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NAC Atlanta Corporate Headquarters
655 Engineering Drive
(A 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-00D 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:

e 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);

e 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;

e Incorporation of ISG-11, Revision 1, in Chapter 2, 4, 7, and 12;
e 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,

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 # 122511

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 UMSS-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 #1.22511

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 #1.22511

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 #1.22511

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 burnup 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-11, 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 #1.22511

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 axisymmetric 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® condition” vacuum® | backfill’V vacuum® backfill ¥
23 538 686 520 372 162 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 # 1.22511

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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Table 1-1 Terminology

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

Universal Transport The packaging consisting of a Universal Transport Cask body

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

Confinement System The components of the Transportable Storage Canister intended

to retain the radioactive material during storage.

Contents

Standard Fuel

ithéieﬁdg;ﬁ;tiﬁg i

‘For BWR fuel. the
channel is considered to be integral hardware.

The design basis fuel characteristics. and analysis are based on
the standard fuel configuration.

Consolidated Fuel A nonstandard fuel confipuration if which. the ihdividual atact
uRETeSry

fuel rods from one or more fuel assemblies are placed in a single
Container oF 3 1aHice SIracHure that 16 siilar 0. Fuel assembly:

Intact Fuel R fuel assembly, or fuel Tod with mo fusl Fod cladding defedts o
:‘A§§?¥?§?Y‘ or Rod) with known or suspected fuel Tod cladding defects not. groater
(Undamaged Fuel) than pinhole leaks or hairline cracks:

-

S
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Table 1-1 Terminology (Continued)

ispected._cladding

Damaged Fuel A fuel assembly or fuel rod with known or s
(Failed Fuel) defects greater than pinhole leaks or hairline cracks.
Déiiiagfcd'ﬁiéi mustbeplacedmaMameYankeeFuelCan

High Burnup Fuel

greater than 70 rmcrons, a; determmed by rneasurem)_h_‘_s
statistical analysis, may be stored as intact fuel.

ha‘ become detached or spalled from thc c]addlng is. stored as
damaged fuel,

Site Specific Fuel

A ijﬁmspn‘ rods or contmnenmng damaged fuel

AT ey et TR AT

Site, specific_fuel includes_irradiated. fuel assemblies designed
w1th variable ,ennchmentsiand/or a;ual _blankets;: fuel that":'ls

RetEy
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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 des1gned to facilitate filling with water and subsequent
draining. Water ﬁlls and drams freely between the basket dlSkS 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
three 1 3 mch dtameter holes in each of the dlSkS that are 1ntended to prov1de addmonal paths for

mch above the canister bottom to fac1htate water ﬂow to the dram line. These de51 gn 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 corners of the basket array 1s 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 camster is also demgned to facﬂltate f1111ng w1th water and subsequent drammo k

inch- dlameter hole in each of the dlSkS that is mtended to prov e an additional path for. water
flow between disks. The basket bottom weldment supports th elu_;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 watqr flow to the drain ml}me, 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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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

Revision UMSS-00C

Drawing
Number

Title

Revision
No.

No. of
Sheets

790-501

Canister/ Basket Assembly Table, NAC-UMS®

2

1

790-559

Assembly, Transfer Adapter, NAC-UMS®

IR

790-560

Assembly, Transfer Cask (TFR) NAC-UMS®

§

o

790-561

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

3
5

790-562

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

A

I

790-563

Lid, Vertical Concrete Cask (VCC), NAC-UMS®

790-564

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

790-565

Nameplate, Vertical Concrete Cask (VCC), NAC-UMS®

— T

790-570

Fuel Basket Assembly, 56 Element BWR, NAC-UMS®

790-571

Bottom Weldment, Fuel Basket, 56 Element BWR,
NAC-UMS®

[N S £

Rt DD L RO

790-572

Top Weldment, Fuel Basket, 56 Element BWR, NAC-UMS®

N

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®

790-582

Shell Weldment, Canister, NAC-UMS®

790-583

Assembly, Drain Tube, Canister, NAC-UMS®

790-584

Details, Canister, NAC-UMS®

790-585

Transportable Storage Canister (TSC), NAC-UMS®

Q00 TR TN TN XY

790-590

Loaded Vertical Concrete Cask (VCC), NAC-UMS®

790-591

Bottom Weldment, Fuel Basket, 24 Element PWR,
NAC-UMS®

(S IR

L B o YO B NS IR N NS I 06 )
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License Drawings

(Continued)
Drawing Revision No. of
Number Title No. Sheets
790-592 | Top Weldment, 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
790-605 | BWR Fuel Tube, Over-Sized Fuel, NAC-UMS® 5 2
1.8.2 Site Specific Spent Fuel Iicense Drawings
Drawing Revision NOOf
Number | Title No. | Sheets
412-501 | Spent Fuel Can Assembly, Maine Yankee (MY), NAC-UMS® 2 1
412-502 | Fuel Can Details, Maine Yankee (MY), NAC-UMS® 2 4
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2 1 3 1 2 The maJor physxcal desrgn parameters of the Mame Yankee fuel ‘can are provrded in
Table 2.1.3.1-3. The structural evaluatxon of the Maine Yankee s1te ‘specific fuel conﬁguratlons
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 0.958 KW.

2.13.16  Maine Yankee Site Specific Spent Fuel Preferential Loading

The estimated Maine Yankee site specific spent fucl inventory is shown in Table 2.1.3.1-1.

schemes using 1 the corner posruons result pnmarlly frorn shreldrng or cntrcahtfy evaluatrons of the
designated fuel configurations.

rnamtam the desrgn basrs heat load and componenf temperature hrmts Loadmg tables, Wthh

Mame Yankee fuw can), 1f the claddmg ox1de layer crltena are not. me, or 1f the“oxrde layer is
detached or spalled from the cladding.” Since the. transportable storage. canister is tested to be

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

2.13-5
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Fuel assemblies with a control element. inserted will be loa
eased‘ ngth-of the assembly with the control element

for storage and transpo t due e
1nstalled However these assembheslhakre

not restricted as to. 1oadmg posmon W1th1n the basket

2.13.1.7 Maine Yankee High Burnup Fuel

There are mnety (90) Mame Yankee k_fu\ t'sembhes that have achreved a burnup between 45, 000

bumup less than‘45 OOO MWD/MTU) but have desrgn drfferences that support the hlgh bumup
objective.

The Combustion Engmeermg 14“ &

mtemal pressure,’

b i nd

ad ‘ ‘nd‘: duct1hty to maintain the fuel rod mtegnty
throughout all COIldlthHSyOf storage ‘The technical details of the DOE sponsored res

include hot cell exammatxons of ‘actual 1rradxated fue] from the Fort Calhoun [22]\,andp0conee
[23] reactors

The pubhshed reports conclude that there is an 1ncrease in the y1e1d and uItlmate strengths of the

_the ywlds and ultuna_te strcngths..of thq thcal,,oy,ssclgdsimg_‘..wnh; .es.ccgr@pqnslmg,,d@c,;rc.,asgtin.‘thié

2.1.3-6
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change Sngﬁcantly _during the
un and Mame Yankee fuels are essentlally 1dentlcal and

MWD/MTU) are essentlally 1dentlcalwto those of the fuel assemblies with burnup less than
45,000 MWD/MTU

confmement analy\ is required for the h,lgh bgmup&,fgﬁl,:
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Figure 2.1.3.1:1 Preferential Ioading Diagram for Maine Yankee Site Specific Spent Fuel

2158
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3.3 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.

33.1 Primary Component Materials

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

Canister shell ASME SA-240, Type 304L stainless steel
Canister bottom plate ASME SA-240, Type 304L stainless steel
Canister shield lid ASME SA-240, Type 304 stainless steel
Canister structural lid ASME SA-240, Type 304L stainless steel
Support disks
PWR basket ASME SA-693, Type 630, 17-4 PH stainless steel
BWR basket ASME SA-533, Type B Class 2 carbon steel
Heat transfer disks ASME SB-209, Type 6061-T651 aluminum alloy
Spacer nuts ASME SA-479, Type 304 stainless steel
Tie rods ASME SA-479, Type 304 stainless steel
Basket end weldments ASME SA-240, Type 304 stainless steel
Fuel tubes ASTM A-240, Type 304 stainless steel

to those of the SA—24O matenal SA 182 Type 304L stamless el n stituted for S.
240 Type 304L stamless steel for the structural Lid prov1ded that the SA 182 matenal has yxeld
and ultlmate strengths greater than or equal to those of the SA-240 matena]

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 transfer cask are;:

Inner shell ASTM A-588 low alloy steel
Outer shell ASTM A-588 low alloy steel
Bottom plate ASTM A-588 low alloy steel
Top plate ASTM A-588 low alloy steel
Retaining ring ASTM A-588 low alloy steel
Trunnions ASTM A350, LF2 low alloy steel
Shield doors and rails ASTM A350, LF2 low alloy steel
Retaining ring bolts 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
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44.3 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°F.

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.

44’331 Max1mum Temperatures at Reduced Total Heat 1.oads

dISkS support d1sw_4,,w

At heat loads Ie\

conﬁguratlons are evaluated using the ANSYS models descnbed in Sectlon 4.4.13,

The analysis results for ‘the PWR fuel conﬁguratlon are’ shown in . Table 4 4 3 5 w1th a

e e, R .

compartsdn' to the results for the design’ bas1s _heat

A S e T

-6 These ;esults

shown m Table 4 4 3. 6 and snmlar t0 the PWR fuel evaluanon, there is no. time hrmt for cases

4.4.3-2
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4.5.1.2 Maximum Allowable Heat Loads for Maine Yankes Site Specific Spent Fuel

0uts1de of the claddmg temperature evaluatxon prese edtm Sectlon 4, 4 7,.0r be sub1ect fo. all of

these deferences

Maximum allowable clad temperatures and decay heats are evaluated for:

1. FPuel with’ bumup in excess of 45000 MWD/MIU (maximum 50,000
MWD/MTU),
2. Preferential loading patterns with hotter fuel on the penphery of the basket, and

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

spalledfurom_the*glad ng. Since the transportable storage camster is_tested to be leak tight, no
additional confinement analysis is required for the high burnup fuel;

4.5-15
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45121  Maximum Allowable Temperature and Decay Heat for 50,000 MWD/MTU Fuel

To evaluate higher bumnup fuel, cladding oxidation layer thickness and fission gas release fractions are
established, ‘Maine Yankee reports that for high burnup fuel rods (i.e e.. rod peak burnup_up to 55,000
MWD/MTU) ABB/Combustlon Engmeenng Incorporated i 1mposes a cladding oxide layer thickness

limit and reports that the maximum gas release fraction (fuel peliet to

rod plenum in intact fuel rods) is less than 3% [36]. Therefore, the allowable cl dmgrte’rn§rature
calculatlons employ.a claddmg omde layer thickness of 0.012 cm (120 microns). This is conser e

w1th respect to t > 80 nncronwcladdmg oxide layer thickness conside r high burnup fuel that i 1s
loaded as intact fuel.” A 12% release fraction, established for standard PWR. fuel burned up.to 45,000
MWD/MTU is conservatxvely apphed to higher burup PWR fuel.,

T

method | p :ented in. Sechon 4, 4 7 and a cladchng oxxdatlon layer thxckness

of the 50 OOO MWD/MTU results in'the hmltmg cladding temperatures ‘shown in Table 4.5.1.2-2.
which considers the 1% ¢ creep. strain limit. The e resuiting maximum_ allowable heat. Ioa per
canister for fuel assemblies with burnup of 50,000 MWD/MTU is fisted in Table 4.5.1.0:3;

45122  Preferential Loading with Hotter Fuel on the Periphery of the Basket

bamsfheat load for ch fUMS thermal analys1s is 23 kWL _uniformly. dxstnbuted
c ser the basket structural

b e~ Syend

components at ¢
Mame Yankee fu

umfonn]y (all 24 fuel assemblles w1th the same’ burnup and cool time, 1'e’ the

.samedegay@heat).

2. Fuel ‘assemblies that are expected to exceed the design’ basis heat load of 0.958
kW ‘per. assembly (maxxmum heat per assembly léss than 1.05 kW),

4.5:16
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7.4 Confinement Evaluation for Site Specific Spent Fuel

ANy e Xt B 2

; ssembly type or conﬁgurat' ’ns

conﬁnernent boundary of 1 e‘camster that is 1ntended for use or when the conﬁguratton could
result in a hrgher 1nternal pressure or temperature > than is used. 1n the design basis analysrs

74.1 Confinement Evaluation for Maine Yankee Site Specific Spent Fuel

Méiﬁé‘ Yaﬁké”e‘" 'te; specrﬁc spent fuel is to be. stored in either . the Class 1 or.Class 2
Transportabl; Storage Camster"‘dependmg on the overall length of the fuel assembly, including

mserted non fuel»beanng components " These canisters are closed by welding and are mspected
and tested to confirm the leak tight condition,

Srte spec1ﬁc fuel mcludes fuel ha m - vari ble ennchment rad1a1 zomng patterns and annular

S do“ not. result in_a_canister pressure or
temperature that exceeds the caw er des1gn basrs Smce the camsters are leak trght there is no
] eci ic spent fuel.

in the PWR basket Damaged fuel is

AT e

pOSlthIl 1n the PWR basket.

7.4-1




THIS PAGE INTENTIONALLY LEFT BLANK



SAR - UMS® Universal Storage System October 1999
Docket No. 72-1015 Revision UMSS-99D

Table of Contents (Continued)

11.2.6.4 COITECHIVE ACHOMNS ..c.vervrrrrrrirrieriererieiessessaeeesasesessesseesaessenseessesssessessesses 11.2.6-3
11.2.6.5 Radiological IMPacCt........ccccceerievrinriniiinineseei et 11.2.6-3
11.2.7 Maximum Anticipated Heat Load (133°F Ambient Temperature) ..........c..o.ou.... 11.2.7-1
1.2.7.1 Cause of Maximum Anticipated Heat Load ..........cceeveurnenene. rrreaenssnssnes 11.2.7-1
11.2.7.2 Detection of Maximum Anticipated Heat Load............c..cccovvreeecrennns.. 11.2.7-1
11.2.7.3 Analysis of Maximum Anticipated Heat Load ............eceecvvcrnninrenccennnnes 11.2.7-1
11.2.7.4 COITECtIVE ACHONS ...cveveueiiirieieriirinieriereeesiestesesssiasieesesveesessesseeresbeneseas 11.2.7-2
11.2.7.5 Radiological IMPaCt.......c.cccouiiiireiiirineniiininieresiesiesiese e enens 11.2.7-2
11.2.8 Earthquake EVENT .o.oveiiiiie ettt ae et eb s evnaeas s v enn e 11.2.8-1
11.2.8.1 Cause of the Earthquake Event.......cccccocecvviininnnininsiinenseseeceienns 11.2.8-1
11.2.8.2 Earthquake Event Analysis.........ocveemereveeieciinineniesesesseieeesesssesnenas 11.2.8-1
11.2.8.3 COITECHIVE ACHONS ...ccueriiiererrenieierinientestserisetesceseeseesesessassessseseeseesessaneas 11.2.8-8
11.2.8.4 Radiological IMpact......c..iccccviiirriernnininrinrestecenicree e eve e snns 11.2.8-8
L1.2.9 FIOO ..ottt sttt et sb e e seesaeseebeebens 11.2.9-1
11.2.9.1 Cause of FI0O.....ccooveirriieirreieeee et s et rs e 11.2.9-1
11.2.9.2 Analysis Of FIOOG.......cccouviimmiirine ettt 11.2.9-1
11.2.9.3 COITECtiVE ACHOMNS ..veveurirerrrerirrererierisesiesestssesessasseressesesssssssessesessessssesens 11.2.9-5
11.2.9.4 Radiological IMPAaC.......cccccvvrirrrrriinieeirinirieseeeesteseerereesesseesse e s nenens 11.2.9-5
11.2.10 Lightning SIKE....ceveiriereieteieeiee sttt renene et ere s 11.2.10-1
11.2.10.1 Cause of Lightning Strike.......cccoceeivriiirenneiirenieieieeeceeeseesnenenns 11.2.10-1
11.2.10.2 Detection of Lightning StriKe ......cccccocviirvvarinininneniciiieneeciesn e 11.2.10-1
11.2.10.3 Analysis of the Lightning Strike Event..........cccoeeeeieeieeveneeecrennn, 11.2.10-1
11.2.10.4 COITECHIVE ACHOIS ...cvivevirrerieeeesresttesieseeseessaaseessesbee s eresresressesnseeseans 11.2.10-4
11.2.10.5 Radiological IMpact..........occeeverieerereeeeeeiccieieeeeee v 11.2.10-4
11.2.11 Tornado and Tornado Driven MisSiles..........ccoovveereieeveiiiiiieeeeeeeereeee e 11.2.11-1
11.2.11.1 Cause of Tornado and Tornado Driven Missiles ...........cccceevevrvrnenee. 11.2.11-1
11.2.11.2 Detection of Tornado and Tornado Driven Missiles .........cccvevnn.e. 11.2.11-1
11.2.11.3 Analysis of Tornado and Tornado Driven Missiles..........ccceevvevrneene. 11.2.11-1
11.2.11.4 COITECTIVE ACHOMS ...eeverrerirrereeieeeeteiescereeeaerteessessessessassessesennenesens 11.2.11-13
11.2.11.5 Radiological IMPACt...........coeeeuecirirenieierieiireicere e 11.2.11-13
11.2.12 Tip-Over of Vertical Concrete CasK........oceueverevmeeeeieiereciriereeeeeeeecieeseneneeae. 11.2.12-1
11.2.12.1 Cause Of Cask TIp-OVET ...c.coovmimmriririririeeeecericieteeneeec e 11.2.12-1
11.2.12.2 Detection of Cask Tip-OVET .....c.cccuermririirirenireciriireereesieeerce e 11.2.12-1

11-iii



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

Table of Contents (Continued)

11.2.12.3 Analysis 0f Cask Tip-OVer.......cccocovivivvoreiineeeeeeeeeeeeeee oo, 11.2.12-1
11.2.12.4 Analysis of Canister and Basket for Cask Tip-Over Event.............. 11.2.12-11
11.2.12.5 COITECtIVE ACHONS c.cvviiririieiereiisie ettt e e 11.2.12-69
11.2.12.6 Radiological IMPaCt.......cccccviiierriniiririiiirrerecceeeecees et 11.2.12-69

11.2.13 Full Blockage of Vertical Concrete Cask Air Inlets and Outlets oo 11.2.13-1
11.2.13.1 Cause of Full BIOCKAZE.........covivevivereiiieeeeeeeee oo 11.2.13-1
11.2.13.2 Detection of Full BIOCKAZE...........c.cocoovviiiieeeeeeeeeeeeeeeeeeee e reee e, 11.2.13-1
11.2.13.3 Analysis of Full BIOCKAEE .......c.cooveueeiieiiireeereeeeeeeee e 11.2.13-1
11.2.13.4 COITECtIVE ACHONS . .veviriiieteetecee ettt eeasenans 11.2.13-2
11.2.13.5 Radiological IMPAaCt........ccecvvvirimerirerieeeeeeeseeeece e eee e e 11.2.13-2
11.2.14 Camster Closure Weld Evaluatlon .................................................................... 11.2.14-1

11.2.15 Accf

Spemﬁc Mame ankee Spe Fus"
11.2.16 Damaged Fuel Assembly Hardware Evaluation

LE3 REIEIEIICES vttt ettt et e et e e e e e ee et 11.3-1

11-1v



SAR - UMS® Universal Storage System September 1999
Docket No. 72-1015 Revision 1

Figure 11.1.1-1
Figure 11.1.1-2
Figure 11.1.1-3
Figure 11.1.1-4
Figure 11.1.3.1-1
Figure 11.2.4-1

~ Figure 11.2.4-2
Figure 11.2.4-3
Figure 11.2.4-4
Figure 11.2.4-5
Figure 11.2.4-6
Figure 11.2.4-7
Figure 11.2.4-8
Figure 11.2.4-9
Figure 11.2.6-1
Figure 11.2.11-1
Figure 11.2.12.4.1-1
Figure 11.2.12.4.1-2

Figure 11.2.12.4.1-3
Figure 11.2.12.4.1-4

List of Figures

Concrete Temperature (°F) for Off-Normal Storage Condition

106°F Ambient Temperature (PWR Fuel) ... 11.1.1-3
Vertical Concrete Cask Air Temperature (°F) Profile for Off-Normal

Storage Condition 106°F Ambient Temperature (PWR) Fuel) ............... 11.1.1-4
Concrete Temperature (°F) for Off-Normal Storage Condition

-40°F Ambient Temperature (PWR Fuel).......ccceeveevenieinececieereene, 11.1.1-5
Vertical Concrete Cask Air Temperature (°F) Profile for Off-Normal

Storage Condition -40°F Ambient Temperature (PWR Fuel) ................. 11.1.1-6
Canister Finite Element Model.........cccocovveeeieciiiiiienicceeeeci e 11.1.3-4
Concrete Cask Base Weldment ..........cooveeveeeeinininieceececeeeeenn 11.2.4-13
Concrete Cask Base Weldment Finite Element Model.......................... 11.2.4-14
Strain Rate Dependent Stress-Strain Curves for Concrete Cask Base

Weldment Structural Steel.......oovvveevevieiecieciicicieceeesecr e 11.2.4-15

Acceleration Time-History of the Canister Bottom During the

Concrete Cask 24-Inch Drop Accident With Static Strain Properties...11.2.4-16
Acceleration Time-History of the Canister Bottom During the

Concrete Cask 24-Inch Drop Accident With Strain Rate Dependent

PrOPEITIES ...c.eviireniieieet ettt ens s 11.2.4-17
Quarter Model of the PWR Basket Support Disk .......cccccocvvvvnnerennnnan. 11.2.4-18
Quarter Model of the BWR Basket Support Disk.......cccococvcvninnnnnnnnne. 11.2.4-19
Canister Finite Element Model for 60g Bottom End Impact.................. 11.2.4-20
Identification of the Canister Section for the Evaluation of

Canister Stresses due to a 60g Bottom End Impact..........ccceeeceerinrennee. 11.2.4-21
Temperature Boundary Condition Applied to the Nodes of the Inlet

for the Fire Accident Condition ..........ccooveeveiiiiiiiieeeecice e 11.2.6-4
Principal Dimensions and Moment Arms Used in Tornado
Evaluation.......cccoeniiniieienee e, 11.2.11-14
Basket Drop Orientations Analyzed for Tip-Over Conditions —

PWR ettt s 11.2.12-26
Fuel Basket/Canister Finite Element Model —PWR...........ccccccococ.... 11.2.12-27
Fuel Basket/Canister Finite Element Model — Canister..........c............ 11.2.12-28
Fuel Basket/Canister Finite Element Model — Support Disk —

PWR ot 11.2.12-29



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

Figure 11.2.12.4.1-5

Figure 11.2.12.4.1-6
Figure 11.2.12.4.1-7
Figure 11.2.12.4.1-8
Figure 11.2.12.4.1-9
Figure 11.2.12.4.1-10
Figure 11.2.12.4.2-1

Figure 11.2.12.4.2-2
Figure 11.2.12.4.2-3

Figure 11.2.12.4.2-4
Figure 11.2.12.4.2-5
Figure 11.2.12.4.2-6
Figure 11.2.12.4.2-7
Figure 11.2.13-1

Figure 11.2.13-2

Figure 11.2.15.1.2-1
Figure 11.2.15.1.2-2

Figure 11.2.15.1.5-1
Figure 11.2.15.1.5-2

Figure 11.2.16-1
Figure 11.2.16-2

List of Figures (Continued)

Fuel Basket/Canister Finite Element Model — Support Disk

Loading — PWR.......cccccceiiiiie e 11.2.12-30
Canister Section Stress LoCAtONS.......o.veeeeerereeeeeeeeeeeeeeceees 11.2.12-31
Support Disk Section Stress Locations —~ PWR — Full Model ............. 11.2.12-32
PWR —109.7 Hz Mode Shape........ccecevevevrveveierererereeececeeceereeeeneeeens 11.2.12-33
PWR —370.1 Hz Mode Shape........ocoevvveeeveeerererirereeeeeceeeeee e 11.2.12-34
PWR —371.1 Hz Mode Shape.........cccooevevererereeeeieeeeseeeee e 11.2.12-35
Fuel Basket Drop Orientations Analyzed for Tip-Over

Condition — BWR ...cooovmiiiiieeieeeete e 11.2.12-52
Fuel Basket/Canister Finite Element Model - BWR..........cccoennn..... 11.2.12-53
Fuel Basket/Canister Finite Element Model —~ Support

Disk = BWR ..ottt 11.2.12-54
Support Disk Section Stress Locations — BWR — Full Model.............. 11.2.12-55
BWR —79.3 Hz M0de Shape ........cocouveurevereeeceercceeeieeeeeeeee e, 11.2.12-56
BWR —80.2 HZ Mode Shape .........covevvevieiieeeeeeeeeeeeee e 11.2.12-57
BWR —210.9 Hz Mode Shape ........cccoeuvurierierirereeeeeceee e 11.2.12-58
PWR Configuration Temperature History—All Vents Blocked............ 11.2.13-3
BWR Configuration Temperature History—All Vents Blocked........... 11.2.13-3
Two-Dimensional Support Disk MOl .........veeeeeveroeeeooorroooo 11.2.15-8

PWR Basket Irnpact Onentatl ns a.nd Case Studyf_Loadmg
Posmons for Mame Yankee Cons :
Two-Dimensional Beam Finite Element Model for Maine

S T T 11,2.15-26
Mode Shape and First Buckling Shape for the Maine Yankee

Fuel Rod

112,159

Modal Shapéfénd First Buckling Mode Shape for a Fuel Rod with 2
MESSING GII....oovvvreverrrrsineeeriosnssnesssosseesessseeessesscesesseessseessees s 11.2.16-3

11-vi



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

11.14 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! .

11.14.1 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.

11.14.2 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 femperature monitoring is to ensure that the passive_cooling system is

contmulng to operate normally 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.

11.1.44 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.

11.1.4-2
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Soil Properties

s et

layer density of 127 pef (E = 31,900 psi); and (2) 4.5-foot thick | upper layer densxty of 130 pef, with

el S

a 10—foot tthk lower layer denSIty of 127 pcf.. The Poisson’s Ratio (v:) of the| soﬂ is 0. 45

upper layer density of 135 pcf. (Modulus of Elasticity, E = - 162, 070 ps1), W1th a 10-foot thick lower

Summary of Design Basis ISFSI Pad Parameters

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

Concrete thickness 36 inches maximum

Pad subsoﬂ tluckness 10 feet minimum

< 4,000 psi at 28 days
125<p <140 lbs/ft3

Soﬂ 1n plac‘ dens1 \ﬁy~(p) 20. v
Soﬂ Modulus >f lElast1c1ty < 60, ,000 psi (PWR): or
< 30,000 psi. (BWR)

The concrete pad maxunum thickness. excludes the ISFSL pad.footer;: The compressive strength of
th Section 5.6 of ACI-318 with concrete . acceptance in

the concrete IS determmed 1n accordanc

accqrdguce :_wxﬂ],‘the“ks,ame(‘\secku Steel remforcement 1s used in the pad and ‘footer The so1l
modulus of elasticity is determined according to the test method described in ASTM D4719.

Vertical Concrete Cask Properties

The rﬁateiiai ‘pr‘opem‘e'sf used in the mo

analys1s results ~o the LS-DYN odels and determme the Epeak acceleratlons The: resultmg

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

11.2.154
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ses that 1 were mun, Ther max1mum acceleratlons at

structural lid are tabulated for all of the analysis ca
the two key locations on the canister for the PWR Class 1 and Class 3 configurations are:

Position Measured from the Bottom
of the Concrete Cask (inches)

Acceleration (g)
34.2
316

Component Location Class 1 Class 2

St e

Top Support Disk 176.7 185.2
Top of the Canister Structural Lid 197.9 207.0

fa=tiets SO0t

Th impact accelerations for the vertical
to be slightly higher than those. reported*m Sectxon 11.2.12.3.1 for. the d681gn-bas1s
‘Therefore pcak acceleraﬂons are. ca]culated for the top support disk and are ‘evaluated

Ca e loaded only in the' fou:r corner. pos_x,gggs of the basket , SegF1gure 11, 2_ 15. 1;2;_2;?ifor
comer positions.)  Therefore, the bounding case for Maine Yankee is the basket configuration, with

117153

s
[eztarihen S
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f@eﬁfy“ (20)MameYankee ’ hﬁéi”f"é'é?éiﬁﬁifégfﬁifee (3) fuel cans’containing spent fuel, and one (1)

;ankee‘ “standard CE

S-S

s

;’“Mame Yankee ?ue] can

dlSkS (40g) due 10 heﬁVertlcal Concrete Cask UD—OVCI' accident as shown in Sectton 11 2 12

T 5 Y SR A 4 s R

in the four Mame Yankee fuel can loadmg»c\ S

Case | Basket Position 1 | Basket Position 2 | Basket Position 3 | Basket Posifion 4
1 Consolidated Damaged Damaged Damaged
2 Damaged Consolidated Damaged Damaged
3 Darnaged Damaged Darrfaged Consolidated
4 ‘l')'éi‘rﬁéééa Damaged ifé?ié‘éiiﬁ?ﬁté“d Damagéd

g s S

evaluated ased on the mammum secuonal stress mn the suppoxt d1sk :f't‘As shown in. the table, the

112156
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for\the design basis: PWR conﬁguranon is, +0 97 and +0, 05 for Pn andP + Pb stresses, respectlvely
(See Table“\ll 2.12 4'1-4) Therefore, itiis. further demonstrated that the maximum. stress in the
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Figure 11.2.15.1.2-1  Two-Dimensional Support Disk Model
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The buckling calculation used the same model employed for the mode shape calculation. The load
that would potentlally buckle th, fuel rod m\the end drop 1s due to the dece]eranou of the rod. This
r d by applymg aw '1 g acceleratton, m the ”d1rect10n that would result m

compresswe loadmor of the fuel rod The accelerauon requlred to buckle the fuel rod is computed
to be 39 Og ThIS acceleratlonl much h1gher th,\‘, 3 he effectlve g—load of 14 6g cornespondmg to
the end drop. Therefore, the fuel rods do not buckle during a 60g end drop.

11.2.15-25
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Figure 11.2.15.1.5-1 Two-Dimensional Beam Finite Element Model for Maine Yankee Fuel Rod

safcy
o

H A LT CNO 0o A O 4 FALL S TN I 00 WS 0D L8 L5 LEN U O O rous o

Typical lateral
displacement
boundary condition

Typical node number

7
e

Vertical restraint applied at
the base of the fuel rod

v,
D=0 DS et
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11216 Damaged Fuel Assembly Hardware Evaluation

Th1s schon addresses the potentlal buckhng and structural failure of a fuel rod in ank assembly with

0.023

Claddmg den31ty (lb/m3) 0.237
Fuel pellet density (lb/1n3) 3 0.396
Fuel pellet Modulus of Elastlmty (ps1) 13.0 x 10°

Zircaloy cladding Modulus of Elasticity (psi) | 10.47 x 10°

-The 'c1ad&i‘ﬁgtﬁic“""‘e;sj’" 1as been reduced by an oxidation layer of 80 microns (0.003 inch).  The
ulus of elasticity is conservatively reduced 50%, The modulus of elasticity of the
zlrcaloy cladding is taken from ISG-12 [50]

The elevatmns of the gnds m the model‘\j:measured from the bottom of the fuel ’assembly 23,
51.85,70.7, 189.6, 108, 4,127.3 and 144, 9‘(mches) ‘The gnd at 51.85 mches is assumed located. at
62.3 inches.

With the gnd rmssmg, ‘the frequency of the fundamental lateral mode shape is 7.9 Hz. The natural
frequency of th Afundamental ‘extensional mode was detenmned to¥ be. \2}18 9. Hz The DLF 1s
computed to be 0 27’resu1tmg in aneffectlve acceleratlon of 0 072 x ‘60 4. 3 gv !Usmg the same
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N T T T T S e R

Fngfgévll‘2~16;1 FI‘wo-Dxﬁlensxbnal Beam FEM for. Fuel Rod with Missing Grid

sl b

e e s
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First Lateral Dynamic First Buckling Mode
Mode Shape at 7.9 Hz Shape at 14.8g
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Structural ~E{zéii§éﬁ6ﬁ of MameYankeeFueﬁRodma"Fuel 'K§§éjﬁbi”g’i‘ifv“i‘ii*i"é”l"\?liééfh ‘g" Grid

fuel asse bly The span. between support gnds is assumed to be 60 0 mches (actual span is 49 5
inches).

Analysis Input:
Ectad
Clad density
Fuel density
Cross-Sectional ares;

Anet 0.122 in®

The mass of the fuel rod per unit length is:

_0. 396(0 122 )+0. 237(0 0‘30)‘_ 0 ooo 43“» ‘

e~ Bt RN

EI for the fuel rod is:

EIclad—1047E6 (0 22 - 0197 )

= 68781b-in’

153781b m'-2

- = FRNINIZG I At s A L 4

EI 6878+15378 22 %56 lb 1n

During

maxnnurn deﬂectlon of . a fuel rod 1s based on the fuew
58 inches [51]. The maximum
pitch is across the diagonal of the fuel assembly. The maximum pitch is:

side drop, the

_The pitch (center {0 center spacmg) of fuel rods

d ‘058

—082

.sin45 |

11.2.16-4
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The maximum deflection of a fuel rod is at the top of the fuel assembly and the minimum
deflection is at the bottom of the fuel assembly.

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

deflection is:

“3%4E1 384(EL,,)

384A(E1m1)
' ; s Selt

The cladding bending stress is given by the equation:

Inserting the equation for °g’:

I 384ACE,,
Lo A0

The bending stress in the fuel rod is:

'S ‘384><608><022><1047E6‘_374k |
o 40(e0) ;

where:
¢=022inch _ distance from center of fuel rod to extreme outer fiber
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The bearing stress between two fuel rods under 2 60g load is:

Sbrg i 0 591 [ 0 SQLV [©. “099143 x§86 AHx60x10; 471§§:

where:

h L 044+°44

The stress intensity is:
SI=374+7.4=44.8ksi
The margin of safety for ultimate sirength is:

Ms_&'f-—-l o 86
o448

where:

Revision UMSS-00D

_74k [53]

i Betno i i

Su = 83.4 ksi (575 Mpa) Iradiated Zircaloy-4 Ultimate Strength Allowable (Fig 3-2 [54])

The margin of safety for yield strength is:

MS-—7—8——3—-1 075
. 44.8

where:

Sy=78.3 kst (540 Mpa) Irradiated Zircaloy-4 Yield Strength Allowable  (Fig 3-2 {54])
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ey

The maximum bearing stress, occurs between the bottom fuel rod and the fuel tube. The bearing

stress is:
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Definitions
Al.l

HIGH BURNUP FUEL

FUEL DEBRIS

CONSOLIDATED FUEL

\"ffﬁé1f~‘2i§§éiiibiy'Hsi%)iii'g a bumupbetween 45,000 and

[ ust >be preferentlally

r 2 partial fuel rod or an individual intact

3\ pelle _ot contamed in a fuel rod, .Fuel

debns 1s msened mto a 9 X9 anay of tubes.in .a

lattice that has approximately the same dimensions as

astandard fuel assembly.

A nonstandard fuel configuration in_ which_ the
individual fuel rbdstffc'iﬁf’dﬁe or more fuel assemblies

are. placed ina s’,__gle container. or a lattice. structure
that is similar to a fuel assembly. CONSOLIDATED
FUEL is stored ina MAINE YANKEE FUEL CAN

(continued)
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All

SITE SPECIFIC FUEL

[ R ek

MAINE YANKEE FUEL CAN Aw"specmlly de31gned stamless steel (screened can

canister cavity.
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Administrative Controls anlProérams
AS50

A55 NAC-UMS® SYSTEM Transport Evaluation Program

RS S ey

This )program provides a_means. for ‘evaluating various _transport conﬁguratxons and

S AR i S e T

transport route condmons to ensure that the des1gn bas1s drop lnmts are met ’F

Pursuant to 10 CFR 72.212; this program shail evaluate the site specific transport route

conditions:

a The lift height above the ISFSI pad surface prescribed in Section B3.4.6.of
Appendlx B to Certlﬁcate of Comphance (CoC) No. 1015 shall not exceed the

S

t . Also, the program shall ensure _that the
condmons (1 e.. surface hardness and pad thickness) are equivalent to. or: less
limiting 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 CoC No. 1015.

b. For s1te specific transport condmons Wthh are not bounded ‘by:the surface
: 1 .. 1015, the program

may evaluate the site specific' conditions to ensure_that the “impact loading due to

des1gn basm drop events‘does not exceed 60gi.f4 Th1s alternatlve analysts shall be

the NAC~U1\/[S® SYSTEM ‘The program shallw ensure that these. alternatrve
analyses are documented and controlled.

f !Appendlx B t0,CoC

‘w~" T T A

No 1015 asapphcable

(continued)
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estabhshed the time duratron for holdmg the CANIST.ER in the TRANSFER CASK ‘for elther
the PWR or BWR conﬁguratron 1s not hmlted

processes are adrmmstratlvely controlled to ensure satlsfactory cooldown of ‘the fuel and to
ensure that internal pressure limits for the CANISTER are not exceeded

Internal coohng of the CANISTER and fuel reqmres a mtrogen gas ﬂush fora mmnnum of 10
mmutes followed by a coohng water flow of 5 (+3 -O) gallons per?mmute at mlet pressure of 25

(+10 —O) ps1g The rmmmum temperature of the

the coolmg water ﬂow penod the CANISTER pressure must be mamtamed less than or equal to
50 psrg "The CANISTER mtemal pressure is mamtamed by control of the coohng water ﬂow
rate;

200°F the shield hd may be separated fromlthe canister to allow access 0 thw pent fuel
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Administrative Controls and Programs
A30

A5.7 Verification of Oxide Layer Thickness on High Burnup Fuel

oﬁherwxsc INTACT FUEL

2. A HIGH BURNUP FUEL ‘assembly not meeting the cladding oxide thickness :
INTACT FUEL or that has an oxide layer that is detached or spalled 1 from‘the cladding i is

stored as DAMAGED FUEL

A fuel assembly, having 4 burnup beweén 45,000 and 50,000 MWD/MITU, st Be
preferentialy loaded in periphery positions of the baskel.
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TRANSFER CASK and CONCRETE CASK Lifting Requirements
Table 12A5-1

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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