FOR ADDITIONAL INFORMATION 

NAC Response (Continued) 

A reduction in AT also occurs for the fuel cladding in the vacuum condition for the variable heat 
loads. However, since the design basis AT is very large, the AT for the variable heat load cases 

also remains very large (i.e., 440'F minimum).  

Although the AT does decrease for the vacuum condition for the variable heat loads, the AT for 
both the fuel cladding and the heat transfer disks is shown to increase for the helium backfill 
condition.  

Based on this evaluation, the design is adequate to accommodate the variable heat load 
conditions, as described. Section 4.4.3.1 is revised to incorporate the results of this evaluation.  
Since acceptable margin exists in all of the potential configurations, a revision to the fuel loading 
conditions provided in Appendix B of Chapter 12 is not required.
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Terminology

Universal Storage System 

Universal Transport 

Cask 

Confinement System 

Contents

Standard Fuel

Consolidated Fuel 

inta.. Fuel 
(Assembly or Rod) 

,(Undamaged Fuel)

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

nuclear fuel.  

The packaging consisting of a Universal Transport Cask body 

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.  

The components of the Transportable Storage Canister intended 

to retain the radioactive material during storage.  

roassembs nThe fuel asesemblies. v b6 are iceaa Site 
Specific Fuel. Theofuelassemies a eeecottor 
Thransportabe Soragec Cnister..e 

irraiae fuel assemblies~ wih ~umpies~ha,_o eulF6 
45,000 MX DJMTU2 and hayingz the same configuration as'when 

r~aq~jqp i singgpjqrljy oftheend fittinms'fuel 

rods, gudtbs n nerlhrwrFor BW fuelth 
channel is onsidered to be integral hardwajre.  

The design ulurbasis.-- chacteris ics and aalisae based on 
the standard fuel confi~uration.  

Aonst~hda[d fuel confiF-uation inwhich teindividual intact 

cotane or_ lattice structure that is" similar to a fuielassernbli 

ýkfuel aasse-mbl7-~r fu6el r__,dwi--,of----o*d ýcla~d-d~ing or-,,''l-' 
with kýo-n-qr'suspec_'_te~d _fquef o,-- ld-d-,ni-dfet- n~o~t,,grgater 

than pinhoqle leaks or hairline, cr~acks.
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Terminology (Continued)

Damaged Fuel 
(Failed Fuel)

HighBurnup Fuel

Site Specific Fuel

A fuel assembly or fuel rod with known or suspected 9ladding 
defects g-reater than pinhole leaks or hairline cracks.  

Damnaged Fuel must be placed in a Maine Yankee Fuel Can.' 

A fuelI.... a ssembly having a bumup between 45,000 and 50;000 
MWýDIMTU, which must be preferentially load -ed in periphery 
positions of the basket.  

An intact high bumup fuel assembly ini which no more than ~1% 
of the fuel rods in the assembly have a peak claddingr.o. ide 
thickness greater than 80'microns, aind in which------ ha-ý 

of the fuel rods in the- assembly have a peak oxide layer thickniess 
greater than 70 microns, as determined by measurement and 
statistical analysis, may be stored as intact fuel.  

High burnup fuel assmlesmtmptn the cladding oxide 

thickness criteria for intact fuel or that have an oxide layer that 
has become detached or spalle~d fromn the cladding is.-stored as 
damaged fu-el., 

Spent fuel configurations that are unique to a site or reac~tor due 
to the addition of other components or reconfiguration of the fuel 
assembly at the site. It includes fuel ~assemnblies which -hold 
nonfuel-bearing components, such as control componentsor 
instrument and plug thimbles, or -which are.modifie..d as required 
by expediency in- reactor operation Is, rese .arch aiid developmen't o-'r 
testing. Modification may consist n ndvidual fuiel rod remoa 
fue~l. rold. repl-acemen~t ofsimil ar- -or I dissimilar" m~aterial or 
enrichment, the, installatioqn, removyal or replacement,-of ..burnable 
ptisn rods, or cotierindmae fuel.' 

S ite specifi c fuel in clu des jirradiated_ fu el bl nf 
withý yariab-le 'enrichm ent~s and/i axia b-I'a-nl'ke~ts-` -'fuet~hais 
consolidated and fuel that exceeds design basis fuel _parameters
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axial spacing between the support disks, are sized to eliminate contact with the canister inner 

shell due to differential thermal expansion.  

The Transportable Storage Canister is designed to facilitate filling with water and subsequent 

draining. Water fills and drains freely between the basket disks through three jseparate paths.  

One path is the gaps that exist between the disks and canister shell. The second path, is through 
the gaps between the fuel tubes and disk that surrounds the fuel tubes. The third path is through 

three 1.3 inch-diameter holes in each of the disks that are intended to provide additional paths for 

water flow between disks. The basket bottom we!dment supports the fuel tubes above the 

canister bottom plate. The fuel tubes are open at the top and bottom ends, allowing the free flow 

of water from the bottom of the fuel tube. The bottom weldment is positioned by supports 1.0 

inch above the canister bottom to facilitate water flow to the drain line. These design features 

ensure that water flows freely in the basket so that the canister fills and drains evenly.  

1.2.1.2.2 BWR Fuel Basket 

Like the PWR fuel basket, the BWR basket is contained within the stainless steel Transportable 

Storage Canister. The BWR fuel basket is also a right-circular cylinder configuration with 

square fuel tubes laterally supported by a series of support disks (40 disks for the Class 4 fuel 

basket and 41 disks for the Class 5 fuel basket). The basket design parameters for the storage of 

the two classes of BWR fuel are provided in Table 1.2-4. The support disks are retained by 

cylindrical spacers on tie rods at six locations. The top nut is torqued at installation to provide a 

solid load path in compression between the support disks. The 0.625 in.-thick, 65.5 in.-diameter 

support disks are fabricated of SA-533, Type B, Class 2 carbon steel and are coated with 

electroless nickel to inhibit corrosion and the formation of combustible gases during fuel loading.  

The disks are spaced axially at 3.8 in. center-to-center and contain square holes for the fuel 

tubes.  

The 1.0 in.-thick top and bottom weldments are fabricated from Type 304 stainless steel, and are 

geometrically similar to the support disks. The tie rods have a 2.5 in.-length of 1 5/8 - 8 UN 

thread at the upper end and are fabricated from Type 304 stainless steel. The top nut and spacers 

are 3 inch-diameter bars of Type 304 stainless steel. The fuel tubes are also fabricated from 

Type 304 stainless steel. Three types of tubes are designed to contain BWR fuel: tubes with 

BORAL on two sides, tubes with BORAL one side, and tubes with no BORAL. No credit is 

taken for the fuel tubes for structural strength of the basket or support of the fuel assemblies.

1.2-5
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Each BWR fuel basket has a capacity of 56 BWR fuel assemblies in an aligned configuration.  
The fuel tubes in 52 positions have an inside square dimension of 5.90 inch. The inside 
dimension of the four fuel tubes located in the outside comers of the basket array is 6.05 in.  
square. The BWR fuel tubes have 0.201 in.-thick walls (including BORAL and cladding). The 
holes in the top weldment are 5.75 in. by 5.75 in. except for the four enlarged holes, which are 
5.90 in. square. The hole in the bottom weldment is 5.63 in. by 5.63 inch. The flanged outer 
surface at the top of the fuel tube is 6.59 in. by 6.59 inch. The basket design traps the fuel tube 
between the top and bottom weldments, thereby preventing axial movement of the fuel tube.  
The support disk webs between the fuel tubes are 0.65 in. wide. The BWR fuel basket design 
also incorporates 17 Type 6061-T651 aluminum alloy heat transfer disks similar in design and 
function of those in the PWR baskets.  

The BWR canister is also designed to facilitate filling with water and subsequent draining 
Water fills and drains freely between the basket disks through three separate paths. One path is 
the gaps that exist between the disks and canister shell. The second path is through the gaps 
between the fuel tubes and disk that surrounds the fuel tubes. The third path is through a 2.0 
inch-diameter hole in each of the disks that is intended to provide an additional path for water 
flow between disks. The basket bottom weldment supports the fuel tubes above the canister 
bottom plate. The fuel tubes are open at the top and bottom ends, allowing the free flow of water 
from the bottom of the fuel tube. The bottom weldment is positioned by supports 4.0 inch above 
the canister bottom to facilitate water flow to the drain line. These design features ensure that 
water flows freely in the basket so that the canister fills and drains evenly.  

1.2.1.3 Vertical Concrete Cask 

The Vertical Concrete Cask is the storage overpack for the Transportable Storage Canister. Five 
concrete casks of different lengths are designed to store five canisters of different lengths 
containing one of three classes of PWR or of two classes of BWR fuel assemblies. The concrete 
cask provides structural support, shielding, protection from environmental conditions, and 
natural convection cooling of the canister during long-term storage. Table 1.2-5 lists the 
principal physical design parameters of the concrete cask.  

The concrete cask is a reinforced concrete (Type II Portland cement) structure with a structural 
steel inner liner. The concrete wall and steel liner provide the neutron and gamma radiation 
shielding to reduce the average contact dose rate to less than 50 millirem per hour for design 
basis PWR or BWR fuel. Inner and outer reinforcing steel (rebar) assemblies are contained

1.2-6
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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

790-501 Canister! Basket Assembly Table, NAC-UMS ® 2 
790-559 Assembly, Transfer Adap~t~e~r.,NA.C--UMS® .. .....-.................. 2 

........... .... ....- 5 0 .. .a i t r s e a s ! ........ N A.U .............. ...................................... . ..... .. ......  

790-5 60 Assembly, Transfer Cask (TFR) NAC-UMS® .... ...... . ............. O . ............ ..s ~ b > a s e C s ............ ......- ........ C .. ...... S...... . ........ .................. ......... .... .... ..... ............ ....... ................ ..  
790-561 Weldment, Structure, Vertical Concrete Cask (VCC), 

NAC-UMS® 
790-562 Reinforcing Bar And Concrete Placement, Vertical Concrete 

Cask (VCC), NAC-UMS® .... 0.... 6. .................... ....... . ........... . .... L.d V.rt ..a .C. o n c r e te. ... .a..... .CC........C. .... ............................................................................................................................ ...........  
790-563 Lid, Vertical Concrete Cask (VCC), NAC-UMS, a 
790-564 Shield Plug, Vertical Concrete Cask (VCC), NAC-UMS® 
790-565 .. Nameplate, Vertical Concrete Cask (VCC), NAC-UMS® 1 790-570 .. Fuel Basket Assembly, 56 element BWR,.NAC-UMS ............ 3 ........................ ....  

.................................... ......... ..... ...... ....... ....... ................................................................................... .. .... . ........ . .... . ......... ...... .. .... . .........  790-571 iBottom Weldment, Fuel Basket, 56 Element BWR, 2

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® 790-575 . BWR Fuel Tube, NAC-UMS® 
790-581 PWR Fuel Tube, NAC-UMS® S...................... ....................... ............. .............. ...... . ................. .... ....................... .. ...................................... ........................ .................... ......... ..... ............................. ... ........ ............................. ....................................................  

790-582 Shell Weldment, Canister, NAC-UMS® 
790-583 Assembly, Drain Tube, Canister, NAC-UMS® S...... ........................... ..... ....... • .................................. ....... ...................................................... ............... .... .... ................ .............. .......... ........................................................ ........ ............. -...................... ............ ..................................... ............  

790-584 Details, Canister, NAC-UMS® ........ ..... ..9 0 . .. .... ......... ..................an s • a ! ....S ... ... ....... _.............. e. . r ...- ......... ..... ... , ......... N A... C........... ... ......................... ..................................... ........ .............  
790-585 1Transportable Storage Canister (TSC), NAC-UMS® 
790-590 Loaded Vertical Concrete Cask (VCC), NAC-UMS® 
790-591 Bottom Weldment, Fuel Basket, 24 Element PWR, 

NAC-UMS®

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

3 S................ .  

5 
.3. ....

4 

.............. .i. . . . . . . . . . . . .. . . . . . . .  

S... . ......... ..... ................. .................  
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2 
S.............. . .. . . ... . ..... ...................  
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1
4 

6
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5 
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2

1
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License Drawings 

(Continued) 

Drawing Revision No. of 
Number Title No. Sheets 
7907592 1Top Weldment, Fuel Basket, 24 Element PWR, NAC-UMS® 41 
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 
................................. F e ..B . .as ...- ..As..s m 2........ ....y -...............I. ..... I4 .e rn e n .P W R .. N........ ....... . . S.......... ........... ............ ............... ..................... .... .... .................. -.......................... ... ... ...........  

790-605 BWR Fuel Tube, Over-Sized Fuel, NAC-UMS® 5 2 

1.8.2 Site Specific Spent Fuel License Drawings 

Drawing zRevision No. of 
Number Title No. Sheets 
412-501 Spent Fuel Can Assembly, Maine Yankee (MY), NAC-UMS 2 

412-502 F C an D in Y. .e. .( N C.................2 ...................... 4. ................. .....  412'502 FeCaDealM ieYne (M ) A -M O24
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INITIAL ISSUE 
INC OCR OA 

INC OCR 1A

oýA\ MACHINE ITEM 1, FOR LIGHT PRESS FIT 
WITH ITEM 8, BOTTOM PLATE. THE 
THICKNESS OF ITEM 1 IS MAINTAINED SO THAT IT 
IS FLUSH WITH ITEM 8 WHEN THE SCREENS ARE 
IN PLACE AND THE TWO ITEMS ARE WELDED TOGETHER.  

A MACHINE ITEM 11, BOTTOM ASSEMBLY, 
FOR SLIP FIT OF ITEM 10, TUBE BODY.  

NOTES:

2-

DETAIL F- F 
SCALE; 2/1

C

4 16 DOWEL PIN ST. Sfl. COML 1/4 DIA X 3/4 LONG 
AR 15 BACKING SCREEN ST. STL. COML NEWARK ZOl 16 X 16 .023 
AR -14 FILTER SCREEN ST. S"TL COML NEWARK PAC 250 X 250 X .0016 
1 13 SUPPORT RING 304 ST. SnT. ASME SA312 6" SCH 40 PIPE 
1 12 LIFT TEE 304 ST. SnT. ASME SA240/SA479 PLATE/BAR 

1 11 BOTTOM ASSEMBLY 412-502-97 
1 10 TUBE BODY 304 ST. S$T. ASME SA240 18 GAGE SHEET 
4 9 SIDE PLATE 304 ST. ST.. ASME SA240/SA479 PLATE/BAR 

1 8 BOTTOM PLATE 304 ST. ST., ASME SA240 5/8 PLATE 
AR1 7 BACKING SCREEN ST. STL. COML NEWARK ZOQ 16 X 16 .023 B 
AR 6 FILTER SCREEN ST. STL. COML NEWARK PAC 250 X 250 X .0016 

1 _h1 5 LID BOTTOM 304 ST. S"T. ASME SA240 5/16 PLATE 
1 1 4 WIPER 6061-T6 ALUM. ASTM 8209 .032 SHEET 
41 3 LID GUIDE 304 ST. S"T. ASME SA240/SA479 1/4 PLATE/BAR 
1 2 LID PLATE 304 ST. STL. ASME SA240 3/8 PLATE 

4 COLLAR 304 ST. Sll._ ASME SA240/SA479 PLATE/BAR 
9 9407 0s9e 02 'ToNJE NIRA.WE99W4 N.OSCTO 
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The Maine Yankee fuel can design and fabrication specification summary is prov ided in Table 

2 1.3.1-2. The major physical design parameters of the Maine Yankee fuel can are provided in 

Table 2.1.3.1-3. The structural evaluation of the Maine Yankee site specific-fuel configurations 

is provided in Section 3.6.1. As shown in Section 4.5.1, the maximum allowable heat load for 

the contents of a Maine Yankee fuel can is 0.95.8 kW.  

2.1.3.1.6 Maine 'Yankee Site Specific Spent Fuel Preferential Loadin 

The estimated Maine Yankee site specific spent fuel inventory is shown in Table 2.1.3..1-i.  

(Note that the population of fuel in a given configuration may change based on future spep _fuel 

inspection or survey.) As shown in this table, certain fuel configurations, are, preferenti all 

loaded to take advantage of ,the design features of the Transportable Storage Canister-and basket 

to allow the loading of fuel that does not specifically conform to the design basis spent fuel. The 

designated preferential loading positions are shown in Figure 2.1..3.1-1. The corner positions are 

designated, by the letter "C." , These Positions are used primarily Jor.the l1o.ading 9of fuel with 

missing fuel rods, fuel- with fuel rods that have been replaced by rods of ,oth-er, material, for 

consolidated fuel, lattices, and for damaged fuel. The requirements for preferential• loading 

schemes using the conmer positions result primarily from shielding or criticality evaluations. of the 

designated fuel configurations.  

Maine Yankee consolidated fuel is loaded in a Maine Yankee fuel can and is, therefore, 

designated for a comer position. Preferential loading is also used for spent fuel having aburup 

between 45,000 and 50,000 MWD/MTU. This fuel is assigned to peripheral locations designated 

by the letter "P" in Figure 2.13.1:1,1 The thermal analysis supporting the use of these locations 

for higher burnup fuel is presented in Section 4.5.1,. As described in that section, the interio~r 
locations must be loaded with fuel that has lower burup and/or longer cool times- in ordert-o 

maintain the design basis heat load and component temperature limits. Loading tables,..which 

provide the limits for decay heat on a per assembly basis, are also provided in Sbection 4.5. 1.  

Hgh burnup fuel (45,000 - 50,000 MWD/MTU) may be.loaded as intact fuel providethalfor.'a 
g .iven I fuel assembly, thie c cladding oxide layer on no. more than 1% of the fuelrods..has . . peak 
thickness greater than, 80 microns. and no- more than 3% of the fuel rods h:aveat pek- oxide layer 
thickness greater than 70Qmicrons. The high bumnup fuel must be loaded as failed fuel (i~e., in,,a 
Maine Yankee fuel can), if the cladding -oxide layer criteria are not met, or if the oxide I'ayer- is 
detached or spalled from the cladding. Since the transportable stor~age canisteris tested. to be 

leak tight, no additional confinement analysis is required for the hfigh burnup fuel.

2.1.3-5
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Fuel assemblies with-a control element inserted will be loadedin a Class 2 canister and basket 
forstorage and transport due to the increased length of the assembly.with the control element 
instal.le.d... However, these assemblies are not restricted as to loaing pgoition withinnthe basket.  

2.1.3.1.7 Maine Yankee High Burnup Fuel 

There are ninety (90) Maine Yankee fuel assemblies that haveachieved a bumup between 45,000 
and 50,000 MWDIMTU. . As described in Section. 2.1.3.6, these fuel assemblies, are 
preferentially loaded in peripheral locations in- the basket. ,Te..high burnup assemblies are 
similar to. the other Maine Yankee fuel planned•• to be placed in dry storage (i.e:., those. with, 
burnup less than 45,000 MWDMU•), but have design differences that support the high burnu 
objective.  

The Combustion Engneering 14 x 14 high bumup fuel assembeiies incororate a lower (fuel rod.) 
internal pressure than the UMS design basis fuel, which results claddiiig stress 
throughout their reactor and storage life, and a greater cladding thickness-;. The r•eater ladding 
thickness, together with a larger fuel rod diameter, provide additionaimargin against regulatory 
limits. Some of the fuel assemblies have a "low tin" Zircaloy cladding, which results in lower 
hydrogen pick-up in thecladding and a lower cladding oxide layer thickness.  

Publicly availlableDOE-sponsored research studies on high burnup fuel have measured irradiated 
Zircaloy material properties. These studies show that e.ven at burnupsover 50,000 MWD/MTU, 
Zircaloy cladding has adequate material st.rength and ductility, to maintain the fuel rod integrty 
throughout all conditions of storage. The technical details of the DOE sponsored research studies 
include hot cell examinations of actual irradiated fuel from the Fort Calhoun [22] and'Oconee 

[23] reactors.  

The published reports conclude that there is an increase in the yield and -ultimate strengths of-the 
high burnup fuel rod Zircaloy cladding, with an oxide layer thickness lssthao equal to 80.  
microns while the material ductility decreases. The Fort Calhoun, and. .Oconee fuetlrods 
examined had maximum burnup up to 55,700 land 54,800 MWDJMTU, respectively., J-oqa~ized 
bumup of these fuel rods reached over 6.0,000 MWD/MTU. The bumups encompass the bu ps 
of the Maine Yankee high burnup fuel. Tables 17, 18 and 19 of.the, Fort Calhoun rep 
(DOE/ET/34030-11) demonstrate that, at the respective bumups, there is a significant increase in 
the yield and ultimate strengths of the Zircaloy.claddin. with a corresponding decrease in the

2.1l-56
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material ductility (plastic straine This is further confirmed in the Oconee fuel examination.report 
DQE/ET/34212-50) in Table. 20. These studies show that the Zircaloy material, property 

chbanges occur during the, early stages of irradiation and do not change. significantly during_ the 
higher burnup periods. The Fort ,Calhoun and Maine Yankee fuels ,are essentially identical and 
are fabricated by the same supplier (Combustion Engineering). Therefore, it is concluded that 
the Maine Yankee high burnup fuel (45,000 < Burnup < 50,000 MW`D/MTU) Zircaloy cladding 
ultimate and yield strengths aen greater than those of standard bumup fuel assembliees§,, wi yhAile 
maintaining adequate material ductility to perform its design func~tion~s.  

The Maine Yankee high burrup fuel assemblies were fabricated according to their respecti ve fuel 
specifications without any discrepancies or deviations that affected cladding. Review of Plant 
Operating Data demonstrates that the fuel has not been subjected to any •nanalyzed events that 
could potentially lead to e•xcessivecladding stress.  

'Review of fuel inspection records and video tapes. of Ithe Maine. Yankee high bumup__Nql 
assemblies shows that the fuel is essentially identical to fuel that is burned less than 45.,000 
MWD/MTU, with no evidence of damage or excessive cladding oxidation.  

The supporting data and information demonstrates that the physical. and mechanical 
characteristics of the Maine Yankee high burnup fuel assemblies (45,000 < Burnup, < 50,00.0 
MWD/MTU) are essentially identical to those of the fuel assemblies with bumnup 'less than 
45,000 MWD/MTU.  

As noted in Section 2.1.3.1.6, high burnup fuel (45,000 -7 50,000 MWD/MTU) may be loaded as 
intact fuel provided that for a given fuel assembly, the cladding oxide layer on no more than 1% 
of the fuel rods has, a peak thickness greater than 80 microns and no more than 3% .o-f -the fuel 
rods have a peak oxide layer thickness greater than 70 microns. The high bumup fuel must- be 
loaded as failed fuel (i.e., in a Maine Yankee fuel can), if the fuel is not classifi-ed as intactidoes 

not meet the oxide layer thickness criteria, or if the oxide layer is detached l or spallet from the 
fuel cladding. Since the transportable. storage canister is tested to be, leak tight, _no addhitional 
confinemnent analysis is required for~the high burnup fuel.

2.1.3-17
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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 Prima 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 
ASME 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 
ASMIE SA-479, Type 304 stainless steel 

ASME SA-479, Type 304 stainless steel 
ASME SA-240, Type 304 stainless steel 
ASTM A-240, Type 304 stainless steel

SA-182 Type 30.4 stainless steel may be substituted for SA-240 Type 304 stainless steel for the 
shield lid provided that the SA-182 material has yield and ultimate strengths greater than or equal 
to those of the SA-240 material. SA-182 Type 304L stainless steel may be substituted for SA
240 Type 304L stainless steel for the structural lid provide~d_ that the SA-182 material has yie 
and ultimate strengths greater than or eSA-24 material.  

Steels used in the fabrication of the vertical concrete cask are: 
Inner shell ASTM A-36 carbon steel 
Pedestal and base ASTM A-36 carbon steel 
Reinforcing bar ASTM A-615, Grade 60 carbon steel

3.3-1
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The steels used in the fabrication of the 

Inner shell 

Outer shell 

Bottom plate 

Top plate 

Retaining ring 

Trunnions 

Shield doors and rails 

Retaining ring bolts

transfer cask are: 

ASTM A-588 low alloy steel 

ASTM A-588 low alloy steel 

ASTM A-588 low alloy steel 

ASTM A-588 low alloy steel 

ASTM A-588 low alloy steel 

ASTM A350, LF2 low alloy steel 

ASTM A350, LF2 low alloy steel 

ASTM A325 carbon 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.

3.3-2



SAR - UMS Universal Storage System April 2000 
Docket No. 72-1015 Revision UMSS-OOC 

4.4.3 Maximum Temperatures for PWR and BWR Fuel 

Temperature distribution and maximum component temperatures for the Universal Storage 

System under the normal conditions of storage and transfer conditions are provided in this 

section. Components of the Universal Storage System containing PWR and BWR fuels are 

addressed separately. Temperature distributions for the evaluated off-normal and accident 

conditions are presented in Sections 11.1 and 11.2.  

Figure 4.4.3-1 shows the temperature distribution of the Vertical Concrete Cask and the canister 

containing the PWR design basis fuel for the normal, long-term storage condition. The air flow 

pattern and air temperatures in the annulus between the PWR canister and the concrete cask liner 

for the normal condition of storage are shown in Figures 4.4.3-2 and 4.4.3-3, respectively. The 

temperature distribution in the concrete portion of the concrete cask for the PWR assembly is 

shown in Figure 4.4.3-4. The temperature distribution for the BWR design basis fuel is similar 

to that of the PWR fuel and is, therefore, not presented. Table 4.4.3-1 shows the maximum 

component temperatures for the normal condition of storage for the PWR design basis fuel. The 

maximum component temperatures for the normal condition of storage for the BWR design basis 

fuel are shown in Table 4.4.3-2.  

As shown in Figure 4.4.3-3, a high-temperature gradient exists near the wall of the canister and 

the liner of the concrete cask, while the air in the center of the annulus exhibits a much lower 

temperature gradient, indicating significant boundary layer features of the air flow. The 

temperatures at the concrete cask steel liner surface are higher than the air temperature, which 

indicates that salient radiation heat transfer occurs across the annulus. As shown in Figure 

4.4.3-4, the local temperature in the concrete, directly affected by the radiation heat transfer 

across the annulus, can reach 186°F (less than the 200'F allowable temperature). The bulk 

temperature in the concrete, as determined using volume average of the temperatures in the 

concrete region, is 135°F, less than the allowable value of 150 0F.  

Under typical operations, the transient history of maximum component temperatures for the 

transfer conditions (canister, inside the transfer cask, containing water for 17 hours, vacuum for 

10 hours and helium for 16 hours for PWR fuel and for 24 hours for BWR fuel) is shown in 

Figures 4.4.3-5 and 4.4.3-6 for PWR and BWR fuels, respectively. The maximum component 

temperatures for the transfer conditions (vacuum and helium conditions) are shown in Tables 

4.4.3-3 and 4.4.3-4, for PWR and BWR fuels, respectively. The maximum calculated water

4.4.3-1
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temperature is 195°F and 204'F for PWR and BWR fuels, respectively, at the end of 17 hours 
based on an initial water temperature of 100°F. For the maximum temperatures shown in Tables 
4.4.3-3 and 4.4.3-4 for the transfer conditions of vacuum and helium, the maximum basket 
temperatures (support disk and aluminum disk) are conservatively determined by using the 
maximum temperature in the canister content region of the two-dimensional axisymmetric 
transfer cask and canister models.  

41.4..14 Maximum Temperatures at Reduced Total Heat Loads 

This sectnppqy.des the evauation ofcogmponent temperatures at PWR fuel hles than 
the desig-n basis heat load of 23 kW.. Steadyst ati ae ruore heat loads of 20.  
,17, 14_.11 and 8 kW toestablish the allowable time liis for th~aioscnditions dscribed in 
the Technical Specifications (Chapter 12) for the Umiting Condtions •of.Opration(LjCq)L Os 
3J.11 an d 3.1.4. These- L C-O-scontrol' the a Imo-un -t o tine e1that-th lo -aded -c an i sie r' c-a~n b-e- j'nj
vacuum condition and the mut ftmeteloaded canserc--'-em-ani the-t'r-a-nsf-e-r cask after 
being filled with helium. The tinme limits esrththealwbeemrtusofheat transfer 
disks, support disks and fuel cladding are not exceeded.  

At -heat loads lessthan the design basis heat.oad,, the orat f e component .,.heat ,up anL!ýd .the 
maximum temperature reached by a component are less than those resultingfrmddes i i 
heat load in the helium backfill condition. Higher component temperatures, which remain below 
a .llowable, can occur, during the vacuum -drying (transient) dtio.e 1hetreduced heat load 
configurations are evaluated using th •ANSYS models d 4.4.1.3.  

The, analysis results for the IPWVR fuel 'riiuaon.reshw -. n al-44
comparison to the results for the design basis heat load case (23 kXW. The maximum basket 
temperature is ,conservatively, assumed to be the same asthe* maximnum fuel temperature. As 
shown- in Table 4.4.3-5, there is no time limit for the cae ihha odlesta 7k fe the canister is filled with helium. For heat loads les than 17 kW the maxim fuel/basket 

temperatres for -the steady state-condition are w-ell below the allowable tera ofthe u 
cladding and the fuel basket.  

The analysis results for theBWR fuel configuration are shown in Table z4.3- ~Thee es t 
are•als compar to theresults for te__ case (3 I 2n h m s I........  
basket temperature conseflativelmassumedtoaur the same as .. .. .... m Asel t 
shown in Table 443 a similar to the PWR fuel evaluati fnthere is no LilimiT for7cases

4.4.3-2
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4.5.1.2 Maximum Allowable Heat Loads for Maine Yankee Site SpcfcSen~t Fuel 

this, -section includes evalua .tions for th .e Maine Yankee fuel -i nv Iento .r y .t hat is -n Iot Ibou .nd .ed by the 
evaluation performed in Section 4.4.7. This fuel may have higher bum171up than the design basis 
fuel, have a higher decay heat on a per assembly basis, have a burnup/cool time condition that, is 
outside of the cladding temperature evaluation presented in Section 4.4.7, or be subject to all of 
these differences.  

Maximum allowable clad temperatures and decay heats are evaluated for: 

J., Fuel with: burnup, in excess of 45,000, MWD/MTU _,(Maximum 50,000 
MWD/M'PU), 

2!; Preferential loading patterns with hotter fuel on the periphery f the baket, and 
3. Preferential loading with Yfuel exceeding design basis heat load (0.958 kW) per 

assembly on the basket periphery.  

As shown in Section 4.4.7, the standard CE 14 x 14 fuel assembly has a si ificantl••lower 
cladding stress level than the equivalent bumnup Westinghouse 14 x 14 assembly. It is, therefore.  
conservative to apply the. characteristics of the design basis assembly to the CEE14 x 114 Maine 
Yankee fuel assemblies. (Note that the Westingouse "14 x I 14 assembly: : evuatedin-Secti~on 
4.4.7 is the fuel assembly used in Westinghouse reactors, but it is not the Westinghouse 14 x14 
assembly built for use in the CE reactors, such as the Maine Yankee reactor.) 

The maximum allowable decay heat, listed either on a per canister or per assembly basis, is 
combined with -dose, rate limits in Chapter 5 to establish cool time limits as a function of b-urnup 
and initial enrichment. Cool time limits are shown in Tables 5.6.1-10 for Maine Yankee fuel 
assemblies without installed control components, and in Table 5.6.1-12 for fuel assemblies with 
installed control components.  

Hi.gh b I urup fuel, (45,000 - 50,000 MWDMTU)may 'be loaded as intact fuel provided that no 
more than 1% of the fuel rods in the assembly have a peak cladding oxide thickness greater than 
80 microns, and no more than 3% of the fuel rods in the assembly jhaveapeakoxidelayer 
thickness greater than 70 mi'crons. The high burnup fuel must be loaded as failed fu(el,(i.e•:in a 
Maine Yankee fuel can), if these criteria are not met, or if the cladding xide layer is detached or 
spalled from the cladding. Since the .transportable storage canister is tested to be leak~tigit. _no 
additional confinement analysis is required for the high burnup -fuel.

4.5-15
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4. 5.1.2.11 Maximum Allowable Temperature and Decay Heat for 50,000 MWD/MTU Fuel 

to evaluate higher bunsppfuel, claddin. oxidation layer thick fission s releasefrtI ons are 
established. Maine Yanktree orts that for highsfl d a bRiflb dpto55,0O 
MWDP/MTU), AIB/lCornbustion Engineed.~ing ~ncorp~orated imp-oses ,a cl]adding oxide layer thickness 
f 120 microns as an operational limit and reprts that he maximum as release fraction (fuel pe to 

rod plenum in intact fuel. rods) is less than 3% [361.. Therefore5the allowable cladding teraTr 
calculations employ a cladding oxide layer thickness of 0.012 cmn m(cron) This is cnservative 
With respect to the. 80 micron cladding oxidemblayer thickness consided foghbprnupfuel thatris 
loaded as intact fuel. A 12% release fraction, established forestandard:PWR fuel burned up the00 

MWI/MUis conservatively applied to higher bumup PWR fuel.  

Usingthe epvaluati on mehdpresented -in Section 4.4.7 and a cladding oxidation layer-hicki~es-s 
of -0.1012 cm, the cladding stress levels, for thie 50,000- MW/TU.buup PWR assembl 

(maximum stress) are.determi.ned and listed in Table4.5..... .The datais -otted a.inst the 
generic allowable temperature curves in .Figur 4..122. Included mE A~gq_45.jL. jre- t.he 
35,000 MIW'DMTU to 45,000 MWD/MTJJ limit lines developed, in Section4.4.7. The intercept 
of the 50,000 MIveMTU results in thecna ngmperature 4i.5a2-e 

which considers the 1% creep strain limit. The resulting maxime 7 allowable heat loadper 
canister for fuel assemblies with bur.up of 50,000 MWD NrPUislist inTable4.5.1.2-3.  

4.5.11.2.12 Preferential Loading with Hotter Fuel on the Peripher of the Basket 

The, design basis heat load for the UMS thermal analysis is 23 ,kWunifonnlyjs rL__ 
throughout the basket (0.95 8_ kWper assembly), he atlod appies o.th basket tucua 
components at any, initial fuel loading time. Fuirther reduction in heat load is required for the 
Maine Yankee fuel assemblies that fall outside thejbounds of the requirement of maximum heat 
load as s~hown in Tables 4.4.7-.8 and 4,5123 These asebis incue 

1i. Fuel assemblies- wih peiic burniup a d opl ir ,) hat ay ex e 'h 

maximum aloal ecay, heat di~ctated y,ytheir cladd~ing temperature allowable 

,(exiceeding-the limt~s as-shown i ,n Tables 4..-8and4 12i ~,~ 

unfoxmyjl1 24f uelas ble -withtes.I-.__um ancoiei.;h 
same~decpay he~at).  

2. Fuel assemblies tht are .expected to exceed the es& 'ba i heat lo~do .5 
kW per assembly (maximum heat per ýýejb eyj~tan 1 ~d

4.5- 16
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7.4 Confinement Evaluation for Site SpSecific Spent Fuel 

,Thi eto presents the confinement evaluation for fuel- assembly types or configurations, 
which are unique to specific reactor sites. Site specific spent fuel configurations result from 
ontinoperations, participation in resear h and development 

programs, and from testing programs intended to improve reactor operations. Site specific fuel 
includes fuel assemblies that are uniquely designed to accommodate reactor physics, such as 
axial fuel blanket and variable enrichment assemblies, and fuel rod or assemblies that are 
classified, as damaged.  

,The design of the Transportable Storage Canister incorporates a leak tight configuration as 
described in Section 7.1 and as defined by ANSI N 14.5. jonSe.qently, site specific fuel 
configurations need be evaluatedonly if -the configuration results in a modification of the 
confi~nement boundary of the canister that is, intended. for u~se, or., when ~he cpqqfiguration could 
result in a higher internal pressure or temperature thanis- used in the design basis analysis.  

7,4.1 .Confinement E.aluation for Mane Yankee Site Specific Spent Fuel 

Maine Yankee site specific spent fuel is to be stored in either the Class 1 or Class-2 
Transportable Storage Canister, depending on the overall length of the fuel assembly, including 
inserted non fuel-bearing components. These canisters are closed by welding and are irspected 
and tested to confirm the leak tight condition-., 

Site specific fuel includes fuel having yariable enrichment radial zoning patterns and annular 
axial fuel blankets, removed fuel rods or empty rod positions, fuel rods placed in guidetubes, 
consolidated fuel, damaged fuel, and high burup fuel (fuel with. a.burni~p between-45,000 
MWD/MTU and 5-0,000 MWD/MTU). These config urations are not included in tje's't-adard 
fuel analysis, but are present in the site fuel inventory jthatjmust be stored•Asiscusdi 
Section 4.5.1, the sitep•s ec ic fuel , configurations do not result in ai ca•ister pregs r 
temperature that exceeds the canister design basis. Since the canisters are leak tight, there is no 
release from a canister containingeMaine Yankee high burnup fuel rods site specific spentfl.  

Intact site specific fuel is Joaded directlyinto the fueltubes in the P•,rR basket. Dama'ed fuel is 
inserted into afuel-c-an, shown in-Drawings 412-501 And 4.12-5,0 
gross particulate material- from, the fuel can. The fuiel ~can is sized to allo~w its inserti innto a-fliel 
position in the PWR basket,,

7.4-1
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11.1.4 Failure of Instrumentation 

The Universal Storage System uses an electronic temperature sensing system to read and record the 

outlet air temperature at each of the four air outlets on each Vertical Concrete Cask. The 

temperatures are read and recorded daily' 

11.1.4.1 Cause of Instrumentation Failure Event 

Failure of the temperature measuring instrumentation could occur as a result of component failure, 

or as a result of another accident condition that interrupted power or damaged the sensing or reader 

terminals.  

11.1.4.2 Detection of Instrumentation Failure Event 

The failure is identified by the lack of a reading at the temperature reader terminal. The failure 

could also be identified by disparities between outlet temperatures in a cask or between similar 

casks.  

11.1.4.3 Analysis of Instrumentation Failure Event 

Since the temperature of each outlet of each concrete cask is recorded daily, the maximum time 

period during which the instrumentation failure may go undetected is 24 hours. Therefore, the 

maximum time period, during which an increase in the outlet air temperatures may go undetected, 

is 24 hours. The principal condition that could cause an increase in temperature is the blockage of 

the cooling air inlets or outlets. Section 11.2.13 shows that even if all of the inlets and outlets of a 

single cask are blocked immediately after a temperature measurement, it would take longer than 24 

hours before any component approaches its allowable temperature limit. Therefore, the opportunity 

exists to identify and correct a defect prior to reaching the temperature limits. During the period of 

loss of instrumentation, no significant change in canister temperature will occur under normal 

conditions.  

The purpose of the daily t.e.perature monitoring is to ensure that the passive I 

continuing to operate n•o•ally. Instrument failure would be of no consequence, if the affected 

storage cask continued to operate in normal storage conditions.

11.1.4-1
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Because the canister and the concrete cask are a large heat sink, and because there are few 
conditions that could result in a cooling air temperature increase, the temporary loss of remote 
sensing and monitoring of the outlet air temperature is not a major concern. No applicable 
regulatory criteria are violated by the failure of the temperature instrumentation system.  

11.1.4.4 Corrective Actions 

This event requires that the temperature reporting equipment be either replaced or repaired and 
calibrated. Prior to repair or replacement, the temperature shall be recorded manually.  

11.1.4.5 Radiological Impact 

There are no radiological consequences for this event.
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.The model includes a half section of the concrete cask, the concrete ISo p n i, as 
shown:

Concrete Pad Properties 

Vertical concrete cask tip-over analyses are performed for iSFSI pad concrete compressive 
strengths of 3,000 and 4,000 psi. The Poisson's Ratio (v,) is 0.22. The concrete d density is 
considered to be between 135 pcf and 145 pcf. To account for the weight of reinforcing bar in the 
pad, three values of Density (p) are_ usedin the model:

p (l~bs/fl3) I~ (psi) K(Psi) 
14.0 2.994 x 106 1.782 x 106 

,145 3.156 x 106 1.879 x106 

.15-2 ;337x1 2.0 16 x IC

The, corresponding values of Modulus of Elasticity E),ando Bulk Modulus (K,,),are also provided, 
where: 

Modulus of Elasticity (Ej) 33p;i' i (ACI 318-95) 

Bulk Modulus (K.) E...(Blevins [19]) 
3(1- 2v,)

P1.2.1-5-3
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Soil Properties 

The soil properties, used, in the -model are based on two soil. IaypT§._Th4e. ertical 'concrete cask tip

over analyses are prformed for two different combinations-of soil densities: (1 .- foot, thick 
upper layer density of 135 pcf (Modulus of Elasticity, E 162,070 psi), with a 10-foot thick lower 
layer density of 127 pcf(E = 31,900 psi); and -2 o 4.5- t o ickuppec rwyer. density of130 pf, with 

a 10-foot thick lower layer density of 127 pcf. The Poisson's Ratio (yj qf soil is 0.45.  

Summa of Design Basis ISFSI Pad Parameters 

The ISFSI pads and foundation shall include the followig characeristics as applicable to the end 

drop_ and tip_-over analyses: 

Concrete thickness 36 inches maximum 

Pad subsoil th~ickn -ess :10 feet m in"imuni 
Concrete compressive strength <4,000 psi at 28 days 

Concrete dry density (p) 125• p < 140 -lbs/ft 

Soil in place density (p) 109• p j10 lbs/fe 

Soil Modulus of Elasticity <60,000 psi (PWVR);or 

=< 30,000 Psi. (BWVYR) 
The concrete Pad maximumthickessexcludes the ISFSI pad foo othe cr vestrethof 

t Ihe' concrete is determined in accord Ian ,c e ,w ith Se ,ction 5.6 of ACI-3 1 with c o-ncretie' 'ac ce ptanpice in 
accordance with the same section. Steel reinforcement is us•d i n the pad and footer. The soil 

modulus of elasticity is determined accordin to the test method described in ASTM D4719.  

Vertical Concrete Cask Propgrties 

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 11.2.1~2.3., The tip-over impactis, simiulated by 
applying an initi al an gular velocity of 1.485 rad/sec (PWR Class 1) and. 1.483 rad/sec (PWR Class 
2), respectively to the entire cask' The angular velocity values are dbermhined by the method used 
in S:etion 11.2.12, based, on the weight of the loaded concrete cask with Maine Yankee fuel 
(285,513 pounds and 297,509 pounds for PWR Class 1 and PWR Class 2 respect•yely).  

alcut-offe requencysof 210 1i r ash and o19 tH (P isk apldt tof the 
analysis results from the LS-DYNA models and determine the'pe acceierations. The resulting 
calcullated acceleratio'ns on the, canister-at the location of the top. support disk and of the top of, the

:11.2.15-4
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structural lid are tabulated for all of the analysis cases that were run. The maximum 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, Concr~crte Cask.(iches) Acceleration (g) 

Component Location Class 1 Class 2 Class ls 

To9p Support Disk ý176.7 185.2 32.3 34.2 
Top of the Canister Structural Lid 197.9 207.0' 3.3 -3-7,6 

The impact a-cc-elera't-i-ons for the vertical concrete- cask t-il-over on-the Maine Yankee ISi2SI pad site 
are observed to be slightly higher than those reported in~ Section 11.2.12.3.1 for the design-basis 
JSFSI pad.,. Therefore, peak accelerations arecalculated for the top support disk and are evaluated 
.with respect to, the analysis presen'tedi jS~ection- 1-1.2..12.4. 1, 

To determine the effect of the rapid ,appljication of the inertia loading or ýthejsppor _as 
dynamic load fco,(I)iscmueusnth ehdpqeq4in 2Section 11.2.12.4. The DLF 
is computed to be 1.07. and 1.0,21forPWR Class..1 and C~lass 2~ respe~ctively -.Appilying. the DLFs to 
the 32.3g and 34.2g results in peak accelerations of 3.4.62gand, 4.9pg for ,the top support disk PWJV.  
Class 1 and Class,2, respectively. ,TheIDLIF-sfo the canister lids are considere~d tobe unity since 
the lids have significant in-plane stiffness. and-are considered to be -rigid._ Additional-sensitivity 
evaluations considering varying values of the ISFSI concrete pad density h~ave b~een performed. The 
results of those evaluations demonstrate that the maximum acceleration~ for .the-canist~er anid basket 
are below 40g. Therefore, the maximum acceleration ,for the canister~ and basket for tecask 
tipover' accident on the Maine Yankee -siteISFSI .pad is bounded by th 0gsediScto 

11.2.1,2.4.1 (Analysis of canister and basket for PWR configurations for tip-over event).  

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

Aparametric study is pifre d toso httePR basket loaded wiythja Maine Yankee 

cons~olidated fuel ,lattice isbudd.b.the. PWR basket design..basis joaig for a ide 'rpact 
condition'. Only- one-cnoiae fuel' latticeýi a Main YakeulC_ n will1 boae dnay 

siglTanpotaleStorage Canist~er. HoweverMaine Yankee Fuel Cans holdiniz ter in c or 
damaged fuel. can be loadedl in. thle otherithree,-corner positions of the basket.(Maie YnkeFue~l 
Cans may be loaded only in the four comrne popsitions of the basket.SeFigure 11.2.15.1.2-2for 
corner positions.) Therefore, the bounding, casfor Maine Yankee is'the basket confipgujationiitjwh

i.215-5
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twny(20)_ MaineYankee fuel assemblies three (3) _14el cans7 oneni(1 

fuel can containing consolidated fuel 

Atwo-diensional ANSYS model is employed for tearetcsudashonnFiure 
215.1.21. The,.1noad .from a PV_*:R fulassemb yjsodmodeled as. a- presrsure-, load, a t lhe inner 

surface of each support disk slot opening.. The design basis fuel pressure lading,(ig) is 1 J2.26 
psi. Based on the same design parameters (slot size_=_9.272 in.,,disk thickness 0.5.inch, and 
the number ofdss .3) the. prssela corresponding e 

14x. 14 fuel. assemby is 10.3 psi..,The pressure laisI pr a Maie Yankee fuel can 
holding an intact or damaged fuel assembly. For a~ eYan fcan holdin consolidated 
fuel the pressure load is 17.0 1si 

-z . ; ,..r..... o This study considers a 60g side impact codto fo our different basket orientations: 0 .2 0 

26.28' and 45', as shown in Figcure 1121..-.The 62bounds the gý-oad for the PWR support 
disks ý(40g) due to the Vertical Concrete Cask tip)-over acident as shown in S~dpn 1.1.2.11 

Atotal of five cases are cniedinthe study.. .nrta loads I are apple t. fIke ppor i~ci l 

cases. The base case considers that all 24 fel positions hold design 
The other four cases (Cases 1 through., 4)_,represent l for the 

placement of four Maine Yankee fuel cans in the csrner ofisctionsne iic holds•consoblidated 
fuel. • e• remaining.twenty basket positos hold Maine x fuel assemblis.  
The basket loading positions are shown -in Fi gure 11.2.15.1.2-2. The a loacombinations evaluated 
in the four Maine Yankee fuel can loading ca'ses are: 

Case Basket Positioni baskeftPositionJ2 Basket Position 3 Basket Position 4 
i Consolidated Damaged Damaged Damaged 
2 Damaged Consolidated Damaged Damaged 
3 .Dama.ged D IamagIe d Damnaged Cosldat 
4 Damaged Damaged Consolidated Damaged 

Table •,5..v5.e.21.-eparametric comparson between the Base case and the four cases 
ev autd, based on the m stional stress i the support disk. As shown in the tabe1, the 
maximum stress in the WR basket supportisk loaded with 20 stk -uadsemblis four 

wihn0stadad u asm les, Maine- Yankee fuel c 'ns, inclu dI..ngo .ne...holdigc lidated fuel, is bounded byh fp 

disk loaded with the design basis PW'R fuel.

11.2.1 5�
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,Additionally, a thiree-dimnensio~nal analysis was performed for Case4 wi~th~ a6.8 drppjojrientation 
using the three-dimensional canister/basket model presented ioSection 11.2.12.4.1. Results of the 

analysis for. h.._top_ •s.s.s upeport disk,_,wer mxumsr q ,in "Tables 

lower 5,,1-I036 nchesL,2.15.1.2-3. The elmain omfl~aem.in ofsafty s +11 nd ia +0.1 f or lumstese 

and Pcm + Pb stresses, respe1ctidely The fmiui oesafety forthe correspondingeinalysis 
for the design basis PWm configuration is +e fr P, a5re , 
(See Ta.. .. . sfurther demonstrated that the maximumdstress in the 
PWR support diskj loded with Maine Yankee fuel with Consolidated fueli ib'oundedjby the stres Is 
for the PWR support.disk • oaded with the desikgr basis J2WR fuel.  

Since no credit is taken for the structural integrit oftecnoiae uldae uliside 
the fuel can, it is assumed Ithat 100% of the fueiod•.IaiI durin an acc ient.- fFr o__20_.t-a- MeasineY-ankee 
standagrd e4xl afuesslmbasse alde thecvol.ume of• .t,,fuel rodss(reo%),-a id_5(getotubes will fill up the 
lower 103.6_inches',_abo'ut 'at the e-l'e'vat-ion 'of the 21 ,t up Ip - rt- is 11a s.u-i ý 01% vo -lume 
compaction factor. Fo~rthe cqso'lidated fuel, te volume of 28 ost nd4cnetrrds 
will..fl up the lower 109.6 inc hes (abp at the elevation of th 2' support di s) .as-sun~img Ala 
compaction factor. ,.The compaction~ fac~tor of 75% for the consolidated fuel,~ that d 
number of rods in the consolidated fuel is approximately 1.51 timnes -of the_ numbeIr -of rods in -the 
standard Maine Yankee fuel and these rods are initially mnore closely spaced.  

During a tip-over accident, of the.. vertical concrete•cask, the maximum total load on the support disk 
(dop t/31 e disk) for the design basis PsR basket is_,54.6,kips (12.26 es x t.u27_ x s.5- -nch x.24 

x 40g), considering the design.decelerationof.0g.(Section 11.2 W the sumption of 
100 ro filue fr~he amged fuel -and consolidated fuel in the Maine _ fuel c~an _t~he21'_ 

disk, is subjected tqo the maximum-total load.(inclding wght fromn20 stadr fuel asseblies 3 
Oamaged fuel assemblies_ and the 'consolidated fe)The pressure odupq4s 

comner slot corre~spondin- -to* 100% failed'dama~ge Id fuel - s - 5.3 psi}Goa ,d dis tributeJ od_t1, sUppp 
disks- ) and th Ie p Iress ure lo6ad'c'or'res ponding to.0 the -0 1 % 1fai .led con .solida IteId fue ,I-is22 6 psi Ioad 
distributed on 22 supr dik) aIn thetp-ve aci1St g disk is 30g, based on 
the design decelerationof 40g~a~htp3~ dik The onta load 2l 

WY21= (14Q.3x20+15.3x3+22.6x1) x 9.,272 x 0.5 x 30=38,200 ppun4= 38.2 kips 
The support disk load isonly70% (38.2/54.6--0.7) of temaximnum total lod te suppq!jý4§s 

due to the design basis PWR' fuel, load._,Consequently,' the mxumstress in the, s u jor~t di sk,ý 
assuming 100% rod failure of the dagased anid consolidated fuel inMieYakefe cansi 

bouned y th maimun stess n~te spjrt disk calculated for the ~design basis fuel;

11.2.15-7
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Figure 11.2.15.1.2-1 Two-Di-mensional Suppor Disk Model
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The buckling calculation used the same model employed for the mode shape calculation.- The load 

that would potentially buckle the fuel rod in the end drop is due to the deceleration of the rod. This 
loading was implemented by applying a ig acceleration in the direction that would result in 

compressive loading of the fuel rod. The acceleration required to buckle the fuel rod is computed 

to be 39.0g. This acceleration is much higher than the effective g-load of i4.6g coresponding to 
the end drop. Therefore, the fuel rods do not buckle during a 60g end drop.
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Figure 111.2.15,11.5-1 Two-Dimensional Beam Finite Element Model forMaine.Yankee Fuel Rod
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:1.162, Damaged Fuel Assembly Hardware Evaluation 

This section addresses the potential buckling and structural failure of a fuel rod in an assembly with 
one or more missing suppor grids up to an unsupported length of fuel rod of 60 inches.  

Buckling Evaluation for a Fuel Rod in a Fuel Assembly with Missing Grid Strap(s) 

In the following buckling evaluation of an intact fuel assembly, a grid strap is considered to b 
missing. The buckling load is maximized at the bottom of the fuel assembly The, bounding 
evaluation is the removal of the grid strap, which maximizes the spacing at the lowest possible 
vertical elevation. This occurs when the grid at the 33.0-inch elevation is removed, resulti 
grid spacing of approximately 50.0 inches (60.0 inches conservatively used).  

The case of the missing grid is evaluated using the same-methodology as for the fuel assembly with 
all the grids being present (See Section 11.2.15.1.5). The bounding dimensions and physical data 
(minimum clad thickness, maximum rod length and minimum number, of support grids) for the 
Maine Yankee fuel rod used in the model are: 

Outer diameter of cladding (inches) 0.44 
Cladding thickness (inches) 0.023 

Cladding density (lb/in3) 0.237 
Fuel pellet density (lb/in 3) 0.396 
Fuel pellet Modulus of Elasticity (psi) 13.0 x 106 
Zircaloy cladding Modulus of Elasticity(pi) 10.47xi06 

The cladding thickness has been reduced by an oxidation layer of 80 microns (0.003 i2nch).- The 
fuel pellet modulus of elasticity is cons'ervativlyq reue 0,,Th ouu featict ofte 

Zircaloy cladding is taken from ISG-12 [50]'.  

The elevations of the grids in the model, measured from the bot~tom of, the fuel assembly are: 2.3, 
51.85, 70.7, 89.6, 108.4, 127.3 ard i144.9 (inches). The grid at 51.85 inches is assumed located at 

62.3 inches.  

With the grid missing, the frequency of the fundamental lateral~rnode shape is j.9HzThnaul 

frequency of the fundamental extensi~onal mode was det~ermined to be 218.9 Hz. The IŽWF is 
computed to be 0.072, resulting in an effective acceleration of 0.072 x 60.= 43 g. Using the same 
method to compute the acceleration at which buclng occurs, the lowest buckling accelerationis 

14.8 g, which is significantly greater than,4.3 g. Therefore, the fuel rod, with the.boundin case of a 
single missing-grid, does not buckle during an end drop. ýFigures 11.2.16-1 and 11.2.16-2 show th~e 
finite element model and buckling result and modle shape..  

Il 1.2j.6-1
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Figure 11.2.16-1 ,T~y-DimensioalBemFEM for Fuel Rod wit Missingri
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Figure 11.2.1672 MoalSh'p~ad irt uclig od Sap fr Fe Rod with a Mis~si gy 
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Structural. Evaluation of Maine Yankee Fuel Rod in a Fuel Assembly witha Mi-s'sing Grid 

The -Maine Yankee fuel rod- is evaluated for' a 60 g side drop wit h ~a .missing supportý grI nd in the 
fulel assembly. The span between support grids is assumed to be 60. inhs,(actual s pan is 49.5 

inches),

Analysis jnput: 

Fuel Rod OD 

dlad I D 

Eclad 

,Clad density 

Fuel density 

Cross-Sectional ar 

.. . d

0.44 in', 

0.394 in.  

l0.417E6 psi 

ý13.0E6 psi 

10.237 lbin' 

6.396 lb/in3' 

0.03-0 in2 

0. 1212 in.

The mass of the fuel rod.per unit-length is: 

M 0.396(0.122) +o.'237(0.03oj 0.000143 lb - S2/in 2 

386.4 

El for the fuel rod.is; 

El 0.224 -0-197 4 
EIciad 10.47E6 68 lb - in.  

Elfuel = 13.0E6 7 -153781b-in 

El= 6878 +15378 = 22,256 lb-in 2 

During a side drop, the maximum defle~ction of a fuel rod is based on the fuel rod spacng p h 
fuel assembly._The pitch(center to center ipacig of fuel rods is 0.58 inches [511. The maximum 
pitch is across the diagonal of the fuel assembly. The maximum p'itch is: 

0.58 
dp=- .=0.82 in.  

sin 45

j1.1.2.116-14
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.The mnaxim~um deflection of a fuel- rod is at the top of -the fu-l ~assemnbly, and the. minimum 

deflection is at the bottom of the fuel assembly.  

Assuming a 17x17 array (which envelopes the Maine Yankee l4x14 array), the maximum fuel rod 

deflection is: 

(17-1) x (0.82-0.44) =6.08 inches.  

the deflection of a simply supported beam with a distributed load is given by the equation:

384EI

_ 5(gw) i4 

384 (EJ,,0 j,
[52]

ýg =384A(Eltow) 

5o)14 

The cladding bending stress is given by the eqain

SMC 
I

ElcIad 

EIlwW

Inserting the equation for 'g': 

= 384AcEclad 

-4Oxlj.

The bending stress in the fuel rod is: 

J- 384 x 6.08 x 0.22x 10.47E6 = 3 ksi 

40(60)2 

where: 

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

j11.2...16-5
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i Eltotal = 22256 = 0.0021in 4 
Eclad 10.47E6 

The be.r..g stress between two fuel rods under a 60g load is:

Sbrg= 0.591 _D

May 2000

(0.000143 x 386.4) x 60 x 10.47E6 0.59•1V 0.22 =7.4 ksi [531

where:

K DID, 0.44 x 044 02 S D+D 2 0.44+044 

The stress intensity is: 

SI=37.4 + 7.4 4 ~4.8 ksi 

The. margin of. safety for ultimate strength .i.s: 

MS =83.4-1 0.86 

I 44.8

where:

Su 83.4 ksi (575 MPa)-Irrad rcaloy-4 Ultimate Strength Allowable (Fig 3-2 [541)

The margin of safety for yield strength is: 

.. .78.3 .  
MS = 8 1= 0.75 

44.8

where:

Y= 78.3 ksi (540Mpa) Irradiated Zircaloy4 Yield Strength Allowable (Fig 3-2 [54])
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The maximum, bearing- tess occuirs btween the bottom fuel rod andi the fuel tube._The beating 

stress is: 

17x0.000143x386.4x60x10.47E6 
Sbrg 0.591? = 21.6ksi 

The bending stress is. neglible because the maximum deflection is equal to the thickness of the 

lattice support stress. Therefore the top fuel rod is bounding.

11.2.16-7
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Definitions 
A1.1

HIGH BURNUP FUEL

FUEL DEBRIS

CONSOLIDATED FUEL

,A fuel asse~mbly having a bumuqp b4Ketwen45,Q000and 

%0,00 MWD/M'TU, which must be preferentially 

loaded in periphery positions of the basket".  

'An intact 1IGH BURNUP RLTEL assembly in which 

no more than 1 % of the, fuel rods. in -the. assembly 

have a peak cladding oxide thickniess greater than 80 

microns, and in which no .more than 13% of -the -fuel, 

.rods in the assembly have a _peak 9ieae 

thickness greater than 7.0 micron~s,.a~sl.determi~ned b~y 

measurement and statistical analysis, May be stored 

as INTACT FUEL.  

HIGH BURNUP F~UEL assemblies not meeting- the 

cladding oxide thickness, criteria for JNT -ACT FUEL 

,or that have an oxide layer. that hals-become detached 

or spalled from the cladding is stored as DAMAGED 

FUEL,.  

An intact or a partial fuel rod, or a ,n i *ndividual intact 

or partial fuel pellet not contained in afuel rod, Fuel 

debris is inserted into ~a 9 x .9 array ofjb§,i 

lattice th at has approximately the -sam e -dimensions as 

a standard fuel assembly.  

A nonstandard fuel configuration in -which the 

individual fuel rods from- one or m~ore -fuel, assemblies 

Are placed in a single contain~er or a lattice structure 

that is similar to a fuel as~sembly._ CONSQIJDATED 

FUELý i S.,s st or'ed i n a MA*I NE- Y A'N KEEJ3 F-U- EL- CAXN,

(continued)
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Definitions 
A1.1

SITEf,§P SEC"I-F-IC F U"EL

MAINE YANKEE FUEL CAN

spent fuel configurations, that __e_ tniqjo a-.siter 
reactor du~eto the addition of ote - pnetIo 

reco~nfigu~i~o~n of the. fuel assembly, at -hesite'. At 
includes fluell a-sslembl~ies,,whi~ch hold, nonfue-1.-7bearirig 
pqonpqnents 'such- as control _components, or 
in~strmntx andWiz puthimi~bles, or which are modified~ 
as. requird b expediency inreactor oPrtos 
research and dvlpeto.testing. Modificatio 
mayI con' ist ofidvdulf~jr, rmvl 

rep~aemntof similaror dissimilar- mteie7alor 
enrichment, the, instalation, remnovaorjepa ,c -emnt 
of burnable poison rods, or containerizing dagd 
fuel.  

Sie ppii fuel includes irradiated fuel assemblies 
designed 'with Yariabl e. enrichmnent_ and/oy Llaxial 
blankets,, fuel -that -is' -consolidated 'and' Jfuel- that 
exceeds design basis fuel parameters.  

Aspecially, designed stainless steel ~screened cani 
sized to, ho-ld INTACT -FUEL,, CONSOLIDATED 
FUEL- o-r `A MA G' -F -ELI'-T UE LYcre''"s-p -q c , 4",q 
the release of gross. partculate from th _a~ t _the 
canister cavity.
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Administrative Controls and Prgrams 
A 5.0 

Ak 5.5 NAC-UMS® SYSTEM Transport Evaluation Program 

This pr~ogram, provides a~, means for evaluating. various transport configurati ons and 

transport route conditions to ensure that the design basis drop limits are let. Forad ifting 
of the loaded TRANSFER, CASK, or CONCRETE CASK using•, deviceas, whichpare 

integral to a structure governed by 10OCFR Part 50 regulations, 10 CFR 5.0 req~uirements 

apply. This program is not applicable when the TRANSFER CASK or CONCRETE 

CASK is in the fuel building. or is_ being, handled by a device prvding supp4fo 

underneath (i.e., on a rail car, heavy haul trailer, air pads,, etc..).  

Pursuant to 10 CFR 72.212, this program shall evaluate wthes specificoponns _ orsir in 

'conditions.  

a.' The, liftheightabove the- ISS pad surface prescribed5 in Section B34.6of 

Appendix B to Certificate of Comp liance (CQoC_No. 1015 shall no exed th~e 

limits in. Table A5-1. ~Also, the program shaillensure that the, transport. route 

conditions (i.e., surface hardness and pad thickness). arp-quivalent to or less 

lim-iting than those, prescribed for the reference pad surface which forms the basis 

for the values cited in Section B3.4.6 of Appendix B to CoG No. 1~015.  

b.For site specific tran~sport conditions. which -are not bounded by the-sugr-face~ 

ceharacteristics in S~ection-B,3-.4.6,lof.Appendix.B -to CqC , I-01,Nteorg 

may evaluate the site specifc condi tions -to ensure ,that the, impact. 1.o~in gdue to' 

design basis drop events does not exceed 60g. This alternative analysis shall be 

commensurate with the drop analyses- described-in -the Safe-ty,,Analyslis R~epq4_for 

the NAC-UMS® SYSTEM~. The program shall ensure that th~ese altern~atiVe 

analyses are documented and controlled.  

C' The, TRANSFER CASK and CONCRETE CASK may, be lifted to td- higt 

.necessary to_ perform, cas-k-handling..operations,,.including CqANISTER-trqnsfer, 

provided the ,lifts are made with structures and components, . esi ped ",in 

accordance, with the, crite riaK specified in Section B3.5-of 'Appendix B, to' CqC 

No,. 1,015., as applicable.  

(continued) 
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A5.0 

A5,6 Controls and Requirements for Fuel Cooldown in Opening a Loaded Canister 

Cooldown requirements for UNLOADING a CANISTER installed in the TRkNSFER CASK 
occur in two steps. The first step is assuring exterior cooling of the CANISTER while it is in the 
TRANSFER CASK. The secondis interior, or fuel, cooling. The CANISTER is movedfrom 
the cONCRETE. CASK in accordance with the requirements of the procedure provided -..in 
Section 8.2.  

Prior to initiating CANISTER internal cooling, CANISTER exterior cooling must 'be 
accomplished in accordance with LCO 3.1.8. This LCO establishes that the, timedut for 
holding the CANISTER in the TRANSFER CASK shall not exceed 4 hours for either the PWR 
or BWR configurations, without forced air cooling. However, once.forced air cooling.is 
established, the time duration for holding the CANSTER in the TRANSFER CASK for either 
the PWR or BWR configuration is not limited.  

The loaded CANISTER is opened in accordance with the requirements of the unloading 
procedure for the CANISTER provided in Section 8.3. The procedure requires that spent f'el 
cooldown be accomplished using a nitrogen gas flush followed by a cooling water flow. These 
processes are administratively controlled to ensure satisfactory cooldown of the fuel ndto 
ensure that internal pressure limits for the CANISTER are not. exceeded.  

Internal cooling of the CANISTER and fuel requires a nitrogen gas flush for a 'inimum of 10 
minutes followed by a cooling water flow of 5 (+3, -0) gallons per minute at inlet pressure of 25 
(+10, -0) psig. The minimum temperature of the water is 70'F. Once established, coolingo water 
flow is maintained through the CANISTER until the outlet water temperature < 200'F. D.ring 
the cooling water flow period, the CANISTER pressure must be maintained less than or equa yt 
50 psig. The CANISTER internal pressure is maintained by control of the cooling waterfflow 
rate.  

once the CANISTER is full of water, with the outlet water temperature less tha i dl•orequa. to 
200'F, the shield lid may be separated from the canister to allow access to the spent fuel.

12A5-4



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

Administrative Controls and Progams 
A5.0 

A 5.7 V-erifcation of Oxide Layer Thickness on HI-gh Bumnup Fuel 

A verification _program is required to determine the, oxide layer thickness on high burnip fuel by 
measurement or by statistical analysis. A fuel assembly having a bunmup between_45,000 
MWD/MTU and 50,000 MWD/MTU is classified as high burnup. The verification pr~ogram 
shall be capable of classifying high burnup fuel as INTACT FtJEL or DAMAGED FUEL based 
on the following criteria: 

1. A H1IGH BUIRNUP FUEL assembly may .be stored as IN ,TACT FUEL provid -ed th -at n Io 
more than 1% of therods- in the assembly have a peak 9ladding oxide thickness 
greater than 80 microns, and that no more than 3.% of -the fuel rod's in, the assembly have a 
peak oxide layer thickness greater than 70 microns, and that the fuel assembly.is 

otherwise INTACT FUE4L.  

2. A HIGH BURNUP FUEL assembly not meeting the cladding oxide thickness criteria for 
INTACT FUL• or that has an oxide layer that is detached or spalled from the claddng iS 

stored as DAMAGED FUEL.  

fuel assembly, having a bu nup between 45,000 and 50,000 MWD/MTU must be 

preferentially loaded in periphery positions of the basket.
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Table 12A5-1 TRANSFER CASK and CONCRETE CASK Lifting Requirements 

Item Orientation Lifting Height Limit 

TRANSFER CASK Horizontal None Established 

TRANSFER CASK Vertical None Established' 

CONCRETE CASK Horizontal Not Permitted 

CONCRETE CASK Vertical 24 inches

Note: 

1. See Technical Specification A 5.5 (c).
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