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Appendix A.1.4.3
NUHOMS®-24PTH DSC
NOTE: References in this Appendix are shown as [1 ], [2], etc. and refer to the reference list in
Section A.1.4.3.4.

A.143.1 NUHOMS®-24PTH DSC Description

Each NUHOMS®-24PTH DSC consists of a DSC shell assembly and a basket assembly. The
shell assembly consists of a cylindrical shell, the inner cover plates of the top and bottom shield
plug assemblies and outer top cover plate. The DSC shell assembly is designed, fabricated and
inspected in accordance with ASME B&PV Code Subsection NB [1]. Alternatives to the code
are provided in Chapter A.2, Appendix A.2.13.13. As shown in Table A.1.4.3-1, the 24PTH
‘DSC system consists of three design configurations as follows:

e 24PTH-S, Short Canister including “F” version
e 24PTH-L, Long Canister including “F” version
e 24PTH-S/LC, short canister with long cavity including “F” version

Table A.1.4.3-1 provides the overall lengths and outer diameters for each 24PTH DSC
configuration. The shell assemblies are high integrity stainless steel welded pressure vessels that
provide confinement of radioactive materials, encapsulate the fuel in an inert atmosphere (the
canister is back-filled with helium before being seal welded closed), and provide biological
shielding (in axial direction). The 24PTH DSCs have double redundant seal welds that join the
shell and the top and bottom cover plate assemblies to seal the canister. The bottom end
assembly welds are made during fabrication of the 24PTH DSCs. The top end closure welds are
made after fuel loading. Both top plug penetrations (siphon and vent ports) are redundantly
sealed after the 24PTH DSC drying operations are complete.

The canister is designed to contain its fuel basket and fuel assemblies, and is completely
supported by the transport cask. Under normal transport conditions, the canister rests on four
canister rails attached to the inside of the aluminum inner sleeve of the transport cask.

A.1432 NUHOMS®-24PTH DSC Fuel Basket

The basket structures are designed, fabricated and inspected in accordance with ASME B&PV
Code Subsection NG[1]. Alternatives to the code are provided in Chapter A.2, Appendix
A.2.13.13. The overall lengths and diameters of the baskets for each canister configuration are
provided in Table A.1.4.3-1. The details of the 24PTH fuel baskets are shown in the drawings in
Section A.1.4.10.4 of Appendix A.1.4.10. The 24PTH baskets are designed to accommodate 24
intact or up to 12 damaged, with up to 8 failed fuel cans loaded with failed fuel with the
remainder intact, PWR fuel assemblies with or without Control Components (CCs). The basket
structure consists of a welded assembly of stainless steel tubes with the space between adjacent
tubes filled with aluminum and neutron poison plates and surrounded by support rails.

The basket structure is open at each end. Therefore, longitudinal fuel assembly loads are applied
directly to the canister/cask body and not the fuel basket structure. The fuel assemblies are
laterally supported by the stainless steel tube assembly. The basket is laterally supported by the
basket rails and the canister shell. The stainless steel and aluminum basket rails are oriented
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parallel to the axis of the canister, and are attached to the periphery of the basket to provide
support, and to establish and maintain basket orientation.

Shear keys, welded to the inner wall of the DSC, mate with notches in the basket support rails to _ |
prevent the basket from rotating during normal operations.

Aluminum and/or neutron absorbing poison plates are. sandwiched between the fuel
compartments. The poison plates are constructed of either borated aluminum or Metal Matrix
Composites (MMCs) or Boral® that provide criticality control and together with the aluminum
plates provide a heat conduction path from the fuel assemblies to the canister wall. Table
A.1.4.3-6 provides the minimum B10 content as a function of basket type and poison plate
material. Table A.1.4.3-7 provides the maximum allowable heat load for the various 24PTH
DSC configurations for transport.

The failed fuel assemblies are to be placed in individual Failed Fuel Cans (FFCs). Each FFC is
constructed of sheet metal and is provided with a welded bottom closure and a removable top
closure which allows lifting of the FFC with the enclosed damaged assembly/debris. The FFC is
provided with screens at the bottom and top to contain fuel debris and allow fill/drainage of
water from the FFC during loading operations. The FFC is protected by the fuel compartment
tubes and its only function is to confine the failed fuel.

A.1433  NUHOMS®-24PTH DSC Contents

Each of the NUHOMS®-24PTH configurations is designed to transport intact (including
reconstituted) and/or damaged and/or failed PWR fuel as specified in Table A.1.4.3-2 and Table
A.1.4.3-4. The fuel to be transported is limited to a maximum assembly average initial
enrichment of 5.0 wt. % U-235. The maximum allowable assembly average burnup is limited to
62 GWd/MTU and the minimum cooling time requirements are given in Table A.1.4.3-2. The
24PTH DSC is also designed to transport Control Components (CCs) with thermal and
radiological characteristics as listed in Table A.1.4.3-3. The CCs include Burnable Poison Rod
Assemblies (BPRAs), Thimble Plug Assemblies (TPAs), Control Rod Assemblies (CRAs), Rod
Cluster Control Assemblies (RCCAs), Axial Power Shaping Rod Assemblies (APSRAs), Orifice
Rod Assemblies (ORAs), Vibration Suppression Inserts (VSls), Neutron Source Assemblies
(NSAs), and Neutron Sources.

Partial Length Shield Assemblies (PLSAs) for the Westinghouse 15x15 class, where part of the
active fuel is replaced with steel are also included as authorized contents.

Reconstituted assemblies containing up to 10 replacement stainless steel rods per assembly or
unlimited number of lower enrichment UO; rods are acceptable for storage in 24PTH DSC as
intact fuel assemblies. The stainless steel rods are assumed to have two-thirds the irradiation
time as the remaining fuel rods of the assembly. The reconstituted UO, rods are assumed to have
the same irradiation history as the entire fuel assembly. The reconstituted rods can be at any
location in the fuel assemblies. The maximum number of reconstituted fuel assemblies per DSC
is given in Table A.1.4.3-2.

NUH09.0101 ’ A.1.4.3-2
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‘ The NUHOMS®-24PTH DSCs can also accommodate up to a maximum of 12 damaged fuel

' - assemblies placed in cells located at the outer edge of the DSC as shown in Figure A.1.4.3-6.
Damaged PWR fuel assemblies are assemblies containing missing or partial fuel rods, or fuel
rods with known or suspected cladding defects greater hairline cracks, or pinhole leaks. The
extent of damage in the fuel rods is to be limited such that a fuel assembly needs to be handled
by normal means. The DSC basket cells which accommodate damaged fuel assemblies are
provided with top and bottom end caps.

The NUHOMS®-24PTHF DSC, an alternative version of NUHOMS®-24PTH DSC, is designed
to accommodate up to a maximum of 8 failed fuel assemblies encapsulated in individual failed
fuel cans and placed in cells located at the outer edge of the DSC as shown in Figure A.1.4.3-6.
Failed fuel is defined as ruptured fuel rods, severed fuel rods, loose fuel pellets, or fuel
assemblies that cannot be handled by normal means. Fuel assemblies may contain breached
rods, grossly breached rods, and other defects such as missing or partial rods, missing grid
spacers, or damaged spacers to the extent that the assembly cannot be handled by normal means.

Fuel debris and damaged fuel rods that have been removed from a damaged fuel assembly and
placed in a rod storage basket are also considered as failed fuel. Loose fuel debris, not contained
in a rod storage basket may also be placed in a failed fuel can for storage, provided the size of the
debris is larger than the failed fuel can screen mesh opening and it is located at a position of at
least 10” above the top of the bottom shield plug of the DSC.

. Fuel debris may be associated with any type of UO, fuel provided that the maximum uranium

content and initial enrichment limits are met. The total weight of each failed fuel can plus all its |
contents shall be less than 1682 Ib. |

A 24PTH DSC containing less than 24 fuel assemblies may contain either empty slots or dummy
fuel assemblies in the empty slots. The dummy assemblies are unirradiated, stainless steel
encased structures that approximate the weight and center of gravity of a fuel assembly.

Al434 References

1. American Society of Mechanical Engineers, ASME Boiler and Pressure Vessel Code, |
Section 111, Division 1 - Subsections NB, NG and NF, 1998 edition including 2000 Addenda.
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‘ Table A.1.4.3-1
Key Design Parameters of the NUHOMS®-24PTH System. |
24PTH DSC Type
Parameter 24PTH-S 24PTH-L -24PTH-S-LC
. 186.55 192.55 186.67 |
DSC Length (in) (Maximum) (Maximum) (Maximum)
DSC Outside Diameter (in) 67.19 67.19 67.19 |
DSC Cavity Length (in) 169.60 175.10 173.28 |
Basket Length (in) 168.60 174.10 172.28 |
Basket Diameter (in) 65.94 65.94 65.94

Note: Unless stated otherwise, nominal values are provided.

NUH09.0101
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Table A.1.4.3-2
PWR Fuel Specification for the Fuel to be Transported in the NUHOMS®-24PTH DSC

(Part 1 of 2)

PHYSICAL PARAMETERS:

FFuel Class

Intact or damaged or failed unconsolidated B&W 15x15, WE
17x17, CE 15x15, WE 15x15, CE 14x14 and WE 14x14 class
PWR assemblies (with or without control components) that are
enveloped by the fuel assembly design characteristics listed in
Table A.1.4.3-4. Equivalent reload fuel manufactured by same
or other vendors but enveloped by the design characteristics
listed in Table A.1.4.3-4 is also acceptable.

Damaged Fuel

Damaged PWR fuel assemblies are assemblies containing
missing or partial fuel rods or fuel rods with known or
suspected cladding defects greater than hairline cracks or
pinhole leaks. The extent of cladding damage in the fuel rods
is to be limited such that a fuel assembly needs to be handled
by normal means.

Damaged fuel assemblies shall also contain top and bottom
end fittings or nozzles or tie plates depending on the fuel type.

Failed Fuel

Failed fuel is defined as ruptured fuel rods, severed fuel rods,
loose fuel pellets, or fuel assemblies that cannot be handled by
normal means. Fuel assemblies may contain breached rods,
grossly breached rods, and other defects such as missing or
partial rods, missing grid spacers, or damaged spacers to the
extent that the assembly can not be handled by normal means.
Fuel debris and damaged fuel rods that have been removed
from a damaged fuel assembly and placed in a rod storage
basket are also considered as damaged fuel. Loose fuel debris,
not contained in a rod storage basket may also be placed in a
failed fuel can for storage, provided the size of the debris is
larger than the failed fuel can screen mesh opening and it is
located at a position of at least 10 above the top of the
bottom shield plug of the DSC.

Fuel debris may be associated with any type of UO, fuel
provided that the maximum uranium content and initial
enrichment limits are met. The total weight of each failed fuel
can plus all its contents shall be less than 1682 Ib.

Partial Length Shield Assemblies (PLSAs)

WE 15x15 class PLSAs with following characteristics are
authorized:

e Maximum burnup, 40 GWd/MTU
e Minimum cooling time, 10 years
e Maximum decay /feat, 900 Watts

Reconstituted Fuel Assemblies:

e  Maximum No. of Reconstituted Assemblies per DSC
with Irradiated Stainless Steel Rods

e Maximum No. of Irradiated Stainless Steel Rods per
Reconstituted Fuel Assembly

e Maximum No. of Reconstituted Assemblies per DSC
with Unlimited Number of Low Enriched UOQ, Rods

. and/or Unirradiated Stainless Steel Rods and/or Zr
Rods or Zr Pellets

24
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‘ Table A.1.4.3-2 |
PWR Fuel Specification for the Fuel to be Transported in the NUHOMS"-24PTH DSC

(Part 2 of 2)

e Upto 24 CCs are authorized for storage in 24PTH-S, 24PTH-L, and 24PTH-
S-L.C DSCs.

e Authorized CCs include burnable poison rod assemblies (BPRAs). thimble
plug assemblies (TPAs). control rod assemblies (CRAs). rod cluster control

Control Components (CCs) assemblies (RCCASs). axial power shaping rod assemblies (APSRAs). orifice
rod assemblies (ORAs), vibration suppression inserts (VSlIs). neutron source
assemblies (NSAs). and neutron sources.

e Design basis thermal and radiological characteristics for the CCs are listed in
Table A.1.4.3-3.

Nominal Assembly Width for Intact and 8.536 inches

Damaged Fuel Assemblies Only

No. of Intact Assemblies <24

Up to 12 damaged fuel assemblies. Balance may be intact fuel assemblies. empty

slots. or dummy assemblies depending on the specific heat load zoning

configuration.

No. and Location of Damaged

Assemblics Damaged fuel assemblies are to be placed in Locations A and/or B as shown in

Figure A.1.4.3-6. The DSC basket cells which accommodate damaged fuel
assemblies are provided with top and bottom end caps.

Up to 8 failed fuel assemblies. Balance may be intact and/or damaged fuel
assemblies. empty slots, or dummy assemblies depending on the specific heat
load zoning configuration.

No. _ocation of Failed Assemblies ; 5 i : ; a
and Jocation:ot Failed oD Failed fuel assemblies are to be placed in Location A as shown in Figure

A.1.4.3-6. Failed fuel assembly/fuel debris is to be encapsulated in an individual
. failed fuel can (FFC) provided with a welded bottom closure and a removable top
closure.
Maximum Assembly plus CC Weight 1682 lbs
THERMAL/RADIOLOGICAL
PARAMETERS:
Fuel Assembly Average Burnup and Per Table A.1.4.3-5, Table A.1.4.3-8. Table A.1.4.3-8A and decay heat and

minimum Cooling Time!"® burnup credit restrictions below.

Maximum Decay Heat'” Limits for Zones | Per Figure A.1.4.3-1 or Figure A.1.4.3-2 or Figure A.1.4.3-3 or Figure A.1.4.3-4
1, 2. 3. and 4 Fuel or Figure A.1.4.3-5.

Type 1 Basket

<26.0 kW for 24PTH-S and 24PTH-L DSCs with decay heat limit for Zones 1.
2. 3 and 4 as specified in Figure A.1.4.3-1, or Figure A.1.4.3-2, Figure A.1.4.3-3
or Figure A.1.4.3-4.

Decay Heat"" per DSC Type 2 Basket

Same as Type 1 Basket except €26.0 kW/DSC and < 1.3 kW/fuel assembly for
24PTH-S and 24PTH-L DSCs.

<24.0 kW for 24PTH-S-LC DSC with decay heat limits as< 24.0 kW for 24PTH-
S-L DSC (Type 2 Basket) specified in Figure A.1.4.3-5.

Per Table A.1.4.3-8 for intact fuel assemblies and per Table A.1.4.3-8A for all
Juel assemblies when damaged and/or failed fuel assemblies are loaded.

Burnup Credit Restrictions'" The maximum cooling time shall not exceed 160 years.

Notes:

(1) Minimum cooling time is the longer of that given in Table A.1.4.3-5; that calculated via the decay heat equation given
in Table A.1.4.3-9 based on the restrictions provided in Figures A.1.4.3-1, A.1.4.3-2, A.1.4.3-3 or A.1.4.3-4; and
Table A.1.4.3-8 or Table A.1.4.3-8A.
(2) An additional cooling time of 8 years is required for damaged and/or failed fuel assemblies in addition to that obtained
. from Table A.1.4.3-5, when 5 or more damaged and/or failed fuel assemblies are loaded.

NUH09.0101 A.1.4.3-6
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Table A.1.4.3-3

Thermal and Radiological Characteristics for Control Compohents Transported in the

NUHOMS® -24PTH DSC

BPRAs, NSAs, CRAs,
RCCAs, VSIs, Neutron
Sources and APSRAs

TPAs and ORAs

Parameter
Maximum Gamma Source
_+_ ~
(y/5e¢/DSC) 9_.3E 14 9.8E+13
Decay Heat (Watts/DSC) 192.0 192.0
A.1.4.3-7
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Table A.1.4.3-4
PWR Fuel Assembly Design Characteristics for the NUHOMS®-24PTH DSC

B&W WE CE WE CE WE
Assembly Class 15x15 17x17 15x15 15x15 14x14 14x14
24PTH-S 165.75 165.75 165.75 165.75 165.75 165.75
Max
Unirradiated | 24PTH-L 171.93 171.93 171.93 171.93 171.93 171.93
Length (in)”
24PTH-S-LC 171.93 | NA® NA® NA® NA® NA®
Fissile Material U0, U0, U0, U0, U0, U0,
Maximum MTU/Assembly"” 0.49 0.482 0482 | 04829 | 0482 0.482
Maximum Number of Fuel Rods 208 264 216 204 176 179
Maximum Number of Guide/ 17 25 9 21 5 17
Instrument Tubes

(1) Maximum Assembly + Control Component Length (unirradiated)
(2) The maximum MTU/assembly is based on the shielding analysis. The listed value is higher than the actual.

(3) Not Authorized.

(4) The maximum MTU/assembly for WE 15x15 PLSA = 0.33.

NUH09.0101
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Table A.1.4.3-5
PWR Fuel Qualification Table for NUHOMS®-24PTH DSC

(Minimum required years of cooling time after reactor core discharge)

BU Assembly Average Initial U-235 Enrichment, wt. %

%WFB/ 0.7(0.810.9{1.041.1(1.2{1.3(1.4(1.5(1.6{1.7(1.8(1.9(2.0(2.1({2.212.3({2.4(2.5(2.612.7(2.812.9{3.0(3.1[3.2(3.3[3.4(3.5(3.6]13.7(3.8(3.9(4.0{4.1{4.214.3(4.4(4.5[4.6|4.7(4.814.9(5.0
10 10.0{10.0]10.0}10.0}10.0{10.0110.0]10.0]10.0]10.0}10.0|10.0]10.0]10.0]10.0{10.0}10.010.0]10.0]10.0{10.0]10.0110.0{10.0{10.0]10.0]10.0{10.0]10.0}10.0]10.0]10.0{10.0]10.0{10.0{10.0}10.0}10.0}10.0]10.0]10.0]10.0}10.0]1 0.0
15 10.0}10.0[10.0}10.0§10.0}10.0]10.0]10.0{10.0]10.0§10.0]10.0]10.0{10.0{10.0{10.0]10.0{10.6]10.0]10.0]10.0]10.0}10.0}10.0}10.0{10.0]10.0{10.0]10.0§10.0110.0]10.0]10.0]10.0{10.0]10.0{10.0{10.0{10.0{10.0]10.0]10.010.0]10.0

.20 10.0}10.0]10.0}10.0]10.0{10.0]10.0]10.0]10.0§10.0{10.0]10.0]10.0]10.0}10.0}10.0]10.0110.0]10.0]10.0]10.0{10.0]10.0]10.0{10.0]10.0]10.0{10.0{10.0{10.0]10.0]10.0{10.0{10.0{10.0{10.0{10.0]10.0]10.0{10.0]10.0{10.0[10.0]10.0
25 B L .. 110.0]10.0{10.0]10.0}10.0]10.0]10.0]10.0{10.0§10.0]10.0{10.0]10.0]10.0}10.0]10.0§10.0{10.0{10.0{10.0]10.0{10.0{10.0]10.0]10.0}10.0{10.0]10.0{10.0]10.0{10.0}10.0{10.0{10.0{10.0}10.0

28 10.0[10.0]10.0]10.0]10.0]10.0{10.0{10.0]10.0}10.0]10.0{10.0§10.0]10.0{10.0]10.0}10.0]10.0]10.0§10.0]10.0}10.0]10.0{10.0}10.0]10.0}10.0{10.0{10.0{10.0]10.0}10.0

- 30 10.010.0]10.0]10.0]10.0]10.0}10.0}10.0}10.0{10.0{10.0}10.0]10.0]10.0}10.0]10.0]10.0]10.0]10.0}10.0]10.0}10.0{10.0{10.0{10.0{10.0]10.0}10.0]10.0]10.0]10.0]10.0
32 10.0010.0110.0]10.0]10.0{10.0]10.0§10.0§10.0]10.0110.0{10.0§10.0}10.0110.0§10.0]10.0{10.0]10.0}10.0§16.0]10.0}10.0§10.0}10.0110.0§10.0§10.0}10.0§10.0{10.0}1 0.0,
‘34 10.0§10.0[10.0{10.0{10.0{10.0]10.0{10.0]10.0]10.0{10.0}10.0}10.0}10.0{10.0{10.0{10.0§10.0}10.0{10.0{10.0]10.0}10.0]10.0]10.0}10.0}10.0}10.0{10.0}10.0]10.0{10.0
36 10.0[10.0}10.0110.0§10.0]10.0]10.0]10.0]10.0]10.0{10.0}10.0]10.0{10.0{10.0]10.0]10.0]10.0{10.0}10.0}10.0§10.0]10.0}10.0]10.0]10.0]10.0]10.0]10.0}10.0]10.0{10.0
38 10.0]10.0}10.0]10.0]10.0{10.0]10.0]10.0[10.0]10.0}10.0]10.0}10.0{10.0]10.0{10.0]10.0{10.0]10.0{10.0{10.0{10.0{10.0{10.0}10.0]10.0]10.0}10.0]10.0{10.0]10.0]10.0
39 10.0]10.0410.0}106.0[10.0{10.0]10.0{10.0]10.0}10.0]10.0]10.0}10.0]10.0{10.0]10.0}10.0]10.0}10.0{10.0}10.0]10.0110.0{10.0{10.0]10.0}10.0{10.0]10.0{10.0]10.0]10.0
40 10.0{10.0]10.0]10.0]10.0}10.0]10.0{10.0]10.0]10.0]10.0]10.0{10.0]10.0{20.0]10.0]10.0]10.0]10.0J10.0{10.0]10.0{10.0{10.0}10.0]10.0{10.0]10.0110.0§10.0{10.0]10.0
41 10.0]10.0[10.0]10.0]10.0§10.0{10.0[10.0{10.0]10.0]10.0]10.0{10.0}10.0}10.0{10.0{10.0]10.0}10.0{10.0{10.0]10.0}10.0]10.0}10.0]10.0]10.0}10.0{10.0}10.0{10.0{10.0

' 42 1.¢ B = 110.0]10.0§10.0]10.0]10.0]10.0]10.0]10.0]10.0}10.0]10.0{10.0]10.0{10.0}10.0]10.0§10.0]10.0{10.0]10.0][10.0]10.0]10.0}10.0

.43 - 410.0110.0{10.0}10.0]10.0{10.0{10.0]10.0]10.0}10.0]10.0{10.0{10.0]10.0{10.0]{0.0]10.0§10.0[10.0]10.0{10.0](0.0}}0.0{10.0
44 ;0 110.0110.0{10.0}10.0]10.0{10.0]10.0]10.0{10.0}10.0{10.0{10.0]10.0]10.0]10.0{10.0]10.010.0}10.0]10.0§10.0]10.0]10.0{10.0
‘45 - ]10.0{10.0}10.0]10.0}10.010.0]10.0310.0{10.0]10.0{10.0110.0}10.0{10.0{10.0}10.0{10.0}10.0]10.0]10.0{10.0]10.0]10.0{10.0
46 -+, ]10.5010.0]10.0110.0}10.0]10.0{10.0]10.0}10.0]10.0]10.0}10.0}10.0§10.0]10.0§10.0{10.0]10.0]10.0}10.0]10.0{10.0}10.0{10.0
47 ~ |11.5011.0]10.0]10.0]10.0{10.0110.0]10.0}10.010.0]10.0{10.0]10.0]10.0{10.0]10.0}10.0]10.0]10.0]10.0]10.0}10.0]10.0]10.0
48 Not Analyzed 12.5]12.0]11.0]10.5]10.0]10.0110.0]10.0]10.0]10.0]10.0]10.0]10.0]10.0}10.0]10.0}10.0]10.0{10.0]10.0]10.0§10.0{10.0]10.0
49 5 11.5]11.0]10.5}10.0]10.0{10.0]10.0}10.0{10.0}10.0]10.0}10.0]10.0]10.0]10.0]10.0§10.0{10.0}10.0{10.0{10.0
50 12.5]12.0]11.5]10.5]10.0]10.0{10.0]10.0]10.0]10.0]10.0}10.0{10.0]10.0{10.0{10.0]10.0]10.010.0]10.0]10.0
51 13.5]13.0]12.0]11.5]11.0]10.0}10.0]10.0]10.0{10.0{10.0]10.010.0}10.0]10.0{10.0]10.0]10.0]10.0{10.0]10.0
52 - 13.5]13.0112.5{12.0{11.0410.5]10.0]10.0]10.0{10.0{10.0]10.0]10.0}10.0]10.0]10.0]10.0]10.0{10.0}10.0
53 14.5[14.0]13.5]13.012.5}11.5{10.5{10.0{10.0]10.0]10.0]10.0]10.0{10.0{10.0]10.0§10.0}10.0]10.0{10.0
54 w2 115.0]14.0114.0]13.0]12.5{12.0{11.0]10.0{10.0]10.0{10.0]10.0]10.0]10.0]10.0}10.0]10.0]10.0{10.0
55 § -116.0]15.0115.0414.0]13.512.5]12.0}11.5§10.5]10.0]10.0{10.0{10.0]10.0]10.0{10.0]10.0]10.0{10.0
56 ) 16.5{16.0]16.0115.0{14.513.5113.0}12.0]1.1.5{11.0§10.0]10.0]10.0]10.0{10.0]10.0]10.0]10.0}10.0
Y57 o hroheshs.sliasiiaohiaoli2. siishinolios|to.o]io.olio.olio.0l10.0f10.0]10.0
58 ~ 18.5)17.5016.5}15.5]15.0)14.5113.5112.5]12.0411.5}10.5]10.0}10.0}1.0.0}10.0]10.0}1 0.0,
59 X ;: 19.5]18.5]17.5]17.0]16.0]15.0]14 5[14.0]13.0]12 5{11.5]11.0{10.0{10.0§10.0J10.0]10.0
60 .]20.5]19.5419.0]18.0]17.0]16.0{15.5]15.0{14.0]13.5{12.5]12.0}11.0]10.5]10.0{10.0{10.0
6l - 21.5]20.5}20.0]19.0]18.0{17.5]16.5]16.0}15.0]14.5]13.5{13.0]12.5{1 1.5]10.5]10.0]10.0
62 22.5]21.5]21.0§20.0419.5]18.5{17.5]17.0{16.0]15.5}14.5]114.0]13.5}12.5]11.5{11.0{10.5

Note:  Next page provides the explanatory notes and limitations regarding the use of this table.
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‘ Notes: Table A.1.4.3-5:

e BU = Assembly average burnup.

e Use burnup and enrichment to lookup minimum cooling time in years. Licensee is
responsible for ensuring that uncertainties in fuel enrichment and burnup conservatively
applied in determination of actual values for these two parameters.

e Round burnup UP to next higher entry, round enrichments DOWN to next lower entry.

e Fuel with an initial assembly average enrichment either less than 0.7 or greater than 5.0 wt.%
U-235 is unacceptable for fransport. |

e Fuel with a burnup greater than 62 GWd/MTU is unacceptable for transport.

e Fuel with a burnup less than 10 GWd/MTU is acceptable for transport after 10-years cooling.

e Example: An assembly with an initial enrichment of 4.85 wt. % U-235 and a burnup of 41.5
GWd/MTU is acceptable for transport after 10-year cooling time as defined by 4.8 wt. % U-
235 (rounding down) and 42 GWd/MTU (rounding up) on the quahﬁcatlon table (other
considerations not withstanding).

e Even though cooling times less than 15 years are shown in this table the minimum cooling
time requirement for criticality from Table A.1.4.3-8 and Table A.1.4.3-8A for transportation
is 15 years.

o The cooling times of failed, damaged, and intact assemblies are identical. However, when
loading five or more damaged and/or failed fuel assemblies per DSC, an additional cooling
time of 8 years is required for only damaged and/or failed fuel assemblies.

NUH09.0101 . A1.43-10
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‘ Table A.1.4.3-6
B10 Specification for the NUHOMS®-24PTH Poison Plates

Minimum B10 Areal Density, gm/cm’

Natural or Enriched Boron
NUHOMS®-24PTH DSC Aluminum Alloy / Metal Matrix
Basket Type " Composite (MMC) Boral®

1A or 2A .007 .009

1B or 2B .015 .019

1C or2C .032 .040
Notes:
) Basket Type 1 contains aluminum inserts in the R45 transition rails; Type 2 does not contain aluminum
inserts.

NUH09.0101 A.1.4.3-11
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Table A.1.4.3-7
Maximum Allowable Heat Load for the NUHOMS®-24PTH DSC
24PTH ' Max. Heat Load
DSC Type Basket Type!?® (kW) per DSC
24PTH-S or 24PTH-L®™ 1A, 1B, or 1C 26.0
24PTH-S or 24PTH-L" 2A, 2B, or 2C 26.0
24PTH-S-LC" 2A, 2B, or 2C 24.0
Notes:
(1) Allows storage of control components.
(2) Basket Type 1 (1A, 1B, 1C) has heat conductive aluminum inserts in the R45 basket
- transition rails.
(3)

Basket Type 2 (2A, 2B, 2C) does not have heat conductive aluminum inserts in the R45

basket transition rails.

NUH09.0101
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Table A.1.4.3-8 '
Acceptable Average Initial Enrichment / Minimum Burnup Combinations for NUHOMS®-24PTH — Intact
Fuel Assemblies

(Part 1 0of 2)
WE 17x17, WE 15x15, BW 15x15, CE 14x14, and CE 15x15 assembly classes
(VE?ZIZIET};?;) Type A Type B Type C Type A Type B
1.55 fresh - - fresh -
1.65 - fresh - - fresh
1.80 - - fresh - -
. Burnup (GWd/MTU), Burnup (GWd/MTU),
15 years decay 30 years decay
2:00 18 14 8 17 12
2.25 19 19 15 19 18
2.50 24 21 19 21 19
2.75 28 24 20 25 21
3.00 32 28 23 30 26
3.25 35 31 28 31 30
3.50 39 34 31 35 32
3.75 41 38 33 38 35
4.00 44 39 36 40 37
4.20 47 43 38 42 39
4.40 50 45 41 45 41
_ 4.60 - 48 43 48 43
4.80 - 50 45 50 45
: : 5.00 - - 47 - 47

NUH09.0101 A.1.4.3-13
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Table A.1.4.3-8 '
Acceptable Average Initial Enrichment / Minimum Burnup Combinations for NUHOMS®-24PTH —
Intact Fuel Assemblies

(Part 2 of 2)
WE 14x14 assembly class
(. % U235) Type A Type B
1.80 fresh -
1.95 - fresh
Burnup (GWd/MTU), Burnmup (GWd/MTU),
30 Years decay 15 Years decay
2.00 6 5
2.25 11 : 9
2.50 17 14
2.75 19 18
3.00 20 19
3.25 24 21
3.50 28 25
3.75 31 29
4.00 32 31
4.20 34 33
4.40 37 35
4.60 39 37
4.80 41 -39
5.00 42 41
Notes:
e Use burnup and enrichment to lookup minimum cooling time in years. Licensee is responsible for

ensuring that uncertainties in fuel enrichment and burnup are conservatively applied in determination
of actual values for these parameters (uncertainty in enrichment to be added and uncertainty in burnup
to be subtracted)

Interpolation can be performed to determine the burnup for enrichment values (between 2.00 wt. %
U-235 and 5.00 wt. % U-235) that are not explicitly shown herein. Alternatively, the burnup value
corresponding to the next higher enrichment may be utilized.

Extrapolation shall not be performed to determine burnup requirements.

The burnup of the “fresh” assemblies is 0. For a given configuration, the enrichment corresponding
to “fresh” in this Table is the maximum enrichment above which a burnup value is needed for fuel
assemblies to qualify for transportation.

An additional burnup of 3 GWD/MTU is required for loading fuel assemblies with control rod
insertion deeper than 20 cm inside the active fuel during depletion.

This table cannot be utilized to determine minimum burnup requirements when damaged and/or
failed fuel assemblies are loaded. Table A.1.4.3-84 shall be utilized for this purpose.

NUHO09.0101 A.1.4.3-14
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Table A.1.4.3-8A

Acceptable Average Initial Enrichment / Minimum Burnup Combinations for NUHOMS®-24PTH—
All Fuel Assemblies when Damaged Fuel Assemblies are Loaded

(Part 1 of 2)
WE 17x17, WE 15x15, BW 15x15, CE 14x14, and CE 15x15 assembly classes
(\S:ro]/ila]?ggts) . Type A Type B Type C Type A Type B
1.55 fresh - - fresh -
1.65 - fresh - - fresh
1.80 - - fresh - -
Burnup (GWd/MTU), Burnup (GWd/MTU),
v 15 Years decay 30 Years decay
2.00 19 .16 10 19 14
2.25 21 21 17 21 20
2.50 26 23 21 23 21
2.75 30 26 22 27 23
3.00 34 30 25 32 28
3.25 37 33 30 33 32
3.50 41 36 33 37 34
3.75 43 40 35 40 37
4.00 46 41 38 42 41
4.20 49 45 40 44 43
4.40 - 47 43 47 45
4.60 - 50 45 50 47
4.80 - - 47 - 49
5.00 - - 49 - -
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' Table A.1.4.3-8A

Acceptable Average Initial Enrichment / Minimum Burnup Combinations for NUHOMS®-24PTH—
All Fuel Assemblies when Damaged Fuel Assemblies are Loaded

(Part 2 of 2)
WE 14x14 assembly class
(o, %6 U235 Type A Type B

1.80 fresh -

1.95 - fresh

Burnup (GWd/MTU), Burnup (GWd/MTU),
30 Years decay 15 Years decay

2.00 10 8
2.25 15 13
2.50 20 18
2.75 24 20
_3.00 28 23
3.25 30 27
3.50 32 31
3.75 34 32
4.00 36 34
4.20 38 37
4.40 41 39
.} 4.60 42 41
4.80 45 44
g 5.00 46 46

Notes:

®  Use burnup and enrichment to lookup minimum cooling time in years. Licensee is responsible for
ensuring that uncertainties in fuel enrichment and burnup are conservatively applied in determination
of actual values for these parameters (uncertainty in enrichment to be added and uncertainty in burnup
to be subtracted)

® Interpolation can be performed to determine the burnup for enrichment values (between 2.00 wt. %
U-235 and 5.00 wt. % U-235) that are not explicitly shown herein. Alternatively, the burnup value
corresponding to the next higher enrichment may be utilized.

e Extrapolation shall not be performed to determine burnup requirements.

®  The burnup of the “fresh” assemblies is 0. For a given configuration, the enrichment corresponding
to “fresh” in this Table is the maximum enrichment above which a burnup value is needed for fuel
assemblies to qualify for transportation.

® An additional burnup of 3 GWD/MTU is required for loading fuel assemblies with control rod
insertion deeper than 20 cm inside the active fuel during depletion.

®  This table is utilized to determine the minimum burnup requirements for all fuel assemblies (intact,
damaged, and/or failed) whenever damaged and/or failed fuel assemblies are loaded.
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Table A.1.4.3-9
PWR Assembly Decay Heat for Heat Load Configurations

The Decay Heat (DH) in watts is expressed as:

F1=-44.8 + 41.6*X1 = 37.1¥X2 + 0.611*X1% — 6.80*X1*X2 + 24.0*X2?
DH = FI*Exp({[1-(1.8/X3)]* -0.575} *[(X3-4.5)"'®1*[(X2/X 1) *'*7]) + 20

where,
F1 Intermediate Function
X1 Assembly Burnup in GWD/MTU
X2 Initial Enrichment in wt. % U-235
X3 Cooling Time in Years (minimum 10 years)

Note: Even though a minimum cooling time of 10 years is used, the minimum cooling time
requirement for criticality from Table A.1.4.3-8 and Table A.1.4.3-84 is 15 years.

NUH09.0101 A.1.4.3-15
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| ZoNE 1

Zone 1 | Zone 2 | Zone 3 | Zone 4
Maximum Decay Heat (kW/FA)""? 1.7 NA NA NA
Maximum Decay Heat per Zone (kW) 26.0 NA NA NA
Maximum Decay Heat per DSC (kW) 26.0

(1) Decay heat per fuel assembly shall be determined per Table A.1.4.3-9.
(2) If storing a CC with the fuel assemblies, reduce allowable decay heat (DH) by heat output
of CC.

Figure A.1.4.3-1
Heat Load Zoning Configuration No. 1 for 24PTH-S and 24PTH-L DSCs

’ (with or without Control Components)

NUH09.0101 A.1.43-16
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EMPTY

Zone 1 | Zone 2 | Zone 3 | Zone 4
Maximum Decay Heat (kW/FA)™® NA 2.0 NA NA
Maximum Decay Heat per Zone (kW) NA 26.0 NA NA
Maximum Decay Heat per DSC (kW) 26.0

(1) Decay heat per fuel assembly shall be determined per Table A.1.4.3-9.
(2) If storing a CC with the fuel assemblies, reduce allowable decay heat (DH) by heat output
of CC.

Figure A.1.4.3-2
Heat Load Zoning Configuration No. 2 for 24PTH-S and 24PTH-L DSCs
(with or without Control Components)

NUH09.0101 A.1.43-17




MP197 Transportation Packaging Safety Analysis Report Rev. 5, 03/09

Zone 1 | Zone 2 | Zone 3 | Zone 4
Maximum Decay Heat (kW/FA)™* NA 2.0 1.5 NA
Maximum Decay Heat per Zone (kW) NA 16 24 NA
Maximum Decay Heat per DSC (kW) 26.0

(1) Decay heat per fuel assembly shall be determined per Table A.1.4.3-9.
(2) If storing a CC with the fuel assemblies, reduce allowable decay heat (DH) by heat output
of CC.

Figure A.1.4.3-3
Heat Load Zoning Configuration No. 3 for 24PTH-S and 24PTH-L DSCs
(with or without Control Components)
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F5890
Zone 1 | Zone 2 | Zone 3 | Zone 4
Maximum Decay Heat (kW/FA)"™ NA NA NA 1.3
Maximum Decay Heat per Zone (kW) NA NA NA 26.0
Maximum Decay Heat per DSC (kW) 26.0

(1) Decay heat per fuel assembly shall be determined per Table A.1.4.3-9.
(2) If storing a CC with the fuel assemblies, reduce allowable decay heat (DH) by heat output
of CC.

Figure A.1.4.3-4
Heat Load Zoning Configuration No. 4 for 24PTH-S and 24PTH-L DSCs
(with or without Control Components)
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ZONE

ZONE 4 || ZONE
ZONE 4 || ZONE
o
- mdl -
ZONE 4 || ZONE 3 || ZONEL

Zone 1| Zone 2 | Zone 3 | Zone 4
Maximum Decay Heat kW/FA)'""* NA NA 1.5 1.3
Maximum Decay Heat per Zone (kW) NA NA Note 3 10.4
Maximum Decay Heat per DSC (kW) 24.0

(1) Decay heat per fuel assembly shall be determined per Table A.1.4.3-9.
(2) If storing a CC with the fuel assemblies, reduce allowable decay heat (DH) by heat output

of CC.

(3) Fuel assemblies with a maximum heat load of 1.5 kW are permitted in Zone 3 provided a

24 kW/canister maximum heat load is maintained.

(4) This configuration is applicable to Basket Types 2A, 2B, or 2C only (without aiuminum

inserts).

Figure A.1.4.3-5
Heat Load Zoning Configuration No. 5 for 24PTH-S-LC DSC
(with or without Control Components)

NUHO09.0101

A.1.4.3-20




MP197 Transportation Packaging Safety Analysis Report Rev. 5, 03/09

Notes: .
1. Locations identified as “A” are for placement of up to 8 damaged or failed fuel assemblies

(balance intact).

2. Locations identified as “B” are for placement of up to 4 additional damaged fuel assemblies
(Maximum of 12 damaged fuel assemblies allowed, Locations “A” and “B” combined) (balance
intact).

3. Locations identified as “C” are for placement of up to 12 intact fuel assemblies, including 4
empty slots in the center as shown in Figure A.1.4.3-2.

Figure A.1.4.3-6
Location of Damaged and Failed Fuel inside 24PTH DSC
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Appendix A.1.4.4
NUHOMS®-32PTH DSC

NOTE: References in this Appendix are shown as [1], [2], etc. and refer to the reference list in
Section A.1.4.4.4.

A.l1.44.1 NUHOMS®-32PTH DSC Description

Each NUHOMS®-32PTH DSC consists of a DSC shell assembly and a basket assembly. The
shell assembly consists of a cylindrical shell, the inner cover plates of the top and bottom shield
plug assemblies and outer top cover plate. The DSC shell assembly is designed, fabricated and
inspected in accordance with ASME B& PV Code Subsection NB [1]. Alternatives to the code
are provided in Chapter A.2, Appendix A.2.13.13. As shown in Table A.1.4.4-1, the 32PTH DSC
consists of two design configurations as follows:

e 32PTH
e 32PTH Type 1

Table A.1.4.4-1 provides the overall lengths and outer diameters for each 32PTH DSC
configuration. The shell assemblies are high integrity stainless steel welded pressure vessels that
provide confinement of radioactive materials, encapsulate the fuel in an inert atmosphere (the
canister is back-filled with helium before being seal welded closed), and provide biological
shielding (in axial direction). The 32PTH DSCs have double redundant seal welds that join the
shell and the top and bottom cover plate assemblies to seal the canister. The bottom end
assembly welds are made during fabrication of the 32PTH DSCs. The top end closure welds are
‘made after fuel loading. Both top plug penetrations (siphon and vent ports) are redundantly
sealed after the 32PTH DSC drying operations are complete.

The canister is designed to contain its fuel basket and fuel assemblies, and is completely
supported by the transport cask. Under normal transport conditions, the canister rests on four
canister rails attached to the inside of the transport cask.

A.1.442 NUHOMS®-32PTH DSC Fuel Basket

The basket structures are designed, fabricated and inspected in accordance with ASME B&PV
Code Subsection NG[1]. Alternatives to the code are provided in Chapter A.2, Appendix
A.2.13.13. The overall lengths and diameters of the baskets for each canister configuration are
provided in Table A.1.4.4-1. The details of the 32PTH fuel baskets are shown in the drawings in
Section A.1.4.10.5 of Appendix A.1.4.10. The 32PTH baskets are designed to accommodate 32
intact or up to 16 damaged with the remainder intact PWR fuel assemblies with or without
Control Components (CCs). The basket structure consists of a welded assembly of stainless steel
tubes with the space between adjacent tubes filled with aluminum and neutron poison plates and’
surrounded by support rails.

The basket structure is open at each end. Therefore, longitudinal fuel assembly loads are applied
directly to the canister/cask body and not the fuel basket structure. The fuel assemblies are
laterally supported by the stainless steel tube assembly. The basket is laterally supported by the
basket rails and the canister shell. The stainless steel and aluminum basket rails are oriented
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‘ parallel to the axis of the canister, and are attached to the periphery of the basket to provide
support, and to establish and maintain basket orientation.

Blocks (32PTH DSC) and shear keys (32PTH Type 1 DSC) are used to prevent the basket from |
rotating during normal operations.

Aluminum and/or neutron absorbing poison plates are sandwiched between the fuel
compartments. The poison plates are constructed of either borated aluminum or Metal Matrix
Composites (MMCs) or Boral® that provide criticality control and together with the aluminum
plates provide a heat conduction path from the fuel assemblies to the canister wall. Table
A.1.4.4-6 provides the minimum B10 content as a function of basket type and poison plate
material.

A.1.443 NUHOMS®-32PTH DSC Contents

~ The NUHOMS® 32PTH DSC and the NUHOMS® 32PTH Type 1 DSC are designed for the
transport of 32 intact and/or up to 16 damaged with remaining intact PWR fuel assemblies as
specified in Table A.1.4.4-2 and Table A.1.4.4-3. The fuel to be transported is limited to a
maximum assembly average initial enrichment of 5.0 wt. % ***U. The maximum allowable
assembly average burnup is limited to 60 GWd/MTU and the minimum cooling time
requirements are given in Table A.1.4.4-2. The fuel assemblies may be transported with or
without Control Components (CCs). The CC thermal and radiological characteristics are listed in

‘ Table A.1.4.4-4.

The 32PTH DSC may transport up to 32 PWR fuel assemblies arranged in accordance with a
heat load zoning configuration as shown in Figure A.1.4.4-1, with a maximum decay heat of 1.5
kW per assembly and a maximum heat load of 26 kW per DSC.

The 32PTH DSC can accommodate up to 16 damaged fuel assemblies which include assemblies
with missing or partial fuel rods, or fuel rods with known or suspected cladding defects greater
than hairline cracks or pinhole leaks. The extent of the damage is to be limited such that a fuel
assembly can be handled by normal means. Damaged fuel assemblies shall be placed into the
sixteen inner most basket fuel compartments, as shown in Figure A.1.4.4-2, which contain top
and bottom end caps that confine any loose material and gross fuel particles to a known, sub-
critical volume during normal and accident conditions.

NUH09.0101 A.1.4.4-2
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Section III, Division 1 - Subsections NB, NG and NF, 1998 edition including 2000 Addenda.
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Table A.1.4.4-1

Key Design Parameters of the NUHOMS®-32PTH System

Rev. 7, 04/10 ’

32PTH 32PTH Type 1

. 185.75 193.00
DSC Length (i) (Maximum) (Maximum)
DSC Outside Diameter (in) 69.75 69.75
DSC Cavity Length (in) 164.5 171.63
DSC Shell Thickness (in) 0.5 0.5
Basket Length (in) 162.00 169.00
Basket Diameter (in) 68.50 68.50

Note: Unless stated otherwise, nominal values are provided.

NUH09.0101

A.1.4.4-4



MP197 Transportation Packaging Safety Analysis Report

Rev. 6, 06/09

Table A.1.4.4-2
PWR Fuel Specification for the Fuel to be Transported in the NUHOMS®-32PTH DSC

PHYSICAL PARAMETERS:

Fuel Class

Intact or damaged Westinghouse 17x17 (WE 17x17),
Westinghouse 15x15 (WE 15x15), Combustion
Engineering 16x16 (CE 16x16), and/or Combustion
Engineering 14x14 (CE 14x14) class PWR fuel
assemblies (with or without control components) that
are enveloped by the fuel assembly design
characteristics listed in Table A.1.4.4-3. Reload fuel
manufactured by the same or other vendors but
bounded by the design characteristics listed in Table
A.1.4.4-3 is also acceptable.

Damaged Fuel

Damaged PWR fuel assemblies are assemblies with
missing or partial fuel rods, or fuel rods with known or
suspected cladding defects greater than hairline cracks
or pinhole leaks. The extent of the damage is to be
limited such that a fuel assembly needs to be handled
by normal means.

Damaged fuel assemblies shall also contain top and
bottom end fittings or nozzles or tie plates depending
on the fuel type.

Reconstituted Fuel Assemblies:

e Maximum No. of Reconstituted Assemblies per
DSC with Irradiated Stainless Steel Rods

e  Maximum No. of Irradiated Stainless Steel Rods
per Reconstituted Fuel Assembly

e Maximum No. of Reconstituted Assemblies per
DSC with Unlimited Number of Low Enriched
UO?2 Rods and/or Unirradiated Stainless Steel
Rods and/or Zr Rods or Zr Pellets

Control Components (CCs)

e Upto 32 CCs are authorized for storage in 32PTH
DSC.

e Authorized CCs include Burnable Poison Rod
Assemblies (BPRAs), Thimble Plug Assemblies
(TPAs), Control Rod Assemblies (CRAs), Control
Element Assemblies (CEAs), Rod Cluster Control
Assemblies (RCCAs), Axial Power Shaping Rod
Assemblies (APSRAs), Orifice Rod Assemblies
(ORAs), Vibration Suppression Inserts (VSlIs),
Neutron Source Assemblies (NSAs), and Neutron
Sources.

e Design basis thermal and radiological
characteristics for the CCs are listed in Table
A.1.4.4-4.

No. of Intact Assemblies

<32

NUH09.0101
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. Table A.1.4.4-2 .
PWR Fuel Specification for the Fuel to be Transported in the NUHOMS®-32PTH DsC

(concluded)
Up to 16 damaged fuel assemblies with the balance
intact fuel assemblies, or dummy assemblies.

No. and Location of Damaged Assemblies Damaged fuel assemblies are to be placed in the ceriter
16 locations as shown in Figure A.1.4.4-2. The DSC
basket cells which accommodate damaged fuel

, assemblies are provided with top and bottom end caps.
Maximum Assembly plus CC Weight 1585 Ibs

THERMAL/RADIOLOGICAL PARAMETERS:

Fuel Assembly Average Burnup and minimum Per Table A.1.4.4-5; Table A.1.4.4-8, Table A.1.4.4-

Cooling Time'" 8A and decay heat and burnup credit restrictions
below.

Decay Heat'" Per Figure A.1.4.4-1

Per Table A.1.4.4-8 for Intact Fuel Assemblies and per
Table A.1.4.4-8A for Damaged Fuel Assemblies.
Burnup Credit Restrictions'” The maximum cooling time shall not exceed 160 years. |

Notes:
@ Minimum cooling time is the longer of that given in Table A.1.4.4-5; that caiculated via the decay heat equation
given in Table A.1.4.4-7; based on the restrictions provided in Figures A.1.4.4-1; and Table A.1.4.4-8 or Table

- A.1.4.4-8A.
‘
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Table A.1.4.4-3

Spent Fuel Assembly Physical Characteristics

WE WE CE CE
Assembly Class 17x17 | 15x15 | 14x14 | 16x16
32PTH 162.6 162.6 162.6 162.6
Unirradiated
Length (in)(') 32PTH Type 1 170.0 170.0 170.0 170.0
Fissile Material U0, U0, UoO, U0,
: Zircalloy | Zircalloy | Zircalloy | Zircalloy
Cladding Material /Zirlo/ /Zirlo/ [Zirlo/ /Zirlo/
M35 M5 M5 M5
Maximum MTU/Assembly ) 0.476 0.476 0.476 0.476
Maximum Number of Fuel Rods 264 204 176 236
Maximum Number of Guide/ '
Instrument Tubes 25 21 > >

(1)  Maximum Assembly + Control Component Length (unirradiated)
)} The maximum MTU/assembly is based on the shielding analysis. The listed value is higher than actual.

NUH09.0101
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Table A.1.4.4-4
Control Component Thermal and Radiological Characteristics

Control Component

Parameter Source Term
Gamma Source (y/sec/DSC) 7.36E+15
Decay heat (Watts/assy) 9

NUH09.0101
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Table A.1.4.4-5
PWR Fuel Qualification Table for NUHOMS®-32PTH DSC
(Minimum required years of cooling time after reactor core discharge)
BU Assembly Average Initial U-235 Enrichment, wt. %

?AV};B/ 0.3]0.6]lo9]1.0l1.1]1.2[1.3{1.4]1.5|16}1.7]1.8]1.9]2.0}2.1]2.2]2.3[2.4]2.5|2.6|2.7(2.8]2.9(3.0{3.1|3.2(3.3]|3.4|3.5]|3.6]|3.7|3.8([3.9]|4.0[4.1|42|4.3|4.4[4.5]4.6]4.7]|4.8]4.9]5.0
10 [10.0]10.0]10.0]10.0{10.0]10.0]10.0}10.0{10.0]10.0]10.0]10.0]10.0]10.0]10.0{10.0]10.0]10.0[10.0]10.0]10.0]10.0§10.0]10.0}10.0]10.0]10.0[10.0]10.0]t0.0[10.0]10.0]10.0] 10.0]10.0]10.0]10.0]10.0]10.0}10.0]10.0]10.0]10.0]10.0
15 |10.0{10.0]10.0[10.0[10.0{10.0]10.0}10.010.0{10.0]10.0]10.0[10.0]10.0]10.0}10.0]10.0]10.0]10.0{10.0{10.0]10.0}10.0{10.0]10.0}10.0]10.0]10.0]10.0]t0-0]10.0]10.0]10.0]10.0}10.010.0]10.0 10.0]10.0]10.0]10.0]10.0]10.0l10.0
20 [10.0]10.010.0]10.0]10.0]10.0]10.0}10.0}10.0]10.0]10.0{10.0}10.0{10.0]10.0}10.0]10.0]10.0]10.0] 10.0]10.0]10.0]10.0]10.0[10.0]10.0[10.0{10.0]10.010.0]10.0]10.0]10.0]10.0]10.0]10.0{10.0]10.0}10.0]10. 0|10.0]10.0]10.0}10.0
25 (R | | R 10.0]10.0]10.0[10.010.0}10.0]10.0]10.0]10.0]10.0]10.0]10.0}10.0]10.0]10.0]10.0]10.0]10.0]10.0]10.0]10.0[10.0]10.0] 10.0[10.0{10.0]10.0[10.0}10.0]10.0]10.0]10.0]10.0[10.0]10.0}10.0
28 | | | BB R 10.0[10.0]10.0]10.0f10.010.0[10.0]10.0]10.0[10.0]t 0.0f10.0]10.0]10.0]10.0]10.0]10.0]10.0]10.0]10.0]10.0]10.0]10.0]10.0]10.0]10.0]10.0]10.0010.0[10.0}10.0]10.0]10.0]10.0]10.0]10.0
30 [N el EER | | S R [ BY 10.010.0]10.010.010.0[10.0[10.0]10.0]10.0] 10.0]1 0.0} 10.0}10.0]10.0]10.0[10.0]10.0]10.0]10.0]10.0]10.0]10.0]10.0]10.0[10.0[10.0{10.010.0}10.0] 10.0]10.0[10.0[10.0]10.0]10.0] 10.0
32 || | R | N | 10.0]10.0]10.0]10.0]10.0}10.0]10.0]10.0]10.0]10.010.0}10.0]10.0] 10.0]10.0]10.0]10.0]10.0]10.0}10.0]10.0}10.0l10.0]10.0}10.0{10.0}10.0]10.0}10.0]10.010.0{10.0]1 0.0} 10.0]10.0]10.0
34 || | | R | Bl 10.0)10.0]10.0]10.0)10.0110.0]10.0]10.0]10.0] 10.0]10.0}10.0}10.0]10.0]10.0]10.0]10.0]10.0]10.0}10.0]10.0]10.0}10.0]10.0}10.0]10.0}10.0}10.0]10.0}10.0]10.0]10.0f10.0]10.0]10.0]10.0
36 || | M | | Y 1 0.0]10.0]10.0]10.0]10.0]10.0]10.0]1 0.0f1 0.0} 10.0]10.0}10.0]10.0]10.0]10.0[10.0]10.0]10.0]10.0]10.0]10.0}10.0]10.0]10.0]10.0}10.0]10.0]10.010.0}10.0]10.0{10.0f10.0]10.0[10.0[10.0
38 | I | S R B 12.5 11 .50 10.510.0]10.0]10.0]10.0]10.0[10.0[10.0]10.0]10.0]10.0{10.0]10.0}10.0]10.0]10.0}10.0]10.0}10.0]10.0]10.0}10.0]10.0]10.0]10.010.0]10.0]10.0]10.0]10.0{10.0]10.0[t0.0[10.0
39 OO (DR | | o | 1 4.0 13.0]11 5] 10.5]10.0]10.0]10.0]10.0]10.0}10.0]10.0]10.0]10.0[10.0]10.0[10.0]10.0]10.010.0]10.0l10.0]10.0]10.0}10.0]10.0]10.0]10.0[10.0]10.0[10.0]10.0{10.0{10.0[10.0f10.0[10.0
40 i R B 1 5.0 14.0013.0012.0l11.0]10.0]10.0]10.0l10.010.0]10.0] t0.0]10.0{10.0]30.0]10.0{10.0]10.0]10.0]10.0}10.0]10.0]10.0}10.010.0]10.0]10.010.0[10.0]10.010.0]10.0l10.0[10.0]10.0]10.0
41 |ERSRE R 10.0{10.0}10.0110.0]10.0]10.0{10.0}10.0]10.0{10.0]10.0]10.0]10.0{10.0]10.0]10.0[10.0{10.0}10.0}10.0]10.0{10.0] 10.0
M A AT ET 10.0{10.0{10.0}10.0]10.0]10.0]10.0{10.0]10.0]10.0]10.0]10.0]10.0]10.0]10.0]10.0}10.0]10.0}10.0}10.0]10.0}10.0{10.0
43 | N I R 10.0]10.0[10.0{10.0]10.0[10.0[10.0]10.0[10.0[10.0]10.0]10.0]t0.0]10.0]100]10.0[10.0[10.0]10.0]10.0[10.010.0]10.0
44 |55 S| i 10.0[10.0]10.0§10.0]10.0]10.0{10.0{10.0]10.0]10.0]10.0{10.0]10.0{10.0]10.0}10.0]10.0{10.010.0]10.0{10.0]10.0}10.0
45 || i | | O R 10.0]10.0]10.0}10.0]10.0]10.0]10.0{10.0{10.0}10.0]10.0}10.0{10.0]10.0]10.0{10.0]10.0{10.0[10.0]10.0]10.010.0}10.0
16 |EE N 10.5{10.5]10.5{10.5]10.0[10.0{10.0{10.0[10.0]10.0[10.0{10.0{10.0]10.0[10.0{10.0]10.0{10.0]10.0]10.0{10.0]10.0}10.0
47 |on | 11.5[11.0]11.0[11.0]10.5]10.0[10.0]10.0]10.0[10.0]10.0]10.010.0]10.0]10.0]30.0[10.0]10.0[10.0]10.0]10.0]10.0}10.0
48 0] 12.0012.0]12.0] 12.0]11.5]10.510.0]10.0]10.0{10.0]10.0]10.0]10.0]10.0]10.0] 10.0]10.0]10.0[10.0]10.0]10.0]10.0}10.0
49 F0 12.5]12.5012.511.5110.510.0{10.0]10.0[10.0}10.0110.0]10.0]10.0]10.0]10.0}10.0]10.0]10.0]10.0]10.0}10.0
50 IS e e e 13.513.5]13.5[13.0]12.0{11.0{10.0]10.0]10.0[10.0{10.0]10.0}10.0{10.0]10.0}10.0]10 0|10.0{10.0]10.0}10.0
51 A 14.5]14.0{14.0[13.0]12.0]11.5]10.5]10.0}10.0]10.0{10.0§10.0§10.0]10.0}10.0|10.0[10.0}10.0]10.0}10.0
52 [t A AR 15.515.0015.0114.0]13.5]12.511.5]10.5]10.0[10.0]10.0]10.010.0]10.010.0]10.0{10.0{10.0]10.0]10.0
53 BN R 16.5]16.516.0{15.5]14.513.5]12 5[ 12.01 1.0[10.0]10.0[10.0]10.0]10.010.0]10 0]10.0]10.0{10.0] t0.0
54 AR AEAAEIET e 17.5]17.0[16.5115.5114.5}14.0{13.0{12.0]11.5] 10.5]10.0}10.0[10.0]10.010.0]10.0}10.010.0]10.0
55 SEAEAE TSR 18.5]18.017.5[16.5[16.0{15.0{14.0{13.0112.5}11.5[10.5[10.510.0110.0[ 10.0{ 10.0] 10.0{10.0{10.0
56 | | | R | 18.0]17.0[16.0]15.5014.513 5} 12.5[12.011.0[11.0{10.5]10.5[10.510.5]10.5] 10.5
57 T R 19.0118.0017.5]16.5[15.5]14.5]14.0[13.0{12.0[1 15[ 11.5]11.0fi1.0]11.0{11.0]11 9]
58 A A BRI 020.5119.5{18.5]17.5]16.5]16.0]15.0[14.0[13.5}12.5]12.0]12.0{12.0[ 11 5[ 11.5]11.5
59 I RO EIES 0121.5120.5]19.5]19.0]18.0[17.0] 16.0] 15.5] 14.5]13.5]13.0{13.0]12.5] 12.5[12.5] 12.0
60 o AR 5122.522.0021.0{20.019.0[18.0]17.5] 16.5] 15.5]15.0] 14.0[13.5] 13 .0 13.0{13.0] 13.0

Note:  Next page provides the explanatory notes and limitations regarding the use of this table.

NUH09.0101
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Notes: Table A.1.4.4-5:

BU = Assembly average burnup. ,

Use burnup and enrichment to look-up minimum cooling time in years. Licensee is -
responsible for ensuring that uncertainties in fuel enrichment and burnup conservatively
applied in determination of actual values for these two parameters.

Round burnup UP to next higher entry, round enrichments DOWN to next lower entry.
Fuel with an initial enrichment either less than 0.3 or greater than 5.0 wt. % U-235 is
unacceptable for Transport.

Fuel with a burnup greater than 60 GWd/MTU is unacceptable for transport.

Fuel with a burnup less than 10 GWd/MTU is acceptable for transport after 10-years cooling. -
Example: An assembly with an initial enrichment of 4.85 wt. % U-235 and a burnup of 41.5
GWd/MTU is acceptable for transport after 10-year cooling time as defined by 4.8 wt. % U-
235 (rounding down) and 42 GWd/MTU (rounding up) on the qualification table (other

~ considerations not withstanding).

Even though cooling times less than 15 years are shown in this table, the minimum cooling
time requirement for criticality from Table A.1.4.4-8 and Table 1.4.4-8A for transportation is
15 years.

NUH09.0101 A.1.44-10
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‘ | Table A.1.4.4-6
B10 Specification for the NUHOMS®-32PTH Poison Plates
Minimum B10 Areal Density, gm/cm’
Natural or Enriched Boron

NUHOMS®-32PTH DSC | Aluminum Alloy / Metal .

Basket Type Matrix Composite (MMC) Boral®

IA or I1A 0.007 0.009

IB or 1IB 0.015 0.019

IC or IIC 0.020 0.025

1D 0.032 N/A

IE : 0.050 N/A

NUHO09.0101 A.1.4.4-11




MP197 Transportation Packaging Safety Analysis Report Rev. 7, 04/10 |

Table A.1.4.4-7 :
PWR Assembly Decay Heat for Heat Load Configurations ‘ |
The Decay Heat (DH) in watts is expressed as: '

F1 =-44.8 +41.6*X1 —37.1*X2 + 0.611*X1% - 6.80*X1*X2 + 24.0%X2?
DH = F1*Exp({[1-(1.8/X3)]* -0.575} *[(X3-4.5)™ P [(X2/X1)*"*7]) + 20

where,
F1 Intermediate Function
X1 Assembly Burnup in GWD/MTU
X2 Initial Enrichment in wt. % U-235
X3 Cooling Time in Years (minimum 10 years)

Note: Even though a minimum cooling time of 10 years is used, the minimum cooling time
requirement for criticality from Table A.1.4.4-8 and Table 1.4.4-84 1is 15 years.

‘
{
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Table A.1.4.4-8
Acceptable Average Initial Enrichment/Minimum Burnup Combinations - NUHOMS®-32PTH ~Intact
Fuel Assemblies ‘ '
WE 17x17, WE 15x15, CE 14x14 and CE 16x16 fuel assembly classes
Enrichment
(wt. % U-235) TypeA | TypeB | Type C | TypeD | Type E | TypeA | TypeB | Type C | Type D Type E

1.45 Jfresh - - - - fresh - - - -
1.55 - fresh - - - - fresh - - -
1.60 - - firesh - - - - firesh - -
1.70 - - - firesh - - - - fresh -
1.80 - - - - firesh - - - - Jresh

Burnup (GWD/MTU), 15 years decay Burnup (GWD/MTU), 30 years decay
2.00 20 16 14 1] 7 19 15 13 9 6
2.25 23 19 19 17 14 20 19 18 15 12
2.50 29 22 20 19 19 24 20 19 19 18
2.75 31 27 25 22 20 29 24 23 20 19
3.00 36 31 30 26 23 32 28 27 24 20
3.25 39 33 32 30 27 35 31 30 28 24
3.50 41 38 36 32 30 39 34 33 31 28
3.75 45 40 39 36 32 41 37 35 33 31
4.00 50 43 42 39 35 44 39 39 36 33
4.20 - 46 44 4] 38 46 4] 40 38 35
4.40 - - 46 43 39 49 44 42 39 37
4.60 - - 49 45 41 - 46 44 40 39
4.80 - - - 47 43 - 49 47 43 40
5.00 - - - 50 45 - - 50 45 42

Notes:

e Use burnup and enrichment to lookup minimum cooling time in years. Licensee is responsible for
ensuring that uncertainties in fuel enrichment and burnup are conservatively applied in
determination of actual values for these parameters (uncertainty in enrichment to be added and
uncertainty in burnup to be subtracted) :

e Interpolation can be performed to determine the burnup for enrichment values (between 2.00 wt. %
U-235 and 5.00 wt. % U-233) that are not explicitly shown herein. Alternatively, the burnup value
corresponding to the next higher enrichment may be utilized.

e FExtrapolation shall not be performed to determine burnup requirements.

The burnup of the “fresh” assemblies is 0. For a given configuration, the enrichment corresponding
to “fresh’” in this Table is the maximum enrichment above which a burnup value is needed for fuel
assemblies to qualify for transportation.

® An additional burnup of 3 GWD/MTU is required for loading fuel assemblies with control rod
insertion deeper than 20 cm inside the active fuel during depletion.

NUH09.0101 A.1.4.4-13
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Table A.1.4.4-84
Acceptable Average Initial Enrichment/Minimum Burnup Combinations - NUHOMS®-32PTH —
Damaged Fuel Assemblies

WE 17x17, WE 15x15, CE 14x14 and CE 16x16 fuel assembly classes
Enrichment
(wi. % U-235) | TypeA | Type B | Type C | Type D | Type E | Type A | Type B | Type C | Type D | Type E

1.50 fresh - - - - firesh - - - -
1.60 - firesh - - - - fresh - - -
1.65 - - fresh - - - - fresh - -
1.75 - - - fresh - - - - fresh -
1.80 - - - - fresh - - - - firesh

Burnup (GWD/MTU), 15 years decay Burnup (GWD/MTU), 30 years decay
2.00 23 19 19 15 12 19 18 16 13 10
2.25 28 23 20 19 18 23 19 19 19 17
2.50 3] 28 26 23 21 29 25 22 20 19
2.75 37 32 31 28 25 33 30 28 25 22
3.00 41 37 35 33 30 37 33 31 29 26
3.25 44 41 39 36 33 40 37 35 32 31
3.50 49 45 43 39 37 44 39 39 35 33
3.75 - 49 47 43 40 48 42 41 39 37
4.00 - - - 46 43 - 46 44 41 39
4.20 - - - 49 46 - 49 47 44 4]
4.40 - - - - 50 - - 50 47 44
4.60 - - - - - - - - 50 47
4.80 - - - - - - - - - 50
5.00 - - - - - - - - - -

Notes:

Use burnup and enrichment to lookup minimum cooling time in years. Licensee is responsible for
ensuring that uncertainties in fuel enrichment and burnup are conservatively applied in determination
of actual values for these parameters (uncertainty in enrichment to be added and uncertainty in burnup
to be subtracted)

Interpolation can be performed to determine the burnup for enrichment values (between 2.00 wt. %
U-235 and 5.00 wt. % U-235) that are not explicitly shown herein. Alternatively, the burnup value
corresponding to the next higher enrichment may be utilized.

Extrapolation shall not be performed to determine burnup requirements.

The burnup of the “fresh” assemblies is 0. For a given configuration, the enrichment corresponding
to “fresh” in this Table is the maximum enrichment above which a burnup value is needed for fuel
assemblies to qualify for transportation.

An additional burnup of 3 GWD/MTU is required for loading fuel assemblies with control rod
insertion deeper than 20 cm inside the active fuel during depletion.
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Z3

Z3

o

For WE 17x17, WE 15x15 and CE 16x16 Assembly Classes
Zone 1a | Zone 1b | Zone 2 | Zone 3
Maximum Decay Heat (kW/FA)""* 1.05 0.8 1.1 1.5
Maximum Decay Heat per Zone (kW) 3.2 22 12
Maximum Decay Heat per DSC (kW) 26.0
For CE 14x14 Assembly Class

Maximum Decay Heat (kW/FA)"" 0775 | 0775 | 1.068 1.5
Maximum Decay Heat per Zone (kW) 3.1 213 12.0
Maximum Decay Heat per DSC (kW) 26.0

(1) Decay heat per fuel assembly shall be determined per Table A.1.4.4-7.
(2) If storing a CC with the fuel assemblies, reduce allowable decay heat (DH) by 9 watts.

Figure A.1.4.4-1

Heat Load Zoning Configurations for 32PTH DSC
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Up to 16 damaged assemblies with the remaining intact assemblies.

Figure A.1.4.4-2
Location of Damaged Assemblies
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Appendix A.1.4.5
NUHOMS®-32PTH1 DSC

NOTE: References in this Appendix are shown as [1], [2], etc. and refer to the reference list in
Section A.1.4.5.4. .

A.1.4.5.1 NUHOMS®-32PTH1 DSC Description

Each NUHOMS®-32PTH1 DSC consists of a DSC shell assembly and a basket assembly. The
shell assembly consists of a cylindrical shell, the inner cover plates of the top and bottom shield
plug assemblies and outer top cover plate. The DSC shell assembly is designed, fabricated and
" inspected in accordance with ASME B&PV Code Subsection NB [1]. Alternatives to the code
are provided in Chapter A.2, Appendix A.2.13.13. As shown in Table A.1.4.5-1, the 32PTH]1
DSC system consists of three design configurations as follows:

e 32PTHI-S, Short DSC
e 32PTHI1-M, Medium DSC
e 32PTHI-L, Long DSC

Table A.1.4.5-1 provides the overall lengths and outer diameters for each 32PTH1 DSC
configuration. The shell assemblies are high integrity stainless steel welded pressure vessels that
provide confinement of radioactive materials, encapsulate the fuel in an inert atmosphere (the
canister is back-filled with helium before being seal welded closed), and provide biological
shielding (in axial direction). The 32PTH1 DSCs have double redundant seal welds that join the
shell and the top and bottom cover plate assemblies to seal the canister. The bottom end
assembly welds are made during fabrication of the 32PTH1 DSCs. The top end closure welds
are made after fuel loading. Both top plug penetrations (siphon and vent ports) are redundantly
sealed after the 32PTH1 DSC drying operations are complete.

The canister is designed to contain its fuel basket and fuel assemblies, and is completely
supported by the transport cask. Under normal transport conditions, the canister rests on four
canister rails attached to the inside of the MP197HB transport cask.

A1.452 NUHOMS®-32PTH1 DSC Fuel Basket

The basket structures are designed, fabricated and inspected in accordance with ASME B&PV
Code Subsection NG[1]. Alternatives to the code are provided in Chapter A.2, Appendix
A.2.13.13. The overall lengths and diameters of the baskets for each canister configuration are
provided in Table A.1.4.5-1. The details of the 32PTH1 fuel baskets are shown in the drawings
in Section A.1.4.10.6 of Appendix A.1.4.10. The 32PTH1 baskets are designed to accommodate
32 intact, or up to 16 damaged with the remainder intact, PWR fuel assemblies with or without
Control Components. The basket structure consists of a welded assembly of stainless steel tubes
with the space between adjacent tubes filled with aluminum and neutron poison plates and
surrounded by support rails.

The basket structure is open at each end. Therefore, longitudinal fuel assembly loads are applied
directly to the canister/cask body and not the fuel basket structure. The fuel assemblies are
laterally supported by the stainless steel tube assembly. The basket is laterally supported by the
basket rails and the canister shell. The stainless steel and aluminum basket rails are oriented
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parallel to the axis of the canister, and are attached to the periphery of the basket to provide
support, and to establish and maintain basket orientation.

Shear keys, welded to the inner wall of the DSC, mate with notches in the basket suppoft rails to
prevent the basket from rotating during normal operations.

Aluminum and/or neutron absorbing poison plates are sandwiched between the fuel
compartments. Table A.1.4.5-6 provides the minimum B10 content as a function of basket type
and poison plate material. Table A.1.4.5-7 provides the maximum allowable heat load for the
various 32PTH1 DSC configurations for transport.

A1453 NUHOMS®-32PTH1 DSC Contents

Each of the three alternate DSC configurations is designed to transport intact (including
reconstituted) and/or damaged PWR fuel assemblies as specified in Table A.1.4.5-2 and Table
A.1.4.5-4. The fuel to be transported is limited to a maximum assembly average initial
enrichment of 5.0 wt.% U-235. The maximum allowable assembly average burnup is limited to
62 GWd/MTU and the minimum cooling time requirements are given in Table A.1.4.5-2. Each
of the DSC types is designed to transport Control Components (CCs) with thermal and
radiological characteristics as listed in Table A.1.4.5-3. The CCs include Burnable Poison Rod
Assemblies (BPRAs), Thimble Plug Assemblies (TPAs), Control Rod Assemblies (CRAs), Rod
Cluster Control Assemblies (RCCAs), Axial Power Shaping Rod Assemblies (APSRAs), Orifice
Rod Assemblies (ORAs), Vibration Suppression Inserts (VSIs), Neutron Source Assemblies
(NSAs) and Neutron Sources.

Reconstituted assemblies containing up to 10 replacement irradiated stainless steel rods per
assembly, or unlimited number of lower enrichment UO, rods instead of Zircaloy clad enriched
UO, rods, or Zr rods or Zr pellets, or unirradiated stainless steel rods are acceptable for storage
in the 32PTH1 DSC as intact fuel assemblies. The stainless steel rods are assumed to have two-
thirds the irradiation time as the remaining fuel rods of the assembly. The reconstituted UO,
rods are assumed to have the same irradiation history as the entire fuel assembly. The
reconstituted rods can be at any location in the fuel assemblies. The maximum number of
reconstituted fuel assemblies per DSC is four with irradiated stainless steel replacement rods or
32 with lower enrichment UO, replacement rods.

The NUHOMS®-32PTH1 DSCs can also accommodate up to a maximum of 16 damaged fuel
assemblies placed in the center cells of the DSC as shown in Figure A.1.4.5-1 through Figure
A.1.4.5-3. Damaged PWR fuel assemblies are assemblies containing missing or partial fuel rods,
or fuel rods with known or suspected cladding defects greater than hairline cracks, or pinhole
leaks. The extent of damage in the fuel assembly is to be limited such that a fuel assembly is
able to be handled by normal means. The DSC basket cells which accommodate damaged fuel
assemblies are provided with top and bottom end caps.

A 32PTH1 DSC containing less than 32 fuel assemblies may contain dummy fuel assemblies in
the empty slots. The dummy assemblies are unirradiated, stainless steel encased structures that
approximate the weight and center of gravity of a fuel assembly.

NUH09.0101 A.1.4.5-2
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The 32PTH1 DSC basket is designed with two options: Type 1 basket with solid aluminum
transition rails and Type 2 basket with steel transition rails including aluminum inserts. Type 1
basket is the preferred option for canisters with high decay heat loads, since the solid aluminum
rails allow a more direct heat conduction path from the basket edge to the DSC shell.

The NUHOMS®-32PTH1 DSCs may transport up to 32 PWR fuel assemblies arranged in any of
the three alternate heat load zoning configurations (HLZC) as shown in Figure A.1.4.5-1 through
Figure A.1.4.5-3. The maximum decay heat per fuel assembly and the maximum canister heat
load allowed is also specified in Figure A.1.4.5-1 through Figure A.1.4.5-3. The maximum
allowed heat load for the various 32PTH1 system configurations are presented in Table A.1.4.5-
7.

Al1454 References

1. American Society of Mechanical Engineers, ASME Boiler And Pressure Vessel Code,
Section II1, Division 1 - Subsections NB, NG, and NF, 1998 edition including 2000 Addenda.
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‘ Table A.1.4.5-1
Key Design Parameters of the NUHOMS®-32PTH1 System
32PTH1 DSC Type

Parameter 32PTHI-S 32PTHI1-M 32PTHI1-L

) . 185.75 193.00 198.50
DSC Length (in) (Maximum) (Maximum) (Maximum)

DSC OQutside Diameter (in) 69.75 69.75 69.75

DSC Cavity Length (in) 164.38 171.63 181.38

Basket Length (in) 162.00 169.00 178.75

Basket Diameter (in) 68.50 68.50 68.50

Note: Unless stated otherwise, nominal values are provided.

NUH09.0101
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Table A.1.4.5-2 -
PWR Fuel Specification for the Fuel to be Transported in the NUHOMS®-32PTH1 DSC

PHYSICAL PARAMETERS:
Fuel Class

Intact or damaged unconsolidated B&W 15x15, WE 17x17,
CE 15x15, WE 15x15, CE 14x14, WE 14x14 and CE 16x16
class PWR assemblies (with or without control components)
that are enveloped by the fuel assembly design
characteristics listed in Table A.1.4.5-4. Reload fuel
manufactured by the same or other vendors but enveloped
by the design characteristics listed in Table A.1.4.5-4 is also
acceplable. Damaged fuel assemblies beyond the definition
contained below are not authorized for transport.

Fuel Damage

Damaged PWR fuel assemblies are assemblies containing
missing or partial fuel rods or fuel rods with known or
suspected cladding defects greater than hairline cracks or
pinhole leaks. The extent of damage in the fuel assembly is
to be limited such that a fuel assembly is able to be handled
by normal means.

Damaged fuel assemblies shall also contain top and bottom
end fittings or nozzles or tie plates depending on the fuel

type.

RECONSTITUTED FUEL ASSEMBLIES:

e Maximum No. of Reconstituted Assemblies per DSC
with Irradiated Stainless Steel Rods

o Maximum No. of Irradiated Stainless Steel Rods per
Reconstituted Fuel Assembly

e Maximum No. of Reconstituted Assemblies per DSC
with Unlimited Number of Low Enriched UO, Rods, or
Zr Rods or Zr Pellets or Unirradiated Stainless Steel
Rods

4

10

32

Control Components (CCs)

e Upto 32 CCs are authorized for storage in 32PTHI-S,
32PTH1-M and 32PTH1-L DSCs.

® Authorized CCs include Burnable Poison Rod
Assemblies (BPRAs), Thimble Plug Assemblies (TPAs),
Control Rod Assemblies (CRAs), Rod Cluster Control
Assemblies (RCCAs), Axial Power Shaping Rod
Assemblies (APSRAs), Orifice Rod Assemblies
(ORAs), Vibration Suppression Inserts (VSls), and
Neutron Source Assemblies (NSAs), and Neutron
Sources ‘

e Design basis thermal and radiological characteristics for
the CCs are listed in Table A.1.4.5-3.

No. of Intact Assemblies

<32

No. and Location of Damaged Assemblies

Up to 16 damaged fuel assemblies. Balance may be intact
fuel assemblies, or dummy assemblies which are authorized
for storage in 32PTH1 DSC.

Damaged fuel assemblies are to be placed in the center 16
locations as shown in Figure A.1.4.5-1, Figure A.1.4.5-2
and Figure A.1.4.5-3. The DSC basket cells which
accommodate damaged fuel assemblies are provided with
top and bottom end caps.

Maximum Assembly plus CC Weight

1715 1bs

NUHO09.0101
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Table A.1.4.5-2 _
PWR Fuel Specification for the Fuel to be Transported in the NUHOMS®-32PTH] DSC

(concluded)

THERMAL/RADIOLOGICAL PARAMETERS:

Fuel Assembly Average Burnup and minimum Cooling
Time "

Per Table A.1.4.5-5; Table A.1.4.5-8, Table A.1.4.5-

8A and decay heat and burnup credit restrictions
below.

Decay Heat'"

Per Figure A.1.4.5-1 or Figure A.1.4.5-2 or Figure
A.1.4.5-3.

(M

Burnup Credit Restrictions

Per Table A.1.4.5-8 for Intact Fuel Assemblies and Per
Table A.1.4.5-8A for Damaged Fuel Assemblies.
The maximum cooling time shall not exceed 160 years.

Note:

!

M Minimum cooling time is the longer of that given in Table A.1.4.5-5; that calculated via the decay heat equation
given in Table A.1.4.5-9 based on the restrictions provided in Figures A.1.4.5-1, A.1.4.5-2, or A.1.4.5-3; and

Table A.1.4.5-8 or Table A.1.4.5-8A.

NUH09.0101
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' Table A.1.4.5-3
Thermal and Radiological Characteristics for Control Components Transported in the
NUHOMS® -32PTH1 DSC

BPRAs, NSAs, CRAs, RCCAs,
VSis, APSRAs, and

Parameter Neutron Sources TPAs and ORAs
Maximum Gamma Source 3.90E+13 4.19E+12
(y/sec/assembly)

Decay Heat (Watts/assembly) 8.0 8.0
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. Table A.1.4.5-4

PWR Fuel Assembly Design Characteristics for the NUHOMS®-32PTH1 DSC

B&W WE CE WE CE WE CE

Assembly Class 15x15 | 17x17 | 15x15 | 15x15 | 14x14 | 14x14 | 16x16
Max Unirradiated 32PTH1-S 162.6 162.6 162.6 162.6 162.6 162.6 162.6
Length (i)™ 32PTH1-M 170.0 170.0 170.0 170.0 170.0 170.0 170.0

32PTH1-L 178.3 178.3 178.3 178.3 178.3 178.3 178.3
Fissile Material U0, Uo, UoO, Uo, Uuo, - U0, Uo,
Maximum MTU/Assembly'” 0.49 0.482 | 0482 | 0482 | 0482 | 0482 | 0.482
“Maximum Number of Fuel Rods 208 264 216 204 176 179 236
Maximum Number of
Guide/ Instrument Tubes 17 25 9 21 5 17 5

Notes:
(1) Maximum Assembly + Control Component Length (unirradiated)

(2) The maximum MTU/assembly is based on the shielding analysis. The listed value is higher than the
actual. '

'
\
t
‘ '
h
J
!
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Table A.1.4.5-5
PWR Fuel Qualification Table for NUHOMS®-32PTH1 DSC

(Minimum required years of cooling time after reactor core discharge)

BU Assembly Average Initial U-235 Enrichment, wt. %

GMWI'[L)J/ 0.710.8{0.9{1.0f1.1{1.2]1.3]1.4]|1.5/1.6{1.7{1.8]1.9]2.012.112.2|2.3|12.4]2.5(2.6]2.7]12.8]12.9(3.0]3.1{3.2|3.3|3.4{3.5|3.6|3.7]|3.8]13.9]4.0]4.1]142]4.3]44]45[4.6]4.7]14.8]14.9]|5.0
10 110.0110.0}10.0{10.0}10.0§10.0{10.0§10.0§10.0{10.0}10.0§10.0{10.0{10.0}10.0]10.0]10.0}10.0}10.0§10.0{10.0}10.0{10.0{10.0}10.0{10.0}10.0{10.0}10.0{10.0}10.0}10.0}10.0}10.0}10.0}10.0}10.0]10.0}10.0§10.0}10.0}10.0}10.0}10.0
15  110.0]10.0{10.0{10.0{10.0§10.0{10.0{10.0]10.0}10.0}10.0}10.0]10.0{10.0}10.0]10.0}10.0{10.0}10.0}10.0{10.0{10.0{10.0}10.0{10.0}10.0]10.0{10.010.0{10.0{10.0}10.0{10.0{10.0{10.0{10.0]10.0}10.0{10.0{10.0]10.0}10.0}10.0}10.0|

10.0]10.0{10.0]10.0}10.0}10.0}10.0410.0{10.0{10.0{10.0]10.0}10.0}10.0}10.0{10.0}10.0}10.0]10.0}10.0}10.0{10.0}10.0]10.0}10.0{10.0}10.0}10.0}10.0}10.0]10.0{10.0{10.0{10.0410.0

10.0]10.0{10.0}10.0110.0{10.0}10.0{10.0}10.0{10.0{10.0]10.0{10.0{10.0}10.0{10.0}10.0}10.0]10.0}10.0}10.0410.0§10.0{10.0}10.0{10.0}10.0]10.0}10.0}10.0]10.0{10.0}10.0{10.0{10.0
10.0}10.0{10.0]10.0]10.0}10.0}10.0{10.0}10.0410.0410.0]10.0}10.0}10.0}10.0}10.0}10.0}10.0}10.0}10.0}10.0{10.0§10.0{10.0}10.0{10.0}10.0]10.0}10.0}10.0]10.0{10.0}10.0{10.010.0
10.0}10.0{10.0]10.0]10.0}10.0}10.0{10.0{10.010.0{10.0{10.0{10.0{10.0}10.0{10.0{10.0}10.0{10.0}10.0}10.0}10.0}10.0]10.0}10.0{10.0}10.0]10.0}10.0}10.0]10.0{10.0{10.0{10.0{10.0
10.0{10.0{10.0§10.0{10.0}10.0{10.0{10.0}10.0{10.0{10.0{10.0{10.0}10.0{10.0}10.0{10.0}10.0{10.0{10.0}10.0{10.0{10.0{10.0}10.0}10.0{10.0{10.0{10.0}10.0{10.0{10.0{10.0}10.0{10.0
10.0{10.0410.0§10.0}10.0{10.0{10.010.0§10.0]10.0}10.0{10.0{10.0§10.0§10.0{10.0{10.0{10.0{10.0§10.0{10.0}10.0410.0{10.0{10.0}10.0{10.0{10.0§10.0{10.010.0]10.0]10.0{10.0{10.0
10.0}10.0{10.0]10.0}10.0J10.0}10.0{10.0}10.0{10.0410.0]10.0}10.0}10.0}10.0{10.0{10.0}10.0]10.0}10.0}10.0{10.0§10.0{10.0}10.0{10.0}10.0]10.0}10.0}10.0}10.0{10.0{10.0{10.0{10.0
12.011.0{10.0§10.0{10.0}10.0{10.010.0]10.0{10.0{10.0{10.0{10.0{10.0{10.0}10.0§10.0}10.0{10.0{10.0}10.0{10.0§10.0{10.0{10.0{10.0{10.0]10.010.0}10.0{10.0§10.0{10.0}10.0]10.0
13.5[12.0{11.0}10.0}10.0{10.0{10.0{10.0{10.0J10.0}10.0{10.010.010.0{10.0]10.0]10.0{10.0{10.0{10.0{10.0}10.0}10.0{10.0{10.0J10.0{10.0{10.0§10.010.0{10.0}10.0]10.0}10.0{10.0
10.0110.0110.0{10.0{10.0{10.0}10.0{10.0}10.0{10.0{10.0{10.0{10.0]10.0{10.0}10.0}10.0{10.0{10.0{10.0]10.0§10.0}10.0{10.0{10.0{10.0{10.0§10.0
10.0}10.0{10.0{10.0{10.0}10.0{10.0}10.0]10.0}10.0{10.0{10.0}10.0{10.0{10.0{10.0}10.0}10.0§10.0{10.0{10.0{10.0}10.0}10.0{10.0}10.0]10.0{10.0|
10.0}10.0110.0{10.0]10.0{10.0}10.0{10.0}10.0{10.0{10.0{10.0{10.0}10.0}10.0}10.0{10.0{10.0}10.0{10.0{10.0}10.0}10.0]10.0
10.0}10.0§10.0{10.0110.0{10.0}10.0{10.0{10.0]10.0§10.0{10.0{10.0§10.0{10.0{10.0{10.0{10.0}10.0{10.0§10.0{10.0{10.0{10.0
10.0}10.010.0{10.0]10.0{10.0}10.0{10.0}10.0{10.0{10.0{10.0{10.0{10.0}10.0}10.0{10.0{10.0}10.0§10.0{10.0}10.0}10.0}10.0
10.0}10.0110.0{10.0]10.0{10.0}10.0{10.0}10.0]10.0{10.0{10.0}10.0{10.0{10.0}10.0{10.0{10.0}10.0{10.0{10.0}10.0}10.0}10.0
10.5}10.5110.5/10.5]10.5{10.0}10.0{10.0}10.0{10.0{10.0{10.0{10.0}10.0}10.0{10.0{10.0{10.0}10.0{10.0{10.0{10.0}10.0}10.0
11.5}11.5{11.0{11.0]11.0{11.0J11.0{11.0}10.5]10.5{10.5{10.5}10.0}10.0}10.0}10.0{10.0{10.0}10.0{10.0{10.0}10.0{10.0}10.0
13.0]12.0412.0] 12001 1.5111.5{11.5{11.5]11.0{11.0{11.011.0}11.0}10.5{10.5]10.5}10.5}10.5{10.510.5}10.5}10.0}10.0
12.5[12.5{12.5[12.0012.0{12.0{12.0412.0{11.5{11.5{11.5{11.5{11.5{11.0{11.0J11.0{11.0{11.0{11.0{11.0
13.5]13.5{13.0{13.0{13.0{13.0]12.5]12.512.5{12.5]12.0{12.0}12.0{12,0{12.0]12.0{11.5{1 1.5}{11.5{11.5
14.5]14.0{14.0]114.0}14.0{13.5{13.5]13.5]13.5]13.0{13.0]13.0]13.0}13.0J12.5]12.5{12.5}12.5]12.5]12.5
15.5]15.0}15.0{15.0{15.0]14.5]14.5]14.5{14 0]14.0]14.0{14.0]13.5{13.5}13.5]13.5]13.5}13.5}13.5}13.0

16.5116.5{16.0{16.0{16.0}15.5}15.5]15.5{15.0015.0{15.0{15.0]14.5{14.514.5}14 .5{14 5{14.5{14 0{14.0

S5{17.0]117.0]17.0{17.0}16.5}16.5]16.0§16.0{16.0]15.5{15.5]15.5{15.5}15.5{15.0}15.0{15.0{15.0|
.5{18.0]118.0118.0{17.5}17.5{17.5]17.5{17.0{17.0]17.0}16.5]16.5{16.5}16.5]16.0]16.0{16.0{16.0|
19.0] 19.0{19.0}18.5}18.5]18.0]18.0]18.0]18.0{17.5}17.5{17.5{17.5}17.0}17.0{17 .0{17.0|

.0120.0§20.0419.5}19.5]19.5119.0]19.0}19.0}19.0}19.0{19.0}18.5}18.0]18.0{18.0{18.0|

.0]21.0J21.0}20.5]20.5]20.5}20.5}20.5]20.0§20.0]19.5}19.5]19.5{19.0{19.0]19.0}19.0

.0]22.0§22.021.5J21.5|21.5}21 5]21.5}21.5}21.0}20.5}20.5}20.5]20.5]20.0J20.0}20.0

.5123.0§23.0]23.0]23.0123.0§22.522.0]22.0]22.0122.0121 5|21 5|21 .5]21 521 .5]21 .0|

.5124.0124.0]24 .0]24.0]24 0]23.5]23.0]23.0]23.0|23.0[22.5]22.5]22.5]22 5122 0§22 .0
.5]25.0]125.0§25.0124.5]24 5|24 .5]24.5|24.5]24.0]24 0]23.5]23 .5[23.5]23.5]23.0|23.0

Not Analyzed

Note:  Next page provides the explanatory notes and limitations regarding the use of this table.
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‘ Notes, Table A.1.4.5-5:
e BU = Assembly average burnup.

e Use burnup and enrichment to lookup minimum cooling time in years. Licensee is
responsible for ensuring that uncertainties in fuel enrichment and burnup conservatively
applied in determination of actual values for these two parameters. ,

e Round burnup UP to next higher entry, round enrichments DOWN to next lower entry.

e Fuel with an initial enrichment either less than 0.7 or greater than 5.0 wt.% U-235 is
unacceptable for Transport.
Fuel with a burnup greater than 62 GWd/MTU is unacceptable for transport.

e Fuel with a burnup less than 10 GWd/MTU is acceptable for transport after 10-years cooling.

e Example: An assembly with an initial enrichment of 4.85 wt. % U-235 and a burnup of 41.5
GWdA/MTU is acceptable for transport after 10-year cooling time as defined by 4.8 wt. % U-
235 (rounding down) and 42 GWd/MTU (rounding up) on the qualification table (other
considerations not withstanding).

¢ Even though cooling times less than 15 years are shown in this table, the minimum cooling
time requirement for criticality from Table A.1.4.5-8 and Table A.1.4.5-84 for transportation |
is 15 years. , '
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. Table A.1.4.5-6
B10 Specification for the NUHOMS®-32PTH1 Poison Plates
32PTH1 DSC | Minimum B10 Areal Density for Boral® | Minimum B10 Areal Density for B-AI™
Basket Type (mglcm?) (mgl/cm?)
1A or 2A 9.0 7.0
1B or 2B 19.0 15.0
1Cor 2C 25.0 20.0
1D or 2D N/A 32.0
1E or 2E N/A 50.0
Note:

™ B.Al = Metal Matrix Composites and Borated Aluminum Alloys.
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. Table A.1.4.5-7
Maximum Allowable Heat Load for the NUHOMS®-32PTH1 System
32PTHA1
System 32PTH1 Basket

Configuration | DSC Type | Type'"® Max. Heat Load (kW) per DSC

26.0 (HLZC 1 and 2, with intact or damaged
fuel)

32PTH1-S, 1A, 1B, or
1 32PTH1-M 1Cor1Dor
or 32PTH1-L | 1E

24.0 (HLZC 3 with intact or damaged fuel)

32PTH1-S, | 2A 2B, or | 24.0 (HLZC 2)
2 32PTHI-M | 2C or 2D or
or 32PTH1-L | 2E 240 (HLZC 3)

Notes:
@ Basket Type 1 (1A, 1B, 1C, 1D, 1E) has aluminum transition rails in the DSC basket.
@ Basket Type 2 (2A, 2B, 2C, 2D, 2E) has steel transition rails in the DSC basket.
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Table A.1.4.5-8

. Acceptable Average Initial Enrichment/Minimum Burnup Combinations - NUHOMS®-32PTHI1 — Intact
Fuel Assemblies

(Part 1 of 2)

WE 17x17, WE 15x15, BW 15x15, CE 14x14, CE 15x15 and CE 16x16 fuel assembly classes
Enrichment
(wt. % U-235) | TypeA | TypeB | Type C | Type D | Type E | Type A | Type B | Type C | Type D Type E
1.45 fresh - - - - firesh - - - -
1.55 - firesh - - - - firesh - - -
1.60 - - firesh - - - - fresh - -
1.70 - - - firesh - - - - firesh -
1.80 - - - - fresh - - - - frresh
Burnup (GWD/MTU), 15 years decay Burnup (GWD/MTU), 30 years decay
2.00 20 16 14 1] 7 19 15 13 9 6
2.25 23 19 19 17 14 20 19 18 15 12
2.50 29 22 20 19 19 24 20 19 19 18
2,75 31 27 25 22 20 29 24 23 20 19
3.00 - 36 317 30 26 23 32 28 27 24 20
3.25 39 33 32 30 27 35 3] 30 28 24
3.50 41 38 36 32 30 39 34 33 31 28
3.75 45 40 39 36 32 41 37 35 33 31
4.00 50 43 42 39 35 44 39 39 36 33
4.20 - 46 44 41 38 46 4] 40 38 35
\ 4.40 - - 46 43 39 49 44 42 39 37
4 4.60 - - 49 45 4] - 46 44 40 39
4.80 - - - 47 43 - 49 47 43 40
5.00 - - - 50 45 - - 50 45 42
NUH09.0101 A.1.4.5-13
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Table A.1.4.5-8
Acceptable Average Initial Enrichment/Minimum Burnup Combinations - NUHOMS®-32PTH] - Intact
Fuel Assemblies
(Part 2 of 2)
WE 14x14 assembly class
Enrichment
wt. % U-235) Type A Type B Type C Type A Type B Type C
1.70 fresh - - fresh - -
1.85 - firesh - - firesh -
1.90 - - firesh - - firesh
‘ Burnup (GWD/MTU), 15 years decay Burnup (GWD/MTU), 30 years decay

2.00 11 6 5 10 5 5
2.25 17 12 10 16 10 9
2.50 19 17 15 19 16 14
2.75 22 19 19 20 19 /8
3.00 25 21 20 24 20 19
3.25 30 25 23 28 24 21
3.50 32 29 26 31 26 24
3.75 35 31 30 33 30 28
4.00 39 34 32 36 31 31
4.20 40 36 34 38 36 32
4.40 42 39 37 39 37 34
4.60 45 40 39 41 38 36
4.80 48 42 40 43 39 39
5.00 50 44 42 45 41 40

Notes:
o  Use burnup and enrichment to lookup minimum cooling time in years. Licensee is responsible for

ensuring that uncertainties in fuel enrichment and burnup are conservatively applied in
determination of actual values for these parameters (uncertainty in enrichment to be added and
uncertainty in burnup to be subtracted).

Interpolation can be performed to determine the burnup for enrichment values (between 2.00 wt.% U-
235 and 5.00 wt.% U-2335) that are not explicitly shown herein. Alternatively, the burnup value
corresponding to the next higher enrichment may be utilized.

Extrapolation shall not be performed to determine burnup requirements.

The burnup of the ‘firesh” assemblies is 0. For a given configuration, the enrichment corresponding
to “fresh” in this Table is the maximum enrichment above which a burnup value is needed for fuel
assemblies to qualify for transportation.

e An additional burnup of 3 GWD/MTU is required for loading fuel assemblies with control rod

insertion deeper than 20 cm inside the active fuel during depletion.
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, Table A.1.4.5-84
Acceptable Average Initial Enrichment/Minimum Burnup Combinations - NUHOMS®-32PTHI —
Damaged Fuel Assemblies

(Part 1 0f2)

WE 17x17, WE 15x15, BW 15x13, CE 14x14, CE 15x15 and CE 16x16 fuel assembly classes
Enrichment ,
(wt. % U-235) | TypeA | TypeB | TypeC | TypeD | Type E | Type A | Type B | Type C | Type D' | Type E

1.50 fresh - - - - fresh - - - -

1.60 - fresh - - - - fresh - - -

1.65 - - fresh - - - - fresh - -

L.75 - - - fresh - - - - fresh -

1.80 - - - - firesh - - - - Sfresh
Burnup (GWD/MTU), 15 years decay Burnup (GWD/MTU), 30 years decay

2.00 23 19 19 15 12 19 18 16 13 10
2.25 28 23 20 19 18 23 19 19 19 17
2.50 31 28 26 23 21 29 25 22 20 19
2.75 37 32 31 28 25 33 30 28 25 22
3.00 41 37 35 33 30 37 33 31 29 26
3.25 44 41 39 36 33 40 37 35 32 31
3.50 49 45 43 39 37 44 39 39 35 33
3.75 - 49 47 43 40 48 42 41 39 37
4.00 - - 50 46 43 - 46 44 4] 39
4.20 - - - 49 46 - 49 47 44 4]
‘ 4.40 - - - - 50 - - 50 47 44
‘ 4.60 - - - - - - - - 50 47
) 4.80 - - - - - - - - - 50

5.00 - - - - - - - - - -
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Table A.1.4.5-84
Acceptable Average Initial Enrichment/Minimum Burnup Combinations - NUHOMS ®_32PTHI —
Damaged Fuel Assemblies
(Part 2 of 2)
WE 14x14 assembly class
Enrichment
(wt. % U-235) | Type A | Type B | Type C | Type D | Type E | Type A | Type B | Type C | Type D | Type E

1.70 fresh - - - - fresh - - - -

1.85 - firesh - - - - fresh - - -

1.90 - - firesh - - - - fresh - -

1.75 - - - firesh - - - - fresh -

1.80 - - - - fresh - - - - fresh

Burnup (GWD/MTU), 15 years decay Burnup (GWD/MTU), 30 years decay
2.00 20 18 16 15 12 19 16 14 13 10
2.25 26 20 19 19 18 22 19 19 19 17
2.50 3/ 26 24 23 21 28 23 21 20 19
2.75 35 31 29 28 25 3] 28 26 25 22
3.00 39 35 34 33 30 35 32 31 29 26
3.25 43 39 38 36 33 39 35 34 32 31
3.50 47 42 40 39 37 41 39 38 35 33
3.75 - 47 44 43 40 47 41 40 39 37
4.00 - - 48 46 43 50 45 43 4] 39
4.20 - - - 49 - 46 - 48 46 44 4]
P 4.40 . - - - - 50 - - 50 47 44
.'/. 4.60 - - - - - - - - 50 47
4.80 - - - - - - - - - 50

5.00 - - - - - - - - - -

Notes:

e Use burnup and enrichment to lookup minimum cooling time in years. Licensee is responsible for
ensuring that uncertainties in fuel enrichment and burnup are conservatively applied in determination
of actual values for these parameters (uncertainty in enrichment to be added and uncertainty in burnup
to be subtracted).

e Interpolation can be performed to determine the burnup for enrichment values (between 2.00 wt.% U-
235 and 5.00 wt.% U-235) that are not explicitly shown herein. Alternatively, the burnup value
corresponding to the next higher enrichment may be utilized.

e Extrapolation shall not be performed to determine burnup requirements.

o  The burnup of the “fresh™ assemblies is 0. For a given configuration, the enrichment corresponding
to “fresh” in this Table is the maximum enrichment above which a burnup value is needed for fuel
assemblies to qualify for transportation.

e An additional burnup of 3 GWD/MTU is required for loading fuel assemblies with control rod
insertion deeper than 20 cm inside the active fuel during depletion.
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‘ Table A.1.4.5-9
PWR Decay Heat for Heat Load Configurations

The Decay Heat (DH) in watts is expressed as:

F1=-44.8+41.6*X1 —37.1%*X2 + 0.611*X 1 — 6.80*X1*X2 + 24.0%*X2’
DH = F1*Exp({[1-(1.8/X3)]* -0.575}*[(X3-4.5)"'®1*[(X2/X1)*"*"]) + 20

where,
F1 Intermediate Function
X1 Assembly Burnup in GWD/MTU
X2 Initial Enrichment in wt. % U-235
X3 Cooling Time in Years (minimum 10 years)

Note: Even though cooling times less than 15 years are shown in this table, the minimum cooling time
requirement for criticality from Table A.1.4.5-8 and Table A.1.4.5-84 for transportation is 15 years.
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. * Denotes only locations where damaged fuel assembly can be transported
Zone1 | Zone 2 | Zone 3 | Zone 4 | Zone 5 | Zone 6
Maximum Decay Heat (kW/FA)'""? 0.6 NA NA NA 1.3 1.5
Maximum Decay Heat per Zone (kW) 2.4 NA NA NA 15.6 24.0
Maximum Decay Heat per DSC (kW) 26.0"

(1) Decay heat per fuel assembly shall be determined per Table A.1.4.5-9.

(2) Ifstoring a CC with the fuel assemblies, reduce allowable decay heat (DH) by heat output of CC.
(3) 1.2 kW per FA is the maximum decay heat allowed for damaged fuel assemblies.

(4) Adjust payload to maintain 26.0 kW/DSC heat load.

Figure A.1.4.5-1
Heat Load Zoning Configuration No. 1 for 32PTH1-S, 32PTH1-M and 32PTHI1-L DSCs
(Type 1 Baskets)
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74 74 74 74

74 Z4* | 74* | 74* | Z4* Z4

Z4 74 | T | 13" | 74 Z4

74 Z4* | Ly | 25 | T4 Z4

Z4 Z4* 74* 74* Z4* Z4

‘ 74 74 74 74

* Denotes only locations where damaged fuel assembly can be transported

Zone1 | Zone 2 | Zone 3 | Zone 4 | Zone 5 | Zone 6
Maximum Decay Heat (kW/FA)""* NA NA 0.96 0.98 NA NA
Maximum Decay Heat per Zone (kW) NA NA 3.84 | 26.0% NA NA
Maximum Decay Heat per DSC (kW) 26.0%

(1) Decay heat per fuel assembly shall be determined Table A.1.4.5-9.

(2) If storing a CC with the fuel assemblies, reduce allowable decay heat (DH) by heat output of CC.
(3) Maximum listed is for Type 1 Basket Only. Type 2 Basket shall be limited to 24.0 kW.

(4) Adjust payload to maintain these maximum per DSC heat load.

Figure A.1.4.5-2
Heat Load Zoning Configuration No. 2 for 32PTH1-S, 32PTH1-M and 32PTH1-L DSCs
(Type 1 or Type 2 Baskets)
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* Denotes only locations where damaged fuel assembly can be transported

Zone1 | Zone 2 | Zone 3 | Zone 4 | Zone 5 | Zone 6
Maximum Decay Heat (kW/FA)"" NA 0.8 NA NA NA NA
Maximum Decay Heat per Zone (kW) NA 24.0 NA NA NA NA
Maximum Decay Heat per DSC (kW) 24.0Y

() Decay Heat per fuel assembly shall be determined Table A.1.4.5-9.
@ If storing a CC with the fuel assemblies, reduce allowable decay heat (DH) by heat output of CC.
@ Adjust payload to maintain 24.0 kW/DSC heat load.

Figure A.1.4.5-3
Heat Load Zoning Configuration No. 3 for 32PTH1-S, 32PTH1-M and 32PTH1-L DSCs
(Type 1 or Type 2 Baskets)
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Appendix A.1.4.6
NUHOMS®-37PTH DSC

NOTE: References in this Appendix are shown as [1], [2], etc. and refer to the reference list in
Section A.1.4.6.4.

A.1.4.6.1 NUHOMS®-37PTH DSC Description

Each NUHOMS®-37PTH DSC consists of a DSC shell assembly and a basket assembly. The
shell assembly consists of a cylindrical shell, the inner cover plates of the top and bottom shield
plug assemblies and outer top cover plate. The DSC shell assembly is designed, fabricated and
inspected in accordance with ASME B&PV Code Subsection NB [1]. Alternatives to the code
are provided in Chapter A.2, Appendix A.2.13.13. As shown in Table A.1.4.6-1, the 37PTH
DSC system consists of two design configurations as follows:

¢ 37PTH-S, Short Canister
e 37PTH-M, Medium Canister

Table A.1.4.6-1 provides the overall lengths and outer diameters for each 37PTH DSC
configuration. The shell assemblies are high integrity stainless steel welded pressure vessels that
provide confinement of radioactive materials, encapsulate the fuel in an inert atmosphere (the
canister is back-filled with helium before being seal welded closed), and provide biological
shielding (in axial direction). The 37PTH DSCs have double redundant seal welds that join the
shell and the top and bottom cover plate assemblies to seal the canister. The bottom end
assembly welds are made during fabrication of the 37PTH DSCs. The top end closure welds are
made after fuel loading. Both top plug penetrations (siphon and vent ports) are redundantly
sealed after the 37PTH DSC drying operations are complete.

The canister is designed to contain its fuel basket and fuel assemblies, and is completely
supported by the transport cask. Under normal transport conditions, the canister rests on four
canister rails attached to the inside of the transport cask.

A.1.4.62 NUHOMS®-37PTH DSC Fuel Basket

The basket structures are designed, fabricated and inspected in accordance with ASME B&PV
Code Subsection NG[1]. Alternatives to the code are provided in Chapter A.2, Appendix
A.2.13.13. The overall lengths and diameters of the baskets for each canister configuration are
provided in Table A.1.4.6-1. The details of the 37PTH fuel baskets are shown in the drawings in
Section' A.1.4.10.7 of Appendix A.1.4.10. The 37PTH baskets are designed to accommodate 37
intact, or up to 4 damaged with the remainder intact, PWR fuel assemblies with or without
Control Components. The basket structure consists of a welded assembly of stainless steel plates
or tubes that accommodate aluminum and/or poison plates and surrounded by support rails.

The basket structure is open at each end. Therefore, longitudinal fuel assembly loads are applied
directly to the canister/cask body and not the fuel basket structure. The fuel assemblies are
laterally supported by the stainless steel grid. The basket is laterally supported by the basket
rails and the canister shell. The stainless steel and aluminum basket rails are oriented parallel to
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the axis of the canister, and are attached to the periphery of the basket to provide support, and to
establish and maintain basket orientation.

Shear keys, welded to the inner wall of the DSC, mate with notches in the basket support rails to I
prevent the basket from rotating during normal operations.

Each fuel compartment accommodates aluminum and/or absorbing poison plates. The poison
plates are constructed from borated aluminum, or an aluminum/B4C metal matrix composite
with a minimum B10 areal density of 0.020 gm/cm?, and provide a heat conduction path along
with the aluminum from the fuel assemblies to the canister wall, as well as criticality control.
Alternatively, Boral® can be employed as the poison material, with a minimum B10 areal density
of 0.025 gm/cm’.

A1.4.63 NUHOMS®-37PTH DSC Contents

Each of the two alternate DSC configurations is designed to transport intact (including
reconstituted) and/or damaged PWR fuel assemblies as specified in Table A.1.4.6-2 and Table
A.1.4.6-4. The fuel to be transported is limited to a maximum assembly average initial
enrichment of 5.0 wt. % U-235. The maximum allowable assembly average burnup is limited to
62 GWd/MTU and the minimum cooling time requirements are given in Table A.1.4.6-2. Each |
of the DSC types is designed to transport Control Components (CCs) with thermal and
radiological characteristics as listed in Table A.1.4.6-3. The CCs include Burnable Poison Rod
Assemblies (BPRAs), Thimble Plug Assemblies (TPAs), Control Rod Assemblies (CRAs), Rod
Cluster Control Assemblies (RCCAs), Axial Power Shaping Rod Assemblies (APSRAs), Orifice
Rod Assemblies (ORAs), Vibration Suppression Inserts (VSIs), Neutron Source Assemblies
(NSAs) and Neutron Sources.

Reconstituted assemblies containing up to 10 replacement irradiated stainless steel rods or
stainless steel clad rods per assembly or an unlimited number of lower enrichment UO; rods, or
Zircaloy (including other Zirconium based alloy) rods or Zr pellets, or unirradiated stainless steel
rods are acceptable for storage in the 37PTH DSC as intact fuel assemblies. The stainless steel
rods are assumed to have two-thirds the irradiation time as the remaining fuel rods of the
assembly. The reconstituted UO; rods are assumed to have the same irradiation history as.the
entire fuel assembly. The nominal volume of the replacement rods is equivalent to the replaced
fueled rods in the active fuel region of the fuel assembly. The reconstituted rods can be at any
location in the fuel assemblies. The maximum number of reconstituted fuel assemblies per DSC
is four with irradiated stainless steel replacement rods or 37 with UO; replacement rods.

The NUHOMS®-37PTH DSCs can also accommodate up to a maximum of four damaged fuel
assemblies placed in the four cells of the DSC shown in Figure A.1.4.6-1. Damaged PWR fuel
assemblies are assemblies containing missing or partial fuel rods, or fuel rods with known or
suspected cladding defects greater than hairline cracks, or pinhole leaks. The extent of damage
in the fuel assembly is to be limited such that a fuel assembly is able to be handled by normal
means. The DSC basket cells which accommodate damaged fuel assemblies are provided with
top and bottom end caps.
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A 37PTH DSC containing less than 37 fuel assemblies may contain dummy fuel assemblies in
the empty slots. The dummy assemblies are unirradiated, stainless steel encased structures that
approximate the weight and center of gravity of a fuel assembly.

A.1.4.6.4 References

1. American Society of Mechanical Engineers, ASME Boiler And Pressure Vessel Code,
Section 111, Division 1 - Subsections NB, NG and NF, 2004 Edition thru 2006 Addenda.
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Note: Unless stated otherwise, nominal values are provided.

Table A.1.4.6-1

Key Design Parameters of the NUHOMS®-37PTH System

37PTH DSC Type

Parameter 37PTH-S 37PTH-M
182.00 189.25

DSC Length (in) (Maximum) (Maximum)
DSC Outside Diameter (in) 69.75 69.75
DSC Cavity Length (in) 164.38 171.63
Basket Length (in) 162.00 169.00
Basket Diameter (in) 68.50 68.50

NUH09.0101
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' Table A.1.4.6-2
PWR Fuel Specification for the Fuel to be Transported in the NUHOMS®-37PTH DSC

PHYSICAL PARAMETERS: .
Fuel Class Intact or damaged unconsolidated WE 17x17, CE 15x15,

WE 15x15, CE 14x14, WE 14x14 and CE 16x16 class PWR
assemblies (with or without control components) that are
enveloped by the fuel assembly design characteristics listed
in Table A.1.4.6-4. Reload fuel manufactured by same or
other vendors but enveloped by the design characteristics
listed in Table A.1.4.6-4 is also acceptable. Damaged fuel
assemblies beyond the definition contained below are not
authorized for storage.

Damaged PWR fuel assemblies are assemblies containing
missing or partial fuel rods or fuel rods with known or
suspected cladding defects greater than hairline cracks or

, pinhole leaks. The extent of damage in the fuel assembly is
Fuel Damage to be limited such that a fuel assembly is able 1o be handled
by normal means.

Damaged fuel assemblies shall also contain top and bottom
end fittings or nozzles or tie plates depending on the fuel

ype.
RECONSTITUTED FUEL ASSEMBLIES:

e  Maximum No. of Reconstituted Assemblies per DSC 4
with frradiated Stainless Steel Rods

e  Maximum No. of Irradiated Stainless Steel Rods per 10
Reconstituted Fuel Assembly

e Maximum No. of Reconstituted Assemblies per DSC 37
with Unlimited Number of Low Enriched UO, Rods, or
Zr Rods or Zr Pellets or Unirradiated Stainless Steel
Rods

e Up to 37 CCs are authorized for storage in 37PTH-S,
and 37PTH-M DSCs.

e Authorized CCs include Burnable Poison Rod
Assemblies (BPRAs), Thimble Plug Assemblies (TPAs),
Control Rod Assemblies (CRAs), Rod Cluster Control
Assemblies (RCCAs), Axial Power Shaping Rod
Assemblies (APSRAs), Orifice Rod Assemblies
(ORA?5), Vibration Suppression Inserts (VSIs), and
Neutron Source Assemblies (NSAs), and Neutron
Sources

Control Components (CCs)

® Design basis thermal and radiological characteristics for
the CCs are listed in Table A.1.4.6-3.

No. of Intact Assemblies <37

Up to 4 damaged fuel assemblies. Balance may be intact

fuel assemblies, or dummy assemblies which are authorized

for storage in 37PTH DSC.

No. and Location of Damaged Assemblies Damaged fuel assemblies are to be placed in the four corner

locations as shown in Figure A.1.4.6-1. The DSC basket

cells which accommodate damaged fuel assemblies are

provided with top and bottom end caps.

1665 Ibs for 37PTH-S

1625 Ibs for 37PTH-M

Maximum Assembly plus CC Weight
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‘ Table A.1.4.6-2

PWR Fuel Specification for the Fuel to be Transported in the NUHOMS®-37PTH DSC
(concluded)
THERMAL/RADIOLOGICAL PARAMETERS:

* Fuel Assembly Average Burnup and minimum Cooling | Per Table A.1.4.6-5; Table A.1.4.6-6 and decay heat

Time"” and burnup credit restrictions below.
Decay Heat'" : Per Figure A.1.4.6-1
Per Table A.1.4.6-6
Burnup Credit Restrictions'” The maximum cooling time shall not exceed 160 years.
Note:

) Minimum cooling time is the longer of that given in Table A.1.4.6-5; that calculated via the decay heat equation
given in Table A.1.4.6-7 based on the restrictions provided in Figure A.1.4.6-1; and Table A.1.4.6-6.
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‘ Table A.1.4.6-3
Thermal and Radiological Characteristics for Control Components Transported in the
NUHOMS" -37PTH DSC

BPRAs, NSAs, CRAs, RCCAs,
VSis, APSRAs, and

Parameter Neutron Sources TPAs and ORAs
Maximum Gamma Source 390 E+13 419 E+12
(y/sec/assembly)

Decay Heat (Watts/assembly) 8.0 8.0
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‘ Table A.1.4.6-4

PWR Fuel Assembly Design Characteristics for the NUHOMS®-37PTH DSC

WE CE WE CE WE CE
Assembly Class 17x17 15x15 15x15 14x14 14x14 | 16x16
Max Unirradiated { 37PTH-S 162.6 162.6 162.6 162.6 162.6 162.6
Length (in)" 37PTH-M 170.0 | 170.0 | 170.0 | 170.0 | 170.0 | 170.0
Fissile Material Uo, UoO, Uuo, U0, vOo, uoO,
Maximum MTU/Assembly'” 0482 | 0482 | 0482 | 0.482 | 0482 | 0482
Maximum Number of Fuel Rods 264 216 204 176 179 236
Maximum Number of
Guide/ Instrument Tubes 25 9 21 5 17 5

Notes:
(1) Maximum Assembly + Control Component Length (unirradiated)
(2) The maximum MTU/assembly is based on the shielding analysis. The listed value is higher than the

actual.
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Table A.1.4.6-5
PWR Fuel Qualification Table for NUHOMS®-37PTH DSC

(Minimum required years of cooling time after reactor core discharge)

BU Assembly Average Initial U-235 Enrichment, wt. %

GMV}[/.B/ 0.7{0.810.9]11.011.1]1.2|1.3|1.4[1.5]1.6/1.7(1.8{1.9{2.012.1]|2.2|2.3|12.4|2.5({2.6]12.7]|2.8|2.9/3.0{3.1{3.2|3.3(3.4]3.5|3.6|3.7(3.8]3.9]4.0|4.1|4.2]4.3|44|4.5|4.6(/4.7|4.8|49

5.0

10 110.010.0{10.0{10.0}10.0{10.0{10.0]10.0{10.0{10.0}10.0{10.0{10.0{10.0}10.0{10.0{10.0]10.0{10.0{10.0]10.0{10.0{10.0{10.0{10.0{10.0{10.010.0{10.0]10.0{10.0{10.0]10.0{10.0{10.0{10.0]10.0{10.0}10.0{10.0{10.0]10.0}10.0;

10.0]

15 110.0]10.0]10.0]10.0{10.0{10.0]10.0]10.0}10.0410.0§10.0{10.0{10.0{10.0§10.0{10.0{10.0{10.0{10.0{10.0]10.0{10.0]10.0]10.0]10.0{10.0]10.0{10.0]10.010.0]10.0]10.0{10.0}10.0{10.0}10.0]10.0]10.0]10.0] 10.0]10.0]10.0{10.0|

10.0

10.0{10.0}10.0§10.0]10.0J10.0]10.0}10.0]10.0}10.0{10.0§10.0§10.0§10.0}10.0{10.0}10.0{10.0}10.0{10.0}10.0}10.0410.0{10.0§10.0]10.0}10.0}10.0}10.0}10.0]10.0}10.0}10.0{10.0]

10.0)

10.0410.0{10.0{10.0]10.0}10.0}10.0}10.0{10.0{10.0{10.0410.0410.0§10.0§10.0{10.0}10.0}10.0]10.0}10.0}10.0}10.0410.0{10.0410.0]10.0{10.0}10.0]10.0}10.0]10.0}10.0}10.0{10.0;

10.0

10.0}10.0{10.0J10.0]10.0}10.0]10.0}10.0]10.0}10.0}10.0410.0§10.0§10.0{10.0{10.0{10.0}10.0}10.0{10.0}10.0{10.0410.0{10.0§10.010.0{10.0}10.0]10.0]10.0]10.0}10.0}10.0{10.0;

10.0)

10.0{10.0{10.0410.0]10.0}10.0]10.0}10.0]10.0}10.0}10.0{10.0§10.0§10.0{10.0{10.0}10.0{10.0]10.0}10.0]10.0{10.0410.0{10.0§10.0]10.0{10.0]10.0]10.0}10.0]10.0]10.0}10.0{10.0|

10.0]

10.0{10.0{10.0}10.0}10.0}10.0]10.0]10.0]10.0]10.0}10.0410.0§10.0§10.0}10.0{10.0}10.0}10.0}10.0}10.0}10.0}10.0410.0{10.0410.0410.0}10.0}10.0}10.0}10.0]10.0}10.0}10.0{10.0|

10.0

10.0110.0{10.0§10.0]10.0}10.0]10.0]10.0]10.0]10.0}10.0410.0§10.0410.0J10.0}10.0}10.0{10.0]10.0}10.0}10.0J10.0410.0{10.0§10.0]10.0}10.0]10.0]10.0]10.0]10.0}10.0}10.0{10.0;

10.0)

12.0{11.0410.0410.0{10.0§10.0{10.0{10.0{10.0410.0§10.0§10.0§10.0]10.0{10.010.0410.0{10.0{10.0410.0{10.0{10.0]10.0]10.0{10.0}10.0{10.0{10.0{10.0{10.0{10.0{10.0{10.0{10.0

10.0]

14.0{13.0}12.0}11.0}10.0}10.0]10.0J10.0]10.0}10.0}10.0}10.0}10.0§10.0}10.0}10.0}10.0}10.010.0}10.0}10.0{10.0§10.0{10.0}10.0]10.0}10.0}10.0]10.0]10.0}10.0}10.0}10.0}10.0|

10.0)

.515.5]14.0]13.0]12.0]11.0}10.0{10.0]10.0{10.0]10.0]10.0}10.0}10.0}10.0{10.0]10.0]10.010.010.0]10.0{10.010.0}10.0}10.0}10.0}10.0}10.010.0{10.0{10.0]10.0}10.0{10.0{10.0

10.0

16.5]15.5{14.0}13.0}12.0}11.0}10.0}10.0]10.0{10.0}10.0}10.0{10.0§10.0}10.0{10.0}10.0}10.0]10.0}10.0}10.0}10.0§10.0§10.0410.0{10.0}10.0}10.0}10.0}10.0}10.0}10.0}10.0{10.0|

10.0

11.5 15.5]14.5]13.5]12. 10.010.0}10.0}10.0}10.0§10.0}10.0{10.0}10.0}10.0]10.0}10.0}10.0}10.0410.0}10.0}10.0{10.0}10.0}10.0]10.010.0}10.0}10.0}10.0}10.0!

10.0]

10.0]10.0410.0{10.0]10.0]10.0]10.010.0]10.010.0}10.0{10.0{10.0}10.0{10.0{10.0]10.0}10.0]10.0]10.0]10.0]10.0{10.0|

10.0]

10.0410.0110.0]10.010.010.0{10.0]10.0{10.0110.0}10.0}10.0]10.0{10.0}10.0{10.0{10.0{10.0410.010.0]10.0]10.0

10.0

.0{10.0110.0§10.0{10.0§10.0§10.0{10.0§10.0410.0{10.0]10.010.0]10.0}10.0{10.0}10.0{10.0{10.0{10.0{10.0410.0410.0

10.0

10.0§10.0110.0§10.0]10.0410.0{10.0410.0{10.0{10.0{10.0§10.0}10.0]10.0]10.0{10.0{10.0{10.010.0}10.010.0}10.0

10.0

10.5110.5]10.5]10.5]10.0}10.0§10.010.0{10.0{10.0}10.0]10.0]10.0}10.0]10.0{10.0{10.0{10.0{10.0410.0]10.010.0

10.0

.0f11.5]11.0{11.0411.0410.5{10.0{10.0§10.0410.0410.0410.0}10.010.0}10.0§10.0{10.0{10.0}10.0{10.0{10.0{10.0{10.0

10.0

.0§13.0112.012.0]12.0{11.5}10.5]10.0§10.0{10.0{10.0410.0}10.0{10.0{10.0{10.010.0}10.0{10.0{10.0]10.0{10.0]10.0

10.0]

.5112.5112.5]12.0411.0110.0410.0410.0]10.0]10.0]10.0{10.0]10.0§10.0{10.0{10.0{10.0{10.0410.010.0

10.0]

.5113.5113.5]13.0412.011.0§10.0410.0]10.0]10.0]10.0{10.0{10.0§10.010.0{10.0410.0{10.0{10.0]10.0

10.0]

14.0{14.0]13.0112.0]11.0{10.5}10.5]10.5{10.5}10.0410.010.0}10.0]10.0{10.0}10.0{10.0]10.0

10.0

Not Analyzed

15.0115.0]14.0{13.0}12.0§11.511.0{11.0{11.0]11.0410.5{10.5}10.5}10.5}10.5}10.5}10.0{10.0

10.0

16.0]15.014.0413.0412.5{12.0{11.5{11.5]11.5{11.5}11.5{11.0411.0411.0411.0411.0{11.0

10.5

17.0]16.0]15.0]14.5]13.5}12.5{12.5}12.5{12.5]12.0]12.0{12.0]12.0]12.0}11.5}11.5}11.5

115

18.0 16.515.5{14.5113.5]13.5]13.0{13.0]13.0413.0{12.5{12.5]12.5{12.5]12.5}12.0|

12.0

17.5]16.5]15.5{14.5/14.0{14.0{14.0113.5]13.5]13.5]13.5]13.5]13.5] 13.0413.0

13.

18.5]17.5]17.0416.0{15.0{15.0§15.0{14.5]14.5]14.5]14.5]14.0]14.014.0{14.0

13.5

.5120.0{19.0{18.0117.0]16.016.0115.5{15.5{15.5{15.5{15.0{15.0{15.0{14.5] 14 .5}

14.5

.0{21.0{20.0{19.0{18.0{17.5{17.0]16.5{16.5]16.5[16.0{16.0{16.0{16.0{15.5[15.5

15.5

.0{22.0421.5/20.5{19.5{18.5{17.5]17.5{17.5]17.5{17.0{17.0§17.0{16.5{16.5{16.5

16.5

.5123.5]122.5{21.5120.5{19.5{19.0]18.5{18.5]18.0{18.0{ 18.0{18.0{17.5{17.5[17.5

17.5

.5{24.5|123.5|23.0{22.0{21.0{20.0]19.5{19.5]19.5]19.0{19.0{19.0{18.518.5]18.5

18.5

Note:  Next page provides the explanatory notes and limitations regarding the use of this table.

NUH09.0101 A.1.4.6-9




MP197 Transportation Packaging Safety Analysis Report Rev. 5, 03/09

. Notes, Table A1 4,68

e BU = Assembly average burnup.
Use burnup and enrichment to lookup minimum cooling time in years. Licensee is
responsible for ensuring that uncertainties in fuel enrichment and burnup conservatively
applied in determination of actual values for these two parameters.
Round burnup UP to next higher entry, round enrichments DOWN to next lower entry. :
e Fuel with an initial enrichment either less than 0.7 or greater than 5.0 wt.% U-235 is

unacceptable for Transport.

e Fuel with a burnup greater than 62 GWd/MTU is unacceptable for transport.

e Fuel with a burnup less than 10 GWd/MTU is acceptable for transport after 10-years cooling.

e Example: An assembly with an initial enrichment of 4.85 wt. % U-235 and a burnup of 41.5
GWdA/MTU is acceptable for transport after 10-year cooling time as defined by 4.8 wt. % U-
235 (rounding down) and 42 GWd/MTU (rounding up) on the qualification table (other
considerations not withstanding).

e Even though cooling times less than 15 years are shown in this table, the minimum cooling
time requirement for criticality from Table A.1.4.6-6 is 15 years.
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Table A.1.4.6-6

Acceptable Average Initial Enrichment / Minimum Burnup Combinations - NUHOMS®-37PTH — Intact

and Damaged Fuel Assemblies

Enrichment WE 17x17, WE 15x15,
(wt. % U-235) CE 14x14, CE 15x15 and WE 14x14
CE 16x16 assembly classes assembly class
1.65 fresh fresh -
1.90 - - fresh
Burnup Burnup Burnup

(GWD/MTU), (GWD/MTU), (GWD/MTU),
15 years decay | 30 years decay 15 years decay

2.00 14 12 5

2.25 19 18 10

2.50 20 19 15

2.75 23 22 19

3.00 30 27 20

3.25 32 31 24

3.50 37 32 28

3.75 39 36 31

4.00 42 39 33

4.20 44 40 35

4.40 47 42 38

4.60 50 44 39

4.80 - 47 40

5.00 - 50 43

Notes:
o  Use burnup and enrichment to lookup minimum cooling time in years. Licensee is responsible for

ensuring that uncertainties in fuel enrichment and burnup are conservatively applied in
determination of actual values for these parameters (uncertainty in enrichment to be added and
uncertainty in burnup to be subtracted)

Interpolation can be performed to determine the burnup for enrichment values (between 2,00 wt. %
U-235 and 5.00 wt. % U-233) that are not explicitly shown herein. Alternatively, the burnup value
corresponding to the next higher enrichment may be utilized.

Extrapolation shall not be performed to determine burnup requirements.

The burnup of the “fresh” assemblies is 0. For a given configuration, the enrichment corresponding
to “fresh” in this Table is the maximum enrichment above which a burnup value is needed for fuel
assemblies to qualify for transportation.

An additional burnup of 3 GWD/MTU is required for loading fuel assemblies with control rod
insertion deeper than 20 cm inside the active fuel during depletion.
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Table A.1.4.6-7
PWR Assembly Decay Heat for Heat Load Configurations'"’

The Decay Heat (DH) in watts is expressed as:

F1 =-44.8 + 41.6*X1 —37.1*X2 + 0.611*X1% — 6.80*X1*X2 + 24.0*X2?
DH = F1*Exp({[1-(1.8/X3)]* -0.575}*[(X3-4.5)*'®1*[(X2/X1)*""]) + 20

where,
F1 Intermediate Function
X1 Assembly Burnup in GWD/MTU
X2 Initial Enrichment in wt. % U-235
X3 Cooling Time in Years (minimum 10 years)

Note 1: Even though a minimum cooling time of 10 years is used, the minimum cooling time
requirement for criticality from Table A.1.4.6-6 is 15 years.
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724 | 74 | 74

Z4* | 73 | 13 | 13 | Z4*

74 | 73 | 72 | 72 | 22 | 13 | 74

N\
B

72 | 721 72

N
N

74 | 73 | 72 | 72 | 72 | 73 | 74

74* | 73 | 13 | 713 | 74%

74 74 74
. * Denotes only locations where damaged fuel assembly can be transported
Zone 1 | Zone 2 | Zone 3 | Zone 4
Maximum Decay Heat (kW/FA)"" 0.4 0.4 0.6 0.7
Maximum Decay Heat per Zone (kW) 0.4 3.2 7.2 11.2
Maximum Decay Heat per DSC (kW) 22.0

(1) Decay Heat per fuel assembly shall be determined per Table A.1.4.6-7.
(2) If storing a CC with the fuel assemblies, reduce allowable decay heat (DH) by 8 watts.

Figure A.1.4.6-1
Heat Load Zoning Configuration No. | for 37PTH DSCs

NUHO09.0101 A.1.4.6-15




MP197 Transportation Packaging Safety Analysis Report Rev. 7, 04/10
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Appendix A.1.4.7
NUHOMS®-61BT DSC

NOTE: References in this Appendix are shown as [1], [2], etc. and refer to the reference list in
Section A.1.4.7.4. '

A14.71 NUHOMS®-61BT DSC Description

Each NUHOMS®-61BT DSC consists of a DSC shell assembly and a basket assembly. The shell
assembly consists of a cylindrical shell, the inner cover plates of the top and bottom shield plug
assemblies and outer top cover plate. The DSC shell assembly is designed, fabricated and
inspected in accordance with ASME B&PV Code Subsection NB [1]. Alternatives to the code
are provided in Chapter A.2, Appendix A.2.13.13. The maximum length and the outer diameter
of the 61BT DSC are approximately /96.0 inches and 67.3 inches respectively. The shell
assembly is a high integrity stainless steel welded pressure vessel that provides confinement of
radioactive materials, encapsulates the fuel in an inert atmosphere (the canister is back-filled
with helium before being seal welded closed, and provides biological shielding (in axial
direction). The 61BT DSC has double redundant seal welds that join the shell and the top and
bottom cover plate assemblies to seal the canister. The bottom end assembly welds are made
during fabrication of the 61BT DSC. The top plug penetrations (siphon and vent ports) are
redundantly sealed after the 61BT DSC drying operations are complete.

The canister is designed to contain the fuel basket and fuel assemblies, and is completely
supported by the transport cask. Under normal transport conditions, the canister rests on four
canister rails attached to the inside surface of the aluminum inner sleeve of the MP197HB
Transport Cask.

A1472 NUHOMS®-61BT Fuel Basket

The basket structure is designed, fabricated and inspected in accordance with ASME B&PV

Code Subsection NG[1]. Alternatives to the code are provided in Chapter A.2, Appendix
A.2.13.13. The overall length and outer diameter of the basket, including the hold down ring, is
approximately 178.5 inches and 66.0 inches respectively. The details of the 61BT fuel baskets |
are shown in the drawings in Section A.1.4.10.8 of Appendix A.1.4.10. The 61BT basket is
designed to accommodate 61 intact, or up to 16 damaged, with the remainder intact, BWR fuel
assemblies with or without fuel channels. The basket structure consists of a welded assembly of
stainless steel tubes (fuel compartments) separated by poison plates and surrounded by larger
stainless steel boxes and support rails.

The basket structure is open at each end. Therefore, longitudinal fuel assembly loads are applied
directly to the canister/cask body and not on the fuel basket structure. The fuel assemblies are
laterally supported by the stainless steel structural boxes. The basket is laterally supported by the
basket rails and the canister shell. The stainless steel basket rails are oriented parallel to the axis
of the canister, and are attached to the periphery of the basket to provide support, and to establish
and maintain basket orientation.

A shear key, welded to the inner wall of the DSC, mates with a notch in one of the basket
support rails to prevent the basket from rotating during normal operations. Also a hold down ring
is installed above the basket to prevent the basket from moving axially during transport.

NUH09.0101 A.1.4.7-1
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The poison plates are constructed from borated aluminum, or an aluminum/B4C metal matrix
composite (MMC), or Boral® and provide a heat conduction path from the fuel assemblies to the
canister wall, as well as the necessary criticality control.

A.1.4.7.3 NUHOMS®-61BT DSC Contents

The NUHOMS®-61BT DSC is designed to transport 61 intact, or up to 16 damaged and the
remainder intact, for a total of 61, standard BWR fuel assemblies with or without fuel channels.
The NUHOMS®-61BT DSC can transport intact or damaged BWR fuel assemblies with the
characteristics described in Table A.1.4.7-1. Damaged BWR fuel assemblies are fuel assemblies |
containing fuel rods with known or suspected cladding defects greater than hairline cracks or
pinhole leaks.

The NUHOMS®-61BT DSC may transport BWR fuel assemblies with a maximum decay heat of
300 watts/assembly, or a total of 18.3 kW. The heat load zoning configuration for NUHOMS®-
61BT DSC is uniform as shown in Figure A.1.4.7-1.

The design characteristics of fuel assemblies considered are listed in Table A.1.4.7-2

The NUHOMS®-61BT DSC has three basket configurations, based on the boron content in the
poison plates. The maximum lattice average enrichment authorized for Type A, B and C
NUHOMS®-61BT DSCs is 3.7, 4.1 and 4.4 wt. % U-235, respectively.

. Intact BWR fuel assemblies may be transported in any of the three NUHOMS®-61BT DSC
Types provided the loading meets the maximum lattice average enrichment limit for the
NUHOMS®-61BT DSC type, as given on Table A.1.4.7-3. Damaged BWR fuel assemblies may
only be transported in Type C NUHOMS®-61BT DSCs with end caps installed on each four
compartment assembly, where a damaged fuel assembly is authorized.

Fuel assemblies with various combinations of burnup, enrichment and cooling time can be
transported in the NUHOMS®-61BT DSC as long as the fuel assembly parameters fall within the
design limits specified in Table A.1.4.7-1, Table A.1.4.7-3, and Table A.1.4.7-4.

A14.7.4 References

1.  American Society of Mechanical Engineers, ASME Boiler and Pressure Vessel Code,
Section II1, Division 1 - Subsections NB, NG and NF, 1998 edition including 1999 Addenda.
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Table A.1.4.7-1
BWR Fuel Specification for Fuel to be Transported in the NUHOMS®-61BT DSC

PHYSICAL PARAMETERS:

Fuel Design

Intact or damaged unconsolidated 7x7, 8x8, 9x9, or 10x10
intact BWR fuel assemblies manufactured by General
Electric or Exxon/ANF or reload fuel manufactured by the
same or other vendors that are enveloped by the fuel
assembly design characteristics listed in Table A.1.4.7-2.

Fuel Damage®

Damaged BWR fuel assemblies are 7x7 and 8x8 fuel
assemblies containing fuel rods with known or suspected
cladding defects greater than hairline cracks or pinhole
leaks. The extent of cladding damage in the fuel rods is to
be limited such that a fuel assembly needs to be handled
by normal means. Damaged fuel may only be transported
in the “Type C* NUHOMS®-61BT Canister. Damaged
fuel is restricted to the 7x7 and 8x8 designs only.
Damaged fuel assemblies shall also contain top and
bottom end fittings or nozzles or tie plates depending on
the fuel type.

Channels

Fuel may be-transported with or without fuel channels,
channel fasteners, or finger springs

No. of Intact Assemblies

<61

No. and Location of Damaged Assemblies

Up to sixteen (16) damaged fuel assemblies may be
accommodated in the four corner 2x2 compartment
assemblies with endcaps installed on each end of the
compartment. :

Maximum Assembly plus fuel channel weight

705 1bs

THERMAL/RADIOLOGICAL PARAMETERS':
Maximum Initial 2*U Enrichment (wt. %)

Per Table A.1.4.7-3

F)ue] Assembly Average Burnup and minimum Cooling Time'"
4

Per Table A.1.4.7-4 and decay heat restrictions below

Decay Heat'V®

0.300 kW/Assembly calculated per Table A.1.4.7-5

(' Minimum cooling time is the longer of that given in Table A.1.4.7-4; that calculated via the decay heat equation
given in Table A.1.4.7-5 to meet the 0.300 kW/assembly limit.

@ For FANP9 9x9-2 fuel assemblies, the maximum decay heat is limited to 0.21 kW/assembly.

®) For damaged fuel assemblies, the maximum initial lattice average enrichment is limited to 4.4 wt.% U-235,

respectively.

™ An additional cooling time of 8 years is required for damaged fuel assemblies in addition to that obtained from
Table A.1.4.7-4, when 5 or more damaged fuel assemblies are loaded.

NUHO09.0101
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Table A.1.4.7-2
BWR Fuel Assembly Design Characteristics (1) (2)

Transnuclear, 7x7- 8x 8- 8x 8- 8x8- 8 x 8- 9x9- 10x10- 7x7 — 7x7 8x8 — 9x9-
1D 49/0° | 631% 622" 60/4° | 60/1° 74/2 92/2 49/0® 48172% 60/42" 792
GEl GE-5
: : ENC Va
GE-Pres GES8 GE9 GE1l ENC TiI- 3 : FANP9
Fuel Type GE2 GE4 GE-Barrier | Type Il GEI0 GE13 GEI12 A ENC 111 &\I%JC 9x9-2
GE3 GE8 Type I
Nominal Width
(in.) (excluding 5.44 5.44 5.44 5.44 5.44 5.44 5.44 5.44 5.44 5.44 5.44
channels)
Fissile Material U0, U0, U0, UO, U0, U0, Uo, UO, U0, U0, U0,
Number of Fuel 66 — Full 78 — Full '
Rods 49 63 62 60 60 | 3 partial | 14 - Partial 49 48 60 79
I;Ilumber of Water 0 I 5 4 | 2 o) 0 ](4) 4(4) 2
oles
Maximum Initial
Uranium Content 198 192 192 192 192 192 192 198 198 192 192
kg)

) Any fuel channel average thickness up to 0.120 inch is acceptable on any of the fuel designs.
@ Maximum fuel assembly unirradiated length is 176.2 inch.

® Includes ENC HI-E and ENC ILI-F.

“ Solid Zirc rods instead of water holes.

© May be transported as damaged fuel.

NUH09.0101 A.1.4.7-4
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‘ Table A.1.4.7-3
BWR Fuel Assembly Poison Material Design Requirements
% Maximum Lattice Minimum B10 Content in Minimum B10 Content in
NUHOMS"- serage Enrichment” | Borated Alumi MMC |  Boral" Poison Plat
61BT DSC Type Average E/nmhmw ()l'atfl uminum or M, ora m.smg ates
’ (wt. % U-235) Poison Plates (gm/cnr’) (gm/cnr’)
For Intact Fuel Assemblies
A 3.7 0.021 0.025
B 4.1 0.032 0.038
C 4.4 0.040 0.048
For Damaged Fuel Assemblies (upto 4 Damaged Fuel Assemblies)
C | 4.4 | 0.040 | 0.048
For Damaged Fuel Assemblies (5 to 16 Damaged Fuel Assemblies)
C | 32 | 0.040 | 0.048

(1) Maximum pin enrichment is 5.0 wt. % U-235 in all cases.

NUH09.0101 A.1.4.7-5
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Table A.1.4.7-4
BWR Fuel Qualification Table for the NUHOMS®-61BT DSC

{(Minimum required years of cooling time after reactor core discharge)
BU Initial Enrichment '

(Gwd/

MTU 141151617 2.8129]3.0
10
15
20
25
28
30
32
34
36
38
39
40

e Use burnup and enrichment to lookup minimum cooling time in years. Licensee is responsible for ensuring that uncertainties in fuel enrichment and burnup are

conservatively applied in determination of actual values for these two parameters.

Round burnup UP to next higher entry, round enrichments DOWN to next lower entry.

Fuel with an initial enrichment less than 1.4 and greater than 4.4 wt.% U-235 is unacceptable for transportation.

Fuel with a burnup greater than 40 GWd/MTU is unacceptable for transportation.

Fuel with a burnup less than 10 GWd/MTU is acceptable for transportation after 7 years cooling. )

Example: An assembly with an initial enrichment of 4.15 wt.% U-235 and a burnup of 31.5 GWd/MTU is acceptable for transport after a 7-year year cooling time as

defined by 4.1 wt. % U-235 (rounding down) and 32 GWd/MTU (rounding up) on the qualification table (other considerations not withstanding).

e When loading five or more damaged fuel assemblies per DSC, an additional cooling time of 8 years is required for only damaged fuel assemblies.

e
o
N
<
N
—_
[38]
N
N
w
(a4
S
[N
W
(3]
[o)}
[\
~1
%3
(98]
(8
W
[9Y
%
N
w
W
w
N
w2
~
w
=<}
(98]
\O
=
<
4
—
£~
[
i~
w2
N
=~

~1 =2~
N =
=
N

Not Acceptable
or
Not Analyzed

[C] Y BETINCY ] G ] BS] B ] B B ) B
C] BN BN ) PR BT BN) BN ) BT B ) BN
~ ===
~3 =~
S]] BN B R SR BN) B R NS BN
ENTENY BN] BN) BUT ] BN) BT BT BT AN
[C) BNY BT R ] B B ] R B B
IN] BN BN B BN ) BN ) BN BN BN BN
[E] BGY B S]] ] S B B B) B
BGY B B Y R BR) BR) B B ST BN
BC) IS BN ) R SR BN BN Y BN BN
[C] BN] BN ) B BSY BN) BN B T BN
~fflalalalalalwllw
) BN B P BRY BSY BEY BN BN BN BN
[S] BEY BT RY BN BN B B B PR BN
<l alalwalalalw
BC) BN BN PR BRY R B AN B BN BN
BC] BN BN PR PR PR BR) B B B BN
Q]

SN N N N N N NN
NN NN N NN
SN N N N
ENIRSIENIENIENI RN ENEENFENEEN I RN RN
NN NN NN NN N
NN NN NN NN
NN NN NN NN N
NN NN NN NN NN

~3
~
~3
~3
~
~
~1
~l
~J
~1
~J
~1
N
~J
~J
~J
~
~3
~J

NUH09.0101 : A.1.4.7-6



MP197 Transportation Packaging Safety Analysis Report Rev. 7, 04/10

. Table A.1.4.7-5
BWR Assembly Decay Heat for Heat Load Configurations

The Decay Heat (DH) in watts is expressed as:

F1 =-59.1 +23.4%X1 —21.1*X2 + 0.280%*X1% — 3.52*X1*X2 + 12.4*X2?
DH = FI*Exp({[1-(1.2/X3)]* -0.720}*[(X3-4.5)" *T*[(X2/X1)*"*]) + 10

where,
F1 Intermediate Function
X1 Assembly Burnup in GWD/MTU
X2 Initial Enrichment in wt. % U-235
X3 Cooling Time in Years (minimum 7 years)

Note: Even though a minimum cooling time of 7 years is used, the minimum cooling time
requirement with five or more damaged fuel assemblies from shielding requirements is per Table
A.1.4.7-4.
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* Denotes only locations where damaged fuel assembly can be transported

"' Decay heat per fuel assembly shall be determined per Table A.1.4.7-5.

Zone 1

Maximum Decay Heat (kW/FA)""

0.30

Maximum Decay Heat per Zone (kW) | 18.3

Maximum Decay Heat per DSC (kW) 18.3

Figure A.1.4.7-1

Heat Load Zoning Configuration for 61BT DSCs
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A.1.4.7-8




MP197 Transportation Packaging Safety Analysis Report

Rev. 5, 03/09

Appendix A.1.4.8
NUHOMS"-61BTH DSC
TABLE OF CONTENTS
A.1.4.8.1 NUHOMS®-61BTH DSC DESCHIPHON. ........overeervereerseessesseessesesenssessessssessesseesinens A.1.4.8-1
A.1.482 NUHOMS®-61BTH DSC Fuiel Basket ..ot A.1.4.8-1
A.1.4.83 NUHOMS®-61BTH DSC CONENLS .......ooovorrreceereseeeseessssessessessessessesisseasssenseneons A.1.4.8-2
A.1.4.8.4 RETEIENCES ..ttt ettt st e nae st nesseanes A.1.4.8-3
LIST OF TABLES
Table A.1.4.8.1 Key Design Parameters of the NUHOMS®-61BTH System................cceo...... A.1.4.8-4
Table A.1.4.8.2 BWR Fuel Specification for the Fuel to be Transported in the NUHOMS®-
G1BTH DSC civiiisiiiiiiinsimimoniii sosiimmiissoiivion shsssiimhinsssensibbeaniaionbssiioiossss A.1.4.8-5
Table A.1.4.8.3 BWR Fuel Assembly Design Characteristics for the NUHOMS"-61BTH
LB T A.1.4.8-7
Table A.1.4.8.4 BWR Fuel Assembly Initial Lattice Average Enrichment v/s Minimum
B10 Requirements for the NUHOMS®-61BTH DSC Poison Plates
(INEACE FUCT) 1.t A.1.4.8-8
Table A.1.4.8.5 BWR Fuel Assembly Initial Lattice Average Enrichment v/s Minimum
B10 Requirements for the NUHOMS®™-61BTH DSC Poison Plates
(Damaged/Failed FUel)........occoiiiiiieiiiieiiecieseectesie s A.1.4.8-9
Table A.1.4.8.6 BWR Fuel Qualification Table for NUHOMS®-61BTH Type 1 DSC ........ A.1.4.8-10
Table A.1.4.8.7 BWR Fuel Qualification Table for NUHOMS®-61BTH Type 2 DSC ......... A.1.4.8-11
Table A.1.4.8.8 BWR Assembly Decay Heat for Heat Load Configurations..............ccccevue. A.1.4.8-13
LIST OF FIGURES
Figure A.1.4.8.1 Heat Load Zoning Configuration No. 1 for Type 1 or Type 2 61BTH
B L g A.1.4.8-14
Figure A.1.4.8.2  Heat Load Zoning Configuration No. 2 for Type 1 or Type 2 61BTH
DISIES oo msicicmmsamemmniivamsapmsmninsonsenmesisnnneivenbesFLTRe s eos Soons o b FAn ST SR A.1.4.8-15
Figure A.1.4.8.3  Heat Load Zoning Configuration No. 3 for Type 1 or Type 2 61BTH
DSOS iisiviisvsmiinismmmisvasssivisvmimsiorbm oo s ass bbb s s A.1.4.8-16
Figure A.1.4.8.4  Heat Load Zoning Configuration No. 4 for Type 1 or Type 2 61BTH
DI S ettt ettt ettt ettt ettt et enn et nn e n e e e e e enannnes A.1.4.8-17
Figure A.1.4.8.5  Heat Load Zoning Configuration No. 5 for Type 2 61BTH DSC.................. A.1.4.8-18
Figure A.1.4.8.6  Heat Load Zoning Configuration No. 6 for Type 2 61BTH DSC.................. A.1.4.8-19
Figure A.1.4.8.7  Heat Load Zoning Configuration No. 7 for Type 2 61BTH DSC................. A.1.4.8-20
Figure A.1.4.8.8  Heat Load Zoning Configuration No. 8 for Type 2 61BTH DSC.................. A.1.4.8-21
Figure A.1.4.8.9  Location of Damaged and Failed Fuel Assemblies Inside 61BTH DSC ...... A.1.4.8-22
NUHO09.0101 A.1.4.8-i




MP197 Transportation Packaging Safety Analysis Report Rev. 7, 04/10

Appendix A.1.4.8
NUHOMS®-61BTH DSC

NOTE: References in this Appendix are shown as [1], [2], etc. and refer to the reference list in
Section A.1.4.8.4.

A.1.4.8.1 NUHOMS®-61BTH DSC Description

Each NUHOMS®-61BTH DSC consists of a DSC shell assembly and basket assembly. The
shell assembly consists of a cylindrical shell, the inner cover plates of the top and bottom shield
plug assemblies and outer top cover plate. The DSC shell assembly is designed, fabricated and
inspected in accordance with ASME B&PV Code Subsection NB [1]. Alternatives to the code
are provided in Chapter A.2, Appendix A.2.13.13. The 61BTH DSC system consists of three
design configurations, depending upon the type of fuel and heat load, as follows:

e O6IBTH Type 1
e O6IBTH Type 2
e 61BTHF, accommodates up to 4 Failed Fuel Cans with Failed Fuel

Table A.1.4.8-1 provides the overall lengths and outer diameters for each 61BTH DSC
configuration. The shell assemblies are high integrity stainless steel welded pressure vessels that
provide confinement of radioactive materials, encapsulate the fuel in an inert atmosphere (the
canister is back-filled with helium before being seal welded closed), and provide biological
shielding (in the axial direction). The 61BTH DSCs have double redundant seal welds that join
the shell and the top and bottom cover plate assemblies to seal the canister. The bottom end
assembly welds are made during fabrication of the 61BTH DSCs. The top end closure welds are
made after fuel loading. Both top plug penetrations (siphon and vent ports) are redundantly
sealed after the 61BTH DSC drying operations are complete.

The canister is designed to contain its fuel basket and fuel assemblies, and is completely
supported by the transport cask. Under normal conditions, the canister rests on four canister rails
attached to the inside surface of the aluminum inner sleeve of the transport cask.

A.1.482 NUHOMS®-61BTH DSC Fuel Basket

The basket structure is designed, fabricated and inspected in accordance with ASME B&PV
Code Subsection NG[1]. Alternatives to the code are provided in Chapter A.2, Appendix
A.2.13.13. The overall lengths and outer diameters of the baskets, including the hold down
rings, are provided in Table A.1.4.8-1. The details of the 61BTH fuel baskets are shown in the
drawings in Section A.1.4.10.9 of Appendix A.1.4.10. The 61BTH baskets are designed to
accommodate 61 intact, or up to 16 damaged with up to four (4) Failed Fuel Cans (FFCs) loaded
with failed fuel with the remainder intact BWR fuel assemblies with or without fuel channels.
The basket structure consists of a welded assembly of stainless steel tubes (fuel compartments)
separated by poison plates and surrounded by larger stainless steel boxes and support rails.

The basket structure is open at each end. Therefore, longitudinal fuel assembly loads are applied
directly to the canister/cask body and not the fuel basket structure. The fuel assemblies are
laterally supported by the stainless steel structural boxes. The basket is laterally supported by the
basket rails.and the canister shell. The stainless steel basket rails are oriented parallel to the axis

NUH09.0101 A.1.4.8-1
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of the canister, and are attached to the periphery of the basket to provide support, and to establish
and maintain basket orientation.

The failed fuel assemblies are to be placed in individual Failed Fuel Cans (FFCs). Each FFC is
constructed of sheet metal and is provided with a welded bottom closure and a removable top
closure which allows lifting of the FFC with the enclosed damaged assembly/debris. The FFC is
provided with screens at the bottom and top to contain fuel debris and allow fill/drainage of
water from the FFC during loading operations. The FFC is protected by the fuel compartment
tubes and its only function is to confine the failed fuel.

Shear keys, welded to the inner wall of the DSC, mate with notches in the basket support rails to |
prevent the basket from rotating during normal operations. Also a hold down ring is installed
above the basket to prevent the basket from moving axially during transport.

The NUHOMS®-61BTH DSC is designed with six alternate basket configurations based on the
boron content in the poison plates as listed in Table A.1.4.8-4 or Table A.1.4.8-5 (designated as
“A” for the poison plates with the lowest B10 loading to “F” for the highest B10 loading). Three
alternate poison materials are allowed: (a) Borated Aluminum alloy, (b) Boron
Carbide/Aluminum Metal Matrix Composite (MMC), or (c) Boral™. The poison plates provide a
heat conduction path from the fuel assemblies to the canister wall, as well as the necessary
criticality control.

A.1.483 NUHOMS®-61BTH DSC Contents

Each of the NUHOMS®-61BTH DSC Type 1 and Type 2 configurations is designed to transport
intact (including reconstituted) and/or damaged BWR fuel assemblies as specified in Table
A.1.4.8-2 and Table A.1.4.8-3. In addition, the 61BTHF can transport up to four failed fuel
assemblies placed in Failed Fuel Cans as described in Table A.1.4.8-2. The fuel to be
transported is limited to a maximum lattice average initial enrichment of 5.0 wt. % ***U. The
maximum allowable fuel assembly average burnup is limited to 62 GWd/MTU and the minimum
cooling time requirement is given in Table A.1.4.8-2.

Reconstituted fuel assemblies containing up to four replacement irradiated stainless steel rods per
assembly or 61 lower enrichment UO, rods instead of Zircaloy clad enriched UO; rods are
acceptable for storage in 61BTH DSCs as intact fuel assemblies. The stainless steel rods are
assumed to have two-thirds the irradiation time as the remaining fuel rods of the assembly. The
reconstituted UO; rods are assumed to have the same irradiation history as the entire fuel
assembly. The reconstituted rods can be at any location in the fuel assemblies. The maximum
number of reconstituted fuel assemblies per DSC is four with irradiated stainless steel rods or 61
with UO; rods or Zr rods or Zr pellets or unirradiated stainless steel rods.

The NUHOMS®-61BTH DSCs can also accommodate up to a maximum of 16 damaged fuel
assemblies placed in the 2x2 compartments located at the outer edge of the DSC as shown in
Figure A.1.4.8-9. Damaged BWR fuel assemblies are assemblies containing missing or partial
fuel rods, or fuel rods with known or suspected cladding defects greater than hairline cracks or
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., pinhole leaks. The extent of damage in the fuel rods is to be limited such that the fuel assembly
will still be able to be handled by normal means. Missing fuel rods are allowed. The DSC basket
cells which accommodate damaged fuel assemblies are provided with top and bottom end caps.

The NUHOMS®-61BTHF DSC, an alternative version of NUHOMS®-61BTH DSC discussed in
Section A.1.4.8.2 is designed to accommodate up to a maximum of four failed fuel assemblies in
failed fuel cans placed in cells located at the outer edge of the DSC as shown in Figure A.1.4.8-9. |
Failed fuel is defined as ruptured fuel rods, severed fuel rods, loose fuel pellets, or fuel

assemblies that cannot be handled by normal means. Fuel assemblies may contain breached rods,
grossly breached rods, and other defects such as missing or partial rods, missing grid spacers, or
damaged spacers to the extent that the assembly cannot be handled by normal means.

Fuel debris and damaged fuel rods that have been removed from a damaged fuel assembly and
placed in a rod storage basket are also considered as failed fuel. Loose fuel debris, not contained
in a rod storage basket may also be placed in a failed fuel can for storage, provided the size of the
debris is larger than the failed fuel can screen mesh opening and it is located at a position of at
least 107 above the top of the bottom shield plug of the DSC. :

Fuel debris may be associated with any type of UO; fuel provided that the maximum uranium
content and initial enrichment limits are met. The total weight of each failed fuel can plus all its
content shall be less than 705 Ib.

A 61BTH DSC containing less than 61 fuel assemblies may contain dummy fuel assemblies in
. the empty slots. The dummy assemblies are unirradiated, stainless steel encased structures that
. approximate the weight and center of gravity of a fuel assembly.

The NUHOMS®-61BTH DSC may transport up to 61 BWR fuel assemblies arranged in any of
the eight alternate heat load zoning configurations shown in Figure A.1.4.8-1 through A.1.4.8-8.

A.1.4.84 References

1. American Society of Mechanical Engineers, ASME Boiler and Pressure Vessel Code, |
Section 111, Division 1 - Subsections NB, NG and NF, 1998 edition including 2000 Addenda.
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‘ Table A.1.4.8-1
Key Design Parameters of the NUHOMS®-61BTH System
61BTH Type 1 61BTH Type 2
Parameter DSC DSC
DSC Length (in.) 196.04 (Maximum) | 196.04 (Maximum)
DSC Outside Diameter (in.) 67.25 67.25
DSC Cavity Length (in.) 179.50 179.50
Basket length (including holddown ring) (in.) 178.50 178.50
Basket OD (in.) 66.00 66.00

Note: Unless stated otherwise, nominal values are provided.
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Table A.1.4.8-2
BWR Fuel Specification for the Fuel to be Transported in the NUHOMS®-61BTH DSC

(Part 1 of 2)

"PHYSICAL PARAMETERS:

Fuel Class

Intact or damaged or failed 7x7, 8x8, 9x9 or 10x10 BWR
assemblies manufactured by General Electric or
Exxon/ANF or FANP or ABB or reload fuel manufactured
by same or other vendors that are enveloped by the fuel
assembly design characteristics listed in Table A.1.4.8-3.
Damaged fuel assemblies beyond the definition contained
below are not authorized for transport in damaged fuel
locations shown in Figure A.1.4.8-9,

Damaged Fuel

Damaged BWR fuel assemblies are assemblies containing
fuel rods with known or suspected cladding defects greater
than hairline cracks or pinhole leaks. The extent of damage
in the fuel rods is to be limited such that the fuel assembly
will still be able to be handled by normal means. Missing
fuel rods are allowed.

Damaged fuel assemblies shall also contain top and botiom
end fittings or nozzles or tie plates depending on the fuel

type.

Failed Fuel

Failed fuel is defined as ruptured fuel rods, severed fuel
rods, loose fuel pellets, or fuel assemblies that cannot be
handled by normal means. Fuel assemblies may contain
breached rods, grossly breached rods, and other defects such
as missing or partial rods, missing grid spacers, or damaged
spacers to the extent that the assembly can not be handled
by normal means.

Fuel debris and damaged fuel rods that have been removed
from a damaged fuel assembly and placed in a rod storage
basket are also considered as failed fuel. Loose fuel debris,
not contained in a rod storage basket may also be placed in
a failed fuel can for storage, provided the size of the debris
is larger than the failed fuel can screen mesh opening and it
is located at a position of at least 10" above the top of the
bottom shield plug of the DSC.

Fuel debris may be associated with any type of UO, fuel
provided that the maximum uranium content and initial
enrichment limits are met. The total weight of each failed
fuel can plus all its content shall be less than 705 Ib.

RECONSTITUTED FUEL ASSEMBLIES:

e Maximum No. of Reconstituted Assemblies per DSC 4
with Irradiated Stainless Steel Rods
e Maximum No. of Irradiated Stainless Steel Rods per 4
Reconstituted Fuel Assembly
¢ Maximum No. of Reconstituted Assemblies per DSC 61
with unlimited number of low enriched UO2 rods or Zr
Rods or Zr Pellets or Unirradiated Stainless Steel Rods
No. of Intact Assemblies <61
NUH09.0101 A.1.4.8-5
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Table A.1.4.8-2
BWR Fuel Specification for the Fuel to be Transported in the NUHOMS®-61BTH DSC

(Part 2 of 2)

No. and Location of Damaged Assemblies

Up to 16 damaged fuel assemblies, with balance intact
or dummy assemblies, are authorized for transport in
61BTH DSC.

Damaged fuel assemblies may only be transported in the
2x2 compartments as shown in Figure A.1.4.8-9. The
DSC basket cells which accommodate damaged fuel
assemblies are provided with top and bottom end caps.

No. and Location of Failed Assemblies

Up to 4 failed fuel assemblies. Balance may be intact
and/or damaged fuel assemblies, empty slots, or dummy
assemblies depending on the specific heat load zoning
configuration.

Failed fuel assemblies are to be placed as shown in
Figure A.1.4.8-9. Failed fuel assembly/fuel debris is to
be encapsulated in an individual failed fuel can (FFC)
provided with a welded bottom closure and a removable
top closure. '

Channels

Fuel may be transported with or without channels,
channel fasteners, or finger springs.

Maximum Assembly Weight with Channels

705 Ib

Maximum Initial **U Enrichment (wt. %)

THERMAL/RADIOLOGICAL PARAMETERS":

Per Table A.1.4.8-4 or Table A.1.4.8-5.

Fuel Assembly Average Burnup and minimum
Cooling Time®

Type 1
Per Table A.1.4.8-6.

Type 2
Per Table A.1.4.8-7.

Decay Heat per DSC

<22.0 kW for Type 1 DSC, per Figures A.1.4.8-1
through A.1.4.8-4

<24.0 kW for Type 2 DSC, per Figures A.1.4.8-1
through A.1.4.8-8

Minimum B10 Content in Poison Plates

Per Table A.1.4.8-4 or Table A.1.4.8-5.

) Minimum cooling time is the longer of that given in Table A.1.4.8-6, Table A.1.4.8-7, and that calculated via the
decay heat equation given in Table A.1.4.8-8 based on the restrictions provided in Figures A.1.4.8-1 through

A.1.4.8-8.

@ An additional cooling time of 8 years is required for damaged fuel assemblies (and fuiled fuel assemblies, if
applicable) in addition to that obtained from Table A.1.4.8-6 or Table A.1.4.8-7, when 5 or more damaged fuel
assemblies (or a combination of damaged and failed fuel assemblies, if applicable) are loaded.
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Table A.1.4.8-3
BWR Fuel Assembly Design Characteristics'” for the NUHOMS®-61BTH DSC

Initial Design or Maximum Initial
Reload Fuel Max Length (in) Maximum No. | Uranium Content
Transnuclear ID | Designation (Unirradiated) Fissile Material | of Fuel Rods (kg)
GEl
GE2
7x7-49/0 GE3 176.6 UO, 49 198
8x8-63/1 GE4 176.6 U0, 63 192
GE-5
GE-Pres
GE-Barrier
8x8-62/2 GES8 Type | 176.6 UO, 62 192
GES8
8x8-60/4 Type Il 176.6 Uo, 60 192
GE9
8x8-60/1 GE10 176.6 Uo, 60 192
GEIll
9x9-74/2 GE13 176.6 Uuo, 74 192
. GEI2
10x10-92/2 GE14 176.6 Uo, 92 192
7x7-49/0 ENC-1IIA 176.6 U0, 49 198
7x7-48/1Z ENC-111? 176.6 uo, 48 198
ENC Va
8x8-60/4Z ENC Vb 176.6 UO, 60 192
FANP
8x8-62/2 8x8-2 176.6 U0, 62 192
FANP9
FANP 9x9 9x9? 176.6 U0, 81 192
Siemens QFA 9x9 176.6 U0, 72 192
ATRIUM 10,
10x10-91/1 ATRIUM 10XM 176.6 uo, 91 192
ABB-8x8 SVEA-64 176.6 U0, 64 192
ABB-10x10 SVEA-100® 176.6 U0, 100 192
Allis Chalmers-10x10
LaCrosse Exxon/ANF 10x10 125 Uo, 100 125
m Any fuel channel average thickness up to 0.120 inch is acceptable on any of the fuel designs.

2 Includes ENC-IIIE and ENC-IIIF.

3) Includes FANP 9x9-72, 9x9-79, 9x9-80, and 9x9-81.

C)) Includes SVEA-92, SVEA-96, SVEA-96+, SVEA-96 OPTIMA, SVEA-96 OPTIMA 2.
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. Table A.1.4.8-4
BWR Fuel Assembly Initial Lattice Average Enrichment v/s Minimum B10 Requirements for the
NUHOMS®-61BTH DSC Poison Plates (Intact Fuel)

Minimum B10 Areal
Maximum Lattice Average Density, gramlcm2
61BTH DSC Basket Enrichment" Borated

Type Type (wt% U-235) Aluminum/MMC | Boral®
A 3.7 0.021 0.025
B 4.1 0.032 0.038
1 C 4.4 0.040 0.048
D 4.6 0.048 0.058
E 4.8 0.055 0.066
F 5.0 0.062 0.075
A 3.7 0.022 0.027
B 4.1 0.032 0.038
2 C 4.4 0.042 0.050
D 4.6 0.048 0.058
E 4.8 0.055 0.066
F 5.0 0.062 0.075

(1) For LaCrosse fuel assemblies, the enrichment shall be reduced by 0.1 wt. % U-235.
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. Table A.1.4.8-5
BWR Fuel Assembly Initial Lattice Average Enrichment v/s Minimum B10 Requirements for the
NUHOMS®-61BTH DSC Poison Plates (Damaged/Failed Fuel)

Maximum Lattice Average Enrichment | Minimum B10 Areal Density,
(wt% U-235) gram/cm’
Five or More
Damaged
61BTH DSC | Basket | Upto4 Damaged Assemblies Borated
Type Type Assemblies“'®) (16 Maximum)® | Aluminum/MMC | Boral®
A 3.7 2.80 0.021 0.025
B 4.1 3.10 0.032 0.038
1 C 4.4 3.20 0.040 0.048
D 4.6 3.40 0.048 0.058
E 4.8 3.50 0.055 0.066
F 5.0 3.60 0.062 0.075
A 3.7 2.80 0.022 0.027
B 4.1 3.10 0.032 0.038
2 C 4.4 3.20 0.042 0.050
D 4.6 3.40 0.048 0.058
E 4.8 3.50 0.055 0.066
F 5.0 3.60 0.062 0.075
. Maximum Lattice Average Enrichment | Minimum B10 Areal Density,
(wt% U-235) gram/cm’
Up to 4 Failed
Assemblies
(Corner Locations)
Up to 4 Failed and up to 12
Assemblies Damaged
61BTH DSC | Basket | (Corner Locations) Assemblies Borated

Type Type @4 )4 Aluminum/MMC | Boral®
A a.7 2.80 0.022 0.027
B 4.0 3.10 0.032 0.038
> C 4.4 3.20 0.042 0.050
D 4.6 3.40 0.048 0.058
E 4.8 3.40 0.055 0.066
F 5.0 3.50 0.062 0.075

Note
(1) For LaCrosse fuel assemblies, the enrichment shall be reduced by 0.1 wt. % U-235
(2) See Figure A.1.4.8-9 for the location of damaged assemblies within the 61BTH DSC.
(3) Maximum Pellet Enrichment 5.0 wt. % >**U
(4) Failed fuel assemblies are allowed only in the 61BTH Type 2 DSC. See Figure A.1.4.8-9
for the location of failed assemblies within the 61BTH Type 2 DSC.
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Table A.1.4.8-6
BWR Fuel Qualification Table for NUHOMS®-61BTH Type 1 DSC

(Minimum required years of cooling time after reactor core discharge)

leb/ Lattice Average Initial U-235 Enrichment, wt %
MTU |09[12]15]|20(21|22[23[24[25|26[2.7]28]|29|3.0(3.1/32|33[34(35|36/3.7[38(39|40|41]|42|43/44/45[46|47/438
10 |70 707070707070 70][70]70]70]70]70][70]70]70] 7070 707070 70]70]70]70]70]70]70]70]70
15 |70 7070707070 70[70]70]70]70][70]70]70]70]70]70]70]70]70[70]70]70][70]70]70[70]70]70]70
20 7.0 70{70}70}|70]70}70|70|70}70]70|70]70]70}70]70}70}]70}|70]70]70]70]70]70]70}|70]70]70]70}7.0
23 7.0 70(70]70}70}]70}70|70}70}]70]70{70]70}70}70]70}70}70/70]70}70]70]70]70]70/|70]70]70]70}7.0
25 |70 70[70]70 70707070 70]70]70][70]70]70]70]70]70]70]70][70]70]70]70]70]70]70][70]70]70]70
28 |70 70707070 70707070 70 7070 70]70]70]70]70]70]70]70]70]70]70]70]70]70]70]70]70]70
70170170]170170170}70}170}]70]170]70}170}70(70170}70]70}(70170}70]70170}70]170]70]70}170}]70]70

170]170(70]70]70]70}70|70]70]70]70/70/70]70|70}70]|70]70/70|70(70}70/|70|70|70({70]|70]|70|70
70170170170]170(70]170]70]170}70]70]70]70(70(70]70]170]70170]70]170]70]70]70/70]70]70]701}7.0
70170]170170]170170170]170170}]70]70]70]70[70][70(70]70170]170]70]70]70(70[70(70]70]70]70]70
70170170}170(70]170]170]70170]70170]170(70]70(70170]70]70]70]170]170]70[70(70]70]70/[701{70
701701701701 70]70}170]70}70]70]170]70}170(70]70]70]70]70]70[70(70[70]70}|70}]701{70
701704170(70}170}70]70]170}170]170}70}70}170}70}70}]70]70]70]170]170(170]701]70
70170170(70(70170]70}170170]170]170}70}70(70}70}170]70]70]70(70}170]701]70
7017017017070 70(70(70]70]70(70]70[70]70]70(70[70]70]70]70]70]70]70
70(170(70(70(70}70170}170]170]70]170}70}70}]70}70]70]70]70(70|70]70]70]70
75170(70(70(70}70]70170]170]70]170}70}]70(70}70]70]70]170]70(70]70]701]70
11.0/105]95190|80]70]70]70[70]70]70]70]70]70]70]70]70[70]70]70]70]70/]70
120111.01105]100190 180 ]170[70[70(70]70]70]70]70]170}70}70(70|70]70]70]|70]70
13.5(12.5]11.5/105[105{90180|70]70]170]70]70}70[70]70]70]70[70]70]70}|70]70]1]70
1501135|130(120]110]105{95 85 [80[70]70]70]70]70]70}70]70(70|70]70]70|70]70
165[150]140/135{120{11.0]105]95[90]80]70]70|70]|70]70]70]70[70]70]|70]70]|70]70
17.5[165]155|145[13.5[12.0]115]|105[100|90|80]75]|70]70]70]|70]70[70]70]70[70]70]7.0
19.0{180]17.0/160[145[135]13.0]|12.0[105]105]/95]90|80]70]70]|70]70[70]70]70]70]70]70
2051195]11801175]160]150]140(13.0{120{11.0{11.0/100]9.0 180 ]75}175|75[70}]70]170]70]70]70
220(21.0]19.5]185[17.5[165]155]|14.5|13.5]|125]|11.5[105]|105[95 85|75 |75|75|75]|75]|75]|75]75
23.0/22.0021.0/20.0(19.0{180]16.5]|16.0[150]13.5|125[120|11.0{105/9.5 |85 |80 [75]75]|75|75]|75]75
245(235]225]121.5[205[195]180]170[165]150]14.0[130]125[11.0[100]100]|90 [85|80]|75]|75]|75]75
26.0(25.0(24.0123.0(21.5[205]19.5]|18.5[17.5]/165]|155]14.5|135[125[11.5]|105]|105[95| 85|80 | 80|80 |80
27.5(26.5]25.024.0(23.0{22.0]21.0]20.0{185|18.0]17.0[155]|150[140]13.0]120]/11.0{11.0/100]| 90 | 85|85 | 8.0
28527.5]265]1255(245[23.5(22.0]21.5(/20.0[19.0|180[170]160{150[145]13.0/12.0{11.5[105[100] 95|85 | 85
30.0129.01280]27.0]2601245{2401225(21.5[205{195]185]175]165]155/145/135(125/11.51105]105]195]90
31.5(30.5(29.0]280(27.0{26.0]250]24.0(230]22.0|21.0/20.0|19.0[180{17.0]16.0|15.0(14.0[13.0][12.0/11.5]10.5]10.0
32.5131.5]30.5|29.5|28.5[27.5]26.5]25.5(24.5[23.0|22.0[21.0/20.0[{19.0{180]17.0|16.0[155[14.5|13.5|12.5]|11.5]|10.5
62 . 340(33.0|31.5|31.0/30.0[28.5]27.5]126.5(255(24.5]|23.5[22.5]|21.5[(205[19.5]|185]|17.5[(165|155[14.5/14.0]13.0]|12.0

o

Note: Explanatory notes and limitations regarding the use of this table follow Table A.1.4.8-7.
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Table A.1.4.8-7
BWR Fuel Qualification Table for NUHOMS®-61BTH Type 2 DSC

(Minimum required years of cooling time after reactor core discharge)

BU,

Lattice Average Initial U-235 Enrichment

wt %

GWD/
MTU

22

2.3

24

25|26

2.7

2.8

2.9

3.0

3.1

3.2

3.3

34

3.5

3.6

3.7

3.8

3.9

4.0

4.1

4.2

43

44

4.5

46

4.7

4.8

4.9

5.0

10

7.0

7.0

7.0

701170

7.0

7.0

7.0

7.0

7.0

7.0

70

7.0

7.0

7.0

7.0

7.0

7.0

7.0

70

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

15

7.0

7.0

7.0

70170

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

70

7.0

7.0

7.0

7.0

20

7.0

170

7.0

70170

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

23

7.0

7.0

7.0

70| 7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

25

7.0

7.0

7.0

70170

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

28

7.0

70

7.0

701170

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

Note:

7.0

7.0

7.0

70170

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

70

7.0

70

7.0

7.0

7.0

70

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

70

7.0

7.0

7.0

70170

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

70

70

701170

7.0

7.0

7.0

7.0

7.0

7.0

70

70

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

70170

7.0

7.0

7.0

7.0

7.0

7.0

70

70

7.0

7.0

7.0

7.0

7.0

7.0

7.0

70

7.0

7.0

7.0

70

70

7.0

7.0

7.0

7.0

7.0

7.0

70170

7.0

7.0

7.0

7.0

7.0

7.0

7.0

70

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

1.0

7.0

70

7.0

7.0

70

70

7.0

70170

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

170

7.0

7.0

7.0

7.0

7.0

70

7.0

7.0

7.0

7.0

7.0

7.0

7.0

70

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

70

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

70

70

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

8.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

85

85

7.5

7.0

7.0

7.0

70

7.0

70

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

10.5

9.0

8.0

7.0

7.0

7.0

70

7.0

7.0

7.0

7.0

7.0

7.0

70

70

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

10.5

10.0

9.0

9.0

8.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

11.5

11.0

11.0

100

85

15

7.0

7.0

7.0

7.0

7.0

7.0

7.0

10

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

13.5

12.0

11.0

11.0

10.0

95

85

7.5

7.0

7.0

7.0

7.0

7.0

70

7.0

70

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

14.5

13.5

12.5

11.0

10.5

10.5

9.5

8.5

7.5

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

16.0

15.0

13.5

12.5

11.5

11.0

10.5

9.5

85

7.5

7.0

7.0

7.0

70

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

70

17.0

16.0

15.0

14.0

13.0

12.0

11.0

11.0

10.0

9.0

8.5

7.5

7.0

7.0

70

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

17.0

16.0

15.5

14.5

13.5

12.5

11.0

10.5

10.5

9.5

8.5

7.5

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

18.5

17.5

16.5

15.5

14.5

13.5

13.0

12.0

110

10.5

9.5

85

8.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

20.0

19.0

18.0

17.0

15.5

15.0

14.0

13.0

12.0

11.0

10.5

10.0

9.0

8.0

7.5

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

21.0

20.0

19.0

18.0

17.0

16.0

150

14.5

13.5

12.5

11.5

10.5

10.5

9.5

8.5

7.5

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

22.5

215

20.5

19.5

18.5

17.5

16.5

15.5

14.5

135

12.5

11.5

11.0

10.5

95

85

8.0

75

70

7.0

7.0

7.0

7.0

7.0

240

22.5

215

21.0

19.5

185

17.5

17.0

16.0

15.0

13.5

13.0

12.0

11.0

11.0

10.0

95

85

7.5

70

7.0

7.0

7.0

7.0

25.0

240

230

220

21.0

20.0

19.0

18.0

17.0

16.0

15.0

14.5

13.5

12.5

11.5

10.5

10.5

9.5

85

1.5

7.0

7.0

7.0

7.0

Explanatory notes and limitations regarding the use of this table follow Table A.1.4.8-7.
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‘ Notes: Tables A.1.4.8-6 and Table A.1.4.8-7:

e Burnup = gssembly average burnup
Use burnup and enrichment to lookup minimum cooling time in years. Licensee is responsible for ensuring
that uncertainties in fuel enrichment and burnup are correctly accounted for during fuel qualification.

e Round burnup UP to next higher entry, round enrichments DOWN to next lower entry.

o  Fuel with a lattice average initial enrichment less than 0.9 (or less than the minimum provided above for
each burnup) or greater than 5.0 wt.% U-235 is unacceptable for transportation.

o  Fuel with a burnup greater than 62 GWd/MTU is unacceptable for transportation.

e  Fuel with a burnup less than 10 GWd/MTU is acceptable for transportation after 7-years cooling.

e For reconstituted fuel assemblies with irradiated stainless steel rods, increase the cooling time by 1 year for
fuel assemblies in the 24 peripheral locations of the canister with cooling times less than 10 years. No
adjustment of cooling time is required for fuel assemblies in other locations or for those that have cooled
for more than 10 years.

e The cooling times for failed, damaged, and intact assemblies are identical. However, when loading five or
more damaged fuel assemblies per DSC (or a combination of damaged and failed fuel assemblies, if
applicable), an additional cooling time of 8 years is required for only damaged fuel assemblies (and failed
Juel assemblies, if applicable).

e Example: An assembly with an initial enrichment of 4.85 wt. % U-235 and a burnup of 41.5 GWd/MTU is
acceptable for transport after a 7-year year cooling time as defined by 4.8 wt. % U-235 (rounding down)
and 42 GWd/MTU (rounding up) on the qualification table (other considerations not withstanding).
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‘ Table A.1.4.8-8
BWR Assembly Decay Heat for Heat Load Configurations

The decay heat (DH) in watts is expressed as:

F1=-59.1+23.4*X1 - 21.1¥X2 + 0.280*X1? — 3.52*X 1#X2 + 12.4*X2?
DH = F1*Exp({[1-(1.2/X3)]* -0.720}*[(X3-4.5)" *"]*[(X2/X1)*"3?]) + 10

where,
F1 Intermediate function
X1 Assembly burnup in GWD/MTU
X2 Initial enrichment in wt. % U-235
X3 Cooling fime in years (minimum 7 years)

Note: Even though a minimum cooling time of 7 years is used, the minimum cooling time requirement with five or
more damaged fuel assemblies (or a combination of damaged and failed fuel assemblies, if applicable) from
shielding requirements is per Table A.1.4.8-6 for Type | DSC and A.1.4.8-7 for Type 2 DSC.
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b
3 3 3
3 73 3 73 Z3 3 3
3 73 3 73 73 Z3
3 73 3 z3 73
z3 z3 z3 z3 3
z3 z3 z3 VA 73 z3 z3 Z3 73
73 73 73 73 z3 73 3
3 73 3 3 3 3 3
. 3 3 Z3
Zone 1 | Zone 2 | Zone 3 | Zone 4 | Zone 5 | Zone 6
Maximum Decay Heat (kW/FA)"" " NA NA | 0.393 NA NA NA
Maximum Decay Heat per Zone (kW) NA NA 22.0 NA NA NA
Maximum Decay Heat per DSC (kW) 22 0

(1) Decay heat per fuel assembly shall be determined per Table A.1.4.8-8.

(2) This configuration is not allowed for a 61BTH Type 1 basket with MMC or Boral® Poison Plates.

(3) Reduce the maximum decay heat to 70% of the listed values for LaCrosse fuel assembly. The total decay
heat for LaCrosse fuel assembly is 15.4 kW per DSC for HLZC No. 1.

Figure A.1.4.8-1
Heat Load Zoning Configuration No. 1 for Type 1 or Type 2 61BTH DSCs"®
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BEEE

74 74 74 74 74 Z4 74

’ Zone1 | Zone 2 | Zone 3 | Zone 4 | Zone 5 | Zone 6
Maximum Decay Heat (kW/FA)" ™ NA 0.35 NA 0.48 0.54 NA
Maximum Decay Heat per Zone (kW) NA 8.75 NA 11.52 6.48 NA
Maximum Decay Heat per DSC (kW) 22.0%

(1) Decay heat per fuel assembly shall be determined per Table A.1.4.8-8.

(2) This configuration is not allowed for a 61BTH Type 1 basket with MMC or Boral® Poison Plates.

(3) Reduce the maximum decay heat to 70% of the listed values for LaCrosse fuel assembly. The total decay
heat for LaCrosse fuel assembly is 15.4 kW per DSC for HLZC No. 2.

Figure A.1.4.8-2
Heat Load Zoning Configuration No. 2 for Type 1 or Type 2 61BTH DSCs”
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Zone1 | Zone2 | Zone 3 | Zone 4 | Zone 5 | Zone 6

Maximum Decay Heat (kW/FA)" " NA 0.35 NA NA NA NA
Maximum Decay Heat per Zone (kW) NA 19.4 NA NA NA NA
Maximum Decay Heat per DSC (kW) 19.4"

(1) Decay heat per fuel assembly shall be determined per Table A.1.4.8-8.
(2) Reduce the maximum decay heat to 70% of the listed values for LaCrosse fuel assembly. The total decay

heat for LaCrosse fuel assembly is 13.58 kW per DSC for HLZC No. 3.

Figure A.1.4.8-3
Heat Load Zoning Configuration No. 3 for Type 1 or Type 2 61BTH DSCs
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74 74 74 74 74 74 74

‘ Zone 1 | Zone 2 | Zone 3 | Zone 4 | Zone 5 | Zone 6

Maximum Decay Heat (kW/FA)" " 0.22 0.35 NA 0.48 0.54 NA

Maximum Decay Heat per Zone (kW) | 1.98 5.60 NA 11.52 6.48 NA

Maximum Decay Heat per DSC (kW) 19.4"%

(1) Decay heat per fuel assembly shall be determined per Table A.1.4.8-8.

(2) Reduce the maximum decay heat to 70% of the listed values for LaCrosse fuel assembly. The total decay
heat for LaCrosse fuel assembly is 13.58 kW per DSC for HLZC No. 4.

Figure A.1.4.8-4
Heat Load Zoning Configuration No. 4 for Type 1 or Type 2 61BTH DSCs
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Zone1 | Zone 2 | Zone 3 | Zone 4 | Zone 5 | Zone 6
Maximum Decay Heat (kW/FA)'" "™ NA 0.35 NA NA 0.54 NA
Maximum Decay Heat per Zone (kW) NA 3.15 NA NA 24.0 NA
Maximum Decay Heat per DSC (kW) 24.0%

(1) Decay heat per fuel assembly shall be determined per Table A.1.4.8-8.

(2) This configuration is not allowed for a 61BTH Type 2 basket with MMC or Boral® Poison Plates.

(3) Reduce the maximum decay heat to 70% of the listed values for LaCrosse fuel assembly. The total decay
heat for LaCrosse fuel assembly is 16.8 kW per DSC for HLZC No. 5.

Figure A.1.4.8-5
Heat Load Zoning Configuration No. 5 for Type 2 61BTH DSC®?
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Zone 1 | Zone 2 | Zone 3 | Zone 4 | Zone 5 | Zone 6
Maximum Decay Heat (kW/FA)"" " 0.22 NA NA 0.48 0.54 0.70
Maximum Decay Heat per Zone (kW) | 1.98 NA NA 11.52 6.48 11.20
Maximum Decay Heat per DSC (kW) 24.0™

(1) Decay heat per fuel assembly shall be determined per Table A.1.4.8-8.
(2) This configuration is not allowed for a 61BTH Type 1 basket with MMC or Boral® Poison Plates.
(3) Reduce the maximum decay heat to 70% of the listed values for LaCrosse fuel assembly. The total decay

heat for LaCrosse fuel assembly is 16.8 kW per DSC for HLZC No. 6.

Figure A.1.4.8-6
. Heat Load Zoning Configuration No. 6 for Type 2 61BTH DSC?
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Zone 1 | Zone 2 | Zone 3 | Zone 4 | Zone 5 | Zone 6
Maximum Decay Heat (kW/FA)"" " NA NA NA 0.48 0.54 NA
Maximum Decay Heat per Zone (kW) NA NA NA 12.00 19.44 NA

Maximum Decay Heat per DSC (kW) 24.0%

(1) Decay heat per fuel assembly shall be determined per Table A.1.4.8-8.

(2) This configuration is not allowed for a 61BTH Type 1 basket with MMC or Boral® Poison Plates.
(3) Reduce the maximum decay heat to 70% of the listed values for LaCrosse fuel assembly. The total decay

heat for LaCrosse fuel assembly is 16.8 kW per DSC for HLZC No. 7.

Figure A.1.4.8-7
. Heat Load Zoning Configuration No. 7 for Type 2 6]BTH DSC®
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74 Z4
74 73
N 74 | 23
| 724 | 23
5 Z4 3
74 73
Z4 74
Zone1 | Zone 2 | Zone 3 | Zone 4 | Zone 5 | Zone 6
Maximum Decay Heat (kW/FA)'" ' NA 035 | 0.393 | 0.48 0.54 NA
Maximum Decay Heat per Zone (kW) NA 3.15 6.288 | 11.52 6.48 NA
Maximum Decay Heat per DSC (kW) 24.0%

(1) Decay heat per fuel assembly shall be determined per Table A.1.4.8-8.
(2) Reduce the maximum decay heat to 70% of the listed values for LaCrosse fuel assembly. The total decay
heat for LaCrosse fuel assembly is 16.8 kW per DSC for HLZC No. 8.

Figure A.1.4.8-8
Heat Load Zoning Configuration No. 8 for Type 2 61BTH DSC
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Note 1:

Note 2:

* * % %% *
* %k %k s,k %ok
% ok % % % %k sk ok
* %% *ok *
* Corner Locations ** | Interior Locations
See Note 1 See Note 2

These corner locations shall only be used to load up to four damaged or failed assemblies with
the remaining intact in a 61BTH Basket. The maximum lattice average initial enrichment of
assemblies (damaged or intact transported in the 2x2 compartment assemblies) is limited to the
“Up to 4 Damaged Assemblies” column of Table A.1.4.8-5. For the Type 2 DSC containing failed
fuel assemblies, this enrichment is limited to the “Up to 4 Failed Assemblies” column of Table
A.1.4.8-5.

If loading more than four damaged assemblies, place first four damaged assemblies in the corner
locations per Note 1, and up to 12 additional damaged assemblies in these interior locations, with
the remaining intact in a 61BTH Basket. The maximum lattice average initial enrichment of
assemblies (damaged or intact transported in the 2x2 compartment assemblies) is limited to the
“Five or More Damaged Assemblies” column of Table A.1.4.8-5. For the Type 2 DSC containing
failed fuel assemblies, this enrichment is limited to the “and up to 12 Damaged Assemblies”
column of Table A.1.4.8-5.

Figure A.1.4.8-9
Location of Damaged and Failed Fuel Assemblies Inside 61BTH DSC
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Appendix A.1.4.9
NUHOMS®-69BTH DSC

NOTE: References in this Appendix are shown as [1], [2], etc. and refer to the reference list in
Section A.1.4.9.4.

A.149.1 NUHOMS®-69BTH DSC Description

Each NUHOMS®-69BTH DSC consists of a DSC shell assembly and a basket assembly. The
shell assembly consists of a cylindrical shell, the inner cover plates of the top and bottom shield
plug assemblies and outer top cover plate. The DSC shell assembly is designed, fabricated and
inspected in accordance with ASME B& PV Code Subsection NB [1]. Alternatives to the code
are provided in Chapter A.2, Appendix A.2.13.13. The maximum length and the outer diameter
of the 69BTH DSC are approximately 197.0 inches and 69.8 inches, respectively. The shell
assembly is a high integrity stainless steel welded pressure vessel that provides confinement of
radioactive materials, encapsulates the fuel in an inert atmosphere (the canister is back-filled
with helium before being seal welded closed) and provides biological shielding (in axial
direction). The 69BTH DSC has double redundant seal welds that join the shell and the top and
bottom cover plate assemblies to seal the canister. The bottom end assembly welds are made
during fabrication of the 69BTH DSC. The top plug penetrations (siphon and vent ports) are
redundantly sealed after the 69BTH DSC drying operations are complete.

The canister is designed to contain the fuel basket and fuel assemblies, and is completely
supported by the transport cask. Under normal transport conditions, the canister rests on four
canister rails attached to the inside surface of the transport cask.

A.1.492 NUHOMS®-69BTH Fuel Basket

The basket structure is designed, fabricated and inspected in accordance with ASME B&PV
Code Subsection NG[1]. Alternatives to the code are provided in Chapter A.2, Appendix
A.2.13.13. The overall length and outer diameter of the basket, including the hold down ring, are
approximately 178.6 inches and 68.4 inches respectively. The details of the 69BTH fuel basket
is shown in the drawings in Section A.1.4.10.10 of Appendix A.1.4.10. The 69BTH basket is
designed to accommodate 69 intact, or up to 24 damaged with the remainder intact BWR fuel
assemblies with or without fuel channels. The basket structure consists of a welded assembly of
stainless steel tubes (fuel compartments) separated by poison plates and surrounded by larger
stainless steel boxes and support rails.

The basket structure is open at each end. Therefore, longitudinal fuel assembly loads are applied
directly to the canister/cask body and not the fuel basket structure. The fuel assemblies are
laterally supported by the stainless steel structural boxes. The basket is laterally supported by the
basket rails and the canister shell. The aluminum basket rails are oriented parallel to the axis of
the canister, and are attached to the periphery of the basket to provide support, and to establish
and maintain basket orientation.

Shear keys, welded to the inner wall of the DSC, mate with notches in the basket support rails to l
prevent the basket from rotating during normal operations. Also a hold down ring is installed
above the basket to prevent the basket from moving axially during transport.

NUH09.0101 A.1.4.9-]



MP197 Transportation Packaging Safety Analysis Report Rev. 7, 04/10

The NUHOMS®-69BTH DSC is designed with six alternate basket configurations based on the
boron content in the poison plates as listed in Table A.1.4.9-3 (designated as “A” for the poison
plates with the lowest B10 loading to “F” for the highest B10 loading). Three alternate poison
materials are allowed: (a) Borated Aluminum alloy, (b) Boron Carbide/Aluminum Metal Matrix
Composite (MMC), or (c) Boral®. The poison plates provide a heat conduction path from the
fuel assemblies to the canister wall, as well as the necessary criticality control.

A.1.493 NUHOMS®-69BTH DSC Contents

The NUHOMS®-69BTH DSC is designed to transport 69 intact, or up to 24 damaged and the
remainder intact, standard BWR fuel assemblies with or without fuel channels. The NUHOMS®-
69BTH DSC can transport intact or damaged BWR fuel assemblies with the characteristics
described in Table A.1.4.9-1, which include a variety of cooling times, enrichment and
maximum bundle average burnup. Damaged BWR fuel assemblies are fuel assemblies
containing fuel rods with known or suspected cladding defects greater than hairline cracks or
pinhole leaks. The extent of damage in the fuel assembly is to be limited such that the fuel
assembly will still be able to be handled by normal means. Missing fuel rods are allowed.

The fuel assemblies considered are listed in Table A.1.4.9-2.

A1494 References

1. American Society of Mechanical Engineers, ASME Boiler And Pressure Vessel Code,
Section 111, Division 1 - Subsections NB, NG and NF, 2004 edition including 2006 Addenda.
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Table A.1.4.9-1
BWR Fuel Specification for the Fuel to be Transported in the NUHOMS®-69BTH DSC

PHYSICAL PARAMETERS:

Fuel Class

Intact or damaged 7x7, 8x8, 9x9 or 10x10 BWR
assemblies manufactured by General Electric or
Exxon/ANF or FANP or ABB or reload fuel
manufactured by same or other vendors that are
enveloped by the fuel assembly design
characteristics listed in Table A.1.4.9-2. Damaged
fuel assemblies beyond the definition contained
below are not authorized for transport.

Damaged Fuel

Damaged BWR fuel assemblies are assemblies
containing fuel rods with known or suspected
cladding defects greater than hairline cracks or
pinhole leaks. The extent of damage in the fuel
assembly is to be limited such that the fuel assembly
will still be able to be handled by normal means.
Missing fuel rods are allowed.

Damaged fuel assemblies shall also contain top and
bottom end fittings or nozzles or tie plates
depending on the fuel type.

RECONSTITUTED FUEL ASSEMBLIES:

¢ Maximum No. of Reconstituted Assemblies per DSC | 4
with Irradiated Stainless Steel Rods

e Maximum No. of Irradiated Stainless Steel Rods per 4
Reconstituted Fuel Assembly

e Maximum No. of Reconstituted Assemblies per DSC | 9
with unlimited number of low enriched UO2 rods or
Zr Rods or Zr Pellets or Unirradiated Stainless Steel
Rods

No. of Intact Assemblies <69

No. and Location of Damaged Assemblies

Up to 24 damaged fuel assemblies, with balance
intact or dummy assemblies, are authorized for
transport in 69BTH DSC.

Damaged fuel assemblies may only be transported
in the four outer “6-compartment” arrays as shown
in Figure A.1.4.9-1. The DSC basket cells which
accommodate damaged fuel assemblies are
provided with top and bottom end caps.

Channels

Fuel may be transported with or without channels,
channel fasteners, or finger springs.

Maximum Assembly Weight with Channels

7035 Ibs

THERMAL/RADIOLOGICAL PARAMETERS:
Maximum Initial *°U Enrichment (wt. %)

Per Table A.1.4.9-3,

Allowable Heat Load Zoning Configurations for each
69BTH DSC

Per Figure A.1.4.9-2 or Figure A.1.4.9-3 or Figure
A.1.4.9-4 or Figure A.1.4.9-5.

Fuel Assembly Average Burnup and minimum Cooling
Time!"

Per Table A.1.4.9-4

Decay Heat per DSC

Per Figure A.1.4.9-2 or Figure A.1.4.9-3 or Figure
A.1.4.9-4 or Figure A.1.4.9-5.

Minimum B10 Content in Poison Plates

Per Table A.1.4.9-3.

D An additional cooling time of 8 years is required for damaged fuel assemblies in addition to that obtained firom Table A.1.4.9-

4, when five or more damaged fuel assemblies are loaded.
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Table A.1.4.9-2

BWR Fuel Assembly Design Characteristics" for the NUHOMS®-69BTH DSC

Initial Design or Maximum Initial
Reload Fuel Max Length (in) Maximum No. | Uranium Content

Transnuclear ID | Designation (Unirradiated) Iissile Material | of Fuel Rods (kg)
GEl
GE2

7x7-49/0 GE3 176.6 Uo, 49 198

8x8-63/1 GE4 176.6 uo, 63 192
GE-5
GE-Pres
GE-Barrier

8x8-62/2 GES Type ] 176.6 Uo, 62 192
GES8

8x8-60/4 Type Il 176.6 Uo, 60 192
GE9

8x8-60/1 GEI10 176.6 U0, 60 192
GEl1l

9x9-74/2 GEI13 176.6 UG, 74 192
GEI12

10x10-92/2 GEl4 176.6 Uo, 92 192

7x7-49/0 ENC-I11A 176.6 Uuo, 49 198

7x7-48/1Z ENC-111¥) 176.6 uo, 48 198
ENC Va

8x8-60/4Z ENC Vb 176.6 UO, 60 192
FANP

8x8-62/2 8x8-2 176.6 Uo, 62 192
FANP9

FANP 9x9 9x9? 176.6 uo, 81 192

Siemens QFA 9x9 176.6 Uo, 72 192
ATRIUM 10,

10x10-91/1 ATRIUM 10XM 176.6 UO, 91 192

ABB-8x8 SVEA-64 176.6 UQ, 64 192

ABB-10x10 SVEA-100" 176.6 U0, 100 192
Allis Chalmers-10x10

LaCrosse Exxon/ANF 10x10 125 Uo, 100 125

q)) Any fuel channel average thickness up to 0.120 inch is acceptable on any of the fuel designs.

2 Includes ENC-HHE and ENC-IIIF.
3) Includes FANP 9.9-72, 9x9-79, 9x9-80, and 9x9-81.
@)} Includes SVEA-92, SVEA-96, SVEA-96+, SVEA-96 OPTIMA, SVEA-96 OPTIMA 2.
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Table A.1.4.9-3
BWR Fuel Assembly Initial Lattice Average Enrichment v/s Minimum B10 Requirements for the
NUHOMS®-69BTH DSC Poison Plates

Rev. 7, 04/10 4

M

Minimum B10 Areal Density,
Maximum Lattice Average gram/cm?
Basket Enrichment" Borated
Type (Wt% U-235) Aluminum/MMC Boral®
A 3.7 0.021 0.025
B 4.1 0.031 0.037
C 4.4 0.039 0.047
D 4.6 0.046 0.055
E 4.8 0.053 0.064
F 5.0 0.061 0.073
Maximum Lattice Average Initial Enrichment'"
(Wt.% U-235)
Upto 4 5t0 8 9to24
Basket Intact Damaged Damaged Damaged
Type | Assemblies | Assemblies® | Assemblies® | Assemblies®

A 3.70 3.70 3.30 2.80

B 4.10 4.10 3.60 3.00

C 4.40 4.20 3.60 3.10

D 4.60 4.40 3.70 3.20

E 4.80 4.40 3.70 3.20

F 5.00 4.80 3.90 3.40

@ Allowable locations in basket per Figure A.1.4.9-1.

For LaCrosse fuel assemblies, the enrichment shall be reduced by 0.1 wt. % U-235.
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Table A.1.4.9-4
BWR Fuel Qualification Table for the NUHOMS"-69BTH DSC

(Minimum required years of cooling time after reactor core discharge)

BU, GWD/ Lattice Average Initial U-235 Enrichment. wt %

MTU 0911215120121 ]122123(2412512627128(29130/31(32]33]34135|36[37]38[39|40/(4.1(42143144[45/146(47148(49]50

10 60[60]60[60]60]60)60|60]|60]|60]|60]|60|60]60]60|60]60]|60|[60]60]60]60|]60]60]60|60]60]60]60]60|60]60|60]6.0

20 60]160]60|[60]|60]60]60]60]60]60]60]60]60|60([60]60]60|]60]60]60]|60]|60|]60|]60]60]60|]60]60]60]60]60]|60]60]60

30 \ : . 6060 |60]60|60]60|60]60]60]60]60]60|]60]60|60|60]60]60]60]60]60|60]60|60|]60|60]60]60]60]|60]|060

31 | 60160 |60]60|60]60|60]60]60]60]60|60|]60]60|60|]60]60]60]60]60]60|60]60]|60|]60|]60]60]60]60]|60 |60

35 . : ). ; . 0]60|60|60|60]60]60]60|f60]60]60|60|60]60]60]60]60|60]60]60]60]|60]60]60]60]60

39 60|60 |60|60]60]60|60]60]60|60]60|60]60]60]60]60|60]60]60]60|60]60]60]60]60

40 60 |60|60|60]60]60|60]60]60|60|]60|60]60]60]60|60|60]60]60]60]|60]60]60]60]60

42 60|60 |60|60]60]60|60]60]60|]60|]60|]60]60]60]60]60|[60]60]60]60|60]60]60]60]60

44 60160]60]60]60]60]60]60]60]60]60]60]60]60]60]60]601]60]60]60]60]60]601]60]60

45 75165]165]160]60]60]|60]60]60]60]60|60]60]60]60|60|]60]60]60]60|60]60]60]60]60

46 85175]65]65]165]165]65]65|65]60|60]60]60]60]60/|60]60]60]60]60]60]601]601]60]|60

47 95 |85|80|70]65]|65|65]65]|65]|65]65]65]65]65]65|60|]60]60]60]60|60]60]60]60]|60

48 105195190 |80(70170]70]70|65]65|65]65]65]65]65|65]60]60]60]60]60]60]601]60]|60

49 1101051 9519080 [70}170]170]70]70}70]70]70]70]65]65]65]65]60]60]60]60]601]60]°60

50 120(11.5/105[100{90 |80 [|75]170]70]170170}70]70]70]70170[70]65]60]60]60]60]60]60]060

1351125]115[105(100190 | 85|75|75|75|75]70]70]70]70]170]70]70]70]65]60]60]601]60]|60

52 150(1351125]1151105[105}195]190 80| 75)175|75]|75]|75|75]|75]75]70[70]65]|60]60]60]60]060

53 , 16011501140(1301120}110{105[95]190 8017575751751 75]|75|75]75]75]75]70]65]60]60]60

54 17.01165]150]14.0]135(120f11.0]105[10.0| 90 | 80 | 80 | 80 | 80 | 80 | 80 | 75|75 [75[75]|75]|75]65][60]| 60

Not Anal d 18511751165]155[{145[135}125[11.5[105/105}/95 |85 |80 80|80 |80|80]80|80}|75]|75]75]70]60]60
56 ot o L 200(19.0{175|170]155]145|140[125]115]110[105}/95 1908585 |85 8080|8080 |80|75]|75]|75]70

57 210(20.0{19.0[18.0]17.0]160|150|14.0]13.0}120[11.0{11.0]100] 9.0 | 85 | 85|85 | 85|85 |85 |85 |85|80]|80]|70

58 2251215[205]1195]|185]175[165]|155|145[135]125]11.5]|105]|105]95|90]90 | 85|85 |85 |85 |85|85|[80]|75

59 235(225(215[205(195]185[175[165]|155]|145]135[125]120]11.0/105]95 9090909090 ]90]90]90]85

60 2501240023.0]220]210]200({19.0]180|17.0{160]150]140]130|120]11.0{11.0j100|95[95[95[90]9.0]90[90|90

61 26.0(250[24.0]230]220/21.0[{20.0]190{180({17.0]160]150]|145]|135]125[115[105/105|/95[95]95]195]|95|95/|95

62 24512351225|21.51205(195]185|175]165]155[145]135(13.0]120(110]11.0]10.0{100]100[100}95 | 95

63 16.5[16.0[155[145]14.0]13.0{120]11.5]10.5]10.5[10.5/10.5]10.5]10.5

64 19.01180]17.01160[150|145]|135]125]|120|11.0[10.5]10.5]10.5]10.5

65 200(190[180[170]|165]|155[150]14.0]13.0]125[11.5[11.0]11.0]|11.0

66 21.0]200]19.0]185|175|17.0|16.0]150]|145|135[13.0]120]|115]115

67 2251215]1205]1195(190(18.0]175]165]|155[150[{14.0]13.0]125]12.0

68 2351225]215]1210]200(195]185]175(17.0]160]155]145]140]13.0

69 240(235(230(220]215]|205[200]190]180]|175|165|160]155]145

70 5 250]245]2401235(225|21.5]|121.0/205]|195]|185|180]170]|165]155

Note:  Explanatory notes and limitations regarding the use of this table follow.
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. Notes, Table A.1.4.9-4:

¢ Burnup = Assembly Average burnup.

e Use burnup and enrichment to lookup minimum cooling time in years. Licensee is responsible for ensuring
that uncertainties in fuel enrichment and burnup are correctly accounted for during fuel qualification.

¢ Round burnup UP to next higher entry, round enrichments DOWN to next lower entry.

*  Fuel with a lattice average initial enrichment less than 0.9 (or less than the minimum provided above for
each burnup) or greater than 5.0 wt.% U-235 is unacceptable for transportation.

e  Fuel with a burnup greater than 62.5 GWd/MTU is unacceptable for transportation.

e  Fuel with a burnup less than 10 GWd/MTU is acceptable for transportation after 6-years cooling.

¢  For reconstituted fuel assemblies with irradiated stainless steel rods, increase the cooling time by ! for fuel
assemblies in the 24 peripheral locations of the canister with cooling times less than 10 years. No
adjustment of cooling time is required for fuel assemblies in other locations or for those that have cooled
for more than 10 years.

e The cooling times for damaged and intact assemblies are identical. However, when loading five or more
damaged fuel assemblies per DSC, an additional cooling time of 8 years is required for only damaged fuel
assemblies.

¢ Example: An assembly with an initial enrichment of 4.85 wt. % U-235 and a burnup of 41.5 GWd/MTU is
acceptable for transport after a 6-year cooling time as defined by 4.8 wt. % U-235 (rounding down) and 42
GWd/MTU (rounding up) on the qualification table (other considerations not withstanding).

NUH09.0101 A.1.4.9-7
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_ Table A.1.4.9-5
BWR Assembly Decay Heat for Heat Load Configurations

The Decay Heat (DH) in watts is expressed as:

F1=-59.1 +23.4*X1 — 21.1*X2 + 0.280*X1? — 3.52*X1*X2 + 12.4*X?2?
DH = F1*Exp({[1-(1.2/X3)]* -0.720}*[(X3-4.5)* *"]*[(X2/X1)*"*]) + 10

where,
F1 Intermediate Function
X1 Assembly Burnup in GWD/MTU
X2 Initial Enrichment in wt. % U-235
X3 Cooling Time in Years (minimum 6 years)

Note: Even though a minimum cooling time of 6 years is used, the minimum cooling time
requirement with five or more damaged fuel assemblies from shielding requirements is per Table
A 1.4.9-4.

NUH09.0101 A.1.4.9-8
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Configuration 2" Configuration 3"

. . Configuration 1V

|
|
|
|
Either one of these three sets of corner locations shall only be utilized to load up to four damaged |
|
|
|
|

assemblies with the remaining intact in a 69BTH Basket. The maximum lattice average initial enrichment
1 of fuel assemblies (damaged or intact transported in either [l set of cells for confi guration 1, gold
set of cells for configuration 2, or Blli€ set of cells for configuration 3) is limited to the « up to 4 damaged
assemblies™ column of Table A.1.4.9-3.
Following the placement of damaged fuel assemblies in either configuration 1 or 2, the remaining m or
locations shall be used to load up to 4 additional damaged assemblies, with the remaining intact
in a 69BTH Basket. The maximum lattice average initial enrichment for these fuel assemblies (damaged
or intact transported in gold or - cells available) is limited to the “5 to 8 damaged assemblies”
column of Table A.1.4.9-3.
Following the placement of eight damaged fuel assemblies in the set of corner locations marked with a
“*” (shaded in and a “**” (shaded in gold), the locations shaded in - or blue in Figure
shall be used to load up to sixteen additional damaged assemblies, with the remaining intact in a 69BTH
Basket. The maximum lattice average initial enrichment for all 24 fuel assemblies (damaged or intact
transported in these 24 locations) is limited to the “9 to 24 Damaged Assemblies™ column of Table
A.1.4.9-3.

Figure A.1.4.9-1
’ Location of Damaged Fuel Assemblies Inside 69BTH DSC

NUH09.0101 A.1.4.9-9
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. Zone 1 Zone 2 Zone 3 Zone4 | Zone5 | Zone6

m}&;g et 0.10 0.27 0.30 0.40 0.55 0.45

No. of Fuel |
2

Assemblies : 2 10 1 B -

o omnet | o | ose [ 30 | ee | s | s ‘

Max. Decay Heat 26.0 @)

per DSC (kW) '

Notes: (1) Total number of fuel assemblies is 69 for HLZC # 1
(2) Adjust payload to maintain the total DSC heat load within the specified limit
(3) Reduce the maximum decay heat to 70% of the listed values for LaCrosse Fuel
assembly. The total decay heat for LaCrosse fuel assembly is 18.2 kW per DSC for HLZC
No. 1.
(4) Decay heat per fuel assembly shall be determined per Table A.1.4.9-5.

Figure A.1.4.9-2
Heat Load Zoning Configuration No. 1 for 69BTH Basket
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. Zone | Zone 2 Zone 3 Zone 4 Zone 5

|
(Mkf;/()F[,)xe)c ol 0.25 00" 0.40 0.60 0.50 ;
No. of Fuel
Assemblies @ 1 0 12 24 24
Max. Decay Heat
per Zone (kW) ¥ 0.25 0 4.8 14.4 12.0
Max. Decay Heat 26,0 0@
per DSC (kW) :

Notes: (1) Aluminum dummy assemblies replace the fuel assemblies in zone 2
(2) Total number of fuel assemblies is 61 for HLZC # 2
(3) Adjust payload to maintain the total DSC heat load within the specified limit
(4) Reduce the maximum decay heat to 70% of the listed values for LaCrosse Fuel
assembly. The total decay heat for LaCrosse fuel assembly is 18.2 kW per DSC for HLZC
No. 2.
(5) Decay heat per fuel assembly shall be determined per Table A.1.4.9-5.

Figure A.1.4.9-3
Heat Load Zoning Configuration No. 2 for 699BTH Basket
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‘ Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
?{(’@‘;F[f)cﬁ Sem 025 | 00® 0.40 0.60 0.50
No. of Fuel
Assemblies ¥ ! ¢ Z 4 %
I’;’if"z'g]zc(agv{f)‘i?} 0.25 0 4.8 14.4 12,0
Max. Decay Heat 292 B
per DSC (kW) -

Notes: (1) Aluminum dummy assemblies replace the fuel assemblies in zone 2
(2) Total number of fuel assemblies is 61 for HLZC # 3
(3) Adjust payload to maintain the total DSC heat load within the specified limit
(4) Reduce the maximum decay heat to 70% of the listed values for LaCrosse Fuel assembly.
The total decay heat for LaCrosse fuel assembly is 20.4 kW per DSC for HLZC No. 3.
(5) Decay heat per fuel assembly shall be determined per Table A.1.4.9-5.

Figure A.1.4.9-4
Heat Load Zoning Configuration No. 3 for 69BTH Basket
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. Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
x@‘)pD,ff s 000 | 045 | 00@ | 070 0.60
No. of Fuel
Assemblies © ¢ * ; 20 24
Max. Decay Heat
per Zons (kYW) @ 0 3.6 0 14.0 14.4
Max. Decay Heat 320@
per DSC (kW) ’

Notes: (1) The fuel compartment in zone 1 remains empty

(2): Aluminum dummy assemblies replace the fuel assemblies in zone 3

(3): Total number of fuel assemblies is 52 for HLZC # 4

(4) Reduce the maximum decay heat to 70% of the listed values for LaCrosse Fuel
assembly. The total decay heat for LaCrosse fuel assembly is 22.4 kW per DSC for
HLZC No. 4. ‘
(5) Decay heat per fuel assembly shall be determined per Table A.1.4.9-5.
(6) Borated Aluminum is the only poison material allowed for HLZC #4. |

Figure A.1.4.9-5
Heat Load Zoning Configuration No. 4 for 69BTH Basket
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Appendix A.1.4.94 Radioactive Waste Canister

NOTE: References in this appendix are shown as [1], [2], elc., and refer to the reference list in
Section A.1.4.94.4.

A.1.4.94.1 Radioactive Waste Canister Description

The radioactive waste canister (RWC) is designed to contain dry irradiated and/or contaminated
non-fuel-bearing solid materials (described further in paragraph A.1.4.94.3), and is completely
supported by the transport cask. Under normal transport conditions, the canister rests on four
canister rails, attached to the inside surface of the aluminum inner sleeve of the N UHOMS®-
MP197HB transport cask. The RWC is designed to transport its payload dry and in an air or
inert gas environment. When a wet-load procedure (i.e., in-pool) is followed for cask loading,

the RWC and transport cask cavities are drained and dried in order to ensure that free liquids do
not remain in the package during transport. The heat generated by the contents of the RWC is
transferred through the transport cask to the environment by conduction, convection and
radiation. No forced cooling is required.

Each RWC system includes an outer cylindrical shell assembly. The shell assembly consists of a
cylindrical shell, top shield plug, outer top cover plate, bottom shield plug, and outer bottom
cover plate. As shown in Table A.1.4.9A4-1, the RWC system consists of two design
configurations:

e Welded Top Shield Plug Design (RWC-W)
e Bolted Top Shield Plug Design (RWC-B)

Table A.1.4.94-1 provides the overall dimensions for each RWC configuration. The details of
each configuration are included in the drawings contained in Section A.1.4.10.11 of Appendix
A.1.4.10.

The RWC shell assemblies are stainless steel welded vessels that provide confinement of
radioactive materials, encapsulate the contents in an air or inert atmosphere, and provide
biological shielding. The RWC shell has redundant seal welds that join the shell and the top and
bottom cover plate assemblies 1o seal the canister. The bottom end assembly welds are made
during fabrication of the RWC shell. The top end closure welds are made afier content loading.
Both top plug penetrations (siphon and vent ports) are sealed after the RWC drying and
backfilling operations are complete.

The RWC cylindrical shell, outer top cover plate and outer bottom cover plate are fabricated
from ASTM A240 type 304 stainless steel. The bottom and top shield plugs are fabricated from
ASTM A240 Type F304 or ASTM A182 Type 304 stainless steel. All RWC welding procedures,
welders, and welding are performed in accordance with the requirements of AWS D1.1-98 [1]

~and AWS D1.6-99 [2]. All inspections are performed in accordance with AWS D1.1-98 [1] and
AWS D1.6-99 [2].

NUH09.0101 A.1.4.9A-1
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Material properties used are listed in Chapter A.2, Table A.2-4. All structural components and
payloads are the same or similar alloys of stainless steel and therefore, are not subject 1o
chemical or galvanic interaction. Similarly, no hydrogen gas generation is expected.

A 1.4.94.2 RWC Inner Liner

The inner liner assembly is a stainless steel welded cylinder with a bottom plate that is used with
the RWC-W. The bottom plate is designed with drain holes fo allow liquid from the inner liner to
drain to the bottom of the RWC for dewatering.

All inner liner welding procedures, welders, and welding are performed in accordance with the

requirements of AWS D1.6-99 [2]. All inspections are performed in accordance with AWS D1.6-
99 [2]. The overall length and diameter of the liner are provided in Table A.1.4.94-2. Details of
the inner liner are shown in the drawings contained in Section A.1.4.10.11 of Appendix A.1.4.10.

Four lifting lugs are provided on the inner liner for lifting the inner liner either empty or loaded.
The lugs are designed, fabricated and tested to the requirements of ANSI N14.6 [3]. The inner
liner is manufactured with a keyway for alignment in the outer RWC-W canister.

A.1.4.94.3 RWC Contents

The NUHOMS®-MP197HB packaging is designed to transport a payload of up to 56.0 tons of
dry irradiated and/or contaminated non-fuel bearing solid materials in the RWC. The safety
analysis of the cask takes no credit for the containment provided by the RWC.

The quantity of radioactive material is limited to a maximum of 8,182 A,. The radioactive
material is typically in the form of neutron activated metals, or metal oxides in solid form.
Surface contamination may also be present on the irradiated components. When a wet-load
procedure (i.e., in-pool) is followed for cask loading, the cask cavity and RWC are drained and
dried to ensure that there are no free liquids in the package during transporit.

The payload will vary from shipment to shipment. Typical composition of the payload consists of
the following components either individually or in combinations.

BWR Control Rod Blades

BWR Local Power Range Monitors (LPRMs)
BWR Fuel Channels

BWR Poison Curtains

PWR Burnable Poison Rod Assemblies (BPRAs)
PWR and BWR Reactor Vessel and Internals

OV A LN~

The typical cobalt-60 specific activity ranges for these items are as follows:

1. Control Rod Blades 1.3x107 - 1.1x107° Ci/g
2. LPRMs 1.0x107° — 4.8x10” Ci/g
3. Fuel Channels 7.8x107 — 2.0x107 Ci/g
4. Poison Curtains 6.2x107 — 4.0x107 Ci/g
5. BPRAs 3.8x107 - 1.3x10° Ci/g
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6. Reactor Vessel and Internals 2.0x10° - 1.3x107 Ci/g

Components with high specific activity are generally placed near the center of the RWC. For
each shipment, the RWC is normally filled to capacity, which prevents shifting of the contents
during transport. If the RWC is not full, appropriate component spacers or shoring is used to
prevent significant movement of the contents.

The RWC assembly provides a minimum steel thickness of 1.75 inches in the radial direction.
The RWC assembly provides a minimum steel thickness of 5.75 inches below the payload and a
minimum steel thickness of 7.00 inches above the payload in the axial direction.
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‘ A.1.4.94.4  References
1.

American Welding Society, DI.1-98, Structural Welding Code-Steel
2. American Welding Society, D1.6-99, Structural Welding Code-Stainless Steel

3. ANSINI4.6, Special Lifting Devices for Shipping Containers Weighing 10,000 Pounds
(4500 kg) or More, 1993
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Table A.1.4.94-1
‘ Nominal Dimensions of the RWC
RWC Design Parameters
RWC-W RWC-B
Shell Thickness (in) 1.25 1.75
Canister Length (in.) 186.50 186.50
Qutside Diameter (in.) 67.19 67.19
Cavity Length (in.) 167.30 167.30
Cavity Diameter (in.) 64.69 63.69

Table A.1.4.94-2
Nominal Dimensions of the RWC Inner Liner

RWC-W Inner Liner Design Parameters
Shell Thickness (in.) 0.50
Qutside Length (in.) 166.30
Qutside Diameter (in.) 63.69
Cavity Length (in.) 162.11
Cavity Diameter (in.) 62.69
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‘ Appendix A.1.4.10
Drawings of Transport Packaging and DSCs
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Appendix A.1.4.10
NUHOMS®-MP197HB SAR Drawings

The following drawings for the NUHOMS®-MP197HB Cask are included in Section A.1.4.10.1.

Drawing Number Title
MP197HB-71-1001 Rev | NUHOMS®-MP197HB Packaging Transport Configuration (2 sheets)
MP197HB-71-1002 Rev 2 NUHOMS®-MP197HB Packaging Parts List (2 sheets)
MP197HB-71-1003 Rev 1 NUHOMS®-MP197HB Packaging General Arrangement (1 sheet)
MP197HB-71-1004 Rev 2 NUHOMS®-MP197HB Packaging Cask Body Assembly (1 sheet)
MPI197HB-71-1005 Rev 1 NUHOMS®-MP197HB Packaging Cask Body Details (3 sheets)
MP197HB-71-1006 Rev 0 NUHOMS®-MP197HB Packaging Lid Assembly & Details (1 sheet)
MP197HB-71-1007 Rev 0 NUHOMS®-MP197HB Packaging Regulatory Plate (1 sheet)
MP197HB-71-1008 Rev 1 NUHOMS®-MP197HB Packaging Impact Limiter Assembly
(1 sheet)
MPI197HB-71-1009 Rev | NUHOMS®-MP197HB Packaging Impact Limiter Details (1 sheet)
MP197HB-71-1011 Rev 0 NUHOMS®-MP197HB Packaging Transport Configuration Outer
Sleeve With Fins Option (1 sheet)
MP197HB-71-1014 Rev 0 NUHOMS®-MP197HB Packaging Internal Sleeve Design
(2 sheets)

The following drawings for the NUHOMS® 24PT4 DSC are included in Section A.1.4.10.2.

Drawing Number Title

NUH24PT4-71-1001 Rev 0 NUHOMS® 24PT4 Transportable Canister For PWR Fuel Basket
Assembly (5 sheets)

NUH24PT4-71-1002 Rev 0 NUHOMS® 24PT4 Transportable Canister For PWR Fuel Main
Assembly (8 sheets)

NUH24PT4-71-1003 Rev 0 NUHOMS® 24PT4 Transportable Canister For PWR Fuel Failed Fuel
Can (4 sheets)

NUH09.0101 A.1.4.10-1
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‘ The following drawings for the NUHOMS® 32PT DSC are included in Section A.1.4.10.3.

Drawing Number

NUH32PT-71-1000 Rev 0
NUH32PT-71-1001 Rev 0
NUH32PT-71-1002 Rev 0
NUH32PT-71-1003 Rev 0
NUH32PT-71-1004 Rev 0
NUH32PT-71-1005 Rev 0
NUH32PT-71-1006 Rev 0

NUH32PT-71-1007 Rev 0

Title

NUHOMS® 32PT Transportable Canister For PWR Fuel Summary -
Dimensions (1 sheet)

NUHOMS® 32PT Transportable Canister For PWR Fuel Main
Assembly (5 sheets)

NUHOMS® 32PT Transportable Canister For PWR Shell Assembly
(3 sheets)

NUHOMS® 32PT Transportable Canister For PWR Fuel “A” Basket
Assembly (16 Poison/16 Compartment Plates) (8 sheets)

NUHOMS® 32PT Transportable Canister For PWR Fuel Aluminum
Transition Rail — R90 (2 sheets)

NUHOMS® 32PT Transportable Canister For PWR Fuel Aluminum
Transition Rail — R45 (1 sheet)

NUHOMS® 32PT Transportable Canister For PWR Fuel “A/B/C/D”
Basket Assembly (20 Poison/12 Compartment Plates) (6 sheets)

NUHOMS® 32PT Transportable Canister For PWR Fuel “A/B/C/D”
Basket Assembly (24 Poison/8 Compartment Plates) (8 sheets)

l The following drawings for the NUHOMS® 24PTH DSC are included in Section A.1.4.10.4.

Drawing Number

NUH24PTH-71-1000 Rev 0
NUH24PTH-71-1001 Rev 0
NUH24PTH-71-1002 Rev 0
NUH24PTH-71-1003 Rev /
NUH24PTH-71-1004 Rev 0
NUH24PTH-71-1008 Rev 0

NUH24PTH-71-1009 Rev 0

Title
NUHOMS® 24PTH Transportable Canister For PWR Fuel Main
Assembly (5 sheets)

NUHOMS® 24PTH Transportable Canister For PWR Fuel Basket-
Shell Assembly (4 sheets)

NUHOMS® 24PTH Transportable Canister For PWR Shell Assembly
(4 sheets)

NUHOMS® 24PTH Transportable Canister For PWR Fuel Basket
Assembly (8 sheets)

NUHOMS® 24PTH Transportable Canister For PWR Fuel Transition
Rails (4 sheets)

NUHOMS® 24PTHF Transportable Canister For PWR Fuel Failed
Fuel Can (2 sheets)

NUHOMS® 24PTHF Transportable Canister For PWR Fuel Basket
Assembly (8 sheets)

NUHO09.0101

A.1.4.10-2
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The following drawings for the NUHOMS® 32PTH DSC and the 32PTH Type 1 DSC are
included in Section A.1.4.10.5.

Drawing Number

NUH32PTH-71-1001 Rev I
NUH32PTH-71-1002 Rev /
NUH32PTH-71-1003 Rev 0
NUH32PTH-71-1004 Rev 0
NUH32PTH-71-1005 Rev 0
NUH32PTH-71-1006 Rev 0
NUH32PTH-71-1007 Rev 0
NUH32PTH-71-1008 Rev 0
NUH32PTH-71-1009 Rev 0
NUH32PTH-71-1010 Rev 0
NUH32PTH-71-1011 Rev 0
NUH32PTH-71-1012 Rev 0
NUH32PTH-71-1013 Rev 0
NUH32PTH-71-1014 Rev 0

NUH32PTH-71-1015 Rev 0

NUH32PTH Type 1-71-1000

Rev 0

NUH32PTH Type 1-71-1001
Rev /

NUH32PTH Type 1-71-1002

Rev 0

Title

NUHOMS®32PTH Transportable Canister for PWR Fuel Parts List
(1 Sheet)

NUHOMS®32PTH Transportable Canister for PWR Fuel Main
Assembly (1 Sheet)

NUHOMS®32PTH Transportable Canister for PWR Fuel Siphon Pipe
Details (1 Sheet)

NUHOMS®32PTH Transportable Canister for PWR Fuel Inner Top
Cover Details (2 sheets)

NUHOMS®32PTH Transportable Canister for PWR Fuel Outer Top
Cover Details (1 Sheet)

NUHOMS®32PTH Transportable Canister for PWR Fuel Shell
Assembly (1 Sheet)

NUHOMS®32PTH Transportable Canister for PWR Fuel Shell
Bottom Details (1 Sheet)

NUHOMS®32PTH Transportable Canister for PWR Fuel Grapple
Ring Details (1 Sheet)

NUHOMS®32PTH Transportable Canister for PWR Fuel Basket
Assembly (1 Sheet)

NUHOMS®32PTH Transportable Canister for PWR Fuel Basket
Assembly Details (1 Sheet)

NUHOMS®32PTH Transportable Canister for PWR Fuel Basket
Assembly Details (1 Sheet)

NUHOMS®32PTH Transportable Canister for PWR Fuel Basket
Assembly — Details (1 Sheet)

NUHOMS®32PTH Transportable Canister for PWR Fuel Basket Rail
A180 (1 Sheet)

NUHOMS®32PTH Transportable Canister for PWR Fuel Basket Rail
A90 (1 Sheet)

NUHOMS"32PTH Transportable Canister for PWR Fuel Damaged
Fuel End Caps (1 Sheet)

NUHOMS® 32PTH Type 1 Transportable Canister For PWR Fuel
Main Assembly (4 sheets)

NUHOMS® 32PTH Type 1 Transportable Canister For PWR Fuel
Basket Shell Assembly (4 sheets)

NUHOMS® 32PTH Type 1 Transportable Canister For PWR Fuel
Shell Assembly (4 sheets)

NUH09.0101

A.1.4.10-3



MP197 Transportation Packaging Safety Analysis Report Rev. 7, 04/10 '

Drawing Number . Title
NUH32PTH Type 1-71-1003 ~ NUHOMS® 32PTH Type 1 Transportable Canister For PWR Fuel
Rev Basket Assembly (7 sheets) |
NUH32PTH Type 1-71-1004  NUHOMS® 32PTH Type 1 Transportable Canister For PWR Fuel
Rev / Transition Rails (4 sheets) l
NUH32PTH Type 1-71-1010  NUHOMS® 32PTH Type 1 Transportable Canister For PWR Fuel
Rev 0 Alternate Top Closure (6 sheets)

The following drawings for the NUHOMS® 32PTH1 DSC are included in Section A.1.4.10.6.

Drawing Number Title
NUH32PTH1-71-1000 Rev 0 NUHOMS® 32PTH1 Transportable Canister For PWR Fuel Main
Assembly (4 sheets)

NUH32PTH1-71-1001 Rev 0 NUHOMS® 32PTHI Transportable Canister For PWR Fuel Basket
Shell Assembly (5 sheets)

NUH32PTH1-71-1002 Rev 0 NUHOMS® 32PTHI Transportable Canister For PWR Fuel Shell
Assembly (4 sheets)

NUH32PTH1-71-1003 Rev / NUHOMS® 32PTH1 Transportable Canister For PWR Fuel Basket
Assembly (8 sheets)

NUH32PTHI-71-1004 Rev 0 NUHOMS® 32PTH]1 Transportable Canister For PWR Fuel
Transition Rails (7 sheets)

NUH32PTH1-71-1010 Rev 0 NUHOMS® 32PTH1 Transportable Canister For PWR Fuel
Alternate Top Closure (6 sheets)

The following drawings for the NUHOMS® 37PTH DSC are included in Section A.1.4.10.7.

Drawing Number Title
NUH37PTH-71-1001 Rev !/ NUHOMS® 37PTH Transportable Canister For PWR Fuel Main
Assembly (4 sheets)

NUH37PTH-71-1002 Rev !/ NUHOMS® 37PTH Transportable Canister For PWR Fuel Basket
Shell Assembly (5 sheets)

NUH37PTH-71-1003 Rev / NUHOMS® 37PTH Transportable Canister For PWR Fuel Shell
Assembly (4 sheets)

NUH37PTH-71-1004 Rev / NUHOMS® 37PTH Transportable Canister For PWR Fuel Alternate
2 Top Closure (6 sheets)

NUH37PTH-71-1011 Rev / NUHOMS® 37PTH Transportable Canister For PWR Fuel Basket
Assembly (7 sheets)

NUH37PTH-71-1012 Rev / NUHOMS® 37PTH Transportable Canister For PWR Fuel Transition
Rails (7 sheets)

NUH37PTH-71-1015 Rev 0 NUHOMS" 37PTH Transportable Canister For PWR Fuel Damaged
Fuel End Caps (1 sheet)

NUH09.0101 A.1.4.10-4
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. The following drawings for the NUHOMS® 61BT DSC are included in Section A.1.4.10.8.

Drawing Number Title
NUHG61BT-71-1000 Rev 0 NUHOMS® 61BT Transportable Canister For BWR Fuel Parts List
(1 sheet)
NUHG61BT-71-1001 Rev / NUHOMS® 61BT Transportable Canister For BWR Fuel Basket
Assembly (1 sheet)
NUH61BT-71-1002 Rev 0 NUHOMS® 61BT Transportable Canister For BWR Fuel Basket
‘ Details (1 sheet)
NUHG61BT-71-1003 Rev 0 NUHOMS® 61BT Transportable Canister For BWR Fuel General
Assembly (1 sheet)
NUH61BT-71-1004 Rev 0 NUHOMS?® 61BT Transportable Canister For BWR Fuel General
Assembly (1 sheet)
NUHG61BT-71-1005 Rev 0 NUHOMS® 61BT Transportable Canister For BWR Fuel Shell
Assembly (1 sheet)
NUHG61BT-71-1006 Rev 0 NUHOMS® 61BT Transportable Canister For BWR Fuel Shell
Assembly (1 sheet)
NUH61BT-71-1007 Rev 0 NUHOMS?® 61BT Transportable Canister For BWR Fuel Canister
Details (1 sheet)
NUHG61BT-71-1008 Rev 0 NUHOMS® 61BT Transportable Canister For BWR Fuel Canister
Details (1 sheet)
NUHG61BT-71-1009 Rev 0 NUHOMS?® 61BT Transportable Canister For BWR Fuel Basket
‘ Details (1 sheet)
NUHG61BT-71-1010 Rev 0 NUHOMS® 61BT Transportable Canister For BWR Fuel Additional

Basket Details — Damaged Fuel (4 sheets)

The following drawings for the NUHOMS® 61BTH DSC are included in Section A.1.4.10.9.

Drawing Number Title

NUH61BTH-71-1000 Rev 0 NUHOMS® 61BTH Type 1 Transportable Canister For BWR Fuel
Main Assembly (5 sheets)

NUH61BTH-71-1100 Rev /- NUHOMS® 61BTH Type 2 Transportable Canister For BWR Fuel
Main Assembly (7 sheets)

NUH61BTH-71-1101 Rev 0 NUHOMS® 61BTH Type 2 Transportable Canister For BWR Fuel
Shell Assembly (2 sheets)

NUH6!BTH-71-1102 Rev NUHOMS® 61BTH Type 2 Transportable Canister For BWR Fuel
Basket Assembly (8 sheets)

NUH61BTH-71-1103 Rev 0 NUHOMS® 61BTH Type 2 Transportable Canister For BWR Fuel
Transition Rails (2 sheets)

NUH61BTH-71-1104 Rev 0 NUHOMS® 61BTH Type 2 Transportable Canister For BWR Fuel
Damaged Fuel End Caps (1 sheet)

NUHG61BTH-7i-1105 Rev 0 NUHOMS® 61BTHF Type 2 Transportable Canister For BWR Fuel

Failed Fuel Can (2 sheets)
. NUH61BTH-71-1106 Rev / NUHOMS® 61BTH Type 2 Transportable Canister For BWR Fuel
Top Grid Assembly Alternate 3 (2 sheets)

NUH09.0101 A.1.4.10-5
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Drawing Number

NUH69BTH-71-1001 Rev 1
NUH69BTH-71-1002 Rev 1
NUH69BTH-71-1003 Rev |
NUH69BTH-71-1004 Rev 2
NUH69BTH-71-1011 Rev 1
NUH69BTH-71-1012 Rev |
NUH69BTH-71-1013 Rev 1
NUH69BTH-71-1014 Rev |

NUH69BTH-71-1015 Rev |

The following drawings for the

Drawing Number

NUHRWC-71-1001 Rev 0
NUHRWC-71-1002 Rev 0

NUHRWC-71-1003 Rev 0

. The following drawings for the NUHOMS® 69BTH DSC are included in Section A.1.4.10.10.

Title

NUHOMS® 69BTH Transportable Canister For BWR Fuel Main
Assembly (4 sheets)

NUHOMS® 69BTH Transportable Canister For BWR Fuel Basket —
Shell Assembly (4 sheets)

NUHOMS® 69BTH Transportable Canister For BWR Fuel Shell
Assembly (4 sheets)

NUHOMS® 69BTH Transportable Canister For BWR Fuel Alternate
Top Closure (6 sheets)

NUHOMS® 69BTH Transportable Canister For BWR Fuel Basket
Assembly (5 sheets)

NUHOMS® 69BTH Transportable Canister For BWR Fuel Transition
Rail Assembly And Details (6 sheets)

NUHOMS® 69BTH Transportable Canister For BWR Fuel
Holddown Ring Assembly (2 sheets)

NUHOMS® 69BTH Transportable Canister For BWR Fuel Damaged
Fuel Modification (1 sheet)

NUHOMS® 69BTH Transportable Canister For BWR Fuel Damaged
Fuel End Caps (1 sheet)

Radioactive Waste Canister are included in Section A.1.4.10.11.

Title

NUHOMS® System RWC Canister - Welded Top Shield Plug
Design Main Assembly (5 sheets)

NUHOMS® System RWC Canister - Welded Top Shield Plug
Design Inner Liner (3 sheets)

NUHOMS® System RWC Canister - Bolted Top Shield Plug Design
Main Assembly (4 sheets)

NUHO09.0101

A.1.4.10-6
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A.1.4.10.1 NUHOMS®-MP197HB DRAWINGS

This section contains drawings for the NUHOMS®-MP197HB.

NUH09.0101 A.1.4.10-7
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A.1.4.102  NUHOMS®24PT4 DSC DRAWINGS

This section contains drawings for the NUHOMS® 24PT4 DSC.
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A.1.4.103  NUHOMS®32PT DSC DRAWINGS

This section contains drawings for the NUHOMS®™ 32PT DSC.

NUH09.0101 A.1.4.10-42
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This section contains drawings for the NUHOMS® 24PTH DSC.
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A.1.4.10.7 NUHOMS@ 37PTH DSC DRAWINGS

This section contains drawings for the NUHOMS® 37PTH DSC.
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This section contains drawings for the NUHOMS® 61BTH DSC.
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MP197 Transportation Packaging Safety Analysis Report Rev. 5, 03/09

A.1.4.10.10 NUHOMS®69BTH DSC DRAWINGS

This section contains drawings for the NUHOMS® 69BTH DSC.

NUHG9.0101 A.1.4.10-274
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A.1.4.10.11  Radioactive Waste Canister Drawing

This section contains drawings for the Radioactive Waste Canister..

NUH09.0101 A.14.10-308
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