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selected. A detailed description of the 69BTH system, including drawings, authorized payload 
contents and supporting safety analyses are provided in Appendix Y of this UFSAR. 

Amendment No. 13 to CoC 1004 also adds the NUHOMS® 37PTH system to the standardized 
NUHOMS® system. The NUHOMS® 37PTH DSC is designed to store a total of 37 intact or up 
to four damaged and balance intact) PWR fuel assemblies with a maximum assembly average 
initial enrichment of 5.0 wt.% U-235, a maximum assembly average burnup of 62 GWd/MTU, 
and a minimum cooling time of 3.0 years. Three heat load-zoning configurations are authorized 
and the system is designed to accommodate a decay heat load of up to 30.0 kW per DSC 
depending upon the specific configuration selected. A detailed description of the 37PTH DSC, 
including drawings, authorized pay load contents and supporting safety analyses are provided in 
Appendix Z of this UFSAR. 
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iAmendml?;nt No. to. Co<; 100~- [[dds fuel qualificatiori_ tables (FQf s) at 400 kgU per. assembly 
lfor fuel to be stored in the 32PT, 24PTH, ana 37PTH1JSC~; increases the maximum uranium: 
!loading from 490 kgU per-:assembly to 492 kgU per assembly for fuel to be stored in the 24PTH, 
!32PTH1; and 37PTH DSCs, e/pands the fue(qualification<tables forfue/(d .be stored in.the. 
\24PTH and 32PTH1 .DSCs for burnup and enrichment combinations not p~eviously allowed,: 
:allows/or the st9rage of up to four failed fuel cans (Ff!'Cs) in the 32PTHJ [)SC, creates a new1 
132PTH1 .heat load zoning configuration (HLZC) capable of storing intactfuel, dainagedfuel,! 
1and up to four FFCs, expands the 37PTH criticality analysis to include poison rod assemblies1 

i(PRAs), adqs FQTsto allow fuel with auran,iumload(ng as low as 170 kg[Jper assembly (o_.be· 
! ' ,: '' , ,, ,, ~ < , ' : ; • • 

:stored in the 6JBTH and 69BTH DSCs; expands the fuel qualification tables for the 6JBTH,: 
;69_BTH, arid 37PTH DSCs for additional burnup and ·enrichm,ent combinations, induding low' 
!enrichment and low burnup fuel,· allows for up td 61 damaged BWRfuel assemblies to be stared; 
:in the 61BTH DSC, includes new heat load zoning configurations for the 61BTH and 69BTH 
\DSCs, ev.(lluates th_<; shielding im,pacts of 32PTH1 DSC stored in the HSM-:H with a con,_qrete 1 

;density reduc;edfrom 145pcf to 140 pcf and uniform gaps at 1.5 inc.hes between the HSM-Hs,! 
1improves _ language in the technical specifications (TS), s_uch as for that of definitions,: 
:DSC!HSMITC combinations, anddose-tneasuriments, provides _the option to pernJit the. u~e ofi 
1digital radiographfc examination as disc~ssed in ASME Code NB-5111(a) and NG~5ill,-and: 
;allows for accep(dnce testing /qr neutrpn absorber (:Ontent to be performed by either neutron 
itr_q._1:z§!!l:!§.§jg_n:_C!_r__"f;y:_fl_:JD__y()J_l[_ffJ~_'s}en_~_ifJ!__r!l._f!P:~ll.r.~l1J~n_(:_ _________ :__:_ _________ ~ _____ c ____ .. __ ·:_~ __ _-___ ~i__.: ___ ) 

Amendment No. 15 to CoC 1004 consolidates and and standardizes the fuel qualification tables 
(FQTs) for four PWR systems (32PT, 24PTH, 32PTH1 and 37PTH). The 
consolidated/standardized FQTs in some cases expand the authorized and explicitly evaluated 
initial enrichment and burnup ranges allowed/or the four PWR systems and cover range of heat 
loads allowed for each fuel assembly (FA) in the various zones identified Heat Load Zone 
Configurations (HLZCs) for each of the four PWR systems. The consolidated/standardized 
FQTs provide for minimum required cooling times, as low as two years, as a function of 
enrichment and burnup (BU). Further, the FQTs are generated for three MTU loadings per FA 
and allow for interpolation between MTU loadings and to establish cooling times for F As that 
fall into the unanalyzed regions of the FQTs. New HLZCs are added for the 24PTH (HLZC #6), 
and 32PTH1 (HLZC #5 and HLZC #6). The reported storage module, transfer cask and site 
dose rates along with the occupational exposure analyses for these systems is updated to account 
for the bounding HLZCs and consolidated FQTs for each of the four PWR systems. 
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Amendment No. 15 to CoC 1004 also makes the following changes to the 32PT system: 1) 
storage of damaged CE l 4xl 5, WE l 4xl 4 and WE l 7xl 7 F As with top and bottom endcaps in 
the Type Al or A2 32PT DSC baskets, 2) the ability to store up to 8failedfuel canisters (FFCs) 
in the Type Al or A2 32PT DSC baskets 3) adds a 32MMC Poison Plate basket type (32PT-32) 
to the 32PT design which accommodates WE 17xl7 class FAs, 4) adds the ability to use poison 
rod assemblies (PRAs) with the Type Band C 32PT DSC baskets with Type 1or2 MMC poison 
plates storing WE l 7xl 7 class assemblies, 5) allow the use of Rod Control Cluster Assemblies 
(RCCAs) or Control Rod Assemblies (CRAs) as substitutes for PRAs in several cases, 6) expands 
the authorized fuel cladding materials that are qualified for storage in the 32PT system, and 7) 
creates a new 32PT heat load zoning configuration (HLZC) #4. 

Amendment No. 15 to CoC 1004 also adds two additional BWR fuel types, GNF2 and ATRJUM-
11, as authorized contents to the 61BTH system, adds an alternative loading option to HLZC 
#10, adds a set of FQTsfor 170 MTU loadings per FA and allows for interpolation between the 
MTU loadings to establish cooling times for F As that fall into the unanalyzed regions of the 
FQTs. 

Amendment No 15 to CoC 1004 also provides clarification for use of solar shields and rain 
shields for the TC during transfer operations. 

Chapters 1 through 8 and Appendices A through H of this FSAR provide the supporting 
licensing basis for the 

1
Standardized NUHOMS®-24P and -52B ~J!~~ffi~ only. 

A complete description of the new systems addressed by the above listed amendments, including 
supporting safety analysis, is located within self-contained Appendices to this FSAR as 
summarized in the following table: 

Amendment 
Description 

Location of Supporting 
No. Licensing Basis 

3 
Addition of the NUHOMS""-61BT DSC to the contents of the 

AppendixK Standardized NUHOMS® i8vste!ii 
NIA 

Addition of the NUHOMS®-24PT2 DSC to the contents of the 
AppendixL Standardized NUHOMS® ~y.§i~~ 

4 
Addition oflow burnup fuel to the contents of the NUHOMS®-

Chapter 3 
24PDSC 

5 
Addition of the NUHOMS®-32PT DSC to the Standardized 

AppendixM NUHOMS® g;vsteirl 
6 

Addition of the NUHOMS®-24PHB DSC to the Standardized 
AppendixN NUHOMS® 'i§Ys/e;;J, 

7 
Addition of damaged fuel to the contents of the NUHOMS®-

AppendixK 
61BTDSC 
(a) Addition of the NUHOMS® 24PTH lj~'§teri! to the 

Standardized NUHOMS® ~lJ}fH, . ~d·•~"' · 
AppendixP 

8 
(b) Revision of the authorized contents of the 32PT DSC to 

AppendixM 
include low enrichment and reconstituted fuel 

(c) Revision of the authorized contents of the 24PHB DSC to 
AppendixN 

include additional fuel types 

NIA 
Addition of an alternate version of the HSM, designated as 
HSM Model 152, to the Standardized NUHOMS® l§ys~~ AppendixR 

NIA 
Addition of an alternate version of the HSM, designated as 
HSM Model 202, to the Standardized NUHOMS® [9"yste711 Appendix V 
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Amendment 
No. 

NIA 

9 

10 

11 

13 

Description 

Addition of an alternate version of the OS197 Transfer Cask, 
designated as OS197L, to the Standardized NUHOMS® ~ii~-
Revised ~to conform with NUREG 17 45 format. . . 
Addition ofFANP9 fuel to the contents of the 61BT DSC 
Addition of Control Components to the contents of the 32PT 
DSC 
Addition of WE 15xl5 Partial Length Shield Assemblies to the 
contents of the 24PTH DSC 
Addition of61BTH system to the Standardized NUHOMS® 
rs;:t,~m 
Addition of 32PTH1 system to the Standardized NUHOMS® 
(s'yj/Jjij 
Addition of the OS197L TC to the Standardized NUHOMS® 
'&~!Ell 
Addition of69BTH system to the Standardized NUHOMS® 
rsy~tern 
Addition of37PTH system to the Standardized NUHOMS 
fs'~:Yl~»i 

Location of Supporting 
Licensin Basis 

AppendixW 

A endixK 

AppendixM 

AppendixP 

AppendixT 

Appendix CT 

AppendixW 

AppendixY 

AppendixZ 



Amendment 
No. 

15 

I 
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Description 

Added Bases information for TS 5. 3.1 regarding use of a 
solar shield. 
Generically for the 32PT, 24PTH, 32PTH1, and 37 PTH 
PWR DSCs - Unified and standardized fuel qualification 
tables 
32PT DSC System Changes 

• storage of damaged fuel 

• storage offailedfuel 

• adds a 32MMC Poison Plate basket type (32PT-32) 

• adds the ability to use poison rod assemblies (PRAs) 
with the Type Band C 32PT DSC baskets 

• allow the use of Rod Control Cluster Assemblies 
(RCCAs) or Control Rod Assemblies (CRAs) as 
substitutes for P RAs 

• expands the authorized fuel cladding materials 

• creates a new 32PT heat load zoning configuration 
(HLZC) #4. 

24PTH DSC System Changes 

• Creation of a new 24PTH heat load zoning 
configuration (HLZC) #6 

61 BTH DSC System Changes 

• Addition of alternative loading option to 61BTH heat 
load zoning configuration (HLZC) # 10 

• Expanded fuel qualification tables 

• Addition of new fael types (GNF-2 and ATRIUM 11), 
and abilitv to store damaged fi:tel 

32PTH1 DSC System Changes 

• Added new heat load zoning configurations (HLZCs) 
#5 & #6 

72-1004 Amendment No. 15 

Location of Supporting 
Licensine; Basis 

Chapter 10 

Appendices M, P, U, and Z, 
respectively 

AppendixM 

AppendixP 

Appendix T 

Appendix U 
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For the 61BT DSC, borated aluminum, MMC, or Boral® shall be supplied in accordance with 
UFSAR Sections K.9.1.7.1, K.9.1.7.2, K.9.1.7.3, K.9.1.7.4, portions of Section K.9.1.7.7, 
portions of Section K.9.1.7.8.4, and all of Sections K.9.1.7.8.5, K.9.1.7.9.1, and K.9.1.7.9.2,, 
with the minimum BIO areal density specified in Table 1-lk. These sections of the UFSAR are 
hereby incorporated into the NUHOMS® 1004 CoC. 

The NUHOMS®-61BTH DSC is designed for unirradiated fuel with a maximum lattice average 
enrichment of 5 .0 wt. % U-235 as shown in Table 1-1 t, taking credit for the boron content in the 
poison plates of the DSC basket, as shown in Table 1-1 v for intact fuel, and Table 1-1 w for 
damaged fuel and Table 1-lwl for failed fuel. The NUHOMS®-61BTH DSC (similar to 61BT 
DSC) is designated as Type 1 and Type 2 depending upon the rails used in the basket. 

Each 61BTH DSC type is provided with six alternate basket configurations, based on the boron 
content in the poison plates, as listed in Table 1-1 v or Table 1-1 w or Table 1-1w1 (designated as 
"A" for the lowest B 10 loading to "F" for the highest B 10 loading). 

For the 61BTH DSC, borated aluminum, MMC, or Boral® shall be supplied in accordance with 
UFSAR Sections T.9.1.7.1, T.9.1.7.2, T.9.1.7.3, T.9.1.7.4, portions of Section T.9.1.7.7, portions 
of Section T.9.1.7.8.4, and all of Sections T.9.1.7.8.5, T.9.1.7.9.1, and T.9.1.7.9.2, with the 
minimum B 10 areal density specified in Table 1-1 v or Table 1-1 w. These sections of the 
UFSAR are hereby incorporated into the NUHOMS® 1004 CoC. 

The NUHOMS®-69BTH DSC is designed for unirradiated fuel with a maximum lattice average 
enrichment of5.0 wt.% U-235 as shown in Table 1-lgg. Credit is taken forthe boron content in 
the poison plates of the DSC basket, as shown in Table 1-ljj for intact and Table 1-lkk for 
damaged fuel. The NUHOMS®-69BTH DSC is provided with six alternate basket 
configurations, based on the boron content in the poison plates, as listed in Table 1-ljj or Table 
1-1 kk (designated as "A" for the lowest B 10 loading to "F" for the highest B 10 loading). 

For the 69BTH DSC, borated aluminum, MMC, or Boral® shall be supplied in accordance with 
UFSAR Sections Y.9.1.7.1, Y.9.1.7.2, Y.9.1.7.3, Y.9.1.7.4, portions of Section Y.9.1.7.7, 
portions of Section Y.9.1.7.8.4, and all of Sections Y.9.1.7.8.5, Y.9.1.7.9.1, and Y.9.1.7.9.2, with 
the minimum B 10 areal density specified in Table 1-ljj or Table 1-lkk. These sections of the 
UFSAR are hereby incorporated into the NUHOMS® 1004 CoC. 

The NUHOMS®-32PT is designed1for unirradiated fuel with an initial fuel enrichment of up to 
5.0 wt.% U-235 as shown in Table I-le, taking credit for Poison Rod Assemblies (PRAs), 
poison plates, and soluble boron in the DSC cavity water during loading operations as shown in 
Table I-lg and Table 1-lgl for intact fuel, Table l-lg2for damaged fuel and Table l-Jg3 for 
damaged or failed fuel. The P RAs are designated as B4C P RAs or AIC P RAs based on the 
absorber material as specified in Table 1-1 h. Intact fuel maybe loaded in the 32PT DSC basket 
with no PRAs or with 4, 8or16 PRAs as shown in Figure 1-5, Figure 1-6 or Figure 1-7. Each 
of these configurations represents a basket type. Additional basket types are based on the 
number of poison plates per basket (16, 24 or 32) as shown in Table I-lg and Table 1-lgl and 
fixed poison loading in the poison plates (three types) as shown in Table 1-1 h.. A 32PT DSC 
basket may contain 0, 4, 8 or 16 PRAs 
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beyond those calculated for the 24P, 24PHB, 52B, 61BT, 32PT, 24PTH, 61BTH, or 32PTH1, 
69BTH, or 37PTH canister full of design basis fuel assemblies with or without CCs. 

Technical Specification 1.1 defines INTACT FUEL ASSEMBLY as an assembly containingfuel 
rods with no known or suspected cladding defects greater than hairline cracks or pin hole leaks. 
Non-cladding material damage is acceptable to the extent that the fuel assembly can be handled 
by normal means and the fuel assembly is retrievable after all normal and off-normal conditions. 
This is applicable to fuel assemblies to be loaded in the 24P, 24PHB, 52B, 61BT, 32PT, 24PTH, 
61BTH, 32PTH1, 69BTH or 37PTH DSCs. The bases for this definition is that the criticality and 
confinement functions are maintained under normal, off-normal and accident conditions of 
storage. The criticality analyses documented for these DSCs considers that the fuel assembly 
geometry remains unchanged under accident conditions and sub-criticality is assured. 

Technical Specification Table 1-la, Table 1-lb, Table 1-lc, Table 1-lj, Table 1-le, Table 1-li, 
Table 1-11, Table 1-lt, Table 1-laa ,Table 1-lgg, and Table 1-111 provide the key fuel parameters 
that require confirmation prior to loading fuel assemblies within a specific standardized DSC 
model. Definitions for DAMAGED and FAILED FUEL ASSEMBLIES are provided/or each 
DSC, as applicable in these tables. Each of these Technical Specification Tables lists additional 
Technical Specification Tables and Figures which provide requirements which also must be met 
prior to loading. 

FUNCTIONAL AND OPERATING LIMITS VIOLATIONS 
If Functional and Operating Limits are violated, the limitations on the fuel assemblies in the 
canister have not been met. Actions must be taken to place the affected fuel assemblies in a safe 
condition. This safe condition may be established by returning the affected fuel assemblies to 
the spent fuel pool. However, it is acceptable for the affected fuel assemblies to remain in the 
canister if that is determined to be a safe condition. 
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For the TC/DSC Lifting Heights as a Function of Low Temperature and Location, the basis for 
the low temperature and height limits is ANSI N14.6-1986 and -1993 paragraph 4.2.6, which 
requires at least 40 °F higher service temperature than nil ductility transition (NDT) temperature 
for the TC. In the case of the standardized TC, the test temperature is -40 °F; therefore, although 
the NDT temperature is not determined, the material will have the required 40 °F margin ifthe 
ambient temperature is 0 °F or higher. This assumes the material service temperature is equal to 
the ambient temperature. 

The basis for the low temperature limit for the DSC is NUREG/CR-1815. The basis for the 
handling height limits is the NRC evaluation of the structural integrity of the DSC to drop 
heights of 80 inches and less. 

For the NUHOMS®-24P, 52B and 61BT Systems, the basis for the high temperature limit is 
PNL-6189 for the fuel clad limit, the manufacturer's specification for neutron shield, and the 
design basis pressure of the TC internal cavity pressure. For the NUHOMS®-32PT, 24PHB and 
24PTH Systems, the fuel cladding limits are based on ISG-11, Revision 2. For the NUHOMS®-
61BTH System and the NUHOMS®-6IBT System with FANP 9x9-2 fuel assemblies, the fuel 
cladding limits are based on ISG-11Revision3. 

For the NUHOMS®-69BTH and 37PTH Systems, the fuel cladding limits are based on NUREG-
1536, Revision I. 

For the TC/DSC Transfer at High Ambient Temperatures (32PTH1 DSC Only), the fuel cladding 
limits are based on ISG-11Revision3 (Reference 4). 

The basis for using a solar shield during transfer operations when ambient temperatures exceed 
JOO °F (J06 °F for 32PTHJ) is to prevent direct solar radiation on the exterior surface of the 
cask and to ensure that component temperatures remain below the allowable limits described in 
the UFSAR. With the solar shield in place, the temperatures on the exterior surface of the cask 
remain below those evaluated in the UFSAR. 

The solar shield while not required for transfer operations with ambient temperatures below 
JOO °F (106 °F for 32PTHJ) may also be used for ALARApurposes to protect the cask.from rain 
or snow or other ambient conditions. . 

B 10.5.3.2 Cask Drop 

BASES 

The basis for this specification is Section 8.2.5, "Accidental Cask Drop." 
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B 10.5.3.3 TRANSFER CASK Alignment with HSM or HSM-H 

BASES 

The basis for the true position alignment tolerance is the clearance between the DSC shell, the 
transfer cask cavity, the HSM or HSM-H/HSM-HS access opening, and the DSC support rails 
inside the HSM or HSM-H. 

March 2017 
Revision 0 72-1004 Amendment No. 15 Page 10-32a I 



K.2.1 Spent Fuel To Be Stored 

The NUHOMS®-61BT DSC is designed to store 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 store intact BWR fuel assemblies with the characteristics 
described in Table K.2-1, or damaged and intact BWR fuel assemblies with the characteristics 
described in Table K.2-2, which include a variety of cooling times, enrichment and maximum 
bundle average bumup. 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, including non-cladding damage, is to be limited such that 
a fuel assembly is able to be handled by normal means. Missing cladding and/or crack size in 
the fuel pins is to be limited such that a fuel pellet is not able to pass through the gap created by 
the cladding opening during handling and retrievability is assured following Normal/Off-Normal 
conditions. 

The NUHOMS® -61BT DSC is also authorized to store fuel assemblies containing Blended Low 
Enriched Uranium (BLEU) fuel material. Fuel pellets containing BLEU fuel material are no 
different than U02 fuel pellets except for the presence of a higher quantity of cobalt impurity. 
The consideration of cobalt impurity only affects the gamma source terms for fuel assemblies 
located in the DSC periphery. This does not affect any criticality, thermal or structural analysis 
inputs for evaluation of fuel assemblies with BLEU material. The qualification of fuel 
assemblies containing BLEU fuel pellets will require an additional cooling time of three years to 
ensure that the source terms calculated with U02 material are bounding. 

The NUHOMS®-61BT DSC may store BWR fuel assemblies with a maximum decay heat of 300 
watts/assembly, or a total of 18.3 kW. The NUHOMS®-61BT DSC is inerted and backfilled 
with helium at the time of loading. The maximum fuel assembly weight with channel is 705 lbs. 

Calculations were performed to determine the fuel assembly type which was most limiting for 
each of the analyses including shielding, criticality, heat load and confinement. The fuel 
assemblies considered are listed in Table K.2-3. It was determined that the GE 7x7 is the 
enveloping fuel design for the shielding source term calculation. However, for criticality safety, 
the GE 1Oxl0 assembly is the most reactive, and is evaluated for configurations that bound all 
normal, off-normal and accident conditions. 

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 weight percent (wt.%) U-235, respectively. 

Intact BWR fuel assemblies may be stored 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 K.2-4. Damaged BWR fuel assemblies may only be stored in 
Type C NUHOMS®-61BT DSCs with endcaps installed on each four compartment assembly 
where a damaged fuel assembly is stored. Fuel assemblies with various combinations of bumup, 
enrichment and cooling time can be stored in the NUHOMS®-61BT DSC as long as the fuel 
assembly parameters fall within the design limits specified in Table K.2-1 or Table K.2-2, and 
Table K.2-4. A simplified approach, using 
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Table K.2-2 
BWR Fuel Specification of Damaged Fuel to be Stored in the Standardized 

NUHOMS®-61BT DSC 

PHYSICAL PARAMETERS: 

7x7, 8x8 BWR damaged fuel assemblies manufactured by 
General Electric or Exxon/ANF or equivalent reload fuel that 

Fuel Design: 
are enveloped by the Fuel assembly design characteristics 
listed in Table K.2-3 for the 7x7 and 8x8 designs only. 
Damaged fuel assemblies beyond the definition contained 
below are not authorized for storage. 

Cladding Material: Zircaloy 

Damaged BW~ fuel assemblies are fuel assemblies 
containing fuel rods with known or suspected cladding defects 
greater than hairline cracks or pinhole leaks, or assemblies 
with minor damage to spacer grids as long as the assembly is 
able to be handled by normal means. Missing cladding and/or 

Fuel Damage: crack size in the fuel pins is to be limited such that a fuel pellet 
is not able to pass through the gap created by the cladding 
opening during handling and retrievability is assured following 
Normal/Off-Normal conditions. Damaged fuel shall be stored 
with Top and Bottom Caps. Damaged fuel may onl~ be stored 
in the 2x2 compartments of the "Type C" NU HOMS -61 BT 
Canister described in Table K.2-4. 

Channels: Fuel may be stored with or without fuel channels. 

Maximum Assembly Length (unirradiated) 176.2 in 

Nominal Assembly Width (excluding channels) 5.44 in 

Maximum Assembly Weight 7051bs 
RADIOLOGICAL PARAMETERs<1l: No interpolation of Radiological Parameters is permitted 

between groups. 

Group 1: 
Maximum Burnup: 27,000 MWd/MTU 

Minimum Cooling Time: 5-years<2J 

Maximum Initial Lattice Average Enrichment: 4.0 wt. % U-235 

Maximum Pellet Enrichment: 4.4 wt. % U-235 
Minimum Initial Assembly Average Enrichment: 2.0 wt. % U-235 

Maximum Initial Uranium Content: 198 kg/assembly 

Maximum Decay Heat: 300 W/assembly 

Group 2: 
Maximum Burnup: 35,000 MWd/MTU 

Minimum Cooling Time: 8-yearsC2
> 

Maximum Initial Lattice Average Enrichment: 4.0 wt. % U-235 

Maximum Pellet Enrichment: 4.4 wt. % U-235 I 

Minimum Initial Assembly Average Enrichment: 2.65 wt. % U-235 

Maximum Initial Uranium Content: 198 kg/assembly 

Maximum Decay Heat: 300 W/assembly 

Group 3: 
Maximum Burnup: 37,200 MWd/MTU 

Minimum Cooling Time: 6.5-years<2
> 

Maximum Initial Lattice Average Enrichment: 4.0 wt. % U-235 

Maximum Pellet Enrichment: 4.4 wt. % U-235 

Minimum Initial Assembly Average Enrichment: 3.38 wt. % U-235 

Maximum Initial Uranium Content: 198 kg/assembly 

Maximum Decay Heat: 300 W/assembly 
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Section K.4 provides the off-normal thermal analyses for storage and transfer mode for the 
NUHOMS®-61BT DSC. The resulting stress intensities for the NUHOMS®-61BT are acceptable. 

K.3.6.2.3 Damaged Fuel Integrity Assessment for Off-Normal Loads 

The evaluation of the damaged fuel for off-normal loads is discussed in Section K.3.6.3. 

K.3.6.3 Damaged Fuel Integrity Assessment for Normal and Off-Normal Loads 

Per the definition in Table K.2-2, damaged BWR fuel assemblies are fuel assemblies containing 
fuel rods with known or suspected cladding defects greater than hairline cracks or pinhole leaks. 
Missing cladding and/or crack size in the fuel pins is to be limited such that a fuel pellet is not 
able to pass through the gap created by the cladding opening during handling and retrievability is 
assured following Normal/Off-Normal conditions. 

This section summarizes the evaluations performed to demonstrate structural integrity of the 
damaged fuel under normal and off-normal operations loads. The evaluations consider the 
effects of cladding defect size, cladding rupture geometry, and reduced cladding thickness due to 
oxidation effects. 

The structural analysis documented in this section conservatively evaluates a limiting 
configuration with a single rod and the spacer grids in designated locations without any support 
from fuel compartment to provide assurance of limiting additional cladding damage. The 
changes to fuel assembly configuration do not have impact on retrievability due to damage to 
spacer grids as long as the assembly is able to be handled by normal means and the 
retrievability is assured following the normal and off-normal conditions. The DSC basket cells 
that store damagedfuel assemblies are provided with top and bottom end caps to assure 
retrievability The criticality analysis documented in Section K 6.4 also considers the impact of 
damage to the fuel assembly that includes missing and damaged grid spacers, which results in 
limiting the enrichment of these fuel assemblies. Therefore, additional configurations for 
damaged grid spacers are not evaluated herein. Licensees can perform specific evaluations to 
demonstrate retrievability using actual configurations. 

Normal operation loads for storage conditions include stresses due to dead weight, thermal, and 
handling loads resulting from DSC fuel loading/unloading, fuel transfer to the ISFSI, and DSC 
insertion/retrieval from the HSM. These handling/transfer operations are performed slowly by 
trained operations personnel and follow detailed procedures. The applicable off-normal load for 
storage conditions is the off-normal handling load (i.e. jammed canister condition). 

Because the 61BT DSC is a dual-purpose canister, it has been evaluated for loads that bound the 
Part72 normal and off-normal storage conditions. The fracture mechanics evaluations are also 
based on loads that bound the storage conditions. 

Both linear-elastic stress analysis and linear-elastic fracture mechanics methods are employed to 
evaluate the integrity of the fuel cladding. BWR fuel with 7x7 and 8x8 arrays is considered. 
Table K.3.6-5 shows a summary of the fuel characteristics and design parameters used in these 
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evaluations. A cladding thickness reduction of 200 µm has been conservatively assumed in the 
structural integrity evaluations to account for water side and inner surface oxidation. 

The linear elastic stress analyses use basic stress equations, conservation of energy principles, 
and fundamental kinematic relationships to calculate cladding stresses due to normal and off
normal loads. The handling/transfer loads produce the controlling stresses from normal 
operation loads. The controlling off-normal load is the jammed canister load. The computed 
maximum stresses for the controlling loads are summarized in Table K.3.6-6. The computed 
maximum stresses are compared to the irradiated cladding yield stress, and a stress ratio is 
calculated. As shown in the table, the maximum stress ratios correspond to the hypothetical one
foot end and side drops. Substantial margins exist for all loads considered. All the stresses 
summarized in Table K.3.6-6 are compressive stresses with the exception of the one-foot side 
drop case, which produces tension stresses due to bending . 
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M.1. General Discussion 

This Appendix M to the NUHOMS® Updated Final Safety Analysis Report (UFSAR) addresses 
the Important to Safety aspects of storing spent fuel including high bumup fuel (up to 62 
GWd/MTU) in the NUHOMS®-32PT system. 

The NUHOMS'19-32PT System is designed to accommodate up to 32 intact, up to 28 damaged, or· 
up to 8 failed fuel cans, with characteristics as described in Chapter M2. 

The NUHOMS®-32PT system consists of a NUHOMS®-32PT Dry Shielded Canister (DSC) 
stored in a Model 80 or Model 102 or Model 152 or Model 202 NUHOMS® Horizontal Storage 
Module (HSM). The NUHOMS® HSM Models 152 and 202 are described and evaluated in 
Appendix Rand Appendix V, respectively. In addition, an upgraded version of the HSM, 
designated as HSM-HS, is also provided to allow storage of the NUHOMS®-32PT DSC in 
locations where higher seismic levels exist. The HSM-HS design configuration, described in 
Appendix U.1, is modified to accommodate the smaller diameter of the NUHOMS®-32PT DSC. 

The NUHOMS®-32PT DSC is transferred in an OS197 or OS197H Transfer Cask (TC). The 
NUHOMS®-32PT is also qualified for transfer in an OS197L TC, within certain limitations, as 
described in Appendix W.l. Finally, the NUHOMS®-32PT DSC is also transferred in a 
modified version of the OS200 TC described in UFSARAppendix U.l. The OS200 TC is fitted 
with an aluminum sleeve and a spacer to accommodate the smaller diameter of the 32PT DSC. 

The format of this Appendix follows the guidance provided in NRC Regulatory Guide 3.61 [1.1]. 
The analysis presented in this Appendix shows that the NUHOMS®-32PT system meets all the 
requirements of 10CFR72 [1.1]. A separate analysis will be submitted to address the safety 
related aspects of transporting spent fuel in the NUHOMS®-32PT DSC in accordance with 
10CFR71 [1.3]. 

The NUHOMS®-32PT system provides confinement, shielding, criticality control and passive 
heat removal independent of any other facility structures or components. The NUHOMS® -32PT 
DSC also maintains structural integrity of the fuel during storage. 

Note: References to sections or chapters within this Appendix are identified with a prefix M 
(e.g., Section M.2.3 or Appendix M.2 or Chapter M.2). References to sections or chapters of the 
UFSAR outside of this Appendix (main body of the UFSAR) are identified with the applicable 
UFSAR section or chapter number (e.g., Section 2.3 or Chapter 2). 
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M.1.1 Introduction 

The NUHOMS® System provides a modular canister based spent fuel storage and transport 
system. The system includes DSCs, HSMs, and the TC. 

This Appendix M provides the supporting safety analysis for the addition of the 32PT DSC 
system. Only those features that are being revised or added to the NUHOMS® System are 
addressed and evaluated in this Appendix. The HSM and TC designs remain unchanged. The 
NUHOMS®-32PT DSC is similar to the existing 24P DSCs with the following exceptions: 

• The basket has a capability to store 32, rather than 24, Pressurized Water Reactor (PWR) fuel 
assemblies. 

o The canister shell thickness is reduced from 0.625 inches to 0.5 inches. 

o The canister has been upgraded to provide a leak tight confinement. 

o The basket represents a new design. 

o The canister shell length and the thickness of the top and bottom end closure assemblies have 
been modified to accommodate the new basket design and the revised payload. 

The NUHOMS®-32PT DSC system is designed to store intact and/or damaged and/or failed 
standard PWR fuel assemblies with or without Control Components (CCs). The 
NUHOMS®-32PT DSC system is designed for a maximum heat load of24 kW/canister and a 
maximum of 2.2 kW/assembly when heat load zoning is considered. The fuel which may be 
stored in the NUHOMS®-32PT DSC is presented in Section M.2. 

' 

Provisions have been made for storage of up to 28 damaged fuel assemblies in lieu of an equal 
number of intact assemblies in cells, other than the four cells located at the center of the 32PT 
basket as described in Section M2. The DSC basket cells that store damaged fuel assemblies are 
provided with top and bottom end caps to assure retrievability. 

Provisions have also been made for storage of up to 8 FFCs in cells located at the outside 
corners compartment cells of the 32PT basket as described in Chapter M2. 
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M.1.2 General Description of the NUHOMS®-32PT DSC 

M.1.2.1 NUHOMS®-32PT DSC Characteristics 

Each NUHOMS®-32PT DSC consists of a fuel basket and a canister body (shell, canister inner 
bottom and top cover plates and shield plugs). A sketch of the 32PT DSC components is shown 
in Figure M.1-1. A set of reference drawings is presented in Sedion M.1.5. 

As shown in Table M.1-1, the 32PT DSC system consists of four design configurations or Types 
as follows: 

o 32PT-S100, Short Canister (186.2 inch length) 

o 32PT-L100, Long Canister (192.2 inch length) 

o 32PT-S125, Short Canister (186.2 inch length) 

• 32PT-L125, Long Canister (192.2 inch length) 

These four design configurations allow flexibility to accommodate the payload fuel types 
described in Section M.2, with and without CCs. Dimensions and estimated weights of the 
NUHOMS®-32PT DSC are shown in Table M.1-1. 

The thickness for the individual plate components of the top and bottom end cover plates has 
been increased to accommodate the higher internal pressure, while the top and bottom end shield 
plug thickness has been reduced relative to the 24P DSC configuration. The NUHOMS®:.32PT 
DSC shell thickness is 0.50 inches instead of 0.625 inches as used for the NUHOMS®-24P or-
52B DSC designs. The materials used to fabricate the DSC are shown in the Parts List on 
Drawings NUH-32PT-1001-SAR, -1002-SAR, -1003-SAR, -1004-SAR, -1006-SAR and-1007-
SAR. 

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 filling/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. The FFC geometry and the 
materials used for its fabrication are shown on drawing NUH-32PT-1007-SAR included in 
Section Ml.5. 

The confinement vessel for the NUHOMS®-32PT DSC consists of a shell which is a welded 
stainless steel cylinder with an integrally-welded, stainless steel bottom closure assembly; and a 
stainless steel top closure assembly, which includes the vent and drain system. 

There are no penetrations through the confinement vessel. The draining and venting systems are 
covered by the seal welded outer top closure plate and vent and siphon port plugs. To preclude 
air in-leakage, the canister cavity is inerted and pressurized above atmospheric pressure with 
helium. The NUHOMS®-32PT DSCs are designed and tested to meet the leak tight criteria of 
ANSI N14.5-1997. 
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The basket structure consists of a grid assembly of welded stainless steel plates or tubes that 
make up a grid of 32 fuel compartments. Each fuel compartment accommodates aluminum 
and/or neutron absorbing plates (which are made of either borated aluminum or metal matrix 
composites such as Boralyn®, Metamic® or equivalent) that provide the necessary criticality 
control and heat conduction paths from the fuel assemblies to the canister shell. The space 
between the fuel compartment grid assembly and the perimeter of the DSC shell is bridged by 
transition rail structures. The transition rails are solid aluminum segments that support the fuel 
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compartment grid assembly and transfer mechanical loads to the DSC shell. They also provide 
the thermal conduction path from the basket assembly to the canister shell wall, making it 
efficient in rejecting heat from its payload. This method of construction forms a robust structure 
of compartment assemblies which provides for storage of 32 fuel assemblies. The nominal clear 
dimension of each fuel compartment opening is 8.7 in. x 8.7 in., which provides clearance 
around the fuel assemblies. 

During dry storage of the spent fuel in the NUHOMS®-32PT System, no active systems are 
required for the removal and dissipation of the decay heat from the fuel. The NUHOMS®-32PT 
DSC is designed to transfer the decay heat from the fuel to the basket, from the basket to the 
canister body and ultimately to the ambient via the HSM or TC. 

Each canister is identified by a Mark Number as follows: WWW32PT-XXX-YYY-ZZZ, where: 
XX:X is the canister type designation (S 100/L 100/S 125/L 125), YYY is the basket type 
designation, while WWW and ZZZ are designated by TN. Each canister is also marked with the 
patent number. The basket type designation, YYY, consists of a letter (A, B, C, D to designate 
0, 4, 8 or 16 poison road assemblies (PRAs)) and 2 numerals (16, 24,. or 32 to designate the 
configuration of poison plates). The Type A 32PT DSC basket (0 PRAs) consists of 3 subtypes: 
A, Al or A2, depending on the B-10 content of the poison plates. 

M.1.2.2 Operational Features 

M.1.2.2.l General Features 

The NUHOMS®-32PT DSCs are designed to safely store 32 intact and/or damaged and/or failed 
PWR fuel assemblies with or without CCs. The NUHOMS®-32PT DSC is designed to maintain 
the fuel cladding temperature below allowable limits during storage, short-term accident 
conditions, short-term off-normal conditions and fuel transfer operations. 

The criticality control features of the NUHOMS®-32PT DSC are designed to maintain the 
neutron multiplication factor k-effective less than the upper subcritical limit equal to 0.95 minus 
benchmarking bias and modeling bias under all conditions. 

M.1.2.2.2 Sequence of Operations 

The sequence of operations to be performed in loading fuel into the NUHOMS®-32PT DSCs is 
presented in Appendix M.8. 

M.1.2 .2 .3 Identification of Subjects for Safety and Reliability Analysis 

M.1.2.2.3 .1 Criticality Prevention 

Criticality is controlled by geometry, soluble boron in spent fuel pool and by utilizing fixed 
neutron poison material in the fuel basket. If required, depending on fuel assembly design and 
initial enrichment, PRAs, as shown in Figure M.1-2 are also used for criticality control. The 
32PT basket may contain 0, 4, 8 or 16 PRAs and is called a Type A, Type 
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B, Type C, or Type D, respectively. Two types of PRAs are specified depending on the absorber 
material -B4C-PRAs or AIC-PRAs as described in Table M2-4a. The Type A basket (0 PRAs) 
consists of 3 subtypes: A, Al or A2, depending on the B-10 content of the poison plates. The 
Type B basket consists of subtypes: B, Bl/B2 (4 B4C-PRAs), and Bl-r/B2-r (4 AIC PRAs), 
depending on the B-10 content of the poison plates. The Type C basket consists of subtypes: C, 
Cl/C2 (8 B4C-PRAs), and Cl-r/C2-r (8 AIC PRAs). These features are only necessary during 
the loading and unloading operations that occur in the loading pool (underwater). However, the 
PRAs are left in place following the completion of the DSC draining and drying operations, 
which are discussed in M.8.1.3. During storage, with the DSC cavity dry and sealed from the 
environment, criticality 
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control measures within the installation are not necessary because of the low reactivity of the 
fuel in the dry NUHOMS®-32PT DSC and the assurance that no water can enter the DSC cavity 
during storage. 

M.1.2.2.3.2 Chemical Safety 

There are no chemical safety hazards associated with operations of the NUHOMS®-32PT 
system. 

M.1.2.2.3.3 Operation Shutdown Modes 

The NUHOMS®-32PT DSC system is a totally passive system so that consideration of operation 
shutdown modes is unnecessary. 

M.1.2.2.3 .4 Instrumentation 

No change to Section 5.1.3.4. 

M.1.2.2.3.5 Maintenance Techniques 

No change to Section 5.1.3.5. 

M.1.2.3 Cask Contents 

The NUHOMS®-32PT DSC system is designed to store 32 intact and/or damaged and/or failed 
standard PWR fuel assemblies with or without CCs. Each NUHOMS®-32PT DSC is designed 
for a maximum heat load of24 kW/canister and 2.2 kW/assembly if zoning for heat load is used. 
The fuel that may be stored in the NUHOMS®-32PT DSC is presented in Chapter M.2. 

Chapter M.5 provides the shielding analysis. Chapter M.6 covers the criticality safety of the 
NUHOMS®-32PT DSC system and its contents, listing material densities, moderator ratios, and 
geometric configurations. 
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M.1.5 Supplemental Data 

The following Transnuclear drawings are enclosed: 

1. NUHOMS®-32PT Transportable Storage Canister for PWR Fuel, Main Assembly, 
Drawing NUH-32PT-1001-SAR. 

2. NUHOMS®-32PT Transportable Storage Canister for PWR Fuel, Shell Assembly, 
Drawing NUH-32PT-1002-SAR. 

3. NUHOMS®-32PT Transportable Storage Canister for PWR Fuel, Basket Assembly Plate 
Options 1, DrawingNUH-32PT-1003-SAR. 

4. NUHOMS®-32PT Transportable Storage Canister for PWR Fuel, Basket Assembly Tube 
Options 2, Drawing NUH-32PT-1004-SAR. 

5. NUHOMS®-32PT Transportable Storage Canister for PWR Fuel, Aluminum Transition 
Rails, Drawing NUH-32PT-1006-SAR. 

6. NUHOMs®-32PT Transportable Storage Canister for PWR Fuel Failed Fuel Can 
Assembly, Drawing NUH32PT-1007-SAR 
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"A" 

"B" 

DIMENSION 

ABSORBER ROD OD 
NOMINAL (IN) 

MINIMUM ABSORBER ROD 
DIMENSION "A"(IN) 

ABSORBER 
STACK HEIGHT, "B" (IN) 

CLAD THICKNESS 
NOMINAL (IN) 

No. OF RODS 

MATERIAL 

r REMOVABLE FIXTURE TO MATE WITH 
THE SPECIFIC FUEL ASSEMBLY GRAPPLE 

,- -1 4.00" ±.25' 

*THESE DIMENSIONS ARE FOR USE WITH 
WESTINGHOUSE 17x17 FUEL ASSEMBLIES. 
DIMENSIONS WILL VARY AS REQUIRED 
BY FUEL ASSEMBLY TYPE. 

FUEL ASSEMBLY TYPE 

WE 17x17 B&W 15x15 WE 15x15 CE 

.362 .438 .450 

156 160 156 

151 151 150 

.018 .022 .023 

24 16 20 

rn 
N 

" u. 

ABSORBER 
ROD 

(SHORT DSC) 

12.50" ±.25* 
(LONG DSC) 

14x14 WE 14x14 

.975 .432 

143 156 

129 150 

.049 .022 

5 16 

304 SST 304 SST 304 SST 304 SST 304 SST 

Figure M.1-2 
Poison Rod Assemblies (PRAs) 
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M.2.1 Spent Fuel To Be Stored 

There are four design configurations for the NUHOMS®-32PT DSC, two "short" canister 
configurations (the 32PT-S100 and 32PT-S125), and two "long" canister configurations (the 
32PT-Ll00 and 32PT-L125). The main difference between the-SlOO/-LlOO and-Sl25/-Ll25 
configuration designs is the thicknesses of shield plugs and DSC cover plates. The basket layout 
for these two configurations is identical except for the length of the components. Each of the 
DSC configurations is designed to store 32 intact (including reconstituted) and/or damaged 
and/or failed standard PWR high burnup fuel assemblies. The 32PT DSC is also designed to 
store either up to 28 damaged fuel assemblies or 8 Failed Fuel Cans (FFCs) with the remaining 
locations containing intact fuel assemblies with the Type A 32PT DSC basket. The 32PT-L100 
and 32PT-L125 are also designed to store 32 intact and/or damaged and/or failed standard PWR 
fuel assemblies with or without "fq-;;Ji{JIJ2;;zp_q1J~rJi1 (CCs). The NUHOMS®-32PT DSCs can 
store intact and/or damaged and/or failed PWR fuel assemblies and CCs with the characteristics 
described in Table M.2-1. The fuel to be stored is limited to a maximum assembly average 
enrichment of 5.0 wt.%. 235U. The maximum basket assembly average burnup must be less than 
or equal to 55 GWd/MTU, with the maximum permissible individual fuel assembly (FA) average 
burn):'J? limited!!!_ 6?_ awd1MFu__ffhe-mifzim~m-··-req~i~~7Tcoaliizitimefo~ 7;eito.1e ~i6;.eJ-;·i~h 
380 !fsgr)/1!4 {ln;<j.tl]~_k;g[J/F_Aifi (}~plicifly §p_e._c_ifie..4 as a/unction of burnup and enrichment ilJ, 
.[e_q~!'!_{'?!!}§pe_'?ifj<:,qJi<;!11:.S...I.a...~£e_§__l::}.!!Jh!.9"1:'.g~_l-:}J?~ For fuel with a kgUIFA loadjng betwee~-- _

1 

(hese {ttJO values, the min![rzum require_q cooling time f~rfiu~l to be s(<Jred as a functicm. of burnup, 
~nd enr. icli_m_e_ nt is djeterrhi11lf.if. by_jt;§fIJgJ/jf. intf._ff!QlC.Ztiq{JEz.ethocdolg_gy~¥?_.ecifle,__cfJn th__e._p.Q_tes ar@, 
~~t:lJ!J12!?.§f9llQ.lJ.:f1Jg Technical Specifications Table 1-3Jl,; Note that the 492 kgU tables are not 
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The CCs include control spiders, 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), neutron sources, and integral fuel 
burnable absorber assemblies (IFBAs). Furthermore, non-fuel hardware that are positioned 
within the fuel assembly after the fuel assembly is discharged from the core such as guide tube or 
instrument tube tie rods or anchors, guide tube inserts, BPRA spacer plates or devices that are 
positioned and operated within the fuel assembly during reactor operation such as those listed 
above are also considered as CCs. The NUHOMS®-32PT DSC may store PWR fuel assemblies 
arranged in any of four alternate heat zoning configurations with a maximum decay heat of 
2.2kW per assembly and a maximum heat load of24 kW per canister. The heat load zoning 
configurations are shown in Figure M.2-1 through Figure M2-3a. The NUHOMS®-32PT DSC 
is inerted and backfilled with helium at the time of loading. The maximum fuel assembly weight 
with a CC is 1682 lb which is the same as the NUHOMS®-24P DSC design. 

The maximum fuel cladding temperature limit of 400 °C (752 °F) is applicable to normal 
conditions of storage and all short term operations from spent fuel pool to ISFSI pad including 
vacuum drying and helium backfilling of the NUHOMS®-32PT DSC per the guidance provided 
in NUREG-1536, Revision 1 [2.7]. In addition, NUREG-1536 does not permit thermal cycling 
.of the fuel cladding with temperature differences greater than 65 °C (117 °F) during DSC drying, 
backfilling and transfer operations. 
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The maximum fuel cladding temperature limit of 570 °C (1058 °F) is applicable to accidents or 
off-normal thermal transients [2.7]. 

Calculations were performed to determine the fuel assembly type which was most limiting for 
each of the analyses including shielding, criticality, heat load and confinement. These 
evaluations are performed in Appendices M.5, M.6, M.4 and M.7. The fuel assembly types 
considered are listed in Table M.2-2. It was determined that the B&W 15x15 may be used as a 
representative fuel assembly for dose rate calculations. For criticality safety, the B&W 15x15 
assembly is the most reactive assembly type for a given enrichment. This assembly is used to 
determine the most reactive configuration in the DSC. Using this most reactive configuration, 
criticality analysis for all other fuel assembly classes is performed to determine the maximum 
enrichment allowed as a 
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function of basket type and soluble boron concentration. For thermal analysis, the WE 14xl4 
fuel assembly is limiting, since it results in the lowest fuel conductivity. The confinement 
analysis is based on B&W 15x15 fuel assembly, since it results in the smaller free volume inside 
the DSC cavity more than a 14xl4 fuel assembly. 

A 32PT DSC basket may contain 0, 4, 8, or 16 poison rod assemblies (PRAs) and is designated a 
Type A, Type B, Type C or Type D basket, respectively. Two types of PRAs are specified 
depending on the absorber material - B4C-PRAs or AIC-PRAs as described in Table M2-4a. 
Each of these basket types has poison plates with the same minimum B-10 content of 0.007 
gm/cm2

• Two additional basket types, designated as Type Al and A2, have poison plates with a 
higher minimum B-10 content of 0.015 and 0.020 gm/cm2, respectively. Type Al and A2 basket 
configurations are qualified for both the 24 poison plate and 32 poison plate basket design 
options. Baskets Type Al-32 and A2-32 are identical to baskets Type Al and A2 except there are 
32 poison plates with 0.015 gmlcm2 and 0.020 gmlcm2 minimum B-10 content respectively. 
Baskets Types Bl-rand Cl-r contain 4 and 8 silver-indium-cadmium (AIC)-PRAs, respectively, 
with poison plates at 0.015 gm/cm2 minimum B-10 content while Types B2-r and C2-r may 
contain 4 and 8 AIC P RAs, respectively, with poison plates at 0. 020 gm/cm2 minimum B-10 
content. 

The criticality analysis is based on 90% credit. The use of 90% credit is allowed because poison 
material coupons are to be tested via neutron transmission plus statistical analysis of the neutron 
transmission results. The PRA, AIC PRA and basket types are described in Table M2-4, M2-4a 
andM2-4b. 

Fuel assemblies that contain fixed integral non-fuel rods are also considered as intact fuel 
assemblies. These fuel assemblies are different than reconstituted assemblies because fuel rods 
are not "replaced" by non-fuel rods, rather the non-fuel rods are part of the initial fuel design. 
The non-fuel rods displace the same amount of moderator, with zirconium-alloy (or aluminum) 
cladding and typically contain burnable absorber (or other non-fuel) material. The radiation and 
thermal source terms for the non-fuel rods are significantly lower than those of the fuel rods 
since there is no significant radioactive decay source. The internal pressure of the non-fuel rods 
after irradiation is lower than those of the fuel rods since there is no fission gas generation. The 
reactivity of the fuel rods (from a criticality standpoint) is significantly higher than that of non
fuel rods. In summary, the mechanical, thermal, shielding, and criticality evaluations for these 
rods are bounded by those of the regular fuel rods. Therefore, no further evaluations are required 
for the qualification of these fuel assemblies. 

Reconstituted fuel assemblies with up to 56 solid stainless steel rods or unlimited number of 
lower enrichment U02 rods that replace fuel rods are acceptable for the 32PT DSC payload. CE 
15xl5 fuel assemblies with plugging clusters have also been evaluated. 
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The NUHOM~-32PT DSCs can also accommodate up to a maximum of28 damaged fuel 
assemblies placed in cells located in the DSC as shown in Figures M2-l through M2-3a. 
Damaged PWRfuel assemblies are assemblies containing missing or partial fuel rods, or fuel 
rods with known or suspected cladding defects greater than hairline cracks. The extent of 
damage in the fuel assembly, including non-cladding damage, is to be limited such that a fuel 
assembly is able to be handled by normal means. The extent of damage in the fuel rods is to be 
limited such that a fuel pellet is not able to pass through the damaged cladding during handling 
and retrievability is ensured following normal and off-normal conditions. The DSC basket cells 
that store damaged fuel assemblies are provided with top and bottom end caps to ensure 
retrievability. 

The NUHOM~ -32PT DSC is designed to accommodate up to a maximum of 8 failed fuel 
assemblies encapsulated in individual failed fuel cans (FFCs) and placed in cells located at the 
outer edge of the DSC as shown in Figure M2-2. Failed fuel is defined as ruptured fuel rods, 
severed fuel rods, loose fuel pellets, or fuel assemblies that cannot be handled by normal means. 
Failed.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 an FFC for storage, provided the size of 
the debris is larger than the failed fuel can screen mesh opening and it is located at least 10 
inches above the top of the bottom shield plug of the DSC. 

Several different configurations with varying number of damaged fuel assemblies or failed fuel 
assemblies (balanced by intact fuel assemblies) are allowed for loading in the NUHOM~-32PT 
DSC as shown in Figure M2-7 through Figure M2-9. 

The NUHOMS®-32PT DSC is also authorized to store fuel assemblies containing Blended Low 
Enriched Uranium (BLEU) fuel material. Fuel pellets containing BLEU fuel material are no 
different than U02 fuel pellets except for the presence of a higher quantity of cobalt impurity. 
The consideration of cobalt impurity only affects the gamma source terms for fuel assemblies 
located in the DSC periphery. This does not affect any criticality, thermal or structural analysis 
inputs for evaluation of fuel assemblies with BLEU material. The qualification of fuel 
assemblies containing BLEU fuel pellets will require an additional cooling time of three years to 
ensure that the source terms calculated with U02 material are bounding. 

Throughout this Appendix BPRAs are considered as being representative of all CCs, unless 
specifically excluded. 

For calculating the maximum internal pressure in the NUHOMS®-32PT DSC, it is assumed that 
1 % of the fuel rods are damaged for normal conditions, up to 10% of the fuel rods are damaged 
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for off normal conditions, and 100% of the fuel rods will be damaged following a design basis 
accident event. A minimum of 100% of the fill gas and 30% of the fission gases (e.g., H-3, Kr 
and Xe) within the ruptured fuel rods are assumed to be available for release into the DSC cavity, 
consistent with NUREG-1536 [2.1]. 

The maximum design basis internal pressures for the NUHOMS®-32PT DSC are 15, 20 and 125 
psig (for low burnup fuel-up to 45 GWd/MTU, 105 psig) for normal, off-normal and accident 
conditions of storage, respectively. 

M.2.1.1 General Operating Functions 

No change to Chapter 3, Section 3.1.2. 
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M.2.5 Summary ofNUHOMS®-32PT DSC Design Criteria 

The additional principal design criteria for the NUHOMS®-32PT DSC are presented in Table 
M.2-19. The NUHOMS®-32PT DSC is designed to store 32 intact damaged and/or failedPWR 
fuel assemblies with or without CCs with assembly average burnup, initial enrichment and 
cooling time as described in Table M.2-1. The maximum total heat generation rate of the stored 
fuel is limited to 2.2 kW per fuel assembly and 24 kW per NUHOMS®-32PT DSC in order to 
keep the maximum fuel cladding temperature below the limit [2.7] necessary to ensure cladding 
integrity. The fuel cladding integrity is assured by the NUHOMS®-32PT DSC and basket design 
which limits fuel cladding temperature and maintains a nonoxidizing environment in the cask 
cavity as described in Section M.4. 

The NUHOMS® -32PT DSC (shell and closure) is designed and fabricated as a Class 1 
component in accordance with the rules of the ASME Boiler and Pressure Vessel Code, Section 
III, Subsection NB, and the alternative provisions to the ASME Code as described in Table 
M.3.1-1. 

The NUHOMS®-32PT DSC is designed to maintain a subcritical configuration during loading, 
handling, storage and accident conditions. A combination of fixed neutron absorbers, soluble 
boron in the pool and favorable geometry are employed to maintain the upper subcritical limit of 
0.9411. The fixed neutron absorbers are in the form of borated metallic plates, PRA, and AIC 
PRAs, which are inserted in the guide tubes of certain assemblies in the basket. The basket is 
designed and fabricated in accordance with the rules of the ASME Boiler and Pressure Vessel 
Code, Section III, Subsection NG, Article NG-3200 and the alternative provisions to the ASME 
Code as described in Table M.3.1-2. 

The NUHOMS®-32PT DSC design, fabrication and testing are covered by TN's Quality 
Assurance Program, which conforms to the criteria in Subpart G of 10CFR72. 

The NUHOMS®-32PT DSC is designed to withstand the effects of severe environmental 
conditions and natural phenomena such as earthquakes, tornadoes, lightning and floods. Section 
M.11 describes the NUHOMS®-32PT DSC behavior under these accident conditions. 
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TableM.2-2 
PWR Fuel Assembly Design Characteristics for the NUHOMS®-32PT DSC 

Assembly Class B&W WE CE WE CE WE 
15x15 17x17 15x15<3» <4> 15x15 14x14 14x14 

DSC Configuration Maximum Unirradiated Length (in) 
32PT-S100/32PT- 165.75(1) 165.75(1) 165.75 165.75(1) 165.75(1) 165.75(1) 
S125 

32PT-L 100/32PT-L 125 171.11<1) 111.11<1! 171.71 111.11<1! 111.11<1! 111.11<1! 

Fissile Material U02 U02 U02 U02 U02 U02 
Maximum 

0.475 0.475 0.475 0.475 0.475 0.475 MTU/assembly<2l 
Maximum Number 

208 264 216 204 176 179 
of Fuel Rods 
Maximum Number 
of Guide/ Instrument 17 25 9 21 5 17 
Tubes 

<1l Maximum Assembly + CC Length (unirradiated). 
<2l The maximum MTU/assembly is based on the shielding analysis. 
<3l CE 15x15 assemblies with stainless steel plugging clusters installed are acceptable. 
<4l Control Components that extend into the active fuel region are not authorized for storage with CE 15x15 class 
assemblies. 

TableM2-2a 
Thermal and Radiological Characteristics for Control Components Stored in the 

NUHOMS®-32PT DSC 
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BPRAs, NSAs, 
CRAs, RCCAs, 

Parameter VSls, Neutron TPAs and ORAs 
Sources, and 

APSRAs 

Maximum Gamma Source 
3.91E+13 4.1E+12 

(y/sec/Assembly) 

Decay Heat (Watts/Assembly) 8 8 

Note: NSAs and Neutron Sources shall only be stored in the interior compartments 
of the basket. Interior compartments are those that are completely surrounded by 
other compartments, including the corners. There are twelve interior compartments 
in the 32PT and 32PTH1 DSCs. 
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Assembly Class 

WE 17xl7 

Table M.2-4 
Poison Rod Assembly (PRA) Description 

Assembly Minimum Number 
Modeled B4C Content MinimumB4C 

per Rod (g/cm) Content per Rod 
Class 

WE 17x17 

B&W 15xl5 

WE 15x15 

CE 14x14 

WE 14x14 

Minimum 
Number of 

Rods/A/C PRA 
24 

ofRods/PRA (75% Credit) 

24 0.59 

16 0.72 

20 0.72 

5 3.14 

16 0.72 

Table M.2-4a 
AIC PRA Description 

Minimum Poison Minimum Pellet 
Length (cm) diameter (cm) 

381.0 0.9804 

(g/cm) 

0.79 

0.96 

0.96 

4.19 

0.96 

Minimum Required 
Ag Content per Rod 

(ff/cm) (I) 

2.46 

(1) The Ag content used in the criticality evaluation is 1.85 g/cm, 75% of the minimum 
required content. 
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Table M.2-4b 
B-10 Specification for the NUHOMS®-32PT Poison Plates 

NUHOMS1"-32PT . Number of Minimum B-10 Areal 
DSC Basket Type B4CPRAs Density, gmlcm2 

A 0 0.0070 

Al, Al-32 0 0.0150 

A2,A2-32 0 0.0200 

B 4 0.0070 

Bl 4 0.0150 

B2 4 0.0200 

c 8 0.0070 

Cl 8 0.0150 

D 16 0.0070 

NUHOMS1"-32PT Number of Minimum B-10 Areal 
DSC Basket Type AICPRAs Density, gm!cm2 

Bl-r 4 0.0150 

B2-r 4 0.0200 

Cl-r 8 0.0150 

C2-r 8 0.0200 
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Table M.2-5 
Deleted 
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Table M.2-6 
Deleted 
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Table M.2-7 
Deleted 
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Table M.2-8 
Deleted 
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Table M.2-9 
Deleted 
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Notes: Table M.2-5 through M.2-9 
Deleted 
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Table M.2-19 
Additional Design Criteria for NUHOMS®-32PT DSC 

The Gross Weight (rounded) of the NUHOMS®-32PT 
DSC: 

32PT-SIOO 
32PT-Sl25 
32PT-L100 
32PT-Ll25 

Payload Capacity: 

Spent Fuel 
Characteristics: 

88,200 (I) lbs. I 98,300 <2> lbs. 
90,300 (I) lbs. I 100,400<2> lbs. 
89,200 <1> lbs. I 99,300 <2> lbs. 
91,300 (I) lbs./ 101,400 <2> lbs. 

up to 32 intact and/or damaged 
and/or failedPWR assemblies 
(acceptable assemblies listed in 
Table M.2-2) and up to 32 CCs 

See Table M.2-1 through 
Table M.2-3a. 

(1) Based on fuel weight of 1365 lbs. per assembly. 
(2) Based on fuel weight of 1682 lbs. per assembly. 
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The detailed information associated with this figure can be found in CoC 1004 Amendment 15 
Technical Specifications Figure 1-2. 
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Figure M.2-1 
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The detailed information associated with this figure can be found in CoC 1004 Amendment 15 
Technical Specifications Figure 1-3. 
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Figure M.2-2 
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The detailed information associated with this figure can be found in CoC 1004 Amendment 15 
Technical Specifications Figure 1-4. 
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Figure M.2-3 
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The detailed information associated with this figure can be found in CoC 1004 Amendment 15 
Technical Specifications Figure 1-4a. 
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Figure M.2-3a 
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Figure M.2-7 
Loading Configuration with 16 Damaged Fuel Assemblies 

("DF": Damaged Assembly) 
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Figure M.2-8 
Loading Configuration with 28 Damaged Fuel Assemblies 

("DF": Damaged Assembly) 
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Figure M.2-9 
Loading Configuration with 8 Failed Fuel Cans 

( "FFC": Failed Fuel Can) 
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M.3 .5 Fuel Rods 

All the fuel assembles that are designed to be loaded into the NUHOMS® 32PT DSC are similar 
to those evaluated for the NUHOMS® 37PTH DSC. The geometry, model data, loads, and 
boundary conditions used for the 37PTH DSC are all identical and applicable for the NUHOMS® 
32PT DSC. Therefore, bounding fuel side and comer drop accident conditions for the 37PTH 
DSC performed in Sections Z.3.5.2 and Z.3.5.3, respectively, are also applicable to the 32PT 
DSC. Similarly, the normal and off-normal condition damaged fuel evaluation performed in 
Section Z.3.6.3 for the 37PTH DSC are considered bounding for the 32PT DSC. 

The 37PTH DSC uses material allowable evaluated at 713 °F for side drop evaluations. The 
32PT fuel cladding is made of a zirconium based alloy material, which includes "ZIRLO" and 
"Optimized ZIRLO." The maximum fuel cladding temperature for the 32PT DSC is 720 °F as 
provided in Section M.4.9.1.2. Therefore, the side drop results from Table Z.3.5-4 (at 713 °F) 
are compared against the reduced allowable yield strength of 93,950 psi for the zirconium based 
alloy at 725 °F. Results for the 32PT DSC are shown in Table M.3 .5-1. 

Comer drop and damaged fuel are evaluated at 750 °F for the 37PTH DSC. This condition 
bounds the maximum fuel cladding temperature of 720 °F for the 32PT DSC. Therefore, 
evaluations performed in Sections Z.3.5.3 and Z.3.6.3 for the 37PTH DSC for comer drop, 
normal and off-normal damaged fuel are applicable to the 32PT DSC. 

The structural analysis documented in Appendix Z. 3. 6. 3 conservatively evaluates a limiting 
configuration with a single rod and the spacer grids in designated locations without any support 
from fuel compartment to provide assurance of limiting additional cladding damage. The 
changes to fuel assembly configuration do not have impact on retrievability due to damage to 
spacer grids, as long as the assembly is able to be handled by normal means and the 
retrievability is ensured following the normal and off-normal conditions. The DSC basket cells 
that store damaged fuel assemblies are provided with top and bottom end caps to ensure 
retrievability. The criticality analysis documented in Section M 6.4 also considers the impact of 
damage to the fuel assembly that includes missing and damaged grid spacers, which results in 
limiting the enrichment of these fuel assemblies. Therefore, additional configurations are not 
evaluated herein. Licensees can perform specific evaluations to demonstrate retrievability using 
actual configurations. 

Table M.3.5-1 
Summary of Stress Results for Side Drop 

75g Accident Load WE 14x14 WE 15x15 CE 16x16 
Std/ZCA Std/ZC SCE 

Max Bending Stress, Sb (psi) 73,255 70,237 32,308 

Internal Pressure (psi) 2,235 2,235 2,235 

Spress (psi) 11,200 10,271 8,729 

Combined Stress (psii1> 84,455 80,508 41,037 

Yield Stress at 725 °F (psi)<2> 93,950 93,950 93,950 

Notes: 
(I) Maximum combined stress results are taken from Table Z.3.5-4. 
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(2) The yield strength of93,950 psi for zircaloy cladding tube at 725 °F. 
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WE 17x17 
OFA/LOPAR/ 

RFA 
70,640 

2,235 

8,381 

79,021 

93,950 

Page M.3.5-1 I 



------- ------- --

B. Vertical Deadweight 

Deadweight load conditions include: (1) vertical deadweight during fuel loading operations, (2) 
horizontal deadweight in the TC with support through the cask rails at ±18.5°, and (3) horizontal 
deadweight in the HSM with support through the HSM rails at ±30°. 

Under axial loads, the fuel assemblies and fuel compartment are supported by the bottom of the 
cask. Thus, the fuel assemblies react directly against the bottom of the canister/cask and do not 
load the basket structure. Stresses under axial loading are from self weight of the basket 
structure. Maximum axial compressive stresses occur at the supported end of the basket. 

Vertical deadweight was evaluated using hand calculations and by comparing the calculated 
axial compression stresses to stability allowables developed considering both stability criteria 
and the general membrane criteria (Pm) from Subsection NG (see M.2.2.5.1.2). Calculated 
stresses for the vertical deadweight condition also applied to the vacuum drying case. 

Calculated stresses are listed in Table M.3.6-5 along with the appropriate compressive 
allowables. As shown by the table, stresses for this load condition are small. 

C. Horizontal Deadweight 

Horizontal deadweight cases were evaluated using the ANSYS model described in M.3.6.1.3.1. 
As appropriate the elements representing the support rails were located at either ±18.5° or ±30° 
from bottom center for support by the TC or HSM, respectively. Separate analyses were 
performed for the 32PT fuel grid supported by the solid 1-piece or 3-piece R90 transition rails. 
Thus, the following four (4) analysis cases were evaluated: 

1. 32PT DSC with solid 1-piece R90 transition rails supported at ±18.5° (Figure M.3.6-10 and 
M.3.6-11) 

2. 32PT DSC with solid 3-piece R90 transition rails supported at ±18.5° (Figure M.3.6-lOA 
and M.3.6-1 lA) 

3. 32PT DSC with solid I-piece R90 transition rails supported at ±30° (Figure M.3.6-12 and 
M.3.6-13) 

4. 32PT DSC with solid 3-piece R90 transition rails supported at ± 30° (Figure M.3.6-12A and 
M.3.6-13A) 

Primary plus secondary stresses were evaluated by combining deadweight stresses with the 
thermal stresses resulting from the 117 °F in cask temperature distribution. Maximum stresses 
are summarized in Table M.3.6-5 along with a comparison to Level A allowables from 
Subsection NG. For the aluminum transition rails, reported stresses were taken at temperatures 
corresponding to the maximum stress on the most highly loaded rail (large R90 rail at the 
bottom 'of the basket). ' 
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D. Vacuum Drying 

As described above, the axial compression stresses under the vacuum drying condition are equal 
to the axial compression stresses under vertical deadweight. 

As described in M.3.4.4.3, maximum stresses from the vacuum drying temperature distribution 
are listed in Tables M.3.4-1 and M.3.4-2. These thermal stresses are classified as secondary by 
the Code and, as shown by the tables, these stresses are small. 

E. Handling/On-Site Transfer Loads 

These cases include the loads associated with loading (and unloading) the 32PT DSC into an 
HSM and the inertial loads associated with on-site handling. The insertion/retrieval loads do not 
directly impact the 32PT basket assembly and do not require additional consideration. The 
inertia loads to be considered are: 

• DW + lg Axial 
• DW + lg Transverse. 
• DW +lg Vertical 
• DW + 0.5g Axial+ 0.5 Transverse+ 0.5 Vertical 

These loads are enveloped by a 2g resultant acceleration applied in the most critical orientation. 

The 2.0g resultant axial load is evaluated using hand calculations and the same methodology 
used for the vertical deadweight analyses. Maximum compressive stresses resulting from this 
load case are listed in Table M.3.6-6 along with a comparison to the axial stability criteria 
described in M.2.2.5 .1.2. 

For the aluminum transition rails, reported stresses were taken at temperatures corresponding 
to the maximum stress on the most highly loaded rail (large R90 rail at the bottom of the basket). 

Loads transverse to the axis of the DSC are evaluated using the ANSYS models described in 
M.3.6.1.3.1. Loads are enveloped by selection of maximum stresses from the analysis load cases 
listed in Table M.3 .6-7. Table M.3 .6-7 lists the on-site handling analyses performed for the 
32PT basket considering the basket transition rail configuration and DSC support conditions in 
the TC and HSM. Enveloping 32PT basket stresses are summarized in Table M.3 .6-6 along with 
a comparison to Service Level A allowables. 

F. Evaluation of Results 

ANSYS plots showing typical analysis results for the 32PT basket are provided in Figure 
M.3.6-10, Figure M.3.6-11, Figure M.3.6-12 and Figure M.3.6-13 for baskets with solid 
aluminum I-piece R90 aluminum transition rails and Figure M.3.6-lOA, Figure M.3.6-1 lA, 
Figure M.3.6-12A and Figure M.3.6-13A for baskets with solid aluminum 3-piece R90 transition 
rails. These figures and summary tables in the previous sections show that the basket stress 
criteria is met. 

Welds in the fuel support structure are sized to maintain full moment capacity of the plates 
across all welded connections. 
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Table M.3.6-5 
Summary of Results for 32PT Basket Assembly Deadweight Analyses 

Vertical Deadweight 

Component 
Stress (Axial Compression) 

Notes<1J 
Calculated Allowable Ratio 

Fuel Support Grid .06 ksi 23.7 ksi < .01 XM-19, 800 °F 

Aluminum Transition Rails .02 ksi 4.2 ksi < .01 6061 Al., "'600 °F 

Note: 

1. For vacuum drying, the maximum transition rail temperature is less than 610 °F. It occurs 
in the R90 rails and is localized at the point closest to the basket center, the average 
temperature is less than 600 °F. 

Horizontal Deadweight 

Component Stress Stress Intensity Stress 

I 
Notesf1J 

Category Calculated Allowable Ratio 

1-Piece R90 Transition Rails 

Pm .57 ksi 28.2 ksi .02 

Fuel Support Grid Pm+Pb 2.72 ksi 42.3 ksi .06 XM-19, 800 °F 

Pm+ Pb +Q 7.41 ksi 84.6 ksi .09 

Pm .30 ksi 28.2 ksi .01 
Transition Rail 

Pm+Pb 2.50 ksi 42.3 ksi .06 XM-19, 800 °F Cover Plates 
Pm+ Pb+Q 2.50 ksi 84.6 ksi .03 

6061 Aluminum Maximum 
1.32 ksi 6.0 ksi .22 Al. 6061, 450 °F Transition Rails Stress 

3-Piece R90 Transition Rails 
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Pm .70 ksi 28.2 ksi .02 

Fuel Support Grid Pm+Pb 4.73 ksi 42.3 ksi .11 XM-19, 800 °F 

Pm+ Pb +Q 8.07 ksi 84.6 ksi .10 

Pm .41 ksi 28.2 ksi .01 
Transition Rail 

Pm +Pb 5.32 ksi 42.3 ksi .13 XM-19, 800 °F Cover Plates 
Pm+ Pb +Q 5.32 ksi 84.6 ksi .06 

6061 Aluminum Maximum 
1.72 ksi 6.0 ksi .29 Al. 6061, 450 °F 

Transition Rails Stress 

Note: 

I. For the steel components, stress checks were performed at the enveloping temperatures listed. 
For the aluminum transition rails, stress checks were performed at temperatures corresponding 
to the maximum stress point. Temperatures listed are for the maximum stress points of the most 
highly loaded rail (the large R90 transition rail at the "bottom" of the basket). 
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Table M.3.6-6 
Summary of Results for 32PT Basket Assembly On-Site Handling (2.0g Loads) 

Vertical Handling/Seismic 

Component 
Stress (Axial Compression) 

Notes 
Calculated Allowable Ratio 

Fuel Support Grid .11 ksi 23.7 ksi < .01 XM-19, 800 °F 

Aluminum Transition Rails .04 ksi 4.2 ksi .01 6061 Al., 600°F 

Horizontal/45 ° Handling/Seismic 

Stress Stress Intensity Stress 
Notes OJ Component 

Category Calculated Allowable Ratio 

1-Piece R90 Transition Rails 

Pm 2.68 ksi 28.2 ksi .10 
Fuel Support 

Pm +Pb 18.3 ksi 42.3 ksi .43 XM-19, 800 °F 
Grid 

Pm+Pb+Q 18.3 ksi 84.6 ksi .22 

Pm 2.19 ksi 28.2 ksi .08 
Transition Rail 

Pm+Pb 11.1 ksi 42.3 ksi .26 XM-19, 800 °F Cover Plates 
Pm +Pb+Q 11.1 ksi 84.6 ksi .13 

6061 Aluminum Maximum 
4.64 ksi 6.0 ksi 0.77 Al. 6061, 450 °F 

Transition Rails Stress 

3-Piece R90 Transition Rails 

Pm l.52ksi 28.2 ksi .05 
Fuel Support 

Pm+Pb 20.7 ksi 42.3 ksi .49 XM-19, 800 °F 
Grid 

Pm+Pb+Q 20.7 ksi 84.6 ksi .24 

Pm 1.05 ksi 28.2 ksi .04 
Transition Rail 

Pm+Pb 10.1 ksi 42.3 ksi .24 XM-19, 800 °F 
Cover Plates 

Pm+ Pb+Q 10.1 ksi 84.6 ksi .12 

6061 Aluminum Maximum 
2.06 ksi 6.0 ksi .34 Al. 6061, 450 °F 

Transition Rails stress 

Note: 1. For the steel components, stress checks were performed at the enveloping temperatures 
listed. For the aluminum transition rails, stress checks were performed at temperatures 
corresponding to the maximum stress point. Temperatures listed are for the maximum 
stress points of the most highly loaded rail (the large R90 transition rail at the "bottom" 
of the basket). 
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• Any impact on temperatures due to the potential changes in the thermal parameters between 
the TN-24 temperature regime and the NUHOMS®-32PT DSC temperature regime is fully 
bounded by the conservatism demonstrated in the results of the benchmark analysis. 

Therefore, a thermal model that has been properly constructed and predicts conservatively high 
temperatures in comparison with the TN-24 test data can be fully expected to yield accurate 
results at the higher temperature levels similar of the NUHOMS®-32PT DSC design. 

Several thermal design criteria are established for the thermal analysis of the 32PT DSC basket 
as discussed below. 

• Maximum temperatures of the confinement structural components must not adversely 
affect the confinement function, 

• Maximum fuel cladding temperature limit of 400 °C (752 °F) is applicable to normal 
conditions of storage and all short term operations including vacuum drying and helium 
backfilling of the 32PT DSC per Interim Staff Guidance (ISG) No. 11, Revision 3 [4.24]. 
In addition, ISG-11 does not permit thermal cycling of the fuel cladding with 
temperature differences greater than 65 °C (117 °F) during drying and backfilling 
operations, 

• Maximum fuel cladding temperature limit of 570 °C (1058 °F) is applicable to accidents 
or off-normal thermal transients [4.24], 

• The maximum DSC cavity internal pressures during normal, off-normal and accident 
conditions must be below the design pressures of 15 psig, 20 psig and 125 psig (for low 
bumup fuel - up to 45 GW d/MTU, 105 psig), respectively, and 

• Figure M.4-1, Figure M.4-2, Figure M.4-3, and Figure M4-3a show the heat load zoning 
configurations used in the NUHOMS®-32PT DSC design. The maximum total heat load 
per DSC is 24 kW or 22.4 kW depending on the specific heat load zoning configuration. 

The analyses consider the effect of the decay heat flux varying axially along a fuel assembly. 
The axial heat flux profile for a PWR fuel assembly is shown in Figure M.4-4 and is based on 
[4.3]. 

A description of the detailed analyses performed for normal storage and transfer conditions is 
provided in Section M.4.4, off-normal conditions in Section M.4.5, accident conditions in 
Section M.4.6, and loading/unloading conditions in Section M.4. 7. The thermal evaluation 
concludes that with a design basis heat load of up to 24 kW per DSC, all design criteria are 
satisfied. 

The effective thermal conductivity of the fuel assemblies used in the 32PT DSC thermal analysis 
is based on the conservative assumption of radiation and conduction heat transfer only where any 
convection heat transfer is neglected. In addition, the fuel assembly with the lowest effective 
thermal conductivity at the maximum heat load, WE 14x14, is selected as the basis for the 
thermal analysis. Section M.4.8 presents the calculations that determined WE 14x14 to be the 
fuel assembly with the lowest effective thermal conductivity in a helium or vacuum environment. 
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The thermal analysis model conservatively neglects convection heat transfer in the basket 
reg10ns. 

The basket design used for the NUHOMS®-32PT DSC is similar to the basket design of the TN-
32 cask [Docket 72-1021]. Both designs use a tube and support rail type of basket, which is 
significantly different than the spacer disc and guide sleeve type of basket design used for the 
NUHOMS®-24P DSCs. . 

The storage modules HSM (models 80, 102, 152, and 202) and HSM-HS can be used to store 
32PT DSC. The thermal performances of 32PT DSC in HSM models 80 and 102 are evaluated 
in this appendix. The thermal performances of 32PT DSC in HSM models 152 and 202 are 
evaluated in Appendix R, Section R.4.4 and Appendix V, Section V.4.4, respectively. The 
design and structures of air channels and heat transfer features ofHSM-HS are identical to the 
HSM model 202 described in Appendix V, Section V.1.5. Therefore, the thermal evaluation of 
32PT DSC in HSM 202 described in Appendix V is applicable to HSM-HS and no further 
thermal evaluation is required. 

In addition to the design basis thermal evaluation presented in Section M4.4 through Section 
M 4. 7, Section M 4.12 presents additional thermal evaluations: 

I) Thermal Evaluation for Damaged Fuel Assemblies 

2) Thermal Evaluation for Failed Fuel Assemblies 

3) Thermal Evaluation for Heat Load Zoning Configuration (HLZC) # 4 

4) Thermal Evaluation for 32 Single-Poison-Plate Configuration. 
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M.4.6.5 Maximum Internal Pressures 

The maximum accident pressure condition for the DSC occurs during the transfer accident case 
with the loss of the sun shield and liquid neutron shielding in the TC under extreme ambient 
temperature conditions of 117 °F and maximum insolation. For this transfer accident condition, 
the average helium temperature is 703 °F (1,163 °R). However, 705 °F (1,165 °R) is 
conservatively used. In accordance with NUREG 1536, 100% of the fuel pins are assumed to 
rupture during this event. During the blocked vent case, the average gas temperature is 623 °F. 
However, since no DSC drop events can occur in conjunction with a blocked vent event, the 
maximum fraction of fuel pins that can be ruptured is limited. 

A summary of the maximum accident operating pressures for the various 32PT DSC 
configurations are presented in Table M.4-15. 

M.4.6.6 Evaluation of Cask Performance During Accident Conditions 

The temperatures in the NUHOMS® HSM and TC are bounded by the existing analyses because 
of the same heat load for the NUHOMS®-24P DSC design. The NUHOMS®-32PT DSC shell 
and basket are evaluated for calculated pressures and temperatures in Section M.3. 

The maximum fuel cladding temperature of 863 °F is below the short-term limit of 1058°F (570 
0 C). The accident pressure in the NUHOMS®-32PT DSC of 107 .3 psig remains below the 
accident design pressure of 125 psig. It is concluded that the NUHOMS®-32PT System 
maintains confinement during the postulated accident condition. 
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M.4.7 Thermal Evaluation for Loading/Unloading Conditions 

All fuel transfer operations occur when the NUHOMS®-32PT DSC and TC are in the spent fuel 
pool. The fuel is always submerged in free-flowing pool water permitting heat dissipation. 
After fuel loading is complete, the cask and DSC are removed from the pool and the DSC is 
drained, dried, backfilled with helium and sealed. 

M.4.7.1 Maximum Fuel Cladding Temperatures During Vacuum Drying 

The loading condition evaluated for the NUHOMS®-32PT DSC is the heatup of the DSC before 
its cavity is backfilled with helium. This typically occurs during the performance of the vacuum 
drying operation of the DSC cavity with the Cask in the vertical configuration inside the fuel 
handling building, and the annulus between the Cask and the DSC full of water. 

The vacuum drying of the DSC generally does not reduce the pressure sufficiently to reduce the 
thermal conductivity of the water vapor and helium in the DSC cavity [4.22] and [4.32]. 
Radiation in the gaps within the basket and rail components is conservatively neglected. 
Analyses are performed to determine the steady state temperatures during the vacuum drying 
condition. 

Thermal analysis is performed using the three-dimensional model developed in Section M.4.4.1, 
decay heat loads for heat load zoning configuration 1, 2, 3, and 4, and a maximum DSC 
temperature of215 °F. The initial temperature of the DSC, basket and fuel is assumed to be 215 
°F, based on the boiling temperature of the fill water. Due to the use of helium for blowdown, 
the results of this analysis are bounded by the off-normal thermal analysis for transfer presented 
in Section M.4.5.2. Table M.4-17 and Table M.4-18 provide the maximum calculated 
temperatures for the fuel cladding and basket components, respectively, for all four 
configurations. The maximum cladding temperature reached during vacuum drying is less than 
715 °F, which is below the limit of 752 °F [4.24]. 

M.4.7.2 Evaluation of Thermal Cycling of Fuel Cladding During Vacuum Drying, Helium 
Backfilling and Transfer Operations 

ISG-11 also states that thermal cycling is to be minimized and imposes a limit of 65 °C (118 °F) 
on thermal cycling (reduction in fuel clad temperature from previous peak temperature). The 
basis for the limit is that as the cladding temperature is reduced more than 65 °C the 
concentration of hydrogen available for hydride reorientation becomes significant. 

The thermal analysis of the 32PT DSC during blowdown operation assumes helium is used to 
drain the water from 32PT DSC cavity and subsequent vacuum drying occurs with a helium 
environment. This configuration eliminates a fuel cladding temperature drop that would take 
place during helium backfilling of the 32PT DSC subsequent to vacuum drying in a nitrogen 
environment and it eliminates the need for a time limit on the vacuum drying operation, since the 
thermal conductivity of helium does not change with pressure during vacuum drying operatioµs. 
As shown in Table M.4-17 the maximum fuel cladding temperature limit of TisG limit = 400 °C 
(752 °F) in ISG-11 [4.24] is satisfied for the 32PT DSC. 
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M4.12 Additional Thermal Evaluations 

The following sections provide additional thermal evaluations: 

M4.12.l Thermal Evaluation/or Damaged Fuel Assemblies 

M4.12.2 Thermal Evaluation for Failed Fuel Assemblies 

M4.12.3 Thermal Evaluation for Heat Load Zoning Configuration (HLZC) # 4 

M4.12.4 Thermal Evaluation/or 32 Single-Poison-Plate Corifiguration 

M4. l 2. l Thermal Evaluations {or Damaged Fuel Assemblies 

The NUHOMS19-32PT DSC can accommodate a combination ofintactfuel assemblies along with 
damaged fuel assemblies. It can be loaded with up to 28 damaged fuel assemblies as noted in 
Section M2.l. This section evaluates the thermal performance of the NUHOMS19-32PT DSC 
loaded with intact and damaged fuel assemblies during storage and transfer conditions. 

M4.12.l.l Thermal Evaluation {or Normal and Off-Normal Conditions 

[ 

M4.12.l.2 Thermal Evaluation for Accident Conditions 

[ 
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[ 

] 

Table M.4.12.1-J 
Maximum Component Temperatures for 32PT DSC with up to 28 Damaged FAs under the 

Bounding Accident Condition 

Transfer Condition [ ] 
DSCTvve 32PT 
Heat Load, kW 24(HLZC#1) 

Fuel Assembly 
32 Intact 

[ [ [ 
Type ] 1 1 
Comvonent Maximum Temperature (°F) 
Intact Fuel 863 - I I -
Assemblies (Table M-4-13) -
Fuel Rubble -- -

Fuel Compartment 
852 

(Table M4-14) 
>--

Neutron Absorber 
852 

(Table M4-14) 
-

R45/R90 Rails 
631 

(Table M4-14) - I I -
[ 

) This is lower than the average helium temperature o/705 °F (1165 °R) (See 
Section M 4. 6. 5) used to determine the maximum internal pressure for the bounding hypothetical 
accident condition with intact F As. [ 

) This maximum 
internal pressure is well below the allowable limit of 125 psig as discussed in Section M 4. 6. 6 for 
maximum average burnups up to 55 GWd/MI'Unoted in Table M4-15. 

Therefore, the maximum fuel cladding temperature and maximum internal pressure remain 
below the limits and meet thermal design criteria specified in Section M 4.1 in the worst accident 
scenario for the storage of up to 28 damagedfuel assemblies in the 32PT DSC. 

It is concluded that the NUHOM~-32PT DSC/or the storage of up to 28 damaged FAs 
maintains confinement during the postulated accident condition. 
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M4.12.2 Thermal Evaluations for Failed Fuel Assemblies 

The NUHOMsY-32PT DSC can accommodate up to 8failedfuel cans (FFCs) in the corner 
locations of heat load zoning configuration (HLZC) #2 as shown in Figure M4-2. Failed FAs 
are encapsulated in individual FFCs that are designed to fit into the existing 32PT basket fuel 
compartments at the corner locations. For this configuration, the maximum heat load per FFC 
is limited to 0.8 kW 

This section evaluates the thermal performance of the NUHOMsY-32PT DSC loaded with up to 
8 FFCs during storage and transfer conditions. 

M4.12.2.l Thermal Evaluation for Normal and Off-Normal Conditions 

[ 

March2017 
Revision 0 

] 

72-1004 Amendment No. 15 Page M4-51e I 



Boundary conditions for the limiting case (100 °F ambient with insolation) with HLZC #2 are 
taken from Section M4.4.l.8. The DSC shell temperature profile based on the total DSC heat 
load of24 kW from Section M4.4.l.8 is conservatively applied for the limiting case with failed 
FAs. 

Table M4.l 2.2-l lists the maximum temperatures of fuel cladding for intact FAs and the 32PT 
DSC components for the limiting normal condition with 8 FFCs in HLZC#2 compared with the 
design basis values with all intact FAs in HLZC # 2 reported in Section M4.4.2. 

[ 

Table M.4.12.2-1 
Maximum Temperature of Fuel Cladding and 32PT DSC Components 
without and with Failed F As in FFCs for Normal Condition, HLZC # 2 

32 intact F As 
24 intact F As Maximum 

(Tables M4-2, 
and8 FFCs AT 

M4-4) 
Intact FA, °F 705 
Grid, °F 691 
Rail, °F 473 
Poison, °F 691 
Shell, °F 445 
FFCwall, °F n/a 

] 

For the limiting normal condition for the 32PT DSC with 8 FFCs in HLZC#2, the average 
temperature of helium in the DSC cavity of [ ] is below the design basis value of 550 °F 
usedin the maximum normal operating pressure evaluationfro'm Section M4.4.4.6. 

For off-normal condition, with 8 FFCs in HLZC#2, the average temperature of helium is 
bounded by the limiting normal condition with ambient temperature of 100 °F due to using 
sunshade for ambient temperature of 117 ° F. 

Therefore, the design basis internal pressures in the 32PT DSC cavity for normal and off-normal 
operating conditions reported in Table M4-7 and Table M4-12 are boundingfor the 32PT DSC 
with any combination of intact FAs and up to 8 FFCs in HLZC#2. 

It is concluded that the NUHOMsY-32PT DSC for storage of up to 8 FFCs with HLZC # 2 meet 
all applicable normal and off-normal thermal requirements. 
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M4.12.2.2 Thermal Evaluation for Accident Conditions 

For accident storage and transfer conditions, the accident transfer condition with loss of 
sunshade and neutron shield with 24 kW heat load per DSC is the limiting case as discussed in 
Section M 4. 6. The same boundary conditions for accident transfer condition from Section M 4. 6 
are applied in the 32PT DSC full-length model. 

Table M4.12.2-2 lists the maximum temperatures of fuel cladding/or intact FAs and 32PT DSC 
components for the limiting accident conditions with 8 FFCs in HLZC #2 compared with the 
bounding design basis values with all intact F As from Section M 4. 6. 4. 

Table M.4.12.2-2 
Maximum Temperature of Fuel Cladding and 32PT DSC Components 

without and with Fuel Rubbles in FFCs for Accident Condition 

Intact FA, ° F 

FA rubble, °F 

Grid, °F 

Rail, °F 

Poison, °F 

Shell, °F 

FFCwall, °F 

[ 
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32 intact FAs 24 intact F As 
(Tables M4-13, M4-14) and 8 FA rubbles 

863 [ ] 
n/a [ 1 
852 [ ] 
631 [ 1 
852 [ 1 
600 [ 1 
n/a [ 1 
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For the limiting accident condition with 8 FFCs in HLZC#2, the average temperature of helium 

in the DSC cavity of [ ] is below the design basis value o/705 °F (see Section M4.6.5). 
Therefore, the design basis values of the internal pressures in the 32PT DSC cavity for accident 
conditions as reported in Table M4-15 are bounding for the 32PT DSC with HLZC #2 with 8 
FFCs. 

It is concluded that the NUHOMS9-32PT DSC for the storage of up to 8failed FAs in FFCs of 
HLZC # 2 maintains confinement during the postulated accident condition. 

M4.12.3 Thermal Evaluations for Heat Load Zoning Configuration (HLZC) # 4 

This section evaluates the thermal performance of the NUHOMS9 -32PT DSC loaded in HLZC # 
4 during storage and transfer conditions. The NUHOMS9-32PT DSC can be loaded with the 
maximum heat load per FA up to 2.2 kW in HLZC #4 as shown in Figure M4-3a. For this 
configuration, the maximum heat load per DSC is limited to 24 kW. 

The maximum heat load of 24 kW for HLZC #4 is equal to the maximum allowable heat load 
specified for HLZCs #1 and #2 as shown in Figures M4-l and M4-2. Since no other changes 
are considered to the 32PT DSC except for the HLZC, the thermal evaluation of the 32PT DSC 
with HLZC #4 is based on a sensitivity analysis. A review of the maximum fuel cladding and 
basket component temperatures listed in Tables M4-2 through M4-5 and Tables M4-8 through 
M 4-11 indicates that, among all the normal and off-normal conditions of storage and transfer 
operations, the normal transfer operation with HLZC #1 (DSC horizontal in cask, 100 °F 
ambient) represents the bounding case. Therefore, a sensitivity analysis based on the normal 
transfer operation (DSC horizontal in cask, 100 °F ambient) is selected to evaluate the thermal 
performance of the 32PT DSC with HLZC #4. 

All thermal properties for the materials used in this sensitivity analysis are the same as those 
described in Section M4.2. 

Boundary conditions for the limiting case (DSC horizontal in cask, 100 °F ambient) with HLZC 
#4 are taken.from Section M4.4.l.8. 

A review of the HLZC #4 in Figure M4-3a indicates that if each fuel assembly is loaded at the 
maximum allowed heat load, the total heat load of the DSC would be 29.20 kW and will exceed 
the maximum allowable heat load of 24 kW for the 32PT DSC However, to bound the various 
options that could be used to adjust the maximum heat load to 24 kW in HLZC # 4, the maximum 
heat load per fuel assembly listed in Figure M4-3a is used in this evaluation. This is 
conservative since the total heat load of the DSC considered is 29.20 kW compared to the 
maximum allowable heat load of 24 kW. 

Heat generation rates are calculated using the same methodology as described in Section 
M4.4.l.4. Peaking/actors and the minimum active fuel length are also the same as those 
described in Section M4.4.l.4 with a correction factor of 1.013575 applied in the.full-length 
model. 
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Table M4.12.3-1 presents the maximum temperatures of fuel cladding and DSC components for 
the 32PT DSC with HLZC #4 from the sensitivity analysis compared to the design basis values 
for the normal transfer operation (DSC horizontal in cask, 100 °F ambient) with HLZC #1 as 
discussed in Section M4.4.2 and listed in Tables M4-2 and M4-3. 

As seen from Table M4.12.3-1, the maximum fuel cladding temperature for the 32PT DSC with 
HLZC #4 is 696 °F with significant margin to the temperature limit of 752 °F Further, the 
maximum fuel cladding temperature is also 24 °F lower than that determined previously for the 
design basis evaluation with HLZC #1. Therefore, the maximum fuel cladding temperatures of 
the 32PT DSC with HLZC #1 listed in Table M4-2 remain bounding for the 32PT DSC with 
HLZC #4 for normal conditions. 

Table M.4.12.3-1 
Maximum Component Temperatures for 32PT DSC for Normal Transfer, 100°F Ambient 

HLZC Tjuel,mnx Tgnd,mnx Trail,mnx TAl,mnx(l) 

(oF) (OF) (oF) (OF) 

HLZC#J, 
Design Basis 720 705 471 705 

(See Tables M4-2 and M4-3) 
HLZC#4 696 685 489 684 
iJT, OF 

-24 -20 18 -21 
(T HLZC #4 - T Desim Basis) 

Similarly, for the basket components, the maximum temperatures determined for the 32PT DSC 
with HLZC #4 remain bounded by the maximum temperatures determined for HLZC #1 except 
for the rail wherein a temperature increase of 18 °F is observed. However, there is no impact of 
this increase on the performance of this component as discussed in Section M3.6.l.3.2. 

Table M4.12.3-1 shows that normal and off-normal transfer operations of the 32PT DSC with 
HLZC #4 are bounded by design basis load cases for normal and off-normal conditions. 
Similarly for accident conditions, the maximum temperatures of fuel cladding and DSC 
components listed in Table M4-13 and M4-14 for accident conditions remain boundingfor the 
32PT DSC with HLZC #4. 

The average helium temperature in DSC cavity for the 32PT DSC with HLZC # 4 is 552 °F 
(1012 °R). This is a 2 °F increase compared to the design basis average helium temperature of 
550°F (JOJO 0R) as noted in Section M4.4.4.6. This small change has a negligible effect for the 
design basis maximum internal pressures listed in Table M4-7, Table M4-12 and Table M4-15 
for normal, off-normal and accident conditions. 
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Thermal evaluation of the 32PT DSC with damaged fuel assemblies in Appendix M 4. J 2. J shows 
that up to 28 damaged fuel assemblies can be stored in the 32PT DSC with HLZC #J through 
HLZC # 3. Based on Note 2 of Figure M4-3a for loading damaged fuel assemblies in HLZC # 4, 
both the maximum heat load per DSC and the maximum allowable heat load in each zone are 
bounded by those allowed for HLZC # 2 with damaged fuel assemblies. Therefore, the thermal 
evaluation of the 32PT DSC with damaged fuel assemblies in Appendix M4.J2.J remains 
bounding for HLZC # 4. 

Based on the above discussion, no farther evaluations are required for the 32PT DSC with 
HLZC #4 and all design criteria described are satisfied. 

M4.J2.4 Thermal Evaluation for 32 Single-Poison-Plate Configuration 

As discussed in Section M4.4.J.J, the thermal evaluation of the 32PT DSC for the second 
alternate poison plate configuration consisting of either 24 poison plates paired with aluminum 
chevrons or 24 single poison plates is bounded by the thermal evaluation of the basket with the 
original poison plate configuration in Section M4.4 through Section M4. 7. This section 
evaluates the thermal performance of the third alternate poison plate configuration consisting of 
32 single-poison-plates. 

All thermal properties used for the evaluation are the same as those listed in Section M4.2. The 
material properties for the 32 single poison plates are the same as those specified in Section 
M4.3. 

Similar to the previously evaluated 24 single-poison-plate configuration shown in 
Figure M4-22, the design change for the 32 single-poison-plate configuration is limited to the 
replacement of eight aluminum chevrons with eight single poison plates. Since no other changes 
are considered to the 32PT DSC, the thermal evaluation of the 32PT DSC with this design 
change is based on a sensitivity study. A review of HLZC #J through HLZC #4 shown in Figure 
M4-J through Figure M4-3a indicates that HLZC #3 is the bounding HLZC since it has the 
highest heat load per fuel assembly stored in the inner compartments among all HLZCs. 

A review of the maximum fuel cladding temperatures for HLZC # 3 listed in Tables M4-J, 
M4-2, M4-8 and M4-13, the normal transfer operation (DSC horizontal transfer in cask, 
JOO 0 F, HLZC # 3) listed in Table M4-2 represents the limiting case due to its smallest margin 
to the fuel cladding temperature limit among all storage and transfer conditions. Therefore, a 
sensitivity analysis based on the limiting case is selected to re-evaluate the thermal performance 
of the 32PT DSC with 32 single-poison-plate configuration. 

The 32PT DSC thermal model described in Section M4.4.J.J is modified by 

• selecting the elements representing the single aluminum plates or the poison plate paired 
with aluminum chevrons and the contact gaps between them , and 

• modifying the material property to that of poison plates listed in Section M 4. 3. 

The boundary condition and heat generation for the limiting case (DSC horizontal transfer in 
cask, JOO 0 F, HLZC # 3) described in Section M4.4.J are used in the sensitivity evaluation. 
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Table M4.l 2.4-l compares the maximum temperatures of fuel cladding and DSC components 
for the 32PT DSC with 32 single-poison-plate coefigurationfrom the sensitivity evaluation to the 
design basis values listed in Table M4-2 and Table M4-5 for the limiting case (DSC horizontal 
in cask, 100 °F, HLZC # 3). 

Table M.4.12.4-1 
Maximum Component Temperatures for 32PT DSC/or Normal Transfer, 100°F Ambient, 

HLZC#3 

Tjuel,mnx Tgnd,mnx Trail, max TAt,mnx 
(oF) (oF) (oF) (OF) 

Design Basis 
720 704 456 704 (See Tables M4-2 and M4-5) 

32 Sinf;!le-Poison-Plate Confimration 723 703 454 703 
LlT 

3 -1 -2 -1 
(TJ2Sinf!lePoison - T Desim Basis) 

As seen.from Table M4.12.4-l, the maximum fuel cladding temperature for the 32PT DSC with 
32 single-poison-plate coefiguration is 723 °Fwith a 3 °F increase compared to the design basis 
temperatures. However, the maximum fuel cladding temperature remains below the temperature 
limit of 752 °F. Since this evaluation is based on the bounding condition, the fuel cladding 
temperature will remain below 723 °F for all normal storage and short term transfer operations. 
For the various basket components, the maximum temperatures for the 32PT DSC with 32 
single-poison-plate configuration remain bounded by the design basis values. 

For the off-normal storage and accident conditions, a review of the maximum fuel cladding 
temperatures listed in Table M4-8 and Table M4-l 3 shows that the accident transfer condition 
listed in Table M4-13 has the lowest margin of 195 °F to the fuel cladding temperature limit of 
1058 °F. Due to this large margin of 195 °F, a temperature increase of 3°F in a 32PT DSC with 
32 single-poison-plate configuration has a negligible effect on the fuel cladding integrity. 

Therefore, the maximum temperatures of fuel cladding for the 32PT DSC under all normal, off
normal, and accident conditions remain below the limits defined by ISG-11 [4.24}. 

The average helium temperature in DSC cavity for the 32PT DSC with 32 single-poison-plate 
coefiguration is 533 °F. This is lower than the design basis average helium temperature of 550 
°F shown in Section M4.4.4.6. Therefore, there is no impact on the internal pressure 
evaluation. 

Based on the above discussion, no further evaluations are required for the 32PT DSC with 32 
single-poison-plate configuration and all design criteria described in Section M4.l are satisfied. 
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The detailed information associated with this figure can be found in CoC 1004 Amendment 15 
Technical Specifications Figure 1-2. 
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The detailed information associated with this figure can be found in CoC 1004 Amendment 15 
Technical Specifications Figure 1-3. 
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The detailed information associated with this figure can be found in CoC 1004 Amendment 15 
Technical Specifications Figure 1-4. 
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The detailed information associated with this figure can be found in CoC 1004 Amendment 15 
Technical Specifications Figure l-4a. 
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M.5 Shielding Evaluation 

The radiation shielding evaluation for the Standardized NUHOMS® System (during loading, 
transfer and storage) for the 24P and 52B canisters is discussed in Sections 3.3.5, 7.0 and 8.0. 
The following radiation shielding evaluation specifically addresses the dose rates due to design
basis PWR fuel and ~-jjpff°Qf_q'Q'}iz_RQ.h}.~(~ (CCs) loaded in a NUHOMS®-32PT DSC. The ·--·-·-··
shielding analysis is carried out for the four DSC configurations of the NUHOMS®-32PT 1§J§.f§IE 
described in Section M.2.1. The basket layout for these configurations is identical except for the 
length of the DSC components. For shielding purposes, the only difference between the 32PT
S100/32PT-L100 and 32PT-S125/32PT-L125 versions is the thickness of the shield plug designs. 
The 32PT-S100/32PT-L100 versions have somewhat thinner shield plugs than the 32PT
S125/32PT-Ll25 versions. Each of the configurations is designed to store up to 32 intact 
standard PWR fuel assemblies. The 32PT-L100 and 32PT-L125 are also designed to store up to 
32 intact standard PWR fuel assemblies with or without CCs. Therefore, for shielding purposes, 
the two long-cavity versions bound the short-cavity versions because of the additional gamma 
source dy,~~tg_ th~ .. cC2s~h~burn~6l~-JiQj§Q_~-recf ~~s~irihlie~JJi~~~~~,~;;;;_ii_~Tf~~~~sse'!zbli1~ 
~g~~lJ?d cluster ~O'f!LCJ.[{1§§<!.!IJ.b]1e,fJ~QC'1:~)2 .• th1m~forRIJ!:gp§_~e"';~l1e~JI~A~l,,g..t1~l p?wer~ 
'§bflRHJ~ rod assemblie:t(~§RJ}~)~ Q!..ifJ.f!L!..Qrl_~ssembbes,.{Q~s}Ll!Jbraf.!_Q!l_§.'!!PPl:tf.'1'§J_9..fl:.J.1J§_~rf.S; 
(VSis), !!_euf!2n sq_J]rce gssemf!l!~§../)J.SAs), and neutron sources,. Therefore, the sh1eldmg 
evaluation presented herein is performed only for the 32PT-L100 and 32PT-L125 with fuel plus 
CCs. To ~nsu~ that this evaluation is conservative, the fuel source terms are not adjusted to 
account for the additional decay required to accommodate the CCs. 

® ® , .... · · · ..... .. ..• · ·-cc·c-- • ... •• · ··--; 

The NUHOMS 32PT DSC is stored in the standardized NUHOMS tlSJr..tZ..<JYlt.fl.!§.!<J.rP:g<~.111.9rlU!€, 
(HSM). In addition, the NUHOMS® 32PT DSC can also be stored within an upgraded HSM 
model, designated as HSM-HS as described in Appendix U of the UFSAR. 

The NUH~MS® 32PT DSC is transferred in the OS 197 or OS 197H ft!!t!§f~r _q_g_8_~ (TC). The 
NUHOMS 32PT DSC is also qualified for transfer in the OS197L TC, within certain 
limitations, as described in Appendix W. Finally, the NUHOMS® 32PT DSC is also transferred 
in a modified version of the OS200 TC as described in Appendix U of the UFSAR. The OS200 
TC is fitted with an aluminum sleeve to accommodate the smaller diameter 32PT DSC. 

The design-basis PWR fuel source terms are derived from the bounding fuel, B&W 15x15 Mark 
B assembly design as described in Section M.5.2. 

The NUHOMS®-32PT DSCs can store intact (including reconstituted) PWR fuel assemblies and 
CCs with the characteristics described in Table M.2-1. The NUHOMS®-32PT DSC may store 
PWR fuel assemblies arranged in any of four alternate heat zoning configurations with a 
maximum decay heat of 2.2 kW per assembly and a maximum heat load of24 kW per canister. 
The heat load configurations are shown in Figure M.2-1 through Figure M2-3a. Note that while 
the B&W, CE, and Westinghouse fuel designs are specifically listed, storing reload fuel designed 
by other manufacturers is also allowed provided an analysis is performed to demonstrate that the 
limiting features listed in Table M.2-1 bound the specific manufacturers replacement fuel. The 
limiting features are bumup, initial enrichment, cooling time, fissile material type, number of 
fuel rods, number of guide tube/instrument tube holes, cobalt impurities in the hardware and 
initial heavy metal. 
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The design-basis fuel source terms for this evaluation are defined as the source terms from fuel 
with the burnup/initial enrichment/cooling time combination given in Technical Specifications 
Tables l-3a through l-3p (with or without CCs) and located in the basket as shown in Figure 
M.2-1 through Figure M2-3a, that gives the maximum dose rate on the surface of the HSM 
and/or OS 197/OS197H[]TC. This approach is consistent with the method used to generate the 
fuel qualification tables for the Standardized NUHOMS®-24P and -52B canister designs as 
described in Section 7.2.3. 

The fuel qualification tables (FQTs) are provided in Tables J-3a through l-3p of the Technical 
Specifications. FQTs are developed for heavy metal loadings of0.475 MFU and 0.380 MFU 
with the ORJGEN-ARP module ofSCALE6.0 [5.14]. Because the FQTs are developed based 
upon fuel assembly decay heat limits, the cooling times are shorter for lower heavy metal 
f <Jq_<f:ff!g~:.c!S"idiioravi.5~6·aJcizajjie1'.M5-jjioviJes. iiie rfieiii6J8Jaf71ef:erminini niintfiiii..iiii:~-;;if.id 
pooling times usingfittjrJ:g_.<i_qyqtions or}if}ear int~f12olationfQr agfyen MT}f betwee~ 0.380 
lAf'I[j a71~-Q~f?~_JvfTff:_j . 

In the original analysis, Heat Load Zoning Configuration 2 (HLZC#2, Figure M2-2) was the 
configuration that produced the highest dose rates on the surface of the HSM and TCs. Source 
terms consistent with HLZC#2 were used in conjunction with the DORT 2-D discrete ordinance 
software package to compute dose rates for both the HSM and TC. In order to model Heat Load 
Zoning 
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Configuration 2, all sixteen assemblies in the outer ring of the DSC are modeled with source terms 
consistent with 1.2 kW. Therefore, the source terms result in fairly conservative dose rates because 
the shielding analysis is based on a 28.8 kW heat load compared to the 24 kW heat load limit. 

The design, basis dose rate calculations for the HSM and TC are performed using the 2-D DORT 
discrete ordinates program and design, basis source terms computed by the SAS2HIORIGEN-S 
module of SCALE4.4 [5.1}. However, because the original SCALE4.4/SAS2H FQTs have been 
replaced by FQTs generated with SCALE6. OIORIGEN-ARP over a larger range of burnups, 
enrichments, and heavy metal loadings, the original DORT analysis is no longer bounding. 
Also, the 32PT DSC HLZC#4, which is bounding for dose rate analysis, was not available when 
the original DORT analysis was performed. To minimize rework, the DORT analysis is 
maintained as the analysis of record; however, scaling/actors are applied to all DORT analysis 
results to generate dose rates that bound HLZC#4 and the FQTs (Technical Specifications 
Tables l-3a through l-3p). This updated shielding analysis that determines the effect of uranium 
loading (380 kgU per assembly) on the dose rates is summarized in Section M5.4.16. 

The bounding burnup, minimum initial enrichment and cooling time combinations used in the DORT 
analysis are as follows: 

• 30 GWd/MTU, 2.5 wt.% U-235, 8-year cooled- Inner sixteen assemblies in the HSM models, 

• 41GWd/MTU,3.1 wt.% U-235, 5-year c'ooled-Outer sixteen assemblies in the HSM and TC 
models, and 

• 45 GWd/MTU, 3.3 wt.% U-235, 23-year cooled - Inner sixteen assemblies in the TC models. 

Source terms developed with SCALE6. O/ORIGEN-ARP consistent with the FQTs (Technical 
Specifications Tables l-3a through J-3p) are defined in Section M5.2. 7. 

The design-basis source terms for the authorized CCs are taken from Appendix J. The design-basis 
source terms are based on three bounding CC designs: (1) B&W 15x15 Burnable Absorber 
Assemblies with up to 2 cycles burnup and 5-year cooled, (2) WE 17xl 7 Pyrex Burnable Absorber, 
2-24 Rodlets with up to 2 cycles burnup and 10-year cooled, and (3) WE 17xl 7 WABA Burnable 
Absorber, 3-24 Rodlets with up to 2 cycles burnup and 10-year cooled. The properties used in 
Appendix J to calculate the design-basis source terms are reproduced in Table M.5-2. 

The design basis CC source term that envelops all CCs allowed in the 32PT DSCs is taken from 
Appendix J for BPRAs with burnups up to 36 GWd/MTU. While Appendix J was developed to 
specifically address the additional source from a BPRA, this source term is selected as the bounding 
source term for all CCs. The TPAs and ORAs do not extend into the active fuel region of a fuel 
assembly. Therefore, they are limited to the source term equivalent to the top plus plenum region 
source term of a BPRA. However, to be conservative, the full total source term ofBPRA is used in 
the shielding analysis to bound all CCs. The source term energy distribution is shown in M.5-12. 
Any CC to be stored in a 32PT DSC must be bounded by this source term. 

Reconstituted fuel assembly is an intact fuel assembly in which one or more enriched fuel rods have 
been replaced with either stainless steel rods or zircaloy clad rods with depleted, natural or lower 
than original enriched uranium dioxide as fuel material referred to as "lower enrichment U02 rods" in 
this section. 

The replacement rod is of similar outside dimensions as the original fuel rod, displacing the same 
amount of water in the fuel matrix. The lower enrichment U02 rods are of similar design and 
behavior as the standard fuel rods aside from the uranium enrichment. 
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Reconstituted fuel assemblies with up to 56 solid stainless steel rods or unlimited number of lower 
enrichment U02 rods that replace fuel rods are also acceptable for the 32PT DSC payload. The 
reconstituted rods may be placed at any location in the fuel assembly and the reconstituted 
assemblies may be placed anywhere in the basket. The cooling time required for reconstituted fuel 
assembly is increased per Section M5.2.5. 

CE 15x15 fuel assemblies with plugging clusters having a nominal mass of 2.3 kg 304L stainless 
steel (including 0.1 kg Inconel x-750) are evaluated. The material weights in the top, plenum and the 
incore region (including the weight of the heavy metals) used for the design basis source term 
calculation bound the CE 15x15 fuel assembly with plugging clusters. 

The methodology, assumptions, and criteria used in this evaluation are summarized in the following 
subsections. 
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M.5.1 Discussion and Results 

The maximum dose rates due to 32 design-basis PWR fuel assemblies with CCs in the 
NUHOMS®-32PT DSC loaded into the Standardized NUHOMS®-HSM are summarized in Table 
M.5-3 for both the 32PT-S100/32PT-L100 and 32PT-S125/32PT-L125 design configurations. 
Table M.5-4 provides maximum and surface average dose rates on the HSM loaded with the 
NUHOMS®-32PT DSC for both the 32PT-SI00/32PT-L100 and 32PT-Sl25/32PT-Ll25 design 
configurations. Table M.5-5 provides a summary of the dose rates on and around the TC for 
canister transfer for 32PT-S100/32PT-L100 and 32PT-Sl25/32PT-Ll25 configurations. The 
dose rates in these tables are for HLZC#2. These dose rates are scaled as indicated in Section 
M5.4.16 to account for HLZC#4 and the FQTs (Technical Specifications Tables 1-3a through 1-
3p). 

A basket with two alternate poison plate configurations is also considered. One is a 16 poison 
plate and the second is a 24 poison plate configuration. Since the total weight of the material in 
the basket is the same as the original poison plate configuration, the results calculated here are 
also applicable to baskets with these alternate poison plate configurations. 

A discussion of the method used to determine the design-basis fuel and CC source terms is 
included in Section M.5.2. The model specification and shielding material densities are given in 
Section M.5.3. The method used to determine the dose rates due to 32 design-basis fuel 
assemblies with CCs in the NUHOMS®-32PT DSC design configurations is provided in Section 
M.5.4. Thermal and radiological source terms are calculated with the SAS2H/ORJGEN-S 
modules of SCALE 4.4 [ 5 .1] for the fuel. The shielding evaluation is performed with the DORT 
[5.2] code with the CASK-81 cross section library [5.3]. Sample input files used for calculating 
neutron and gamma source terms and dose rates are included in Section M.5.5.1. 

The shielding evaluations for storage configurations documented herein are based on the 
Standardized HSM design and are bounding for the HSM-HS design. This is due to the fact that 
the HSM-HS module contains at least one additional foot of concrete shielding. Therefore, no 
additional shielding calculations are necessary for the HSM-HS design. 

The shielding evaluations for loading and transfer configurations documented herein are based 
on the OS 197 TC and are bounding for the OS200 TC. This is due to the fact that the neutron 
and gamma shielding material thicknesses are slightly higher for the OS200 TC. Further, the 
aluminum sleeve employed to accommodate the smaller diameter 32PT flSC within the OS200 
TC also provides for slightly enhanced gamma shielding. Therefore, no additional shielding 
calculations are necessary for the OS200 TC. 

The NUHOMS®-32PT DSC is also authorized to store fuel assemblies containing Blended Low 
Enriched Uranium (BLEU) fuel material. [ 
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M.5.2 Source Specification 

Thermal and radiological source terms are calculated with the SAS2H/ORIGEN-S modules of 
rz:·:··:•·--··-··~·:••"'•·····~·7,.,..,, ........ ~-.'F7~'"'"""''''''"""""""1 

SCALE 4.4 [5.1] for a f'/1'<?.qvyf!l:fft.a/)v_eli/Jt.ofp.f?~})fJ'tj.! SAS2H/ORIGEN-S is used to 
develop the design-basis source terms. The thermal and radiological source terms for the CCs 
are taken from Appendix J. 

The B&W 15x15 assembly is the hounding fuel assembly design for shielding purposes because 
it has the highest initial heavy metal loading as compared to the 14x14, other 15x15, and 17xl 7 
fuel assemblies which are also authorized contents of the NUHOMS®-32PT DSC. In addition, 
the maximum Co59 content of the hardware regions for each assembly type is less than that of 
the B&W 15x15 Mark B fuel assembly. The neutron flux during reactor operation is peaked in 
the active fuel or in-core region of the fuel assembly and drops off rapidly outside the active fuel 
region. Much of the fuel assembly hardware is outside of the active fuel region of the fuel 
assembly. To account for this reduction in neutron flux, the fuel assembly is divided into four 
exposure "regions." The four axial regions used in the source term calculation are: the bottom 
(nozzle) region, the active fuel region, the (gas) plenum region, and the top (nozzle) region. The 
B&W 15x15 fuel assembly masses for each irradiation region are listed in Table M.5-6. The 
light elements that make up the various materials for the various fuel assembly materials are 
taken from reference [5.4] and are listed in Table M.5-7. The design-basis heavy metal weight is 
0.475 MTU. These masses are irradiated in the appropriate fuel assembly region in the 
SAS2H/ORIGEN-S models. To account for the reduction in neutron flux outside the active fuel 
regions neutron flux (fluence) correction factors are applied to light element composition for 
each region. The neutron flux correction factors are given in Table M.5-8. 

The fuel qualification tables are generated based on the decay heat limits for the various heat 
load zoning configurations shown in Figure M.2-1 through Figure M2-3a. SCALE6. O/ORIGEN
ARP is used to calculate the minimum required cooling time as a function of assembly initial 
enrichment and bumup for each decay heat limit. The total decay heat includes the contribution 
from the fuel as well as the hardware in the entire assembly. The FQTs also account for the 8 
watts per design basis CC. Because the decay heat generally increases slightly with decreasing 
enrichment for a given bumup, it is conservative to assume that the required cooling time for a 
higher enrichment assembly is the same as that for a lower enrichment assembly with the same 
bumup. The required cooling time for initial enrichments that fall between any two data points 
are assumed to be that of the lower enrichment case results. 
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Reconstituted fuel assemblies containing up to 56 stainless steel rods that replace fuel rods are 
also acceptable for the 32PT DSC payload provided the cooling time requirements of the fuel 
qualification tables are met. Additional discussion of the methodology used to evaluate 
reconstituted fuel assemblies is provided in Section M.5.2.5. 

The 1-D discrete ordinates code ANISN [5.5] and the CASK-81 22 neutron, 18 gamma-ray 
energy group, coupled cross-section library [5.3] is used to determine these design-basis source 
terms. Finding the burnup/initial enrichment/cooling time combinations from the fuel 
qualification tables and decay heat load zoning configurations that produce the maximum dose 
rate on the HSM roof determine the design-basis source term for the HSM shielding calculations. 
Similarly the design-basis source terms for the OS 197/OS197H TC are determined by finding 
the maximum surface dose rates on the side of the cask. This approach, described in detail in 
Section M.5.2.4, is consistent with the method used to determine the fuel qualification tables for 
the Standardized NUHOMS® canister designs described in Section 7.2.3. 

The radiological source terms generated in the SAS2H/ORIGEN-S runs are used in the ANISN 
evaluations to calculate the surface dose rates. The ANISN models are similar to the appropriate 
DORT models for the locations of interest. Heat load configuration 2 (Figure M.2-2) is used in 
the DORT analysis. The HSM design-basis source terms for the outer ring of assemblies 
(modeled as sixteen assemblies) are from fuel with 41 GWd/MTU burnup, an initial enrichment 
of 3.1 wt.% U-235 and 5-years cooling. The HSM design-basis source terms for the inner 
sixteen assemblies are from fuel with 30 GWd/MTU burnup, and initial enrichment of2.5 wt.% 
U-235 and 8-years cooling. Note that using this approach in modeling the outer ring of sixteen 
assemblies with the 1.2 kW source terms for all of the shielding analyses results in fairly 
conservative dose rates because the shielding analysis is in reality based on a 28.8 kW heat load. 
The TC design-basis source terms for the outer ring of assemblies (conservatively modeled as 
sixteen assemblies) are from fuel with 41 GWd/MTU burnup, an initial enrichment of 3.1 wt.% 
U-235 and 5-years cooling. The TC design-basis source terms for the inner sixteen assemblies 
are from fuel with 45 GWd/MTU burnup, and initial enrichment of 3.3 wt.% U-235 and 23-
years cooling. 

A sample SAS2H/ORIGEN-S input file for the Active Fuel Region for the 41 GWd/MTU, 3.1 
wt.% U-235 and 5-years cooling case is listed and commented in Section M.5.5.1. 

M.5.2.l Gamma Source 

Four SAS2H/ORIGEN-S runs are required for each burnup/initial enrichment/cooling time 
combination to determine gamma source terms for the four regions of interest for each fuel 
assembly; the bottom, active fuel, plenum and top regions. The only difference between the runs 
is in Block #10 "Light Elements" of the SAS2H input and the 81$$ card in the ORIGEN-S input. 
Each run includes the appropriate Light Elements for the region being evaluated and the 81 $$ 
card is adjusted to have ORIGEN-S output the total gamma source for the active fuel region and 
only the light element source for the plenum and top nozzle regions. 
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- -------------------------------------------

The design-basis source terms for the authorized CC designs are taken from Appendix J of the 
FSAR and are provided in Table M5-12. The design-basis CC source terms from Appendix J of 
the FSAR are based on three bounding BPRA designs 1) B&W 15x15 Burnable Absorber 
Assemblies with up to 2 cycles burnup and 5-year cooled, 2) WE 17xl 7 Pyrex Burnable 
Absorber, 2-24 Rodlets with up to 2 cycles burnup and 10-year cooled, and 3) WE 17xl 7 
WABA Burnable Absorber, 3-24 Rodlets with up to 2 cycles burnup and 10-year cooled. 

All other CCs, including BPRA types other than the three analyzed above, must be examined on ,-------, 
a rf!~~-'-b_lj-Case basis to demonstrate that they are bounded by the design basis CC source. 
Specifically, the maximum allowed CC gamma source is S~9JE+13 t_;!assemblylfar BPRAs, 

~-·-v-• ·······•· -·••• •· •··~- .'."" ··-~--· -······· ...... 1 ' -·-· .-·-··---· -·········-····---·--···--· . ~ 
NSAs, CRAs, and BAs ~IJcf1:l&±!Xi(§/q§.§~1!!!2fJ!.jfor TP As. 

The SAS2H/OR1GEN-S gamma ray source is output in the CASK-81 energy group structure. 

Gamma source terms for the active fuel region include contributions from actinides, fission 
products, and activation product. The bottom, plenum and top nozzle regions include the 
contribution from the activation products in the specified region only. These results for the 41 
GWd/MTU, 3.1 wt.% U-235 and 5-years cooling case are shown in Table M.5-9. The results 
for the 30 GWd/MTU, 2.5 wt.% U-235 and 8-years cooling case are shown in Table M.5-10. 
Finally, the results for the 45 GWd/MTU, 3.3 wt. % U-235 and 23-years cooling case are shown 
in Table M.5-11. 

Gamma source terms for use in the shielding models are calculated by multiplying the assembly 
sources by the number of assemblies in the region of interest (16) and dividing by the appropriate 
inner/outer heat load region volume. The appropriate assembly region volumes for both the 
inner and outer heat load zones are listed in Table M.5-13. 

M.5.2.2 Neutron Source Term 

One SAS2H/OR1GEN-S run is required for each burnup/initial enrichment/cooling time 
combination to determine the total neutron source terms for the active fuel regions. The results 
for each burnup/initial enrichment/cooling time combination of interest are summarized in Table 
M.5-14. 

Neutron source terms for use in the shielding models are calculated by multiplying the assembly 
sources by the number of assemblies in the active fuel region of interest (16) and dividing by the 
appropriate active fuel inner/outer heat load region volume. The appropriate assembly region 
volumes for both the inner and outer heat load regions are listed in Table M.5-13. 

M.5.2.3 Axial Peaking 

Axial peaking factors for both neutron and gamma sources in PWR fuel are taken from 
Reference [5.6]. These peaking factors were derived from work performed by the Department of 
Energy in support of its Topical Report for bumup credit [5.7]. The neutron and gamma peaking 
factors are shown as a function of the core height in Table M.5-15. These factors are directly 
applied to each DORT interval in the fuel region. Neutron peaking factors in each zone are equal 
to the gamma factor raised to the fourth power to correctly account for the variation of neutron 
source with burnup. The axial source distribution defined in Table M.5-15 introduces some level 
of conservatism into this calculation because the length average peaking factor of 1 :06 is greater 
than 1. 
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M.5.2.4 ANISN Evaluation for Bounding Source Terms 

SAS2H is used to calculate the minimum required cooling time as a function of assembly initial 
enrichment and burnup for each decay heat limit. To determine which configuration and burnup, 
wt. % initial enrichment and cooling time combinations result in the bounding dose rates on the 
surface of the HSM and TC, the total source term, which includes the contribution from the fuel 
as well as the hardware in the entire assembly (including end fittings) is used to calculate its total 
ANISN dose rate on the HSM roof and TC radial using the ANISN code. 

The CC contribution is fixed and is included in the design basis shielding evaluation as such and 
therefore is not included in this ANISN evaluation. 

ANISN [5.5] determines the fluence of particles throughout one-dimensional geometric systems 
by solving the Boltzmann transport equation using the method of discrete ordinates. Particles 
can be generated by either particle interaction with the transport medium or extraneous sources 
incident upon the system. Anisotropic cross-sections can be expressed in a Legendre expansion 
of arbitrary order. 

The ANISN code implements the discrete ordinates method as its primary mode of operation. 
Balance equations are solved for the flow of particles moving in a set of discrete directions in 
each cell of a space mesh and in each group of a multigroup energy structure. Iterations are 
performed until all implicitness in the coupling of cells, directions, groups, and source 
regeneration is resolved. 

ANISN coupled with the CASK-81 22 neutron, 18 gamma-ray energy group, coupled cross
section library [5.3] and the ANSI/ANS-6.1.1-1977 flux-to-dose conversion factors [5.10] is 
chosen to generate the ANISN dose rates used to determine the relative strength of the various 
source terms from fuel assemblies to determine the design basis source terms for the HSM and 
TC. These design basis source terms are used with DORT to calculate the bounding system dose 
rates. ANISN provides an efficient method to calculate the design basis source terms. 

The surface dose rates are calculated using individual ANISN models to perform the evaluation 
for the fuel assembly parameters in the fuel qualification table. The ANISN model used to 
calculate the relative dose rates on the HSM surface is similar to the cut through the center of the 
DORT HSM roof model used for the shielding evaluation (for each configuration). The ANISN 
model used to generate the relative dose rates on the TC is similar to the cut through the center of 
the DORT TC side model used for the shielding evaluation. Figure M.5-31 and Figure M.5-32 
provide sketches for the ANISN models of the HSM roof and TC centerline, respectively. When 
modeling 0.63 kW or 0.60 kW source region in Region A (16 assemblies) of Figure M.5-31 and 
Figure M.5-32, the Region B does not include any source terms. Similarly, when modeling 0.87 
kW or 1.2 kW source region in Region B (16 assemblies), of these figures, the Region A does 
not include any source terms. 
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For modeling 0.7 kW source region, both Region A and Region B (32 total assemblies) include 
source terms corresponding to 0.7 kW. An example ANISN input file is included in Section 
M.5.5.5. 

The material densities used in the ANISN models for the various model regions are listed in 
Table M.5-27. These material densities are very similar to those used for the DORT and MCNP 
analysis, but are simplified to reduce the size of the ANISN input decks. Only the important 
elements of a give material are included and the gram density of the material is maintained. The 
density ofNS-3 is used instead of water in ANISN models. This has no impact on the results of 
ANISN evaluation because ANISN is only used to compare the relative strength of the source 
terms for each entry in the fuel qualification table. 

To determine the design basis source terms to be used in the HSM shielding calculations, the 
total roof surface dose rates for the configurations shown in Figure M.2-1, Figure M.2-2 and 
Figure M.2-3 are calculated. Configuration 1 consists of sixteen 0.63 kW/FA inner assemblies 
and sixteen 0.87 kW/FA outer assemblies, Configuration 2 is based on bounding assumption of 
sixteen 0.6 kW IF A inner assemblies and sixteen 1.2 kW IF A outer assemblies, and Configuration 
3 consists of thirty-two 0.7 kW/FA assemblies. 

For Configuration 1, the maximum total roof dose rate is 35.0 plus 0.19 or 35.2 mrem/hr. For 
Configuration 2, the total roof dose rate is 46.87 plus 0.16 or 47.03 mrem/hr, while for 
Configuration 3, the total roof dose rate is 28.4 mrem/hr. Based on these results, Configuration 2 
results in the maximum dose rates for the HSM. (Note that Configuration 4 is not evaluated here 
because Configuration 4 did not exist at the time the DORT analysis was performed. 
Configuration 4 is evaluated in Sections M5.2. 7 and M5.4.16). Design basis source terms for 
the outer ring of assemblies (conservatively modeled as sixteen assemblies) are from fuel with 41 
GWd/MTU bumup, an initial enrichment of 3.1 wt.% U-235 and 5 years cooling. The design 
basis source terms for the inner sixteen assemblies are from fuel with 30 GWd/MTU bumup, and 
initial enrichment of 2.5 wt.% U-235 and 8 year cooling. Note that using this approach in 
modeling, the outer ring of sixteen assemblies with the 1.2 kW source terms, results in fairly 
conservative dose rates because the shielding analysis is in reality based on a 28.8 kW heat load. 

Similarly, to determine the design basis source terms to be used in the Transfer Cask shielding 
calculations, the total side centerline surface dose rates for the configurations shown in Figure 
M.2-1, Figure M.2-2 and Figure M.2-3 are calculated using the results provided in Table M.5-28 
through Table M.5-37. For Configuration 1, the total side dose rate is 404.86 plus 34.57 or 
439.43 mrem/hr. For Configuration 2, the total side dose rate is 593.8 plus 32.08 or 625.88 
mrem/hr, while for Configuration 3, the total roof dose rate is 331.4 mrem/hr. (Note that 
Corifiguration 4 is not evaluated here because Configuration 4 did not exist at the time the 
DORT analysis was performed. Configuration 4 is evaluated in Sections M5.2. 7 and M5.16). 
Based on these results, Configuration 2 results in the maximum dose rates for the TC. Design 
basis source terms for the outer ring of assemblies (conservatively modeled as sixteen 
assemblies) are from fuel with 41 GWd/MTU bumup, an initial enrichment of 3.1 wt.% U-235 
and 5 years cooling. The design basis source terms for the inner sixteen assemblies are from fuel 
with 45 GWd/MTU bumup, and initial enrichment of 3.3 wt.% U-235 and 23 year cooling. 
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ANISN may be used to develop a "response function" to calculate the gamma and neutron dose 
rates. The ANISN response functions receive as input the neutron and gamma source terms as 
calculated by SAS2H. The response function methodology is numerically equivalent to 
modeling each individual case in ANISN. 

Separate response functions are generated for the source in the inner 16 assemblies (for 0.63 and 
0.6 kW/assembly heat loads), outer 16 assemblies (for 1.2 and 0.87 kW/assembly heat loads), 
and all 32 assemblies (for 0.7 kW/assembly heat load). These response functions are provided in 
Table M.5-38 through Table M.5-43. 

To generate a gamma response function, a separate ANISN model is executed with a single 
gamma per assembly in each of the 18 CASK-81 gamma groups. Once the dose rate resulting 
from a single gamma per assembly is known for each energy group, the dose rate for a given 
gamma source can be determined simply by multiplying the source strength in each group by the 
dose rate contribution for that group and summing the results. 

A neutron response function is generated in a similar fashion as a gamma response function, 
although only one ANISN neutron file is required because the neutron spectrum is adequately 
represented by the Cm-244 spectrum. Therefore, the ANISN model is executed with one neutron 
per assembly distributed throughout all 22 groups. The dose rate of secondary neutron capture 
gammas is calculated by ANISN in addition to the neutron dose rate. This method allows for the 
calculation of the neutron and capture gamma dose rate on the surface of the TC or HSM 
knowing only the magnitude of the neutron source. 
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M.5.2.5 Reconstituted Fuel 

As explained in Section M.5.2, reconstituted fuel assemblies may contain up to 56 stainless steel 
rods th~t replace fuel rods. Because steel rods replace fuel rods, tI:ie decay heat of a reconstituted 
assembly is typically less than the decay heat of an equivalent standard assembly. Conversely, 
because steel contains Co-59 which activates to form Co-60, for low cooling times a 
reconstituted assembly typically generates higher dose rates than an equivalent standard 
assembly. 

To quantify this statement, additional SAS2H runs are generated for reconstituted assemblies. 
The SAS2H input files for a reconstituted assembly with 56 stainless steel rods are very similar 
to the input files for a standard assembly except for the following changes: (1) The number of 
fuel rods is reduced from 208 to 152 to account for 56 stainless steel rods, (2) the POWER input 
variable is adjusted to maintain the correct burnup for the reduced fuel loading, and (3) the light 
elements change to reflect that 56 fuel rods have been replaced with steel rods. 

Note that a reconstituted rod cannot be irradiated for more than two cycles because the first cycle 
will always contain fresh, undamaged fuel. To accurately model this behavior, two SAS2H 
models are generated for each transition point. The first SAS2H model is for only one cycle of 
irradiation of 56 reconstituted rods, while the second SAS2H model is for three cycles of 
irradiation of 56 reconstituted rods. By subtracting the single cycle source term of the 
reconstituted rods from the total source term (fuel and reconstituted rods) for three cycles, the 
source term for three cycle irradiation of fuel and two cycle irradiation of reconstituted rods is 
generated. 

This source term is inserted into the HSM and OS197/0S197H TC response functions to 
determine the dose rates for comparison to the design basis source dose rates. If the 
reconstituted fuel dose rate for either the HSM or OS 197/OS197H TC exceeded the dose rate 
with design basis fuel, cooling time is increased for the reconstituted fuel source term 
calculation. When the reconstituted fuel with 56 stainless steel rods is analyzed using this 
approach, no more than 6 additional years of cooling time is required for reconstituted fuel to be 
bounded by the design basis source. 
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Similarly, for reconstituted fuel assemblies with a maximum of IO stainless steel rods, a 
maximum of 1.5 years of additional cooling time is required for reconstituted fuel to be bounded 
by the design basis source. Alternatively, the licensee can qualify fuel assemblies with fewer 
than the maximum number of irradiated stainless steel rods and reduce cooling time 
requirements. 

M5.2.6 SCALE6.0IORIGEN-ARP Fuel Qualification Tables 

SCALE6.0/0RJGEN-ARP is used to develop unified fuel qualification tables (FQTs). These 
FQTs apply to the 32PT, 32PTHJ, 24PTH, and 37PTH DSCs, as the FQTs are developed solely 
on heat load. These FQTs are provided in the Technical Specifications, Tables J-3a through l-
3p. 

FQTs are developed for three different uranium loadings: 0.492 MIU, 0.475 MIU, and 
0.380 MIU (Note that the 32PT DSC is limited to a maximum of0.475 MIU) Because cooling 
times are selected to target specific decay heat values and decay heat is proportional to the 
uranium loading, the FQT cooling times decrease with decreasing uranium loading to maintain 
the same heat load. In most cases, the uranium loading of a fuel assembly will fall between the 
0.492 MIU, 0.475 MIU, and 0.380 MIU values. In such cases, the cooling time interpolation 
methodology described in Section M5.6 may be employed. 

The FQTs are developed to target decay heat values 10 watts below the licensing limits 
prescribed in the Heat Load Zone Configurations for each fuel assembly. This is to account for 
the presence of CCs, which have a maximum decay heat of 8 watts. Also, the minimum fuel 
assembly cooling time is 2 years. 

Each FQT contains an unanalyzed zone marked in the FQTs as gray. Limited extrapolation of 
FQT cooling times into the unanalyzed regions is allowed. The extrapolation may be performed 
for a maximum difference of 4 GW d/MIU in burnup or 0.4 wt.% in enrichment. The 
extrapolation may be performed for either fixed enrichment (variable burnup,fixed FQT 
column) or fixed burnup (variable enrichment, fixed FQT row). The methodology is: 

1. Perform a regression analysis on the FQT cooling times and associated variable (either 
burnup or enrichment). Note: All FQT cooling times in either the row or column of data 
being extrapolated shall be used, even if many of the cooling times are the same. 

2. Develop a fitting equation for the data. Afourth-order polynomial with parameters having 
at least six significant digits to avoid rounding errors is recommended. 

3. Use the fitting equation to compute the extrapolated cooling time at the desired enrichment 
or burnup. 

4. Add 0.2 years as additional margin. 

Because extrapolation may be performed on either an FQT row or column of data, in some cases 
extrapolation to the same FQT cell could be achieved using either data set. It is possible that the 
extrapolating equations with two alternative sets of parameters may result in slightly different 
predictions for the cooling times. However, either of the predicted values are legitimate to use 
because they are both conservative. 
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M 5.2. 7 SCALE6. OIORJGEN-ARP Source Terms 

Because the original FQTs have been replaced with unified FQTs (Technical Specifications 
Tables l-3a through l-3p), the design basis source terms developed in Section M5.2 are 
obsolete because they are based upon burnup, enrichment, and cooling time combinations that 
are no longer applicable. Therefore, SCALE6. O/ORJGEN-ARP design basis source terms are 
developed based on the unified FQTs. 

It is demonstrated in Section M5.2 that Heat Load Zone Configuration 2 (HLZC#2) bounds 
Configurations 1and3. However, the analysis in Section M5.2 does not consider HLZC#4, 
which was added at a later time. Comparing HLZC#2 and #4, it is observed that the 1.2 kW 
corner fuel assembles of HLZC#2 have been replaced with 2.2 kW fuel assemblies in HLZC#4. 
Because gamma source terms correlate with decay heat, HLZC#4 is the bounding configuration 
for dose rate analysis. 

The methodology used to develop the SCALE6. O/ORJGEN-ARP design basis source terms is the 
same as described in Section M5.2. However, because HLZC#4 is more non-uniform than 
HLZC#2, the three-zone 32PTH1 DSC transfer cask response functions from Chapter U5, Table 
U5-15, are used. The response functions are used to evaluate the source terms for each FQT 
burnup, enrichment, and cooling time (BECT) combination. The BECT combination that results 
in the maximum dose rate is selected as the design basis source. Because the response jitnctions 
are only used to rank the BECT combinations, using the 32PTH1 DSC response functions for the 
32PT DSC HLZC#4 is acceptable. 

Based on the ANISN response function analysis, the SCALE6. O/ORIGEN-ARP design basis 
source terms for 32PT DSC HLZC#4 in the OS197 transfer cask are: 

• 0.4 kW: 45 GWd/MIU, 1.1% enrichment, 36.4 years cooling (Table M5-49) 

• 0.6 kW (inner): 45 GWd/MIU, 1.1% enrichment, 18.2 years cooling (Table M5-50) 

• 0.6 kW (outer): 31 GWd/MIU, 1.1% enrichment, 6.6 years cooling (Table M5-51) 

• 2.2 kW: 45 GWd/MIU, 1.1% enrichment, 2. 7 years cooling (Table M5-52) 

Source terms are provided only for the minimum uranium loading'of0.380 MIU While 
0.380 MIU and 0.475 MIU source terms are similar for equivalent decay heat, the 0.380 MIU 
source terms result in bounding dose rates compared to 0.475 MIU source terms because the 
self-shielding is reduced. 

The MCNP 5 neutron models are run with the NONU card to suppress subcritical neutron 
multiplication. Subcritical neutron multiplication is addressed by multiplying the neutron source 
computed by ORIGEN-ARP by 11(1-ke.ff). Values ofkeffappropriatefor the burnups of the 
sources are provided in the source term tables (Table M5-49 through M5-52). 
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The gamma source in the active fuel region is modeled with the axial burnup profile appropriate 
for the burnup of the source and is obtained/ram Table 20 ofORNLITM-12973 [5.16]. These 
profiles are summarized in Table M5-53. The neutron profile is derived as the lh power of the 
gamma profile and is also summarized in Table M5-53. The burnup peaking/actor accounts for 
the increase in the neutron source magnitude due to the axial burnup profile. The burnup 
peaking factors used in the neutron calculations are provided in the source term tables (Table 
M5-49 through M5-52). 

The CC source terms provided in Table M5-12 are applicable and may be added to the fuel-only 
source terms provided in Table M5-49 through Table M5-52. 
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M.5 .4 Shielding Evaluation 

Dose rate contributions from the bottom, in core, plenum and top regions, as appropriate, from 
32 0.490 MTUfuel assemblies with CCs are calculated with the DORT Code [5.2] at various 
location on and around the NUHOMS® -32PT DSCs, RSM, and OS197/0S197H TC. 

The radiation shielding evaluation for the Standardized NUHOMS® System during loading, 
transfer and storage for the 24P and 52B canisters is discussed in Sections 3.3.5, 7.0 and 8.0 of 
the FSAR. The following shielding evaluation discussion specifically addresses the 
NUHOMS®-32PT-S100/32PT-L100 and 32PT-S125/32PT-L125 DSCs in an HSM and TC using 
the 0.490 MTU design-basis source terms determined in Section M.5.2. 

Dose rate contributions from the bottom, in core, plenum and top regions, as appropriate, from 
32 0.380 MTU fael assemblies with CCs are also calculated, but with the MCNP 5 Code [5.17], 
at various locations on and around the NUHOMSJY 32PT DSCs within the HSM and 
OS197/0S197H TC. 

The shielding evaluation that determines the effect of loading 0.380 MTU per assembly on the 
dose rates is described in Section M5.4. l 6. 

M.5.4.1 Computer Programs 

DORT [5.2] determines the fluence of particles throughout one-dimensional or two-dimensional 
geometric systems by solving the Boltzmann transport equation using either the method of 
discrete ordinates or a diffusion theory approximation. Particles can be generated by either 
particle interaction with the transport medium or extraneous sources incident upon the system. 
Anisotropic cross-sections can be expressed in a Legendre expansion of arbitrary order. 

The DORT code implements the discrete ordinates method as its primary mode of operation. 
Balance equations are solved for the flow of particles moving in a set of discrete directions in 
each cell of a space mesh and in each group of a multigroup energy structure. Iterations are 
performed until all implicitness in the coupling of cells, directions, groups, and source 
regeneration is resolved. 

DORT was chosen for the 0.490 MTU analysis because of its ability to solve two dimensional, 
cylindrical, deep penetration radiation transport problems similar to the NUHOMS® System. 

The MCNP code, MCNP5 [5.17] with the continuous energy ENDFB-VI cross section library is 
employed to determine the 0. 380 MTUIF A dose rates for the shielding analysis described in 
Section M5.4.16. MCNP5 has been employed to perform the shielding analysis of the 24PTH 
System (Appendix P.5), the 32PTH1 System (Appendix U5), and the 37PTH System (Appendix 
Z.5). 

M.5.4.2 Spatial Source Distribution 

The source components are: 

• The neutron sources due to the active fuel regions of the inner sixteen and outer sixteen fuel 
assemblies, 
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• The gamma source due to the active fuel regions of the inner sixteen and outer sixteen fuel 
assemblies, 

• The gamma source due to the plenum regions of the inner sixteen and outer sixteen fuel 
assemblies, 

• The gamma source due to the top regions of the inner sixteen and outer sixteen fuel 
assemblies, 

• The gamma source due to the bottom region of the inner sixteen and outer sixteen fuel 
assemblies, 

• The gamma source due to the 32 CCs in the active fuel region, 
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M.5.4.13.4 Outer Cover Welding 32PT-S100/32PT-L100 DSC Configuration 

The dose rates during outer cover welding for 32PT-SI00/32PT-LIOO DSC configuration are 
shown in Figure M.5-28. 

M.5.4.14 Supporting 3-D Analysis 

The purpose of this section is to provide supportive three-dimensional shielding analysis of the 
NUHOMS®-32PT System to demonstrate that the 2-D DORT analysis described above bounds a 
three dimensional analysis of the HSM with the bounding 32PT canister and source terms. As 
demonstrated in Table M.5-3 and Table M.5-4, the bounding 32PT canister is the 32PT
S100/32PT-L100 DSC Design Configuration with eight (modeled as 16) 1.2 kW (41 GWd/MTU, 
3.1 wt.% U-235, 5-year cooled fuel) fuel assemblies and 24 (modeled as 16) 0.6 kW (30 
GWd/MTU, 2.5 wt.% U-235, 8-year cooled fuel) fuel assemblies with 32 design basis CCs. The 
source terms (Section M.5.2) and material densities (Section M.5.3.1) used in the MCNP models 
are the same as those used in the DORT models including the axial peaking factors described in 
Section M.5.2.3. Figure M.5-29 and Figure M.5-30 are MCNP generated cuts through the 3-D 
model of the canister and HSM. The figures show the shielding materials and thicknesses as 
modeled with MCNP. An example input deck is included in Section M.5.5.4. 

To demonstrate that the 2-D DORT analysis bounds a 3-D analysis the peak neutron and gamma 
dose rates on the roof and front vents; roof surface average; and peak neutron and gamma dose 
rates on the HSM door are compared. The results are provided in Table M.5-24. As shown by 
the results reported in Table M.5-24, the 2-D DORT analysis bounds the 3-D MCNP analysis. 

In addition, this 3-D shielding analysis with MCNP has been validated by comparison to actual 
measured dose rate data from installed NUHOMS® Systems. 

The actual measured dose rate data is from surveys taken at which utilizes the NUHOMS®-24P 
storage system. The HSM Model 80 and B&W 15x15 mark B fuel assembly type are identical to 
that evaluated with the 32PT System. MCNP models are developed for the stored canister and 
the HSM. The MCNP models were used to calculate dose rates at locations around the HSM that 
correspond to the various survey locations for which the data is reported. 

The results of these benchmark runs are shown in Table M.5-25 and Table M.5-26. 

The results show that MCNP predicts conservatively higher total (neutron plus gamma) dose 
rates compared to the measured data. For those two points (neutron dose on the roof bird screens 
for DSC 45 and gamma dose rate on HSM door) where the measured data is higher than the 
calculated data, it should be noted that the magnitude of these dose rates is small. However, at 
these two locations the calculated total dose rate is still higher than the measured dose rates. 
Therefore, a ratio of 0.8 for calculated/measured dose rates for the aforementioned two points is 
regarded as a fairly accurate estimate. Some conservatism still exists in the methodology used to 
calculate the source terms, and this is why the calculated dose rates are, in general, higher than 
the measured dose rates. 
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M 5.4.15 Impact on Dose Rates due to Reduced Density Concrete and Gaps between HSMs 
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M5.4.16 DORT Dose Rate Scaling Factor Determination 

The 32PTIOS197TC and 32PTIHSM dose rates computed by DORT and reported in Tables 
M5-3, M5-4, M5-5, and M5-23 must be scaled up to account for the following effects: (1) 
HLZC 4, which bounds HLZC 2 used in the DORT runs, (2) the source terms developed in 
Section M5.2. 7, which are more penalizing than the design basis source terms used in the DORT 
analysis, and (3) 0.380 MTU fuel assemblies, which results in a self-shielding penalty compared 
to the 0.475 MTU fuel assemblies used in the DORT analysis. 

Dose rate calculations are performed using 3-D MCNP5 models. The approach is performed as 
follows: First, MCNP models are created to supplement the DORT analysis contained in this 
appendix. The maximum gamma, neutron, and total side on contact dose rates for the 
32PT-L125 DSC in the OS197 TC using MCNP5 and 0.475 MTUfuel with HLZC 4 are 
calculated for the normal transfer corifiguration 

The MCNP5 model geometry is similar to Figure M5-1, although the transition rails are 
modeled as solid aluminum, consistent with the licensing drawings. (The model depicted in 
Figure M5-1 is used only to justify the DORT basket model homogenization assumptions, as 
detailed in Section M5.4. 7.) The HLZC 4 loading corifiguration is asymmetric, resulting in the 
heat load being higher in the upper hemisphere compared to the lower hemisphere. Only the 
upper right quadrant is modeled, with reflective boundaries modeled on the west and south 
surfaces. Modeling quarter symmetry is conservative because it results in a total basket heat 
load of(0.4+0.6*5+2.1*2)*4 = 30.4 kW rather than the HLZC 4 total of24 kW 

The models are then benchmarked by comparing the MCNP results to those found using DORT 
with 0.475 MTUfuelfor the normal transfer configuration. This comparison verifies that the 
MCNP models produce results which are conservatively representative for the 32PT-Ll 25 DSC 
in the OS197 TC. 
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The models are then used to generate reduced MIU dose rate results. The maximum gamma, 
neutron, and total side on contact dose rates for the 32PT-L125 DSC in the OS197 TC using 
MCNP5 and 0.380 MIU fuel using HLZC 4 are calculated/or the normal transfer configuration. 

With only 1 dose rate data point available from the MCNP models, it is necessary to use a 
scaling/actor approach in order to update the other data contained in Tables M5-3, M5-4, 
M5-5, and M5-23. The, shielding characteristics of the 32PT DSC in the OS197 TC are shown 
to be conservatively approximated by the 32PTH1 DSC in the OS200 TC by comparing the 
scaling factor of the change in dose rates from loading high MIU fuel to loading low MIU fuel 
for the two systems. This is done as follows: 

• The 32PT-Ll 25/0Sl 97 TC 0.380 MIUIHLZC 4 side on contact total dose rate results are 
compared to the 0.475 MIUIHLZC 2 side on contact total dose rate results to create a side 
on contact total dose rate scaling factor for the normal transfer configuration. 

• This scaling/actor is compared to the same scaling/actor generated for the 32PTH1 DSC in 
the OS200 TC. 

In Appendix U, Section U 5. 4.12, the side total dose rate scaling factor for 0. 380 MIU 
fuel VS. 0.490 MIU fuel for the 32PTH1 DSC in the OS200 TC in the normal transfer 
configuration is 1.24. 

The same configuration scaling/actor for the 32PT-Ll25 DSC in the OS197 TC is 1.08. 

• Since the increase in the side on contact total dose rate for the 32PTH1 DSC in the OS200 
TC is greater than thatfoundfor the 32PTL-125 DSC in the OS197 TC, it is conservative to 
use the dose rate scaling/actors derived for the 32PTH1 System to approximate the dose rate 
impact of loading 0.380 MIU fuel into the 32PT System. The actual dose rates are not 
comparable between the two systems, but the change in dose rates from loading high MIU 
fuel to loading low MIU fuel for 32PT is conservatively approximated by 32PTH1. 

The maximum and average total dose rate scaling/actors derived in the 32PTH1 System for both 
the HSM and TC in Appendix U, Section U 5. 4.12 are also used here. 

• The dose rates for the HSM front and roof are to be scaled by 1.18. 

• The dose rates for the HSM side and rear are to be scaled by 1. 3 6. 

• The site dose for the HSM is to be scaled by 1.18. 

• The dose rates for the TC for normal, welding and decontamination are to be scaled as 
follows: 

by 1.24 for the side, 

by 1. 63 for the top, 

by 1. 91 for the bottom. 

• The dose rates for the TC for accidents are to be scaled by 1.13 based on an explicit MCNP 5 
32PT DSC model. 
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• The occupational exposure for the TC loading and storage operations is to be scaled by 1.20. 

These scalingfactors are included as footnotes in the dose rate results summarized in Table 
M5-3, M5-4, M5-5, and M5-23. 

These scaling factors are also employed to scale the occupational exposure and generic site dose 
(2X10 back-to-back and front-to-front arrays) results calculated for the 32PT System in 
Appendix M 10, and to scale the dose rate consequences of accidents for the 32PT System in 
Appendix M 11. 
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5.13 Deleted. 

5.14 ORNL/TM-2005139, Version 6, SCALE: A Modular Code System for Performing 
Standardized Computer Analyses for Licensing Evaluation, Oak Ridge National 
Laboratory, January 2009. 

5.15 LA-UR-03-1987, MCNP -A General Monte Carlo N-Particle Transport Code, Version 5, 
Los Alamos National Laboratory, April 2003. 

5.16 ORNLITM-12973, Sensitivity and Parametric Evaluations of Significant Aspects of 
Burnup Credit for PWR Spent Fuel Packages, Oak Ridge National Laboratory, May 
1996. 

5.17 "Monte Carlo N-Particle Transport Code System," CCC-730, Oak Ridge National 
Laboratory, RSICC Computer Code Collection, August 2001. 
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Table M.5-1 
PWR Fuel Assembly Design Characteristics<3

> 

Assembly Class B&W WE CE WE 
15x15 17x17 15x15 15x15 

DSC Configuration Max Unirradiated Length (in) 
32PT-S100 165.75 165.75 165.75 165.75 
32PT-Ll00 l 71.71 l1J l 71.71 l 1J 171.71 171.71 
32PT-Sl25 165.75 165.75 165.75 165.75 
32PT-L125 171.71 (l) 171.71 (l) 171.71 171.71 
Fissile Material U02 U02 U02 U02 
Maximum 

0.475 0.475 0.475 0.475 MTU/assembly<2> 

Maximum Number of 
208 264 216 204 

Fuel Rods 
Maximum Number of 
Guide/ Instrument 17 25 9 21 
Tubes 

<1> Maximum Assembly + CC Length (unirradiated) 
<2> The maximum MTU/assembly is based on the shielding analysis. 
<
3> Maximum Co-59 content in the Top End Fitting Region is 15.6 grams per assembly. 

Maximum Co-59 content in the Plenum Region is 5.0 grams per assembly. 
Maximum Co-59 content in the Active Fuel Region is 24.7 grams per assembly. 
Maximum Co-59 content in the Bottom Region is 12.8 grams per assembly. 
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CE WE 
14x14 14x14 

165.75 165.75 
171.71 171.71 
165.75 165.75 
171.71 171.71 
U02 U02 

0.475 0.475 

176 179 

5 17 
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Table M.5-3 
Dose Rates Due to the 32 PWR Fuel Assemblies with CCs 

Configuration 2 Configuration 2 
32PT-S100/32PT-L100 DSC Design 32PT-S125/32PT-Ll25 DSC Design 

Dose Rate Location Configuration Configurations 

Gamma Neutron Totai<1> Gamma Neutron Tota1<1> 

(mrem/hr) (mrem/hr) (mrem/hr) (mrem/hr) (mrem/hr) (mrem/hr) 
HSM Roof (centerline )'4J 38.6 0.6 39.2 38.6 0.6 39.2 
HSM RoofBirdscreen<4

J 1201 16.9 1218 1201 16.9 1218 
HSM End Shield Wall Surfacer5

J 5.4 0.2 5.6 5.4 0.2 5.6 
HSM Door Exterior Surface 

158 36.3 185 77.5 28.1 99.3 (centerline) (4J 

HSM Front Birdscreen'4J 780 7.3 788 745 6.8 752 
HSM Back Shield Wa11r4J 1.45 0.05 1.50 1.37 0.05 1.41 
Centerline Top DSC Cover 
Plate w/3"ns3+ 1" steel Dry 
Weldinl7

; 

123 18.7 142 36.7 15.0 51.7 

Outer Edge Centerline Top DSC 
(Peak Annulus) (7) 

3834 132 3966 1458 111 1569 

Cask Surface (Radial) Contact 
Normal Conditionr6; 784 261 950 784 259 947 

3 ft from Cask Surface (Radial) 
Normal Conditionr6; 293 98.3 391 293 97.8 390 

Cask Surface (Radia~ Contact 
Accident Condition(9 1070 3780 4640 1070 3770 4630 

Cask Top Axial Surface(?; 94.8 32.6 107 37.7 27.5 48.7 

Cask Bottom Axial Surfacers; 758(2) 957(2) 1707<2> 193(3) 770(3) 960(3) 

Notes: 
(I) Gamma and Neutron peaks do not always occur at same location therefore the total is not always the sum of the ganrma plus 

neutron. 
(2) The peak bottom surface dose rate is directly below the grapple ring cut out in the bottom of the cask. The bottom average 

dose rates, including the grapple area, are 170 mrem/hr gamma, 115 mrem/hr neutron for a total average dose rate of 285 
mrem/hr. 

(3) The peak bottom surface dose rate is directly below the grapple ring cut out in the bottom of the cask. The bottom average 
dose rates, including the grapple area, are 48.7 mrem/hr gamma, 92.3 mrem/hr neutron for a total average dose rate of 141 
mrem/hr. 

(4) These dose rates increase by 18% when loading 0.380 MTU FAs. 
(5) These dose rates increase by 36% when loading 0.380 MTU FAs. 
(6) The Side dose rates increase by 24% when loading 0.380 MTU FAs. 
(7) The Top dose rates increase by 63% when loading 0.380 MTU FAs. 
(8) The Bottom dose rates increase by 91% when loading 0.380 MTU FAs. 
(9) The Accident dose rates increase by 13% when loading 0.380 MTU FAs. 
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Surface Dose Rate 
Component 

Rear<1l(4J Gamma 
Neutron 

Frontr3J 
Gamma 
Neutron 

Roof<'3J 
Gamma 
Neutron 

Side<1lr4J Gamma 
Neutron 

Notes: 
(1) Includes 24 inch shield wall. 

Table M.s-4<2> 

Summary of HSM Dose Rates 

Configuration 2 Configuration 2 
32PT-S100/32PT-Ll00 DSC 32PT-S125/32PT-L125 DSC 

Configuration Configurations 
Maximum Surface Average 

Maximum Dose 
Surface Average 

Dose Rate Dose Rate Rate (mrem/hr) 
Dose Rate 

(mrem/hr) (mrem/hr) (mrem/hr) 
1.45 0.48 1.37 0.45 
0.05 0.02 ·0.05 0.02 
780 86.4 745 56.2 
7.3 9.1 6.8 7.2 

1201 54.5 1201 54.2 
16.9 0.75 16.9 0.75 
5.4 1.7 5.4 1.7 
0.2 0.05 0.2 0.05 

(2) Dose rates can be higher by 6% to account for the use of grout during HSM fabrication and installation. 
(3) These dose rates increase by 18% when loading 0.380 MTV FAs. 
(4) These dose rates increase by 36% when loading 0.380 MTU FAs. 
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Table M.5-5 
Summary of Onsite TC Dose Rates (Maximum(!» 

Configuration 2 Configuration 2 
32PT-Sl00/32PT-Ll00 DSC 32PT-S125/32PT-L125 DSC 

Configuration Configuration 

Cask Surface Cask Surface 

Sidef4J Topf5J Bottom<2> (6) Sidef4J Topf5J Bottom<3> (6
) 

(mrem/hr) (mrem/hr) (mrem/hr) (mrem/hr) (mrem/hr) (mrem/hr) 

Neutron 2.61E+02 3.26E+Ol 9.57E+02 2.59E+02 2.75E+Ol 7.70E+02 

Gamma 7.84E+02 9.48E+Ol 7.58E+02 7.84E+02 3.77E+Ol l.93E+02 

Total 9.50E+02 l.07E+02 l.71E+03 9.47E+02 4.87E+Ol 9.60E+02 

1-Meter from Cask Surface 1-Meter from Cask Surface 

Sidef4J Topf5J Bottom<2> (6) Sidef4J Topf5J Bottom<3> (6) 

(mrem/hr) (mrem/hr) (mrem/hr) (mrem/hr) (mrem/hr) (mrem/hr) 

Neutron 9.83E+Ol l.13E+Ol 8.95E+Ol 9.78E+Ol 9.58E+OO 7.14E+Ol 

Gamma 2.93E+02 l.69E+Ol l.85E+02 2.93E+02 6.63E+OO 4.92E+Ol 

Total 3.91E+02 2.52E+Ol 2.74E+02 3.90E+02 l.45E+Ol 1.21E+02 

2-Meters from Cask Surface 2-Meters from Cask Surface 

Sidef4J Topf5J Bottom<2> (6) Sidef4J Topf5J Bottom<3> (6) 

(mrem/hr) (mrem/hr) (mrem/hr) (mrem/hr) (mrem/hr) (mrem/hr) 

Neutron 5.26E+Ol 4.47E+OO 2.83E+Ol 5.24E+Ol 3.80E+OO 2.25E+Ol 

Gamma l.73E+02 8.87E+OO 8.07E+Ol l.73E+02 3.28E+OO 2.15E+Ol 

Total 2.26E+02 1.31E+Ol l.09E+02 2.25E+02 6.82E+OO 4.40E+Ol 

Notes: 
(1) Gamma and Neutron peaks do not always occur at same location therefore the total is not always the sum of the 

gamma plus neutron. 
(2) This bottom surface dose rate is directly below the grapple ring cut out in the cask bottom. The bottom surface 

average dose rates are 115 neutron, 170 gamma or 285 total. These average dose rates include the area below 
grapple ring cutout in the cask. 

(3) This bottom surface dose rate is directly below the grapple ring cut out in the cask bottom. The bottom surface 
average dose rates are 92.3 neutron, 48.7 gamma or 141 total. These average dose rates include the area below 
grapple ring cutout in the cask. 

(4) The Side dose rates increase by 24% when loading 0.380 MTU FAs. 
(5) The Top dose rates increase by 63% when loading 0.380 MTU FAs. 
(6) The Bottom dose rates increase by 91% when loading 0.380 MTU FAs. 
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Table M.5-49 
HLZC#4 0.4 kW Design Basis Source Term 

Bounding Radiological Source at 380 kgUIFA: 
45 GWd/MTU, 1.1 wt. %, after 36.4 years of cooling 

Bottom 
In-core Plenum Top Nozzle 

E,,,;,,, MeV to Em=MeV Nozzle 
(2/s) 

(g/s) (gls) (g/s) 

O.OOe+OO to 5.00e-02 6.498E+09 3.054E+l4 1.666E+l0 4.571E+09 

5,.00e-02 to 1.00e-01 8.963E+08 9.062E+l3 2.021E+09 6.245E+08 

i. OOe-01 to 2.00e-01 2.227E+08 4.896E+l3 5.031E+08 l.527E+08 

2,.00e-01 to 3.00e-01 l.281E+07 1.510E+l3 3.019E+07 8.792E+06 

3.00e-01 to 4.00e-01 1.623E+07 9.904E+l2 3.456E+07 l.058E+07 

4;.00e-01 to 6.00e-01 2.581E+07 7.212E+l2 2.238E+07 2.479E+06 

6.00e-01 to 8.00e-01 1.569E+09 6.913E+l4 7.920E+09 l.320E+09 

8.00e-01 to 1.00e+OO l.513E+09 3.701E+l2 7.659E+09 1.281E+09 

l!OOe+OO to l.33e+OO 2.550E+ll 7.817E+l2 5.621E+ll 1. 77lE+11 

I.'33e+OO to l.66e+OO 7.200E+l0 1.227E+l2 1.587E+ 11 5.00lE+lO 

l.66e+OO to 2.00e+OO 4.915E+Ol 2.508E+l0 3.203E+Ol 6.144E-03 

2.'00e+OO to 2.50e+OO 1.723E+06 1.353E+09 3.798E+06 l.197E+06 

2.'50e+OO to 3.00e+OO l.472E+03 l.270E+08 3.245E+03 l.022E+03 

3.'00e+OO to 4.00e+OO 5.694E-06 3.727E+07 2.914E-05 4.690E-06 

4.00e+OO to 5.00e+OO 0.0 l.258E+07 0.0 0.0 

5.00e+OO to 6.50e+OO 0.0 5.050E+06 0.0 0.0 

6)0e+OO to 8.00e+OO 0.0 9.906E+05 0.0 0.0 

8.00e+OO to 1.00e+Ol 0.0 2.103E+05 0.0 0.0 

Total Gamma, g/(sec*FA) 3.377E+ll l.181E+l5 7.557E+ll 2.351E+ 11 

(!)Total Neutrons, n/(sec*FA) 3.650E+8 

(JJ'{his is a "raw" source calculated with OR/GEN-ARP. Multiply it by bpfl(J-k.jj) to 
account for subcritical neutron multiplication and an axial variation of burn-up profile 
in the activefuel re~ion, where k.n= 0.25189 and bpf=l.152. 
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Table M.5-51 
HLZC#4 0.6 kW (Outer Zone) Design Basis Source Term 

Bounding Radiological Source at 380 kgUIFA: 
31 GWDIMTU, 1.1 wt. %, after 6.6 years of cooling 

E,,,;,,, MeV . to E,n=MeV 
Bottom In-core Plenum Top Nozzle 

Nozzle (g/s) (g/s) (g/s) (g/s) 

0.00e+OO to 5.00e-02 2.545E+ll 6.054E+l4 4.619E+ll 1.301E+l l 

5.00e-02 to 1.00e-01 3.709E+l0 1.628E+l4 8.114E+l0 2.547E+l0 

1.00e-01 to 2.00e-01 l.572E+l0 1.282E+l4 2.397E+ 10 6.172E+09 

2.00e-01 to 3.00e-01 9.254E+08 3.622E+J3 1.289E+09 3.061E+08 

3.00e-01 to 4.00e-01 2.181E+09 2.393E+13 2.317E+09 4.002E+08 

4.00e-01 to 6.00e-01 3.619E+l0 2.738E+l4 2.361E+l0 2.671E+07 

6.00e-01 to 8.00e-01 1.997E+l0 1.244E+15 1.791E+10 9.437E+08 

8.00e-01 to 1.00e+OO 2.524E+10 1.236E+l4 1.046E+l0 1.471E+l0 

1.00e+OO to l.33e+OO 1.068E+J3 1.568E+l4 2.359E+J3 7.420E+12 

l.33e+OO to 1.66e+OO 3.015E+12 4.243E+J3 6.660E+l2 2.095E+l2 

1.66e+OO to 2.00e+OO 5.068E+Ol 3.544E+ll 3.546E+Ol 1.084E+OO 

2.00e+OO to 2.50e+OO 7.214E+07 4.472E+ll 1.594E+08 5.014E+07 

2.50e+OO to 3.00e+OO 6.163E+04 2.582E+JO 1.362E+05 4.284E+04 

3.00e+OO to 4.00e+OO 6.589E-06 2.438E+09 3.373E-05 5.428E-06 

4.00e+OO to 5.00e+OO 0.0 1.257E+07 0.0 0.0 

5.00e+OO to 6.50e+OO 0.0 5.047E+06 0.0 0.0 

6.50e+OO to 8.00e+OO 0.0 9.900E+05 0.0 0.0 

8.00e+OO to 1.00e+Ol 0.0 2.102E+05 0.0 0.0 

Total Gamma, gl(sec*FA) 1.408E+ 13 2.798E+15 3.087E+J3 9.694E+12 

(JJTotal Neutrons, nl(sec*FA) 3.605E+8 
(J)This is a "raw" source calculated with ORJGEN-ARP. Multiply it by bpfl(J-ke~ to account 

for a subcritical multiplication and an axial variation of burn-up profile in the active fuel 
reKion, where kcrF 0.28950 and bTJf= 1.265. 
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Table M.5-52 
HLZC#4 2.2 kW Design Basis Source Term 

Bounding Radiological Source at 380 kgUIFA: 
45 GWD/MTU, 1.1 wl %, after 2. 7 years of cooling 

E,,,;,., MeV to Em=MeV 
Bottom In-core Plenum Top Nozzle 

Nozzle (gls) (g/s) (g/s) (g/s) 

O.OOe+OO to 5.00e-02 7.908E+ll 2.822E+l5 1.131E+l2 2.724E+ll 

5.00e-02 to 1.00e-01 7.882E+JO 8.838E+ 14 1. 707E+ 11 5.357E+JO 

1.00e-01 to 2.00e-01 4.259E+JO 7.976E+14 5.648E+JO 1.301E+ 10 

2.00e-01 to 3.00e-01 2.667E+09 2.245E+l4 3.172E+09 6.437E+08 

3.00e-01 to 4.00e-01 8.140E+09 1.702E+l4 7.179E+09 8.409E+08 

4.00e-01 to 6.00e-01 1.261E+ll 1.949E+l5 8.240E+JO 1.538E+08 

6.00e-01 to 8.00e-01 6.892E+JO 3.317E+l5 5.180E+JO 1.340E+09 

8.00e-01 to 1.00e+OO 6.479E+ll 7.233E+l4 1.197E+ll 3.690E+ll 

1.00e+OO to 1.33e+OO 2.245E+l3 4.131E+14 4.948E+J3 1.559E+J3 

1.33e+OO to 1.66e+OO 6.339E+l2 l.334E+ 14 l.397E+J3 4.403E+12 

1.66e+OO to 2.00e+OO 2.341E+06 5.856E+J2 4.927E+06 1.510E+06 

2.00e+OO to 2.50e+OO 1.517E+08 1.181E+J3 3.344E+08 1.054E+08 

2.50e+OO to 3.00e+OO 1.296E+05 4.553E+ll 2.857E+05 9.00JE+04 

3.00e+OO to 4.00e+OO 1.169E-05 4.224E+JO 5.981£-05 9.627E-06 

4.00e+OO to 5.00e+OO 0.0 4.539E+07 0.0 0.0 

5.00e+OO to 6.50e+OO 0.0 1.822E+07 0.0 0.0 

6.50e+OO to 8.00e+OO 0.0 3.574E+06 0.0 0.0 

8.00e+OO to 1.00e+Ol 0.0 7.589E+05 0.0 0.0 

Total Gamma, gl(sec*FA) 3.055E+J3 1.145E+l6 6.508E+13 2.071E+13 

(J)Total Neutrons, nl(sec*FA) l.316E+9 

<
1>This is a "raw" source calculated with ORIGEN-ARP. Multiply it by bpf/(1-k.J) to 

account for a subcritical multiplication and an axial variation of burn-up profile in the 
activefuel re)!ion, where kerF 0.25189 and bpf=l.152. 
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8-16 
GWd/MTU 

0.488 

0.745 

0.914 

1.029 

1.133 

1.154 

1.178 

1.191 

1.199 

1.203 

1.203 

1.198 

1.189 

1.174 

1.144 

1.091 

0.961 

0.820 

0.616 

0.367 

Gamma Profiles 

16-24 24-36 
GWd/MTU GWd/MTU 

0.510 0.585 

0.789 0.866 

0.952 0.993 

1.045 1.045 

1.115 1.096 

1.135 1.104 

1.148 1.106 

1.156 1.105 

1.160 1.103 

1.162 1.102 

1.163 1.101 

1.163 1.100 

1.160 1.099 

1.152 1.099 

1.132 1.096 

1.101 1.081 

1.014 1.029 

0.880 0.957 

0.662 0.790 

0.401 0.544 

36-44 
GWd/MTU 

0.624 

0.896 

1.010 

1.044 

1.077 

1.080 

1.080 

1.079 

1.079 

1.078 

1.078 

1.078 

1.078 

1.077 

1.075 

1.070 

1.040 

0.986 

0.863 

0.613 

Table M. 5-53 
Axial Profiles 

44-55 8-16 
GWd/MTU GWd/MTU 

0.655 0.056 

0.911 0.306 

1.009 0.697 

1.041 1.122 

1.069 1.652 

1.072 1.779 

1.072 1.932 

1.071 2.019 

1.070 2.074 

1.069 2.102 

1.069 2.102 

1.068 2.067 

1.068 2.006 

1.069 1.906 

1.068 1.717 

1.066 1.419 

1.041 0.852 

0.994 0.450 

0.879 0.143 

0.639 0.018 
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Neutron Profiles 

16-24 24-36 36-44 44-55 
GWd/MTU GWd/MTU GWd/MTU GWd/MTU 

0.067 0.116 0.150 0.183 

0.386 0.561 0.643 0.687 

0.821 0.972 1.041 1.037 

1.194 1.194 1.189 1.175 

1.549 1.446 1.347 1.308 

1.664 1.488 1.363 1.322 

1.742 1.499 1.363 1.322 

1.791 1.494 1.358 1.318 

1.816 1.483 1.358 1.313 

1.829 1.478 1.352 1.308 

1.835' 1.472 1.352 1.308 

1.835 1.467 1.352 1.303 

1.816 1.462 1.352 1.303 

1.766 1.462 1.347 1.308 

1.646 1.446 1.337 1.303 

1.472 1.368 1.313 1.293 

1.057 1.122 1.171 1.175 

0.598 0.838 0.945 0.976 

0.190 0.388 0.553 0.595 

0.025 0.087 0.140 0.165 
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M.6 Criticality Evaluation 

The design criteria for the NUHOMS®-32PT DSC requires that the fuel loaded in the DSC 
remain subcritical under normal, and accident conditions as defined in 1 OCFR Part 72. 

The NUHOMS®-32PT DSC system's criticality safety is ensured by fixed neutron absorbers, 
soJuble boron in the pool and favorable geometry. Burnup credit is not taken in this criticality 
evaluation. The fixed neutron absorbers are present in the form of borated metallic plates and 
poison rod assemblies (PRAs) with B4C absorber or Ag-In-Cd absorber, which are inserted in 
the guide tubes of certain assemblies in the basket. The PRA with Ag-In-Cd absorber is 
designated as AIC PRA while the PRAs with B4C absorber is designated as B4C PRA or PRA, as 
applicable. These materials are ideal for long-term use in the radiation and thermal 
environments of a DSC. A basket may contain 0, 4, 8, or 16 PRAs and is designated a Type 
"A," Type "B," Type "C" or Type "D" basket, res~ectively. Each of these basket types has the 
same minimum Boron-10 content of 0.007 gm/cm , (90% credit taken in the criticality analysis 
or 0.0063 gm/cm2

). Two additional basket types, designated as Type Al and A2, have a higher 
minimum Boron-10 content of 0.015 gm/cm2 and 0.020 gm/cm2

, respectively, (90% credit taken 
in the criticality analysis or 0.0135 gm/cm2 and 0.018 gm/cm2

, respectively). Type Al and A2 
basket configurations are qualified for the 24 poison plate basket design only with 0 PRAs. 
Metal Matrix Composites (MMCs) at a minimum areal density of 0.0070g/cm2 have been 
qualified for use as a neutron absorber with 90% credit as justified in Section M.9.1.7.2. 
Similarly, Section M.9.1.7.l provides the justification for the use of 90% credit for borated 
aluminum. In addition to the fixed neutron poison in the basket, PRAs may be required for the 
center four, eight or sixteen assemblies depending on fuel assembly design and initial 
enrichment. The minimum required B4C content of the PRAs is 40% Theoretical Density (TD) 
with 75% credit taken in the criticality analysis or 30% TD. For the AIC PRAs, only 40% of the 
actual silver content is specified with 75% credit taken in the criticality analysis or 30% of the 
silver content. 

Based on Basket Type Al and A2, two more basket types are added and designated as Type Al-
32 and A2-32. These two new basket types are identical to Type Al and A2 except that they have 
32 poison plates. Based on Basket Type B, four more basket types are added and designated as 
Type Bl, B2, Bl-r, and B2-r. Type Bl and B2 are identical to Type B except that they have 
higher minimum Boron-JO contentof0.015 gm/cm2 and 0.020 gm/cm2

. Type Bl-rand B2-r are 
identical to Type Bl and B2 except that they contain 4 AIC PRAs instead of 4 B4C PRAs. Based 
on Basket Type C, three more basket types are added and designated as Type Cl, Cl-r, and C2-
r. Type Cl is identical to Type C except that it has higher minimum B-10 content of0.015 
gm/cm2

. Type Cl-r is identical to Type Cl except that it contains 8 AIC PRAs instead of 8 B4C 
P RAs. Type C2-r is identical to Type Cl-r except that it has higher minimum B-10 content of 
0.020 gmlcm2

. 

Basket designations as a function of number of PRAs and required B-10 loading for metallic 
plates are as specified in Table M2-4b: 
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M.6.1 Discussion and Results 

Figure M.6-1 shows the cross section of the NUHOMS®-32PT DSC. The NUHOMS®-32PT 
DSC stainless steel basket consists of a welded plate or tube design. The welded plates or tubes 
form 32 compartments with sufficient space to accommodate aluminum or poison/aluminum 
inserts and a PWR fuel assembly. The fuel compartment structure is connected to perimeter 
transition rail assemblies as shown on the drawings in Section M.1.5. The poison/aluminum 
plates and aluminum plates are located inside the fuel compartments. The poison plates may be 
arranged in any of the following configurations: a 20 poison plate configuration (base 
configuration), as shown in Figure M.6-1; an alternate 16 poison plate configuration, as shown in 
Figure M.6-13; and another alternate 24 poison plate configuration, as shown in Figure M.6-14. 
Figure M.6-2 through Figure M.6-4 show the fuel compartments that must contain PRAs/RCCAs 
for loading configurations that require four, eight or sixteen PRAs. Figure M6-2 and Figure 
M6-3 are also applied to the AIC PRAs. The 20 poison plate basket configuration shown in 
Figure M.6-1 is analyzed as a Type A/B/C/D basket while the 24 poison plate basket 
configurations shown in Figure M.6-14 is analyzed as an Alternate Type AIBICID basket at a B
l 0 loading of 0.0070 g/cm2

. The 24 poison plate basket configuration is also analyzed as a Type 
Al and Type A2 basket at B-10 loadings of 0.0150 g/cm2 and 0.0200 g/cm2

, respectively. The 
16 poison plate basket configuration shown in Figure M.6-13 is also analyzed as an Alternate 
Type A basket. The 32 poison plate basket configuration is analyzed as a Type Al-32 and Type 
A2-32 basket at B-10 loadings of0.0150 g/cm2 and 0.020 g/cm2

, respectively. 

The analysis presented herein is performed for a NUHOMS®-32PT DSC in the NUHOMS® 
OS197/197H Transfer Casks (TCs) during normal and accident loading conditions. The 
NUHOMS® OS 197 /197H TCs consists of an inner stainless steel shell, lead gamma shield, a 
stainless steel structural shell and a hydrogenous (liquid) neutron shield. This. analysis is 
applicable to any licensed cask of similar construction. The NUHOMS®-32PT DSC/TC 
configuration is shown to be sub-critical under normal and accident conditions of loading, 
transfer and storage. 

The criticality analysis determines the most reactive configuration for the basket and assembly 
location. Then criticality calculations evaluate a variety of fuel assembly types, initial 
enrichments and PRA configurations. Finally, the maximum allowed initial enrichment for each 
assembly type/PRA configuration is determined. The maximum allowed initial enrichment for 
each assembly type/PRA configuration is listed in Table M.6-1. The calculations determine keff 

--·------------, r------------------------------:-i 
~i!h:.!h~ CSAS25 'g_!J_d_(;§_A§_~ control module of SCALE-4.4 ign_4__§_9._4!=1!;§Q,_respe_ctjv_f!]J!,; [6-1 
~!!.4_<2::1] for each assembly type/PRA configuration and initial enrichment, including all 
uncertainties to assure criticality safety under all credible conditions. 

Note that the results of the 20-poison plate basket that specify the minimum allowable fuel 
assembly are not included in Table M.6-1. This implies that the 20-poison plate basket design 
which is exclusively modeled in most of the criticality evaluations in this chapter is not 
authorized to store PWR fuel assemblies. However, this basket design is employed in all the 
criticality sensitivity calculations and is referenced throughout the remainder of this chapter. The 
results of these sensitivity calculations are still applicable to the 32PT DSC. 

The results of the evaluation presented include reconstituted fuel assemblies where fuel pins are 
replaced with up to 56 solid stainless steel rods or an unlimited number of lower enriched U02 
rods of the same diameter as the fuel pins. 
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M.6.2 Package Fuel Loading 

The NUHOMS®-32PT DSC is capable of transferring and storing a maximum of 32 PWR fuel 
assemblies. In addition, damaged fuels or failed fuels that remain intact (for a total of 32 PWR 
fuel assemblies) can also be stored within the NUHOMs®-32PT DSC, Table M.6-2 lists the fuel 
assemblies considered as authorized contents of the NUHOMS®-32PT DSC. 

Table M.6-3 lists the fuel parameters for the PWR fuel assemblies. Reload fuel from other 
manufacture's with the same parameters are also considered as authorized contents. 

For the intact WE 17x17, BW 15x15, WE 15x15, CE 14x14, CE 15x15, and WE 14x14 class 
assemblies, CCs are also included as authorized contents. The only change to the package fuel 
loading to evaluate the addition of these CCs is replacing the borated water in the water holes 
with 11B4C. Since these CCs displace borated moderator in the assembly guide and or instrument 
tubes, an evaluation is performed to determine the potential impact of storage of CCs that extend 
into the active fuel region on the system reactivity. For CCs such as CRAs and BPRAs no credit 
is taken for the cladding and absorbers; rather the CCs are modeled as 11B4C in the entire tube of 
the respective design. Thus, the highly borated moderator in the tube is modeled as 11B4C. The 
inclusion of more Boron-11 and carbon enhances neutron scattering causing the neutron 
population in the fuel assembly to be slightly increased which increases reactivity. Therefore, 
these calculations bound any CC design that is compatible with WE 17xl 7, BW 15x15, WE 
15x15, CE 14x14 and WE 14x14 class assemblies. CCs that do not extend into the active fuel 
region of the assembly do not have any effect on the reactivity of the system as evaluated 
because only the active fuel region is modeled in this evaluation with periodic boundary 
conditions making the model infinite in the axial direction. The fuel assembly dimensions 
reported in Table M.6-3 remain unchanged for the CC cases. The models that include CCs only 
differ in that the region inside the guide tubes and instrument tube are modeled as 11B4C instead 
of moderator of PRAs. Additionally, the presences of non-multiplying sources like the NSAs 
have no impact on criticality calculations. 

Since the criticality analysis models simulate only the active fuel height, any CC that is inserted 
into the fuel assembly such that it does not extend into the active fuel region is considered as 
authorized for storage without additional calculations as required for control components that 
extend into the active fuel region. For example, TPAs or ORAs are permitted for storage from a 
criticality standpoint, without any further calculations that model these CCs, since TP As or 
ORAs do not extend into the active fuel region. 

Table M.6-4 lists the minimum B4C contents for PRAs for the various assembly classes. The 
linear B4C content per PRA rod used in the KENO V.a model is calculated by multiplying the 
B4C density modeled by the cross-sectional area of the poison rod as modeled. Taking the 
modeled linear B4C content and dividing by 0.75, to account for the fact that we only take credit 
for 75% of the B-10 in the analysis, calculates the minimum linear B4C content per PRA rod 
specified in Table M.6-4. For example, the modeled B4C density is 0.756 g/cm . For the B&W 
15 x15 PRA, the poison in the PRA is modeled with a radius of 0.55 cm. The cross sectional 
area of the poison is therefore n(0.55)2 or 0.950 cm:. Therefore, the modeled linear B4C density 
is 0.72 g/cm and the minimum specified B4C density is 0.96 g/cm. 
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The AIC P RA absorber material is also allowed for the intact fuels, which is a very high thermal 
neutron absorber containing silver-indium-cadmium (AIC) alloy. No credit is taken for residual 
indium or cadmium isotopes in AIC PRAs. Table M2-4a lists the minimum silver content 
employed for AIC P RAs for the WE l 7xl 7 fuel class. 

The CE 14xl4, CE 15xl5, WE 14xl4 and WE 17xl7 damagedfuel classes are qualified/or 
transferring and storage in the NUHOM!f9-32PT DSC. Several different configurations with 
varying number of damaged fuel assemblies (balanced by intact fuel assemblies) are allowed for 
loading in the NUHOM~-32PT DSC. The CE 14xl4, CE 15xl5, WE 14xl4 and WE 17xl7 
failed fuels are qualified for transferring and storage in the NUHOM!f9-32PT DSC Failed fuels 
are placed in failed fuel cans (FFCs) closed at top and bottom ends with an end cap. A 
maximum of eight failed fuel assemblies (balanced by intact fuel assemblies) are allowed for 
loading in the NUHOM~-32PT DSC The CC and PRA are not allowed/or the fuel loading 
configurations containing either damaged fuels or the failed fuels. No explicit calculations are 
performed for CE l 5xl 5 fuel class for damaged and failed configurations - the results from the 
WE 17xl7 fuel class are conservatively applied/or this purpose. 
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M.6.3 Model Specification 

The following subsections describe the physical models and materials of the NUHOMS®-32PT 
DSC as loaded and transferred in the NUHOMS® OS197 or OS197H TC used for input to the 
CSAS25 module of SCALE-4.4 [6-1] and CSAS5 module of SCALE6 [6.4] to perform the 
criticality evaluation. The reactivity of canister under storage conditions is bounded by the TC 
analysis with zero internal moderator density case. The TC analysis with zero internal moderator 
density case bounds the storage conditions in the HSM because (1) the canister internals are 
always dry (purged and backfilled with He) while in the HSM, and (2) the TC contains materials 
such as steel and lead which provide close reflection of fast neutrons back into the fueled basket 
while the HSM materials (concrete) are much further from the sides of the DSC and thereby tend 
to reflect thermalized neutrons back to the canister which are absorbed in the canister materials 
reducing the system reactivity. 

M.6.3.l Description of Calculational Model 

The TC and canister are explicitly modeled using the appropriate geometry options in KENO V.a 
of the CSAS25 module in SCALE-4.4. Several models are developed to evaluate the fabrication 
tolerances of the canister, basket, fuel clad outer diameter, fuel assembly locations, fuel assembly 
type, initial enrichments, PRA locations, and storage ofCCs with the intactB&W 15x15, WE 
17x17, CE 15x15, WE 15x15, CE 14x14 and WE 14x14 assembly classes. 

The first model is a full active-fuel height and full radial cross section of the canister and TC 
with reflective boundary conditions on the ends and sides. The model does not explicitly include 
the water neutron shield. However, the infinite array of TCs without the neutron shield does 
contain unborated water between the TCs. KENO plots of these models for each assembly class 
are included in Section M.6.6.2. This model is used to determine the most reactive fuel assembly 
for a given enrichment and without any PRAs, most reactive assembly-to-assembly pitch, and to 
determine the most reactive canister configuration accounting for manufacturing tolerances and 
fuel assembly clad outer diameter tolerances. 

All calculations to determine the most reactive configuration are performed utilizing the 
configurations containing 20 poison plates. There is no change to the most reactive 
configuration due to a change in the number and orientation of the poison plates in the basket (16 
poison plate, 24 poison plate, and 32 poison plate configurations). 

The second model is of the most reactive configuration identified above. This model is used to 
determine the maximum enrichment allowed for each assembly type as a function of the number 
of PRAs (none, four, eight and sixteen), the number of AIC PRAs, and boron loading, as 
appropriate. In addition, the effect of CCs for the B&W 15x15, WE 17xl 7, WE 15x15, CE 
14x14 and WE 14x14 class assemblies for the various configurations are evaluated. 
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Additionally, the maximum allowable enrichment is determined for the CE l 5xl 5 and WE l 7xl 7 
fuel classes with AJ-32 and A2-32 basket types, which is a 32 poison plates configuration. 

The design. basis intact assembly KENO models are utilized as starting KENO models for the 
damaged assembly calculations. These KENO models are modified to evaluate the various 
damaged fuel configurations like single shear, double shear, missingfuel rods, optimum pitch, 
and axial fuel shifting. These models are then analyzed to determine the most reactive damaged 
fuel configuration, which is used to determine the maximum allowable initial enrichment for 
each assembly type as a function of basket type and soluble boron concentration.. 

For CE 14xl4 damaged fuel class, configurations with 16, 28, and up to 32 damaged fuel 
assemblies are evaluated; the balance fuel assemblies in configurations with 16 and 28 damaged 
fuels are intact. 

For failedfuel, CE 14xl4, WE 14xl4, and WE 17xl7 are analyzed with the NUHOMs®-32PT 
DSC loaded with 24 intact fuel assemblies and 08 failed fuel pin arrays enclosed in FFCs and 
end caps, which are placed in corner locations of the DSC as shown in Figure M 6-9. These 
failed fuel pin arrays comprise of de-claddedfuel pins arranged in arrays of varying sizes. 
These configurations are analyzed at different soluble boron concentrations and for various 
basket types (Al, A2, for CE l 4xl 4 and WEI 4xl 4 fuels and Al, A2, Al-32 and A2-32 for WE 
17xl7 fuel). 

Figure M.6-5 is a sketch of each KENO V.a unit showing all materials and dimensions for each 
Unit and an annotated cross section map showing the assembled geometry units in the radial 
direction of the most reactive configuration identified in this evaluation. The bounding keff is 
calculated with a Westinghouse 17x 17 LOP AR/Standard assembly with an initial enrichment of 
3.4 wt. % U-235, with no PRAs and 32 BPRAs. 

Note that BPRAs are the most relevant CCs for criticality considerations and are utilized in the 
rest of this chapter to cover all CCs. 
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M.6.3.2 Package Regional Densities 

The Oak Ridge National Laboratory (ORNL) SCALE code package [6-1] contains a standard 
material data library for common elements, compounds, and mixtures. All the materials used for 
the TC and canister analysis are available in this data library. 

Table M.6-5 provides a complete list of all the relevant materials used for the criticality 
evaluation. The material density for the B-10 in the poison plates includes a 10% reduction, a 
25% reduction for the PRAs, and a 70% reduction of the initial silver composition of the AIC 
PRA. 
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M.6.4 Criticality Calculations 

This section describes the analysis performed for the criticality analysis. The analyses are 
performed with the CSAS25 module of the SCALE system. A series of calculations are 
performed to determine the relative reactivity of the various fuel assembly designs evaluated and 
to determine the most reactive configuration without PRAs and BPRAs. The most reactive fuel 
for a given enrichment, as demonstrated by the analyses, is the B&W 15x15 Mark B assembly. 
The most reactive credible configuration is an infinite array of flooded TCs with minimum fuel 
compartment inner diameter, minimum basket structure thickness and minimum assembly-to
assembly pitch. 

As mentioned in Section M.6.1, the NUHOMS®-32PT DSC (including the 16 poison plate, 24 
poison plate, and 32 poison plate alternate configurations) is evaluated to determine the 
maximum initial enrichment authorized for each assembly class without PRAs, and with four, 
eight and 16 PRAs, as applicable. 

M.6.4.l Calculational Method 

M.6.4.1.1 Computer Codes. 

The CSAS25 control module of SCALE-4.4 [6-1] is used to calculate the effective multiplication 
factor (k0 fl) of the fuel in the TC. The CSAS25 control module allows simplified data input to 
the functional modules BONAMI-S, NITAWL-S, and KENO V.a. These modules process the 
required cross sections and calculate the keff of the system. BONAMI-S performs resonance self
shielding calculations for nuclides that have Bondarenko data associated with their cross 
sections. NITA WL-S applies a Nordheim resonance self-shielding correction to nuclides having 
resonance parameters. Finally, KENO V.a calculates the k0ff of a three-dimensional system. A 
sufficiently large number of neutron histories are run so that the standard deviation is below 
0.0015 for all calculations. 

fh-~:Cs){sf~o;,tt~T';no7i~le of SCALE 6~ O · [ 6~4!/Ts ~}~-d-bj_ffie ~4i1~r;nI~~t[gp; 9] th§ _IJlqxjfiu!d 
~l.fgw_aQ_[e__(}_nriclzrne.ntforfh? Tf$ l?~Jl_gssern_'2_ly_c_[qs_s, !Type Al and A2 baskets (2800 ppm 
soluble boron), Type Al-32 and A2-32 baskets, configu,rations with B4C PRAs or AIC PRAs, and 
for the CE 14xl ~ __ Ff!f_l1__~L!_!!11_4-JfJ}_J 7~J_ 7 assembly__fla~~f!_<j_ _in qamE_g_e.d gndf_aij_e_d_fl!!!L 
~2nfig'lf:.r:qpon§_: jThe C~AS5 control module allows simplified data input to th~ functioria( __ __ . 
'modules BONAM], NITAWL, andKENO V.a ... These modules proces~ the required cross sectio7J:~ 
rmd calcula,te the.-k,ejfofthe system. BONAMJ-Sperf()rmsTesohghce self-shielding calculations: 
for nuclides that have l}ondarenko data assoCiated with their cross seciions: NIT4 WL appli~t-~ 
f ordh_eimresonance self-shielding cor~ec_(ion to nuclides:havingr,esorumc~paranw(er~:li 
'if'indlly, KENO V.a calculates the keff ofa three-dimension,al system. A sufficiently large_1 

run:ber of ne_µ:(rg_~ _histQrie§_gre !111J.~g tha_t(ijC!_ §fq_n4_qref_q<j_yia_tio11:_is_ be!o!VD: 0() J()Jor'Jll 
r:_ alculatioJ?s.! 

M.6.4.1.2 Physical and Nuclear Data. 

The physical and nuclear data required for the criticality analysis include the fuel assembly data 
and cross-section data as described below. 
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Table M.6-3 provides the pertinent data for criticality analysis for each fuel assembly evaluated 
in the NUHOMS®-32PT DSC. 

The criticality analysis used the 44-group cross-section library built into the SCALE system. 
ORNL used ENDF/B-V data to develop this broad-group library specifically for criticality 
analysis of a wide variety of thermal systems. 

M.6.4.1.3 Bases and Assumptions. 

The analytical results reported in Section M.3.7 demonstrate that the TC containment boundary 
and canister basket structure do not experience any significant distortion under hypothetical 
accident conditions. Therefore, for both normal and hypothetical accident conditions the TC 
geometry is identical except for the neutron shield and skin. As discussed above, the neutron 
shield and skin are conservatively removed and the interstitial space modeled as water. 
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The TC is modeled with KENO V.a using the available geometry input. This option allows a 
model to be constructed that uses regular geometric shapes to define the material boundaries. 
The following conservative assumptions are also incorporated into the criticality calculations: 

1. No burnable poisons are accounted for in the fuel, 

2. Water density is at optimum moderator density, 

3. Unirradiated fuel - no credit taken for fissile depletion due to bumup or fission product 
poisoning, 

4. The maximum lattice average fuel enrichment is modeled as uniform everywhere throughout 
the assembly. Natural uranium blankets and axial or radial enrichment zones are modeled as 
enriched uranium. It is assumed that the fuel assemblies are of uniform enrichment 
everywhere. 

5. All fuel rods are filled with 100% moderator in the pellet/cladding gap, 

6. Only the active fuel length of each assembly type is explicitly modeled with reflective 
boundary conditions on the ends; therefore the model is effectively infinitely long, 

7. The neutron shield and stainless steel skin of the TC are stripped away and the infinite array 
of TCs are pushed close together with moderator in the interstitial spaces, 

8. The least material condition (LMC) is assumed for the fuel compartment and fuel structure 
assemblies are pushed together toward the center maximizing reactivity; the reduction in 
steel thickness also reduces neutron absorption in the steel in the basket, 

9. The transition rails between the basket and the canister shell are modeled as 100% aluminum. 
Steel and open space in the transition rails reduces reactivity because these materials have 
much higher absorption cross sections as compared to the aluminum, 

10. Only 90% credit is taken for the B-10 in the poison plates and 75% credit for the B-10 in 
PRAs are credited in the KENO models, 

11. Temperature is 20°C (293K), 

12. Ninety six percent theoretical density for fuel which conservatively increases the total fuel 
content in the model, and 

13. All stainless steel, including XM-19, is modeled as SS304; the small differences in the 
composition of the various stainless steels have no effect on results of the calculation. 

14. The most reactive geometry remains unaffected for the 16 poison plate, 24 and 32 poison 
plate configurations. 

15. Only 30% of the initial Silver composition inAIC PRA is credited in in the KENO models. 
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M.6.4.1.4 Determination of keff 

The Monte Carlo calculations performed with CSAS25 and CSAS5 (KENO V.a) use a flat 
neutron starting distribution. The total number of histories traced for each calculation is 
approximately 500,000. This number of histories is sufficient to converge the source and 
produce standard deviations of less than 0.15% in k,,ff. The maximum k,,ff for the calculation is 
determined with the following formula: 

keff = kKENO + 2crKENO. 

M.6.4.2 Fuel Loading Optimization 

Determination o[the Most Reactive Fuel Tvpe 

All fuel lattices listed in Table M.6-3 are evaluated to determine the most reactive fuel assembly 
type with initial enrichments of 3.3 wt.% U-235. The fuel types are analyzed with water in the 
fuel pellet cladding annulus and are centered in the fuel compartments of the 20 poison plate 
configuration. Nominal basket dimensions are used in the KENO models. The effect of 
moderator density is also evaluated using the most reactive fuel type, B&W 15x15 Mark B. 

• The canister/TC model for this evaluation differs from the actual design in the 
following ways: 

• the B-10 content in the poison plates is 10% lower than the minimum required, 

• the neutron shield and the skin of the TC are conservatively replaced with water 
between the TCs, and 

• the stainless steel and aluminum transition rails provide support to the fuel 
compartment grid are modeled as solid aluminum. 

In all other respects, the model is the same as that described in Sections M.6.3.1 and M.6.1.1. 
KENO plots of these models are included in Section M.6.6.2. 

Two typical input files are included in Section M.6.6.3, one without PRAs and one with four (4) 
PRAs. The results of these calculations are listed in Table M.6-6. The most reactive fuel type 
evaluated for the canister design for a given initial enrichment, without PRAs and without 
BPRAs, is the B&W 15x15 Mark B assembly. 

Determination o[the Most Reactive Intact Configuration 

The fuel-loading configuration of the canister/TC affects the reactivity of the package. Several 
series of analyses determine the most reactive configuration for the canister/TC. 

For this analysis, the most reactive fuel type is used to determine the most reactive 20 poison 
plate configuration. The canister/TC is modeled over the active fuel height of the B&W 15x15 
Mark B assembly with reflective boundary conditions on all sides. This represents and infinite 
array in the x-y direction of canisters/Tes that are conservatively infinite in length. The first 
model in this series of calculations is identical to the model used above. The canister/TC model 
for this evaluation differs from the actual design in the following ways: 
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The fifth set of analyses evaluates the effect of fuel compartment size on the system reactivity. 
The model starts with the minimum basket structure plate/tube thickness modeled as above 
because it represents the most reactive condition. For this evaluation the fuel compartment width 
is varied from 8.715 to 8.925 inches square. Note that these dimensions are the basket structure 
plate to plate distance or tube inner diameter. The actual space remaining for the fuel assembly 
is obtained by subtracting the poison/aluminum plate thickness. The results of the evaluation are 
given in Table M.6-11. The results show that the effect is within the statistical uncertainty of 
calculation. The most reactive configuration is with the minimum fuel compartment size 
because the assembly-to-assembly pitch is minimized. The balance of this evaluation use the 
minimum fuel compartment width because it represents the most reactive configuration. 

The final series of sensitivity analyses determined the most reactive fuel assembly-to-assembly 
pitch. The most reactive configurations occur at the minimum assembly-to-assembly pitch. For 
assemblies with large cross sections such as the B&W 15x15 Mark B, however, there is little 
space for the assemblies to move within the minimum fuel compartment modeled. The results in 
Table M.6-12 demonstrate that for the B&W 15xl5 Mark B assembly the effect is within the 
statistical uncertainty of the calculation. For smaller assemblies such as the WE 14xl4, this 
effect would be statistically significant because the assemblies have more space in which to 
move inside the fuel compartment, therefore the minimum assembly-to-assembly pitch is used 
for the balance of this analysis. 

Determination ofthe Most Reactive Damaged Configuration 

The bent or bowed fuel rod cases assume that the fuel is intact but not in its nominal fuel rod 
pitch. It is possible that the fuel rods may be crushed inwards or bowed outwards to a certain 
degree. Therefore, this will be evaluated by varying the fuel rod pitch from a minimum pitch 
(based on clad OD) to a maximum based on the fuel compartment size for each fuel, assembly 
class. All pitch variations assume a uniform rod pitch throughout the entire fuel matrix. 

The single-ended fuel rod shear cases assume that a fuel rod shears in one place and is 
displaced to a new location. The fuel pellets are assumed to remain in the fuel rod. 

The double shear cases assume the fuel rod shears in two places, and a part of the fuel is 
separated. If the fuel rod is displaced in the same plane, it is equivalent to the single shear 
described earlier. If displaced in a different plane, parts of the assembly will have either a fuel 
rod missing, or an additional fuel rod. To simulate this, one row of fuel rods will be removed 
from one section of the assembly and added to the other, so that the total amount of fuel in the 
DSC remains unchanged. 

The poison shift analyzes the possibility of loose fuel rods shifting beyond the height of the 
poison plates. The maximum difference between the height of the basket and the cavity length of 
the DSC is 1. 0 inch. 

In the missing fuel rod analysis, a certain number of fuel rods are progressively removed as a 
way of changing the fuel-to-moderator ratio in the assembly, and its effect on the reactivity of the 
system. This accounts for the possibility of a reactivity increase due to softening of the neutron 
spectrum from the increased moderator. 
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For WEI 7, WEI 4 and CEI 4, above five damaged fuel configurations are analyzed to find the 
most reactive one which is used for the maximum initial enrichment determination. The 
methodology used in analysis of damaged fuel is similar to that employed for the NUHOM!JID-
32PTHI DSC. The details of damaged fuel analysis methodology are given in Table M6-72. 

Determination o[the Most Reactive Failed Configuration 

The NUHOM!fID-32PT DSC is designed to accommodate up to a maximum of eight failed fuel 
assemblies encapsulated in FFCs. Failed fuel rods are fuel rods that have been removed from 
another damaged or failed fuel assembly and placed in a secondary container. These include 
breached rods, grossly breached rods, other defective rods and fuel debris. 

The FFCs are modeled as stainless steel containers containing/ailed fuel array. For 
conservatively simulating breached rods, the fuel rods are modeled without cladding, but the 
layer of full density fresh water in the fuel-cladding gap is retained. Rod pitch studies are 
performed on these failed fuel rods similar to that performed for damaged fuel to determine 
optimum fuel rod pitch. 

For WEI7, WEI4, and CEI4, the maximum allowable enrichment is determined for each fuel 
type as a function of soluble boron concentration and basket type. No explicit calculations are 
performed for CE I 5xI 5 fuel class for damaged and failed configurations - the results from the 
WE I 7xI 7 fuel class are conservatively applied for this purpose. 

M.6.4.3 Studies with Radial Variation of Enrichment 

The next set of analyses is for the Exxon/ ANF 15xl 5 CE fuel assembly. These calculations 
justify the adequacy of the uniform maximum lattice average fuel enrichment assumed in the 
analysis. These calculations were carried out using a soluble boron concentration of 2500 ppm 
and a poison loading of 6.30 mg B-1 O/cm2 with moderator densities (MD) varying from 40% to 
100% of full density. The 16 poison plate configuration was utilized for these analyses and, the 
results are applicable to the 20 and 24 poison plate configuration and all basket types. 

The different variable enrichments used in these calculations are shown in Table M.6-25. A plot 
of the fuel assembly with the radial variation in enrichment is shown in Figure M.6-17 and 
Figure M.6-18. The results for this evaluation are listed in Table M.6-26. Due to the higher 
initial enrichment values utilized to model the loading patterns 2A, 2B and 2C, the keff values 
shown in Table M.6-26 are higher than USL. The purpose of these calculations is to determine 
the sensitivity of kerf due to radial variation of enrichment only and not to USL; hence, the results 
shown in Table M.6-26 are acceptable for these sensitivities studies. 

The results demonstrate that the assumption of the uniform maximum lattice average enrichment 
is both appropriate and conservative. The keff of the system with the uniform maximum lattice 
average enrichment assumption is greater than that of the non-uniform case at all MD. 

M.6.4.4 Determination of the Maximum Initial Enrichment for each Fuel Class 

Determination o[the Maximum Initial Enrichment for Intact Fuels 

The most reactive configuration as determined in Section M.6.3.1 above, is with solid aluminum 
in the transition rail region, nominal poison/aluminum plate thickness, minimum basket structure 

March2017 
Revision 0 72-1004 Amendment No. 15 Page M6-10a I 



plate/tube thickness, minimum fuel compartment width, minimum assembly-to-assembly pitch 
and uniform maximum planar enrichment. The following analysis uses this configuration to 
determine the maximum allowed initial enrichment as a function of basket type and soluble 
boron loading for each assembly class. All four poison plate configurations (20 poison plate 
configuration, 16 poison plate configuration, 24 poison plate configuration, and 32 poison plate 
configuration) are evaluated in these calculations. Calculations at 2500 ppm soluble boron are 
performed for all assembly classes. For the CE 14x14, WE 14x14, and CE 15x15 assembly 
classes, calculations are also performed for a range of boron soluble loadings (1800-2500 ppm) 
for the 16 poison plate and the 24 poison plate configurations. Calculations are performed for 
the CE 15x15 and WE 17x17 loaded in the 32 poison plate basket design. The most reactive 
assembly type for each assembly class is used for each evaluation. In addition, for each case the 
internal moderator density is varied to determine the peak reactivity for the specific 
configuration. The maximum initial enrichment for each assembly class and PRA configuration 
are provided in Table M.6-1. 

The canister/TC model for this evaluation differs from the actual design in the following ways: 

• the B-10 content in the poison plates is 10% lower than the minimum required, 

• the B-10 content in the PRAs is 25% lower than the minimum required, 

• credit for 30% of the silver initial composition inAIC-PRA, 

• the stainless steel/aluminum transition rails that provide support to the fuel 
compartment grid are modeled as various solid materials to determine the most 
reactive condition, 

• BPRAs, when modeled, are modeled as solid 11B4C in the guide tubes and instrument 
tubes, 

• the neutron shield and the skin of the TC are conservatively replaced with water 
between the TCs, and 

• the worst-case material conditions, as determined in Section M.6.4.2 above, are 
modeled. 

The input file for the case with the highest calculated reactivity is included in Section M.6.6.4. 
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WE 17xl 7 Class Assemblies 

The most reactive WE 17xl 7 class assembly is the WE 17xl 7 LOP ARJstandard assembly as 
demonstrated in Table M.6-6. The results for the WE l 7xl 7 class assembly calculations for the 
20 poison plate configuration are listed in Table M.6-13 and Table M.6-14 for cases without and 
with BPRAs, respectively. The results for the WE l 7xl 7 class assembly calculations for the 16 
poison plate configuration are listed in Table M.6-27 and Table M.6-28 for cases without and 
with BPRAs, respectively. The results for the WE l 7xl 7 class assembly calculations for the 24 
poison plate Type A/B/C/D basket configuration are listed in Table M.6-29 and Table M.6-30 for 
cases without and with BPRAs, respectively. The 24 poison plate Type Al and A2 basket 
configuration results are listed in Tables M.6-51 and M.6-57, respectively. 

Additional configurations with the 24 poison plate design include B4C PRAs (04 and 08 in 
number) and AIC P RAs (04 and 08 in number). Criticality analysis for the 32 poison plate 
configuration is performed with and without BPRAs. These configurations are evaluated at 2500 
ppm and 2800 ppm soluble boron concentrations, and the maximum allowable enrichments are 
determined. The results for these configurations are given in Table M6-63. 

B& W l Sxl 5 Class Assemblies 

The most reactive B&W 15xl5 class assembly is the B&W 15xl5 Mark B assembly as 
demonstrated in Table M.6-6. The results for the B&W 15xl5 class assembly calculations for 
the 20 poison plate configuration are listed in Table M.6-15 and Table M.6-16 for cases without 
and with BPRAs, respectively. The results for the B&W 15x15 class assembly calculations for 
the 16 poison plate configuration are listed in Table M.6-31 and Table M.6-32 for cases without 
and with BPRAs, respectively. The results for the B&W 15x15 class assembly calculations for 
the 24 poison plate Type A/B/C/D basket configuration are listed in Table M.6-33 and Table 
M.6-34 for cases without and with BPRAs, respectively. The 24 poison plate Type Al and A2 
basket configuration results are listed in Tables M.6-49 and M.6-55, respectively. 

CE l Sxl 5 Class Assemblies 

The most reactive CE 15xl5 class assembly is the CE 15xl5 Palisades assembly as demonstrated 
in Table M.6-6. The results for the CE 15xl5 class assembly calculations for the 20 poison plate 
configuration are listed in Table M.6-17 for cases without BPRAs. BPRAs are not authorized to 
be stored with CE 15xl5 class assemblies. 

The addition of plugging cluster assemblies, i.e., steel rods, into each of the eight guide tubes of 
a CE 15x15 class assembly reduces the maximum reactivity of the payload. The introduction of 
the steel rods displaces both moderator and soluble boron within the assemblies. The plugging 
clusters are assumed to extend approximately 1 inch into the top of the assembly's active fuel 
region, and the resulting change in the maximum reactivity is less than the statistical 
uncertainties of the calculations. To demonstrate the effect of displacing the borated water on 
system reactivity, CE 15xl5 Palisades cases with the highest fuel enrichments and highest 
soluble boron loadings (2300, 2400, and 2500 ppm boron) were reevaluated with steel in the 
guide tubes. Two scenarios were evaluated: full length steel rods and 1 inch long steel rods. The 
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calculated reactivity of the models are shown in Table M.6-44 and Table M.6-45 (the kKENO and 
1 a values in columns 2 and 3 are from Table M.6-17). As shown therein, the addition of 
plugging clusters reduces reactivity of the system regardless of the length of the plugging cluster. 
These results also apply to the 16 and 24 poison plate configurations. 

The results for the CE 15xl5 class assembly calculations for the 16 and 24 poison plate 
configuration as well as the 24 position plate and Type A basket configuration as a function of 
boron loading are listed in Table M.6-41. The results for the 24 poison plate and Type A 1 and 
A2 basket configuration are listed in Tables M.6-48 and M.6-54, respectively. 

Additional configurations with the 24 poison plate design (at 2800 ppm) and the 32 poison plate 
design are analyzed. The maximum allowable enrichments are determined for a soluble boron 
concentration at 2500 ppm and 2800 ppm. The result for criticality analysis of these 
configurations is given in Table M6-64. 

WE l 5xl 5 Class Assemblies 

The most reactive WE 15xl5 class assembly is the WE 15xl5 Standard assembly as 
demonstrated in Table M.6-6. The results for the WE l 5x 15 class assembly calculations for the 
20 poison plate configuration are listed in Table M.6-18 for cases without BPRAs. The results 
for the WE l 5xl 5 class assembly calculations for the 16 poison plate configuration are listed in 
Table M.6-36 for cases without BPRAs. The results for the WE 15xl5 class assembly 
calculations for the 24 poison plate Type AIB/CID basket configuration are listed in Table 
M.6-37 for cases without BPRAs. The 24 poison plate Type Al and A2 basket configuration 
results, with and without BPRAs, are listed in Tables M.6-50 and M.6-56, respectively. 

CE l 4xl 4 Class Assemblies 

The most reactive CE 14xl4 class assembly is the CE 14xl4 Fort Calhoun assembly as 
demonstrated in Table M.6-6. The results for the CE 14xl4 class assembly calculations for the 
20 poison plate configuration as a function of boron loading are listed in Table M.6-19 for cases 
without BPRAs. 

The results for the CE l 4xl 4 class assembly calculations for the 16 poison plate configuration as 
well as the 24 position plate and Type AIB/CID basket configuration as a function of boron 
loading are listed in Table M.6-42. The results for the 24 poison plate and Type Al and A2 
basket configuration results, with and without BPRAs, are listed in Tables M.6-47 and M.6-53, 
respectively. 

WE 14xl 4 Class Assemblies 

The most reactive WE 14xl4 class assembly is the WE 14xl4 ZCA/ZCB assembly as 
demonstrated in Table M.6-6. The results for the WE 14xl4 class assembly calculations for the 
20 poison plate configuration as a function of boron loading are listed in Table M.6-20 for cases 
without BPRAs. 

The results for the WE 14xl4 class assembly calculations for the 16 poison plate configuration 
as well as the 24 position plate and Type AIB/CID basket configuration as a function of boron 

March2017 
Revision 0 72-1004 Amendment No. 15 Page M6-11a I 



loading are listed in Table M.6-43. The results for the 24 poison plate and Type Al and A2 
basket configuration results, with and without BPRAs, are listed in Tables M.6-46 and M.6-52, 
respectively. 

Determination of the Maximum Initial Enrichment for Damaged fuels 

WE 17xl 7 Damaged Fuel Assemblies 

WE 17xl 7 damaged fuel assemblies are allowed for loading in the NUHOM~ -32PT DSC with 
the 24 (Al and A2 basket type) poison plates design, as well as the 32 poison plates design (Al-
32 and A2-32 basket types). The most reactive configuration (MRC) is ascertained by means of 
the criticality analysis of all damaged fuel scenarios previously discussed, and it was shown that 
rod pitch expansion yields the MRC. The MRC is then used to determine the maximum 
allowable enrichments for various basket types at different values of soluble boron 
concentration. The results for damaged fuel configurations analyzed with WE 17xl 7 fuel are 
given in Table M6-65. The maximum allowable enrichments/or the Al, A2, Al-32, andA2-32 
basket types are shown in Table M 6-68. No explicit calculations are performed for CE 15xl 5 
fuel class for damaged configurations - the results from the WE 17xl 7 fuel class are 
conservatively applied for this purpose. 

WE 14xl 4 Damaged Fuel Assemblies 

For WE 14xl 4 assemblies, a similar procedure is followed to establish that the rod pitch study 
for a configuration with 32 damaged WE 14xl 4 assemblies is the most reactive out of all the 
damaged fuel scenarios discussed previously. The MRC is used to establish the maximum 
allowable enrichments for basket type Al, as well as A2, at different values of soluble boron 
concentration. The results for damaged fuel configurations analyzed with WE 14xl 4 fuel are 
given in Table M6-66. The maximum allowable enrichments for the Al and A2 basket typess 
are given in Table M6-69. 

CE 14xl 4 Damaged Fuel Assemblies 

For CEJ4 damaged fuel assemblies, the double shearing is the most reactive configuration, 
which isfollowed by the rod pitch expansion with a !JkeJJof0.0010. Considering the small 
difference in keff, the rod pitch expansion is selected as the MRC for CE 14xl 4, same as for 
WEI 7xl 7 and WEI 4xl 4. The established MRC is used to determine the maximum allowable 
enrichment for basket type Al and A2 with 16, 28 and 32 damaged fuels assemblies. The 
loading configurations for 16 and 28 damaged fuels are shown in Figure M2-7 and M2-8. The 
results for the damaged fuel configurations analyzed with CE 14xl 4 fuel are given in Table M 6-
67. The results for loading curves are given in Table M6-70. 

Determination o[the Maximum Initial Enrichment for Failed fuels 

WE 17x17 Failed Fuel 

As is previously described in Section M6.4.2for CE 14x14 and WE 14x14 classes, the most 
reactive configuration is determined using a 17xl 7 failed fuel pin array with the optimum pin 
pitch. Once the MRC is determined, the maximum allowable enrichment has been deduced for 
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Al, A2, Al-32 and A2-32 basket types with a l 4xl 4, l 5xl 5, l 6xl 6 and a l 7xl 7 failed fuel array 
size at 2500 and 2800 ppm. The results for the criticality analysis of WE 17xl7 failedfuel are 
given in Table M 6-71. No explicit calculations are performed for CE l 5xl 5 fuel class for failed 
configurations - the results from the WE l 7xl 7 fuel class are conservatively applied for this 
purpose. 

WE 14x14 Failed Fuel 

The most reactive configuration is determined using a l 4xl 4 failed fuel pin array with the 
optimum pin pitch as described in Section M 6.4.2. The MRC is subsequently used to determine 
the maximum allowable enrichment values for basket types Al and A2 at 1800 ppm, 2100 ppm, 
2300 ppm and 2500 ppm for WE 14xl4 failed fuel loading curve. The results for the criticality 
analysis of WE l 4xl 4 failed fuel in Al and A2 baskets are given in Table M 6-72. 

CE 14xl4 Failed Fuel 

The most reactive configuration is determined using the l 4xl 4 failed fuel pin array with the 
optimum pin pitch as described in Section M6.4.2. The MRC is subsequently used to determine 
the maximum allowable initial enrichment for the Al and A2 basket types at 2600 ppm soluble 
boron concentration. The results for the criticality analysis of CE 14xl4 failedfuel are given in 
Table M6-73. 

M.6.4.5 Criticality Results 

Intact Fuel by SCALE 4.4 

Table M.6-21 lists the bounding results for all conditions of storage. The highest calculated keff, 
including 2cr uncertainty, is for the WE 14x14 assembly in the 20 poison plate configuration with 
an initial U-235 enrichment of 3.85 wt.%, no PRAs, 2000 ppm boron, and 60% moderator 
density. The maximum allowed initial enrichment for each assembly type/PRA configuration is 
listed in Table M.6-1. 
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These criticality calculations were performed with CSAS25 of SCALE-4.4. For each case, the 
result includes (1) the KENO-calculated kKENo, (2) the one sigma uncertainty crKENo, and (3) the 

final k.:m which is equal to kKENO + 2crKENO· 

The criterion for subcriticality is that 

kKENo + 2crKENo :S USL, 

where USL is the upper subcritical limit established by an analysis of benchmark criticality 
experiments. From Section M.6.5, the minimum USL over the parameter range is 0.9411. From 
Table M.6-21 for the most reactive case, 

kKENO + 20"KENO = 0.9388 + 2 (0.0011) = 0.9410 :S 0.9411. 

r---·.·----------:--- ----- ----- -------.---------- ----------·· .----- --- ·~~------ ----·------- --------.--.., 
:For_ the cr{fic(llityevaludtkms thatwer7f.erf?rr!!_ed_})jjtft'C~AS5 andSCAL{6A tJ,~:maxim1;1m -:-r· ! 

lk~rr is :o.~~qy1e~ for th~ Wf l 7xl 7 loa1e~ m the !'[yJ?,e 1?~~~! basket a,t grz_e~r.w~mentfey~loA~:R-~f. ·1 
tl!'_t._~~.:f!::2J.;f_,_§QIJ1Ql'}Jj_groiJ..fQ!!_¢ent!at1QtL9i2~00pJ1lJ!LllQ!.13A}i_cp1q:Y)'lfh2Y.U;Cs_L~::.~·_:., __ :._~:.1:. 

r.kei~k;;:i~-~-j~~f!O_;;_~ojfiij~u:co.-oQ_oiX~Jo.93Bd22~94Q'f. __ ~~~,:--~·~-~~-=·-·_. ____ ~--~--J 
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Table M.6-1 
Maximum Initial Enrichment For Each Configuration, wt. % U-235 

-(Part 1 of 3) 

Soluble No PRAs (Tvpe A) 4 PRAs (Type B) 

Assembly Class Boron Poison Plate Poison Plate 
Loading Confil!uration Confil!uration 
(ppm) 16 24 24 

WE 17xl 7 Fuel Assembly<1J 2500 3.40 3.40 4.00 
B&W 15x15 Mark B Fuel Assembly<1> 2500 3.30 3.30 3.90 
WE 15x15 Fuel Assembly (without CC) 2500 3.40 3.40 4.00 
WE 15x15 Fuel Assemblv (with CC) 2500 3.40 3.40 4.00 
CE 14x14 Fuel Assembly (without CC) 1800 3.35 3.50 4.00 

2000 3.50 3.70 4.20 

- 2100 3.60 3.80 4.30 
2200 3.70 3.90 4.40 
2300 3.75 4.00 4.50 
2400 3.80 4.05 4.60 
2500 3.90 4.15 4.70 
1800 3.30 3.45 3.90 
2000 3.45 3.65 4.10 

, 2100 3.55 3.75 4.20 
CE 14x14 Fuel Assembly (with CC) 2200 3.60 3.80 4.30 

2300 3.65 3.90 4.40 
2400 3.80 4.00 4.50 
2500 3.90 4.05 4.60 

WE 14x14 Fuel Assembly 1800 3.55 3.75 4.40 
(with and without CC) 2000 3.75 3.90 4.60 

2100 3.80 4.00 4.75 
2200 3.90 4.10 4.85 
2300 4.00 4.20 5.00 
2400 4.10 4.30 -
2500 4.15 4.40 -

CE 15x15 Fuel Assembly 1800 3.00 3.15 NE 
2000 3.15 3.30 NE 
2100 3.20 3.40 NE -

2200 3.30 3.50 NE 
2300 3.35 3.55 NE 
2400 3.40 3.60 NE 
2500 3.50 3.70 NE 

NOTES: (!) With or without CCs. CCs shall not be stored in basket location where a PRA is required. 
NE-Not Evaluated 
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8 PRAs (Type C) 
Poison Plate 

Confornration 
24 

4.50 
NE 
4.60 
4.55 
4.35 
4.55 
4.70 
4.80 
4.90 
5.00 
-

4.25 
4.50 
4.60 
4.70 
4.80 
4.90 
5.00 
NE 
NE 
NE 
NE 
NE 
NE 

-
NE 
NE 
NE 
NE 
NE 
NE 
NE 

16 PRAs (Type D) 

Poison Plate 
Confoi:uration 

24 
5.00 
5.00 
5.00 
5.00 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
5.00 
5.00 
5.00 
5.00 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
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Table M.6-1 
Maximum Initial Enrichment For Each Configuration, wt.% U-235 

(Part 2 of 3) 
0 PRAs (Type Al and Type A2 

Soluble Boron 24 Poison Plate Configuration 

Assembly Class and Type Loading (ppm) Type Al TypeA2 

WE l 7x 17 fuel assembly (without CC) 
2500 4.05 4.20 

!.?Boa 4.30 ~ 
WE l 7xl 7 fuel assembly (with CC) 

2500 4.00 4.15 

!28QQ 4.25 ~]1~ 
B&W 15xl5 Mark B fuel assembly (without CC) 2500 4.00 4.10 

B&W 15xl5 Mark B fuel assembly (with CC) 2500 3.90 4.10 

WE 15xl5 fuel assembly (without CC) 2500 4.10 4.20 

WE 15xl5 fuel assembly (with CC) 2500 4.10 4.20 

1800 3.95 4.10 

CE 14xl4 fuel assembly (without CC) 
2100 4.30 4.45 

2300 4.50 4.70 

2500 4.70 4.90 

1800 3.80 3.95 

CE 14xl4 fuel assembly (with CC) 
2100 4.10 4.25 

2300 4.30 4.50 

2500 4.50 4.70 

1800 4.20 4.20 

WE 14xl4 fuel assembly (without CC) 
2100 4.55 4.60 

2300 4.80 5.00 

2500 5.00 5.00 

1800 4.20 4.35 

2100 4.60 4.75 
WE 14xl4 fuel assembly (with CC) 

2300 4.80 5.00 

2500 5.00 5.00 

1800 3.50 3.60 

2100 3.75 3.90 

CE 15xl5 fuel assembly 2300 3.95 4.10 

2500 4.10 4.30 

2800 4.45 4.55 
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Table M.6-1 
Maximum Initial Enrichment for Each Configuration, wt. % U-235 

(Part 3of3) 

Assembly Class and Type 
Soluble Boron 
Loading (ppm) 

2500 
WE 17xl 7 fuel assembly (without CC) 

2800 

2500 
WE 17xl 7 fuel assembly (with CC) 

2800 

2500 
CE 15xl 5 fuel assembly (CC not allowed) 

2800 

Assembly Class and Type 
Soluble Boron 
Loading (ppm) 

WE 17xl 7 fuel assembly (without CC) 2800 

Assembly Class and Type 
Soluble Boron 
Loading (ppm) 

WE 17xl 7 fuel assembly (without CC) 2800 

Assembly Class and Type 
Soluble Boron 
Loading (ppm) 

WE 17xl 7 fuel assembly (without CC) 2800 

Assembly Class and Type 
Soluble Boron 
Loading (ppm) 

WE 17xl 7 fuel assembly (without CC) 2800 

Note: This table is for intact fuel. NE stands for Not Evaluated. 
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NoPRA 

32 Poison Plate Configuration 

TypeAJ-32 TypeA2-32 

4.45 4.65 

4.75 5.00 

4.40 4.60 

4.70 4.90 

4.55 4.75 

4.85 5.00 

4B4CPRA 

24 Poison Plate Configuration 

Type Bl TypeB2 

4.85 4.95 I 
4AICPRA 

24 Poison Plate Configuration 

TypeBJ-r TypeB2-r 

4.60 4.75 I 
8B4CPRA 

24 Poison Plate Configuration 

Type Cl 

5.00 NE I 
8AJCPRA 

24 Poison Plate Configuration 

Type Cl-r Type C2.-r 

4.85 5.00 I 
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Assembly 
Class 

WE 17x17 

B&W 15x15 

WE 15x15 

CE 14x14 

WE 14x14 

TableM.6-4 
Poison Rod Assembly (PRA) Description 

Minimum Minimum ModeledB4C MinimumB4C 
Number of Poison Content per Content per 
Rods/PRA Length (cm) Rod (g/cm) Rod (g/cm) 

24 383.5 0.59 0.79 

16 383.5 0.72 0.96 

20 381.0 0.72 0.96 

5 327.7 3.14 4.19 

16 381.0 0.72 0.96 
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Material 

U02 
(Enrichment - 3.4 wt%) 

U02 
(Enrichment - 5.0 wt%) 

Zircaloy-4 

Borated Water 
(2500 ppm Boron) 

Water 

Stainless Steel (SS304) 

Aluminum 
Lead 
Aluminum - Boron Poison 
Plate (0.0063 g/cm2 B-10 
Tvoe A/B/C/D) 
Aluminum-Boron Poison 
Plate (0.0135 g/cm2 B-10 
Type Al) 
Aluminum-Boron Poison 
Plate (0.0200 g/cm2 B-10 
TypeA2) 

B4C inPRA 

11B4C in BPRA 

AlCPRA 

Note: 

Table M.6-5 
Material Property Data 

Density 
Element 

g/cm3 

U-235 
10.52 U-238 

0 
U-235 

10.52 U-238 
0 
Zr 
Sn 

6.56 Fe 
Cr 
Hf 
H 

1.000 
0 

B-10 
B-11 

0.998 
H 
0 
c 
Si 
p 

7.94 Cr 
Mn 
Fe 
Ni 

2.70 Al 
11.34 Pb 

2.465(l) 
B-10 

Al 

2.465(1) 
'B-10 

Al 

2.465(l) 
B-10 

Al 

B-10 
0.756 B-11 

c 
2.555 

B-11 
c 

NIA 
Ag-107 
Ag-109 

Weight% 
Atom Density 
(atoms/b-cm) 

3.00 8.0797E-04 
85.15 2.2666E-02 
11.85 4.6948E-02 
4.41 l.1882E-03 
83.73 2.2290E-02 
11.86 4.6956E-02 
98.23 4.2541E-02 
1.45 4.8254E-04 
0.21 l.4856E-04 
0.10 7.5978E-05 
0.01 2.2133E-06 
0.11 6.6769E-02 
0.89 3.3385E-02 

4.602E-04 2.7713E-05 
2.038E-03 l.1155E-04 

11.1 6.6769E-02 
88.9 3.3385E-02 

0.080 3.1877E-04 
1.000 l.7025E-03 
0.045 6.9468E-05 
19.000 1.7473E-02 
2.000 l.7407E-03 
68.375 5.8545E-02 
9.500 7.7402E-03 
100.0 6.0307E-02 
100.0 3.2969E-02 

1.34 l.9847E-03 

98.66 5.4276E-02 

2.88 4.2606E-03 

98.60 5.3203E-02 

3.84 5.6809E-03 

95.74 5.2618E-02 

14.42 6.5599E-03 
63.83 2.6405E-02 
21.75 8.2411E-03 
78.56 l.0988E-01 
21.44 2.7470E-02 
NIA 7,07£-03 

NIA 6.57£-03 

(I) Note in some models the aluminum-boron poison is modeled with a density of2.693 g/cm3 

(see the sample input in Section M.6.6.5), although the number density ofB-10 is 
equivalent. 
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TableM6-61 
Maximum Initial Enrichment for Each Configuration, wt. % U-235 - Damaged Fuel 

(Part 1 of2) 

Soluble Boron 
32 Damaged Fuels 

Assembly Class and Type 24 Poison Plate Configuration 
Loading (ppm) 

Type Al TypeA2 

WE 17x17 fuel assembly (without CC) 
2500 4.00 4.20 

I 2800 4.30 4.45 

1800 3.80 3.95 

WE 14xl 4 fuel assembly (without CC) 
2100 4.10 4.25 

2300 4.30 4.45 

2500 4.50 4.65 I 
1800 3.60 3.75 I 
2100 3.90 4.05 I 

CE 14x14 fuel assembly (without CC) 2300 4.10 4.25 I 
2500 4.30 4.45 I 
2600 4.35 4.55 

Soluble Boron 
32 Damaged Fuels 

Assembly Class and Type 32 Poison Plate Configuration 
Loading (ppm) 

TypeAJ-32 TypeA2-32 

WE 17xl 7 fuel assembly (without CC) 
2500 4.40 4.60 

I 2800 4.70 4.90 

TableM6-61 
Maximum Initial Enrichment for Each Configuration, wt. % U-235 -Damaged Fuel 

(Part 2 of2) 

Soluble Boron 
28 Damaged Fuels 

Assembly Class and Type 24 Poison Plate Configuration 
Loading (ppm) 

Type Al TypeA2 

1800 3.70 3.85 

2100 4.00 4.15 

CE 14xl 4 fuel assembly (without CC) 2300 4.20 4.35 

2500 4.40 4.50 I 
2600 4.45 4.65 I 

Soluble Boron 
16 Damaged Fuels 

Assembly Class and Type 24 Poison Plate Configuration 
Loading (ppm) 

Type Al TypeA2 

1800 3.80 3.95 

I 2100 4.10 4.25 

CE l 4xl 4 fuel assembly (without CC) 2300 4.30 4.45 I 
2500 4.50 4.70 I 
2600 4.60 4.80 I 
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Table M.6-62 
Maximum Initial Enrichment for Each Configuration, wt. % U-235 -Failed Fuel 

Assembly Class and Type 

WE 17x17 fuel assembly (without CC) 
CE l 5xl 5 fael assembly (without CC) 

WE l 4xl 4 fael assembly (without CC) 

CE 14xl 4 fael assembly (without CC) 

Assembly Class and Type 

WE 17xl 7 fuel assembly (without CC) 
CE 15xl 5 fuel assembly (without CC) 

March 2017 
Revision 0 

FFCArray Soluble Boron 
Size Loading (ppm) 

14x14 
2500 

2800 

15x15 
2500 

2800 

16x16 
2500 

2800 

17x17 
2500 

2800 

1800 

14x14 
2100 

2300 

2500 

14x14 2600 

FFCArray Soluble Boron 
Size Loading (ppm) 

14x14 
2500 

2800 

15x15 
2500 

2800 

2500 
16x16 

2800 

17x17 
2500 

2800 

72-1004 Amendment No. 15 

8 Failed Fuels 

24 Poison Plate Configuration 

Type Al TypeA2 

4.15 4.30 

I 4.60 4.40 

4.10 4.25 

4.40 4.55 

4.05 4.20 

4.35 4.50 

4.00 4.15 

4.30 4.45 

4.15 4.30 

4.50 4. 70 

I 4.75 4.95 

4.95 5.00 I 
4.70 4.90 

8 Failed Fuels 

32 Poison Plate Configuration 

TypeAJ-32 TypeA2-32 

4.55 4.75 

I 4.85 5.00 

4.50 4.70 

4.80 5.00 

4.45 4.65 

4.75 4.95 

4.40 4.60 

4.65 4.90 
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Table M.6-63 
Intact Fuel Criticality Evaluation - WEJ 7 

(Part 1of5) 

Basket Type Al 

no CC 4.30 wt. % U-235 

kKENO <YKENO kEFF 

0.9280 0.0007 0.9294 

0.9333 0.0007 0.9346 

0.9325 0.0007 0.9338 

0.9278 0.0007 0.929J 

0.9J89 0.0006 0.9202 

cc 4.25 wt. % U-235 

kKENO <YKENO kEFF 

0.9209 0.0007 0.9223 

0.9285 0.0007 0.9299 

0.9339 0.0007 0.9353 

0.9320 0.0007 0.9333 

0.9288 0.0006 0.9300 
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Table M.6-63 
Intact Fuel Criticality Evaluation - WEJ 7 

(Part 2of5) 

Basket Type Al-32 I 
no CC 4.45 wt. % U-235 I 
kKENO <TKENO kEFF I 

0.9J9J 0.0006 0.9204 I 
0.9300 0.0007 0.93J4 I 
0.9342 0.0006 0.9354 I 
0.933J 0.0006 0.9343 I 
0.9286 0.0007 0.9300 I 
cc 4.40 wt. % U-235 I 

kKENO <TKENO kEFF I 
0.9094 0.0007 0.9J07 I 
0.9235 0.0007 0.9249 I 
0.93J5 0.0007 0.9328 I 
0.9344 0.0006 0.9357 I 
0.9338 0.0006 0.9350 I 
no CC 4.75wt. % U-235 I 
kKENO <TKENO kEFF I 
0.9260 0.0006 0.9273 

0.9349 0.0007 0.9363 

0.9352 0.0009 0.9369 

0.9322 0.0007 0.9336 

0.9276 0.0007 0.9290 

cc 4.70 wt.% U-235 

kKENO <TKENO kEFF 

0.9J59 0.0008 0.9J74 

0.9295 0.0008 0.93JO 

0.9346 0.0007 0.9360 

0.9355 0.0007 0.9369 

0.9338 0.0006 0.935J 
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Table M.6-63 
Intact Fuel Criticality Evaluation - WEJ 7 

(Part 3 of5) 

Basket Type A2-32 I 
no CC 4.65 wt. % U-235 I 
kKENO <IKENO kEFF I 
0.9J55 0.0007 0.9J69 I 
0.9276 0.0007 0.929J I 
0.9343 0.0007 0.9357 I 
0.9342 0.0007 0.9356 I 
0.9313 0.0007 0.9327 I 
cc 4.60 wt.% U-235 I 

kKENO <IKENO kEFF I 
0.9032 0.0006 0.9043 I 
0.9J95 0.0007 0.9209 I 
0.9286 0.0007 0.9300 I 
0.9342 0.0007 0.9356 I 
0.935J 0.0007 0.9365 I 
no CC 5.00 wt.% U-235 I 
kKENO <IKENO kEFF I 
0.9227 0.0006 0.9239 I 
0.9345 0.0007 0.9358 I 
0.9366 0.0007 0.9380 I 
0.9360 0.0006 0.9372 I 
0.9305 0.0006 0.9317 I 
cc 4.90 wt.% U-235 I 

kKENO <IKENO kEFF I 
0.9090 0.0007 0.9J04 I 
0.9235 0.0007 0.9249 I 
0.9322 0.0007 0.9337 I 
0.935J 0.0007 0.9366 I 
0.9332 0.0007 0.9346 I 
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Table M.6-63 
Intact Fuel Criticality Evaluation - WEJ 7 

(Part4 of5) 

Basket Type Bl 

no CC 4.85 wt. % U-235 

kKENO <TKENO kEFF 

0.9236 0.0007 0.9250 

0.9347 0.0006 0.9360 

0.9367 0.0006 0.9380 

0.9349 0.0007 0.9363 

0.9318 0.0007 0.9332 

Basket Type B2 

no CC 4.95 wt. % U-235 

kKENO <TKENO kEFF 

0.9166 0.0007 -0.9180 

0.9280 0.0006 0.9291 

0.9340 0.0007 0.9355 

0.9353 0.0006 0.9366 

0.9308 0.0008 0.9324 

Basket Type Bl-r 

no CC 4.60 wt.% U-235 

kKENO <TKENO kEFF 

0.9252 0.0006 0.9265 

0.9321 0.0007 0.9334 

0.9355 0.0007 0.9370 

0.9317 0.0006 0.9330 

0.9243 0.0006 0.9256 

Basket Type B2-r 

no CC 4.75wt. % U-235 

kKENO <TKENO kEFF 

0.9218 0.0006 0.9230 

0.9327 0.0007 0.9341 

0.9354 0.0006 0.9366 

0.9328 0.0006 0.9340 

0.9269 0.0006 0.9282 
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Table M.6-63 
Intact Fuel Criticality Evaluation - WEI 7 

(Part 5of5) 

Basket Type Cl I 
no CC 5.00 wt.% U-235 I 
kKENO <TKENO kEFF I 
0.8968 0.0007 0.8981 I 
0.9115 0.0007 0.9129 I 
0.9172 0.0007 0.9186 I 
0.9194 0.0006 0.9206 I 
0.9159 0.0007 0.9174 I 

Basket Type Cl-r I 
no CC 4.85 wt. % U-235 I 
kKENO <TKENO kEFF I 
0.9238 0.0007 0.9251 I 
0.9338 0.0007 0.9351 I 
0.9364 0.0007 0.9378 I 
0.9336 0.0007 0.9350 I 
0.9292 0.0006 0.9305 I 

Basket Type C2-r I 
no CC 5.00 wt.% U-235 I 
kKENO <TKENO kEFF I 
0.9209 0.0006 0.9221 I 
0.9313 0.0007 0.9326 I 
0.9367 0.0007 0.9380 I 
0.9350 0.0006 0.9363 I 
0.9303 0.0007 0.9317 I 
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Table M. 6-64 
Intact Fuel Criticality Evaluation - CE15 

(Part 1 of2) 

Basket Type Al 

no CC 4.45 wt. % U-235 

kKENO <TKENO 

0.9280 0.0006 

0.9340 0.0007 

0.9364 0.0007 

0.9340 0.0006 

0.9296 0.0006 

Basket Type A2 

no CC 4.55 wt. % U-235 

kKENO <TKENO 

0.922J 0.0007 

0.9309 0.0007 

0.933J 0.0007 

0.93J6 0.0008 

0.9266 0.0007 

72-1004 Amendment No. 15 

I 
I 

kEFF I 
0.9293 I 
0.9354 I 
0.9377 I 
0.9352 I 
0.9308 I 

I 
I 

kEFF I 
0.9234 I 
0.9322 I 
0.9344 I 
0.933J I 
0.9279 I 
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Table M. 6-64 
Intact Fuel Criticality Evaluation - CEJ 5 

(Part 2 o/2) 

Basket TypeAJ-32 

no CC 4.55 wt. % U-235 

kKENO <TKENO kEFF 

0.9152 '0.0006 0.9165 

0.9250 0.0007 0.9264 

0.9320 0.0007 0.9334 

0.9351 0.0007 0.9365 

0.9325 0.0007 0.9338 

no CC 4.85 wt. % U-235 

kKENO <TKENO kEFF 

0.9193 0.0008 0.9209 

0.9299 0.0006 0.9311 

0.9337 0.0007 0.9350 

0.9320 0.0009 0.9338 

0.9302 0.0008 0.9318 

Basket Type A2-32 

no CC 4. 75 wt. % U-235 

kKENO <TKENO kEFF 

0.9092 0.0007 0.9106 

0.9221 0.0007 0.9235 

0.9310 0.0007 0.9324 

0.9344 0.0007 0.9358 

0.9357 0.0007 0.9370 

no CC 5.00 wt.% U-235 

kKENO <TKENO kEFF 

0.9100 0.0008 0.9116 

0.9234 0.0007 0.9248 

0.9292 0.0007 0.9306 

0.9299 0.0007 0.9312 

0.9283 0.0007 0.9298 
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Table M. 6-65 
Damaged Fuel Sensitivity Study - WEJ 7 

Optimum Rod Pitch I 
% of Nominal Fuel Rod Pitch Most Reactive /MD (%) kKENO <lKENO kEFF I 

98 80 0.9256 0.0007 0.9270 I 
99 80 0.9280 0.0007 0.9293 I 

100 80 0.9306 0.0006 0.9318 I 
101.8 75 0.9325 0.0006 0.9337 I 
103.5 70 0.9324 0.0007 0.9338 I 

Single Shear I 
Shear Distance (cm) Most Reactive /MD (%) kKENO <lKENO kEFF I 

0.15 80 0.9318 0.0007 0.9332 I 
0.30 75 0.9307 0.0007 0.9320 I 
0.45 75 0.9308 0.0007 0.9321 I 
0.55 75 0.9299 0.0008 0.9315 I 

Poison Plate Shift I 
Shift Distance (inch) Most Reactive /MD(%) kKENO <lKENO kEFF I 

0.50 80 0.9309 0.0007 0.9322 I 
1.00 75 0.9318 0.0007 0.9331 I 

Missing Fuel Rod I 
Number of Missing Fuel Rods Most Reactive /MD (%) kKENO <lKENO kEFF I 

2 70 0.9294 0.0007 0.9308 I 
4 75 0.9279 0.0006 0.9291 I 
8 70 0.9219 0.0006 0.9232 I 

16 65 0.9128 0.0006 0.9140 I 
Notes: 

The sensitivity study is performed for Basket Type Al loaded with 32 damaged fuels of 4. 00 wt. % U-235 
enrichment. The soluble boron concentration is 2500 ppm. 

The double shear configuration is not analyzed for WEI 7 since the fuel compartment is not wide enough to 
accommodate an additional rod of foe! rods. 
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Table M. 6-66 
Damaged Fuel Sensitivity Study- WE14 

Optimum Rod Pitch I 
% of Nominal Fuel Rod Pitch Most Reactive /MD (%) kKENO <TKENO kEFF I 

98 70 0.8925 0.0007 0.8940 I 
JOO 65 0.9066 0.0007 0.9080 I 
104 65 0.9245 0.0007 0.9258 I 
110 60 0.9362 0.0007 0.9377 I 
113 65 0.9362 0.0007 0.9376 I 

Single Shear I 
Shear Distance (cm) Most Reactive /MD (%) kKENO <TKENO kEFF I 

0.50 70 0.9119 0.0007 0.9134 I 
1.00 70 0.9126 0.0007 0.9139 I 
1.50 70 0.9112 0.0007 0.9125 
2.00 65 0.9083 0.0008 0.9099 

Double Shear 

Shear Distance (cm) Most Reactive /MD (%) kKENO <TKENO kEFF 

0.53 75 0.9289 0.0007 0.9302 
0.70 70 0.9285 0.0008 0.9300 

1.00 75 0.9306 0.0008 0.9322 

1.51 70 0.9301 0.0007 0.9315 

Poison Plate Shift 

Shift Distance (inch) Most Reactive /MD (%) kKENO <TKENO kEFF 

0.50 65 0.9072 0.0007 0.9086 
1.00 70 0.9065 0.0006 0.9078 

Missing Fuel Rod I 
Number of Missing Fuel Rods Most Reactive /MD (%) kKENO <TKENO kEFF I 

2 75 0.9043 0.0007 0.9056 I 
4 65 0.9030 0.0008 0.9046 I 
8 65 0.8977 0.0008 0.8993 I 
16 60 0.8891 0.0008 0.8907 I 

Note: 

The sensitivity study is performed for Basket Type Al loaded with 32 damaged fuels of 4.50 wt. % U-235 
enrichment. The soluble boron concentration is 2500 ppm. 
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Table M.6-67 
Damaged Fuel Sensitivity Study-CE14 

Optimum Rod Pitch I 
% of Nominal Fuel Rod Pitch Most Reactive /MD (%) kKENO (}KENO kEFF I 

98 75 0.9097 0.0007 0.9110 I 
100 75 0.9196 0.0007 0.9211 I 
103 70 0.9310 0.0008 0.9326 I 
105 70 0.9336 0.0006 0.9348 I 
108 65 0.9348 0.0006 0.9360 I 

Single Shear I 
Shear Distance (cm) Most Reactive /MD (%) kKENO (}KENO kEFF I 

0.30 75 0.9223 0.0006 0.9236 I 
0.60 75 0.9229 0.0007 0.9243 I 
0.90 75 0.9226 0.0007 0.9240 I 
1.05 70 0.9221 0.0007 0.9235 I 

Double Shear I 
Shear Distance (cm) Most Reactive /MD (%) kKENO (}KENO kEFF I 

0.56 80 0.9349 0.0007 0.9363 I 
0.63 75 0.9357 0.0007 0.9370 I 

Poison Plate Shift I 
Shift Distance (inch) Most Reactive /MD (%) kKENO (}KENO kEFF I 

0.50 70 0.9202 0.0008 0.9217 I 
1.00 70 0.9203 0.0008 0.9219 I 

Missing Fuel Rod I 
Number of Missing Fuel Rods Most Reactive /MD(%) kKENO (}KENO kEFF I 

2 75 0.9180 0.0007 0.9194 I 
4 75 0.9158 0.0006 0.9171 I 
8 70 0.9132 0.0008 0.9148 I 

12 60 0.9087 0.0006 0.9100 I 
Notes: 

The sensitivity study is performed for Basket Type Al loaded with 32 damaged fuels of 4.35 wt. % U-235 
enrichment. The soluble boron concentration is 2600 ppm. 

For the double shear, the maximum possible shear distance is 0.63 cm as shown in the table. 
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Table M.6-68 
Damaged Fuel Criticality Evaluation - WEJ 7 

(Part 1 of2) 

Basket Type Al : 32 Damaged Fuel Assemblies 

Optimum Rod Pitch 4.00 wt.% U-235 

kKENO <lKENO kEFF 

0.9272 0.0006 0.9285 

0.9324 0.0007 0.9338 

0.9304 0.0006 0.93J5 

0.9233 0.0006 0.9245 

0.9J5J 0.0006 0.9J63 

Optimum Rod Pitch 4.30 wt. % U-235 

kKENO <lKENO kEFF 

0.9325 0.0006 0.9336 

0.9350 0.0006 0.9363 

0.9340 0.0006 0.9352 

0.9238 0.0006 0.9249 

0.9J34 0.0006 0.9J46 

Basket Type A2 : 32 Damaged Fuel Assemblies 

Optimum Rod Pitch 4.20 wt. % U-235 

kKENO <lKENO kEFF 

0.9299 0.0007 0.93J4 

0.9354 0.0007 0.9367 

0.9361 0.0006 0.9374 

0.9294 0.0006 0.9307 

0.92J6 0.0006 0.9228 

Optimum Rod Pitch 4.45 wt. % U-235 

kKENO <TKENO kEFF 

0.9306 0.0006 0.93J9 

0.9355 0.0007 0.9369 

0.9330 0.0007 0.9344 

0.9268 0.0006 0.9280 

0.9J54 0.0007 0.9J67 
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TableM6-68 
Damaged Fuel Criticality Evaluation - WEI 7 

(Part 2 of2) 

Basket TypeAJ-32: 32 Damaged Fuel Assemblies I 
Optimum Rod Pitch 4.40 wt. % U-235 I 

kKENO <lKENO kEFF I 
0.9242 0.0007 0.9255 I 
0.9315 0.0006 0.9328 I 
0.9326 0.0006 0.9338 I 
0.9297 0.0007 0.9311 I 
0.9204 0.0006 0.9216 I 

Optimum Rod Pitch 4.70wt. % U-235 I 
kKENO <lKENO kEFF I 
0.9286 0.0008 0.9301 I 
0.9349 0.0006 0.9361 I 
0.9343 0.0006 0.9356 I 
0.9286 0.0006 0.9299 I 
0.9190 0.0006 0.9202 I 

Basket Type A2-32 : 32 Damaged Fuel Assemblies I 
Optimum Rod Pitch 4.60 wt. % U-235 I 

kKENO <lKENO kEFF I 
0.9200 0.0008 0.9216 I 
0.9318 0.0007 0.9331 I 
0.9346 0.0007 0.9359 I 
0.9315 0.0007 0.9328 I 
0.9253 0.0006 0.9266 I 

Optimum Rod Pitch 4.90 wt. % U-235 I 
kKENO <lKENO kEFF I 
0.9248 0.0006 0.9261 I 
0.9330 0.0006 0.9342 I 
0.9336 0.0006 0.9348 I 
0.9303 0.0008 0.9319 I 
0.9220 0.0007 0.9235 I 
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Table M. 6-69 
Damaged Fuel Criticality Evaluation - WEJ 4 

(Part 1 of2) 

Basket Type Al - 32 Damaged Fuel Assemblies 

Optimum Rod Pitch 3.80 wt. % U-235 

kKENO <lKENO kEFF 

0.9338 0.0007 0.9352 

0.9357 0.0006 0.9369 

0.9338 0.0008 0.9354 

0.9271 0.0006 0.9283 

0.9J6J 0.0006 0.9J73 

Optimum Rod Pitch 4.10 wt. % U-235 

kKENO <lKENO kEFF 

0.935J 0.0006 0.9364 

0.9335 0.0006 0.9348 

0.9266 0.0007 0.9279 

0.9J20 0.0007 0.9135 

0.8984 0.0006 0.8996 

Optimum Rod Pitch 4.30 wt. % U-235 

kKENO <lKENO kEFF 

0.9352 0.0006 0.9364 

0.9333 0.0008 0.9348 

0.9243 0.0007 0.9256 

0.9118 0.0007 0.9J3J 

0.8943 0.0007 0.8956 

Optimum Rod Pitch 4.50 wt. % U-235 

kKENO <lKENO kEFF 

0.9362 0.0007 0.9377 

0.9345 0.0007 0.9358 

0.9260 0.0007 0.9273 

0.9J5J 0.0006 0.9J63 

0.8990 0.0007 0.9003 
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Table M.6-69 
Damaged Fuel Criticality Evaluation - WE14 

(Part 2 of2) 

Basket Type A2 - 32 Damaged Fuel Assemblies 

Optimum Rod Pitch 3.95 wt. % U-235 

kKENO <lKENO kEFF 

0.9270 0.0007 0.9285 

0.9341 0.0007 0.9354 

0.9352 0.0008 0.9368 

0.9304 0.0007 0.9317 

0.9231 0.0006 0.9244 

Optimum Rod Pitch 4.25 wt. % U-235 

kKENO <lKENO kEFF 

0.9323 0.0007 0.9338 

0.9339 0.0007 0.9353 

0.9281 0.0006 0.9294 

0.9168 0.0006 0.9181 

0.9033 0.0007 0.9048 

Optimum Rod Pitch 4.45 wt. % U-235 

kKENO <lKENO kEFF 

0.9317 0.0007 0.9330 

0.9325 0.0007 0.9339 

0.9294 0.0007 0.9309 

0.9214 0.0007 0.9228 

0.9070 0.0007 0.9085 

Optimum Rod Pitch 4.65 wt.% U-235 

kKENO <lKENO kEFF 

0.9338 0.0007 0.9352 

0.9304 0.0006 0.9316 

0.9214 0.0006 0.9226 

0.9094 0.0007 0.9108 

0.8931 0.0007 0.8944 
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Table M. 6-70 
Damaged Fuel Criticality Evaluation- CEJ4 

(Part 1 of6) 

Basket Type Al : 32 Damaged Fuel Assemblies I 
Optimum Rod Pitch 3.60 wt. % U-235 I 

kKENO <TKENO kEFF I 
0.9270 0.0007 0.9283 I 
0.9339 0.0006 0.9351 I 
0.9326 0.0007 0.9339 I 
0.9262 0.0006 0.9274 I 
0.9194 0.0006 0.9207 I 

Optimum Rod Pitch 3.90 wt. % U-235 I 
kKENO <TKENO kEFF I 

0.9268 0.0006 0.9281 I 
0.9333 0.0007 0.9347 I 
0.9332 0.0006 0.9344 I 
0.9274 0.0006 0.9286 I 
0.9208 0.0007 0.9222 I 

Optimum Rod Pitch 4.10 wt.% U-235 I 
kKENO <TKENO kEFF I 

0.9336 0.0006 0.9349 I 
0.9348 0.0007 0.9362 I 
0.9324 0.0006 0.9337 

0.9244 0.0007 0.9257 

0.9124 0.0007 0.9137 

Optimum Rod Pitch 4.30 wt. % U-235 

kKENO <TKENO kEFF 
0.9362 0.0007 0.9375 

0.9375 0.0007 0.9388 

0.9325 0.0007 0.9338 

0.9219 0.0006 0.9231 

0.9084 0.0006 0.9097 

Optimum Rod Pitch 4.35 wt. % U-235 

kKENO <TKENO kEFF 
0.9326 0.0006 0.9338 

0.933J 0.0006 0.9344 I 
0.9275 0.0007 0.9288 I 
0.9J88 0.0006 0.9J99 I 
0.9038 0.0006 0.905J I 
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Table M.6-70 
Damaged Fuel Criticality Evaluation-CEJ4 

(Part 2 of6) 

Basket Type Al : 28 Damaged Fuel Assemblies 

Optimum Rod Pitch 3. 70 wt. % U-235 

kKENO <TKENO kEFF 
0.9273 0.0007 0.9286 

0.9354 0.0007 0.9367 

0.9337 0.0006 0.9350 

0.9295 0.0006 0.9308 

0.9207 0.0006 0.9220 

Optimum Rod Pitch 4.00 wt.% U-235 

kKENO <TKENO kEFF 
0.93JO 0.0007 0.9323 

0.9364 0.0007 0.9378 

0.9336 0.0006 0.9348 

0.9260 0.0007 0.9273 

0.9J64 0.0006 0.9176 

Optimum Rod Pitch 4.20 wt. % U-235 

kKENO <TKENO kEFF 
0.9322 0.0007 0.9335 

0.9364 0.0007 0.9378 

0.9327 0.0007 0.9340 

0.9244 0.0007 0.9258 

0.9119 0.0007 0.9J32 

Optimum Rod Pitch 4.40 wt. % U-235 

kKENO <TKENO kEFF 
0.9346 0.0007 0.9360 

0.936J 0.0006 0.9373 

0.93J 3 0.0006 0.9325 

0.9229 0.0007 0.9243 

0.9093 0.0006 0.9J05 

Optimum Rod Pitch 4.45 wt. % U-235 

kKENO <TKENO kEFF 
0.9338 0.0006 0.9350 

0.9334 0.0007 0.9347 

0.9270 0.0006 0.9282 

0.9J82 0.0007 0.9J95 

0.9069 0.0006 0.908J 
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TableM6-70 
Damaged Fuel Criticality Evaluation - CEJ 4 

(Part 3 of6) 
Basket Type Al : 16 Damaged Fuel Assemblies I 
Optimum Rod Pitch 3.80 wt. % U-235 I 

kKENO <lKENO kEFF I 
0.9229 0.0007 0.9243 I 
0.9324 0.0006 0.9336 I 
0.9335 0.0007 0.9348 I 
0.9304 0.0007 0.9318 I 
0.9252 0.0007 0.9267 I 

Optimum Rod Pitch 4.10 wt. % U-235 I 
kKENO <lKENO kEFF I 

0.9297 0.0008 0.9312 I 
0.9344 0.0007 0.9358 I 
0.9327 0.0007 0.9341 I 
0.9275 0.0006 0.9287 I 
0.9173 0.0006 0.9186 I 

Optimum Rod Pitch 4.30 wt. % U-235 I 
kKENO <lKENO kEFF I 

0.9322 0.0007 0.9335 I 
0.9344 0.0006 0.9357 I 
0.9311 0.0007 0.9325 I 
0.9238 0.0007 0.9251 I 
0.9135 0.0006 0.9148 I 

Optimum Rod Pitch 4.50 wt. % U-235 I 
kKENO (JKENO kEFF I 

0.9329 0.0007 0.9342 

0.9350 0.0007 0.9363 

0.9308 0.0007 0.9321 

0.9215 0.0008 0.9230 

0.9099 0.0008 0.9115 

Optimum Rod Pitch 4.60 wt.% U-235 

kKENO <lKENO kEFF 

0.9346 0.0007 0.9359 

0.9350 0.0007 0.9364 

0.9308 0.0006 0.932J 

0.9214 0.0008 0.9230 

0.9097 0.0007 0.9110 
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TableM6-70 
Damaged Fuel Criticality Evaluation- CE14 

(Part4 of6) 

Basket Type A2 : 32 Damaged Fuel Assemblies I 
Optimum Rod Pitch 3.75wt. % U-235 I 

kKENO <lKENO kEFF I 
0.9252 0.0007 0.9265 I 
0.9333 0.0007 0.9347 I 
0.9357 0.0006 0.9370 I 
0.93J9 0.0007 0.9332 I 
0.9226 0.0006 0.9239 I 

Optimum Rod Pitch 4.05 wt.% U-235 I 
kKENO <lKENO kEFF I 
0.9293 0.0007 0.9307 I 
0.9353 0.0007 0.9366 I 
0.9334 0.0006 0.9347 I 
0.9274 0.0006 0.9287 I 
0.9J66 0.0007 0.9J79 I 

Optimum Rod Pitch 4.25 wt. % U-235 I 
kKENO <lKENO kEFF I 

0.9306 0.0007 0.9320 I 
0.9363 0.0007 0.9377 I 
0.933J 0.0007 0.9344 I 
0.9270 0.0006 0.9282 I 
0.914J 0.0006 0.9J53 I 

Optimum Rod Pitch 4.45 wt. % U-235 I 
kKENO <lKENO kEFF I 
0.9286 0.0007 0.9300 I 
0.9342 0.0007 0.9355 I 
0.933J 0.0007 0.9345 I 
0.9262 0.0006 0.9275 I 
0.9177 0.0008 0.9J92 I 

Optimum Rod Pitch 4.55 wt. % U-235 I 
kKENO <lKENO kEFF I 
0.9328 0.0006 0.9340 I 
0.9362 0.0007 0.9376 I 
0.9308 0.0006 0.932J I 
0.92JJ 0.0007 0.9224 I 
0.9110 0.0006 0.9J23 I 
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Table M.6-70 
Damaged Fuel Criticality Evaluation-CE14 

(Part 5 of6) 

Basket Type A2 : 28 Damaged Fuel Assemblies 

Optimum Rod Pitch 3.85 wt. % U-235 

kKENO <7KENO kEFF 
0.9259 0.0008 0.9275 

0.9343 0.0007 0.9357 

0.9362 0.0007 0.9376 

0.9324 0.0007 0.9338 

0.9247 0.0007 0.9261 

Optimum Rod Pitch 4.15 wt.% U-235 

kKENO <7KENO kEFF 
0.9283 0.0008 0.9298 

0.9350 0.0006 0.9362 

0.9344 0.0007 0.9358 

0.9289 0.0006 0.9301 

0.9198 0.0007 0.9211 

Optimum Rod Pitch 4.35 wt.% U-235 

kKENO <7KENO kEFF 
0.9306 0.0007 0.9320 

0.9351 0.0007 0.9364 

0.9324 0.0007 0.9338 

0.9270 0.0007 0.9283 

0.9163 0.0006 0.9175 

Optimum Rod Pitch 4.50 wt. % U-235 

kKENO <7KENO kEFF 
0.9295 0.0007 0.9309 

0.9311 0.0007 0.9325 

0.9283 0.0007 0.9297 

0.9200 0.0006 0.9212 

0.9089 0.0007 0.9103 

Optimum Rod Pitch 4.65 wt.% U-235 

kKENO <7KENO kEFF 

0.9330 0.0006 0.9342 

0.9355 0.0007 0.9369 

0.9319 0.0007 0.9333 

0.9217 0.0007 0.9230 

0.9103 0.0007 0.9116 
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Table M.6-70 
Damaged Fuel Criticality Evaluation -CE14 

(Part6 of6) 

Basket Type A2 : 16 Damaged Fuel Assemblies I 
Optimum Rod Pitch 3.95 wt. % U-235 I 

kKENO <TKENO kEFF I 
0.9234 0.0007 0.9247 I 
0.9340 0.0007 0.9353 I 
0.9353 0.0008 0.9368 I 
0.9335 0.0006 0.9347 I 
0.9268 0.0007 0.9282 I 

Optimum Rod Pitch 4.25 wt.% U-235 I 
kKENO <TKENO kEFF I 
0.9245 0.0007 0.9259 I 
0.9317 0.0006 0.9330 I 
0.9322 0.0007 0.9337 I 
0.9293 0.0007 0.9307 I 
0.92J9 0.0008 0.9234 I 

Optimum Rod Pitch 4.45 wt. % U-235 I 
kKENO <TKENO kEFF I 
0.9285 0.0007 0.9299 I 
0.9323 0.0007 0.9338 I 
0.93J5 0.0008 0.933J I 
0.9260 0.0007 0.9275 I 
0.9J64 0.0007 0.9178 I 

Optimum Rod Pitch 4.70 wt.% U-235 I 
kKENO <TKENO kEFF I 

0.9329 0.0007 0.9342 I 
0.9365 0.0007 0.9379 I 
0.9330 0.0007 0.9343 I 
0.9265. 0.0007 0.9279 I 
0.9160 0.0007 0.9174 I 

Optimum Rod Pitch 4.80 wt. % U-235 I 
kKENO <TKENO kEFF I 
0.9308 0.0007 0.932J I 
0.935J 0.0009 0.9368 I 
0.93J8 0.0007 0.933J I 
0.9263 0.0007 0.9278 I 
0.9J54 0.0007 0.9J67 
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Table M.6-71 
Failed Fuel Criticality Evaluation - WEJ 7 

(Part 1 of8) 

Basket Type Al : 8 Failed Fuel Cans I 
2500ppm FFC 14xl4 Array 4.15 wt.% tf-235 I 
/MD(%) kKENO <iKENO kEFF I 

60 0.9267 0.0007 0.9280 I 
70 0.9322 0.0006 0.9335 I 
80 0.9337 0.0007 0.935J I 
90 0.9304 0.0007 0.93J8 I 

JOO 0.9230 0.0006 0.9242 I 
2500ppm FFC l 5xl 5 Array 4.10 wt. % U-235 I 
IMD(%) kKENO <iKENO kEFF I 

60 0.9272 0.0008 0.9287 I 
70 0.9325 0.0006 0.9337 I 
80 0.9330 0.0008 0.9345 I 
90 0.9295 0.0007 0.9308 I 

JOO 0.9233 0.0007 0.9247 I 
2500PPM FFC 16xl 6 Array 4.05 wt. % U-235 I 
IMD(%) kKENO <iKENO kEFF I 

60 0.9259 0.0007 0.9272 

70 0.9335 0.0007 0.9348 

80 0.9336 0.0007 0.9350 

90 0.930J 0.0007 0.93J5 

JOO 0.92J9 0.0007 0.9232 

2500PPM FFC 17xl 7 Array 4.00 wt. % U-235 

/MD(%) kKENO <TKENO kEFF 

60 0.9239 0.0008 0.9255 

70 0.9308 0.0007 0.9322 

80 0.933J 0.0007 0.9345 

90 0.9286 0.0006 0.9298 

JOO 0.92J8 0.0007 0.923J 

Note: 

The KENO results are for the limiting fuel rod pitch of FFC failed fuel rod array. The 8 failed fuel 
locations are shown in Figure M2-9. 
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Table M.6-71 
Failed Fuel Criticality Evaluation - WE17 

(Part 2 o/8) 

Basket Type Al : 8 Failed Fuel Cans 

2800ppm FFC 14x14 Array 4.40 wt. % U-235 

/MD(%) kKENO <1KENO kEFF 

60 0.9289 0.0008 0.9304 

70 0.9317 0.0007 0.9331 

80 0.9328 0.0008 0.9343 

90 0.9268 0.0006 0.9281 

100 0.9182 0.0006 0.9195 

2800ppm FFC 15xl 5 Array 4.40 wt. % U-235 

/MD(%) kKENO <1KENO kEFF 

60 0.9312 0.0006 0.9324 

70 0.9359 0.0008 0.9374 

80 0.9349 0.0009 0.9366 

90 0.9301 0.0007 0.9314 

100 0.9201 0.0006 0.9214 

2800PPM FFC 16xl 6 Array 4.35 wt. % U-235 

/MD(%) kKENO <1KENO kEFF 

60 0.9309 0.0006 0.9321 

70 0.9362 0.0007 0.9375 

80 0.9349 0.0007 0.9363 

90 0.9297 0.0007 0.9310 

100 0.9208 0.0006 0.9221 

2800PPM FFC 17xl 7 Array 4.30 wt. % U-235 

/MD(%) kKENO <1KENO kEFF 

60 0.9289 0.0007 0.9302 

70 0.9343 0.0007 0.9357 

80 0.9351 0.0007 0.9365 

90 0.9281 0.0006 0.9293 

100 0.9204 0.0007 0.9218 

Note: 

The KENO results are for the limiting fuel rod pitch of FFC failed fuel rod array . . The 8 failed fuel 
locations are shown in Figure M2-9. 
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Table M.6-71 
Failed Fuel Criticality Evaluation - WEI 7 

(Part 3 of8) 

Basket Type A2 : 8 Failed Fuel Cans 

2500ppm FFC 14x14 Array 4.30 wt. % U-235 

IMD(%) kKENO <TKENO kEFF 

60 0.9247 0.0007 0.926J 

70 0.93J2 0.0006 0.9325 

80 0.9345 0.0007 0.9359 

90 0.93J8 0.0007 0.933J 

JOO 0.925J 0.0007 0.9264 

2500ppm FFC 15xl 5 Array 4.25 wt. % U-235 

IMD(%) kKENO <TKENO kEFF 

60 0.9234 0.0007 0.9248 

70 0.9314 0.0007 0.9328 

80 0.9324 0.0006 0.9337 

90 0.9306 0.0006 0.93J8 

JOO 0.9244 0.0007 0.9258 

2500PPM FFC 16xl 6 Array 4.20 wt. % U-235 

IMD(%) kKENO <TKENO kEFF 

60 0.9234 0.0008 0.9250 

70 0.9323 0.0008 0.9338 

80 0.9342 0.0006 0.9354 

90 0.93J4 0.0006 0.9327 

JOO 0.9254 0.0006 0.9267 

2500PPM FFC 17xl 7 Array 4.15 wt.% U-235 

IMD(%) kKENO <TKENO kEFF I 
60 0.9225 0.0007 0.9238 I 
70 0.9305 0.0006 0.93J7 I 
80 0.9337 0.0007 0.9350 I 
90 0.93J6 0.0006 0.9327 I 

JOO 0.9253 0.0007 0.9267 ' I 
Note: 

The KENO results are for the limiting fael rod pitch of FFC failed fuel rod array. The 8 failed fuel 
locations are shown in Figure M2-9. 
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Table M.6-71 
Failed Fuel Criticality Evaluation - WEJ 7 

(Part 4of8) 
Basket Type A2 : 8 Failed Fuel Cans I 

2800ppm FFC 14xl4 Array 4.60 wt. % U-235 I 
IMD(%) kKENO (jKENO kEFF I 

60 0.9277 0.0005 0.9287 I 
70 0.9350 0.0007 0.9364 I 
80 0.9342 0.0007 0.9356 I 
90 0.9303 0.0007 0.9317 I 

JOO 0.9238 0.0007 0.9252 I 
2800ppm FFC l 5xl 5 Array 4.55 wt. % U-235 I 
IMD(%) kKENO (jKENO kEFF I 

60 0.9283 0.0007 0.9297 I 
70 0.9363 0.0007 0.9376 I 
80 0.9348 0.0007 0.9362 I 
90 0.9299 0.0008 0.93J4 I 

JOO 0.9236 0.0007 0.9250 I 
2800PPM FFC 16xl 6 Array 4.50 wt. % U-235 I 
IMD(%) kKENO (jKENO kEFF I 

60 0.9296 0.0008 0.93J2 I 
70 0.9342 0.0007 0.9357 I 
80 0.9360 0.0007 0.9373 I 
90 0.9323 0.0008 0.9339 I 

JOO 0.9233 0.0007 0.9246 I 
2800PPM FFC 17xl 7 Array 4.45 wt. % U-235 I 
IMD(%) kKENO (jKENO kEFF I 

60 0.9280 0.0006 0.9292 I 
70 0.9349 0.0007 0.9363 I 
80 0.935J 0.0007 0.9364 I 
90 0.93J5 0.0007 0.9328 I 

JOO 0.9237 0.0006 0.9249 I 
Note: 

The KENO results are for the limiting fuel rod pitch of FFC failed fuel rod array. The 8 failed fuel 
locations are shown in Figure M2-9. 
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Table M.6-71 
Failed Fuel Criticality Evaluation - WEI 7 

(Part 5of8) 

Basket Type Al-32: 8 Failed Fuel Cans I 
2500ppm FFC 14x14 Array 4.55 wt. % U-235 I 
IMD(%) kKENO <iKENO kEFF I 

60 0.92J8 0.0007 0.923J I 
70 0.9305 0.0006 0.9317 I 
80 0.9350 0.0007 0.9364 I 
90 0.9334 0.0007 0.9347 I 

JOO 0.9282 0.0007 0.9295 I 
2500ppm FFC 15xl 5 Array 4.50 wt. % U-235 I 
IMD(%) kKENO <iKENO kEFF I 

60 0.92J6 0.0007 0.9230 I 
70 0.93J9 0.0007 0.9332 I 
80 0.9339 0.0008 0.9355 I 
90 0.9337 0.0007 0.935J I 

JOO 0.9296 0.0006 0.9309 I 
2500PPM FFC 16xl 6 Array 4.45 wt. % U-235 I 
IMD(%) kKENO <iKENO kEFF I 

60 0.92J7 0.0008 0.9233 I 
70 0.9327 0.0006 0.9340 I 
80 0.9349 0.0007 0.9363 I 
90 0.9346 0.0007 0.9360 I 

JOO 0.9275 0.0007 0.9290 I 
2500PPM FFC J 7xl 7 Array 4.40 wt.% U-235 I 
IMD(%) kKENO <iKENO kEFF I 

60 0.9203 0.0006 0.92J5 I 
70 0.93JJ 0.0008 0.9326 I 
80 0.9349 0.0008 0.9365 I 
90 0.9334 0.0007 0.9347 I 

JOO 0.9289 0.0007 0.9303 I 
Note: 

The KENO results are for the limiting fuel rod pitch of FFC failed fuel rod array. The 8failedfuel 
locations are shown in Figure M2-9. 
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Table M.6-71 
Failed Fuel Criticality Evaluation - WE17 

(Part 6of8) 

Basket Type Al-32 : 8 Failed Fuel Cans I 
2800ppm FFC 14xl 4 Array 4.85 wt. % U-235 I 
/MD(%) kKENO <TKENO kEFF I 

60 0.9264 0.0006 0.9276 I 
70 0.9328 0.0008 0.9344 I 
80 0.9353 0.0007 0.9367 I 
90 0.9337 0.0007 0.9351 I 

JOO 0.9265 0.0007 0.9280 I 
2800ppm FFC l 5xl 5 Array 4.8i0 wt. % U-235 I 
/MD(%) kKENO <TKENO kEFF I 

60 0.9256 0.0007 0.9270 I 
70 0.9352 0.0007 0.9366 I 
80 0.9353 0.0006 0.9365 I 
90 0.9335 0.0007 0.9350 I 
100 0.9264 0.0006 0.9276 I 

2800PPM FFC 16xl 6 Array 4. 75 wt. % U-235 I 
/MD(%) kKENO <TKENO kEFF I 

60 0.9265 0.0007 0.9278 I 
70 0.9334 0.0006 0.9346 I 
80 0.9362 0.0006 0.9374 I 
90 0.9333 0.0007 0.9346 I 
100 0.9277 0.0006 0.9289 I 

2800PPM FFC 17xl 7 Array 4.65 wt.% U-235 I 
/MD(%) kKENO <TKENO kEFF I 

60 0.9225 0.0006 0.9238 I 
70 0.9316 0.0007 0.9329 I 
80 0.9335 0.0008 0.9350 I 
90 0.9302 0.0006 0.9315 I 

100 0.9250 0.0006 0.9263 I 
Note: 

The KENO results are for the limiting fuel rod pitch of FFC failed fuel rod array. The 8failedfuel 
locations are shown in Figure M2-9. 
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Table M.6-71 
Failed Fuel Criticality Evaluation - WE17 

(Part 7of8) 
Basket Type A2-32 : 8 Failed Fuel Cans I 

2500ppm FFC 14xl4 Array 4.75 wt. % U-235 I 
/MD(%) kKENO <7KENO kEFF I 

60 0.9176 0.0007 0.9J89 I 
70 0.929J 0.0007 0.9305 I 
80 0.9339 0.0007 0.9354 I 
90 0.9342 0.0007 0.9357 I 

JOO 0.9305 0.0007 0.93J8 I 
2500ppm FFC l 5xl 5 Array 4. 70 wt. % U-235 I 
/MD(%) kKENO <7KENO kEFF I 

60 0.917J 0.0007 0.9J84 I 
70 0.9298 0.0007 0.93J2 

80 0.9338 0.0008 0.9354 

90 0.933J 0.0006 0.9343 

JOO 0.9304 0.0007 0.93J8 

2500PPM FFC 16xl 6 Array 4.65 wt.% U-235 

/MD(%) kKENO <7KENO kEFF 

60 0.9J67 0.0008 0.9J83 

70 0.9294 0.0007 0.9308 

80 0.9346 0.0008 0.936J 

90 0.9339 0.0007 0.9352 

JOO 0.93J9 0.0007 0.9333 

2500PPM FFC 17xl 7 Array 4.60 wt.% U-235 

/MD(%) kKENO <7KENO · kEFF 

60 0.9176 0.0007 0.9J89 

70 0.9283 0.0007 0.9296 I 
80 0.9358 0.0008 0.9373 I 
90 0.9353 0.0007 0.9367 I 

JOO 0.9333 0.0007 0.9347 I 
Note: 

The KENO results are for the limiting fuel rod pitch of FFC failed fuel rod array. The 8 failed fuel 
locations are shown in Figure M2-9. 
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Table M.6-71 
Failed Fuel Criticality Evaluation - WEI 7 

(Part8 of8) 

Basket Type A2-32 : 8 Failed Fuel Cans I 
2800ppm FFC 14xl4 Array 5.00 wt. % U-235 I 
/MD(%) kKENO <lKENO kEFF I 

60 0.9182 0.0008 0.9198 I 
70 0.9269 0.0007 0.9282 I 
80 0.9304 0.0007 0.9317 I 
90 0.9287 0.0007 0.9302 I 

100 0.9253 0.0007 0.9266 I 
2800ppm FFC l 5xl 5 Array 5.00 wt. % U-235 I 
/MD(%) kKENO <lKENO kEFF I 

60 0.9214 0.0007 0.9227 I 
70 0.9297 0.0006 0.9310 

80 0.9353 0.0007 0.9367 

90 0.9323 0.0006 0.9335 

100 0.9281 0.0008 0.9296 

2800PPM FFC 16xl 6 Array 4.95 wt. % U-235 

/MD(%) kKENO <lKENO kEFF 

60 0.9223 0.0007 0.9236 

70 0.9337 0.0007 0.9350 

80 0.9354 0.0006 0.9366 

90 0.9345 0.0008 0.9361 

100 0.9286 0.0006 0.9299 

2800PPM FFC 17x17 Array 4.90 wt. % U-235 

/MD(%) kKENO <lKENO kEFF 

60 0.9210 0.0007 0.9224 

70 0.9318 0.0006 0.9331 

80 0.9352 0.0007 0.9365 

90 0.9338 0.0006 0.9350 I 
100 0.9298 0.0007 0.9311 I 

Note: 

The KENO results are for the limiting fuel rod pitch of FFC failed fuel rod array. The 8 failed fuel 
locations are shown in Figure M2-9. 
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TableM6-72 
Failed Fuel Criticality Evaluation - WEJ4 

(Part 1 of2) 

Basket Type Al : 8 Failed Fuel Cans I 
1800ppm FFC 14xl4 Array 4.15 wt.% U-235 I 
IMD(%) kKENO (}KENO kEFF I 

60 0.9260 0.0007 0.9274 I 
70 0.9333 0.0008 0.9348 I 
80 0.9335 0.0007 0.9349 I 
90 0.9314 0.0007 0.9328 I 

100 0.9252 0.0008 0.9268 I 
2100ppm FFC 14x14 Array 4.50 wt. % U-235 I 
IMD(%) kKENO (}KENO kEFF I 

60 0.9278 0.0007 0.9293 I 
70 0.9330 0.0007 0.9345 I 
80 0.9331 0.0008 0.9346 I 
90 0.9289 0.0008 0.9304 I 

100 0.9218 0.0008 0.9233 I 
2300PPM FFC 14xl4 Array 4.75wt. % U-235 I 
IMD(%) kKENO (}KENO kEFF I 

60 0.9341 0.0007 0.9355 I 
70 0.9357 0.0007 0.9371 I 
80 0.9348 0.0007 0.9362 I 
90 0.9289 0.0007 0.9303 I 

100 0.9209 0.0009 0.9226 I 
2500PPM FFC l 4xl 4 Array 4.95 wt. % U-235 I 
IMD(%) kKENO (}KENO kEFF I 

60 0.9327 0.0007 0.9340 I 
70 0.9344 0.0008 0.9360 I 
80 0.9329 0.0007 0.9342 I 
90 0.9259 0.0007 0.9273 I 

100 0.9157 0.0008 0.9173 I 
Note: 

The KENO results are for the limiting fuel rod pitch of FFC failed fuel rod array. The 8 failed fuel 
locations are shown in Figure M2-9. 
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Table M.6-72 
Failed Fuel Criticality Evaluation - WE14 

(Part 2 of2) 

Basket Type A2 : 8 Failed Fuel Cans 

1800ppm FFC 14xl4 Array 4.30 wt. % U-235 

!MD(%) kKENO <lKENO kEFF 

60 0.92J4 0.0007 0.9227 

70 0.9306 0.0007 0.932J 

80 0.9330 0.0007 0.9344 

90 0.9327 0.0008 0.9343 

JOO 0.9300 0.0007 0.9313 

2100ppm FFC l 4xl 4 Array 4.70 wt.% U-235 

!MD(%) kKENO <lKENO kEFF 

60 0.926J 0.0007 0.9275 

70 0.9337 0.0008 0.9353 

80 0.9349 0.0007 0.9364 

90 0.9333 0.0007 0.9348 

JOO 0.9274 0.0007 0.9287 

2300PPM FFC 14xl4 Array 4.95 wt. % U-235 

IMD(%) kKENO <lKENO kEFF 

60 0.9303 0.0007 0.93J6 

70 0.9349 0.0008 0.9364 

80 0.9364 0.0008 0.9379 

90 0.9302 0.0007 0.93J6 

JOO 0.9254 O.OOJO 0.9274 

2500PPM FFC 14xl4 Array 5.00 wt.% U-235 

!MD(%) kKENO <lKENO kEFF 

60 0.92J6 0.0007 0.923J 

70 0.9258 0.0007 0.9272 

80 0.9255 0.0009 0.9272 

90 0.9209 0.0007 0.9223 

JOO 0.9137 0.0007 0.9J5J 

Note: 

The KENO results are for the limiting fuel rod pitch of FFC failed fael rod array. The 8 failed fuel 
locations are shown in Figure M2-9. 
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Table M.6-73 
Failed Fuel Criticality Evaluation - CE14 

Basket Type Al : 8 Failed Fuel Cans I 
2600ppm FFC 14xl4 Array 4.70wt. % U-235 I 
/MD(%) kKENO <lKENO kEFF I 

60 0.932J 0.0007 0.9335 I 
70 0.9347 0.0007 0.9360 I 
80 0.9297 0.0007 0.93JJ I 
90 0.92J5 0.0007 0.9228 I 

JOO 0.9083 0.0007 0.9097 I 
Basket Type A2 : 8 Failed Fuel Cans I 

2600ppm FFC 14xl4 Array 4.90 wt. % U-235 I 
/MD(%) kKENO <lKENO kEFF I 

60 0.9320 0.0008 0.9336 I 
70 0.9343 0.0007 0.9356 I 
80 0.9322 0.0007 0.9336 I 
90 0.9229 0.0008 0.9245 I 

JOO 0.9J5J 0.0007 0.9J65 I 
Note: 

The KENO results are for the limiting fuel rod pitch of FFC failed fuel rod array. The 8 failed fuel 
locations are shown in Figure M2-9. 

March2017 
Revision 0 72-1004 Amendment No. 15 Page M6-56iii33 I 



In the unlikely event that a pellet were to crack or break, the total mass would be confined by the 
steel to the same dimensions. 

The irradiation-induced swelling is due to neutron capture by the 10B isotope. Using data from 
[9.11] and by determining the neutron absorption in the B4C (10B capture) from the shielding 
analyses, the swelling is determined to be negligible~ 0.00002%. Finally, according to [9.11], 
the first intergranular cracks do not start to appear until fluences are 5 .5 orders of magnitude 
greater than those calculated for 50 year operation. 

M9.l.7.ll Linear Density Testing for AIC P RAs 

The PRAs based on Silver-Indium-Cadmium neutron absorber material are also specified for 
criticality control and are designated as AIC PRAs. The Ag-Jn-Cd poison is inserted into the 
stainless steel tubes shown in Figure Ml-2. Table M2-4a specifies the minimum silver content 
per unit length in the axial direction of the rods for the various AIC P RA designs. The minimum 
silver content per unit length is consistent with the criticality analysis (Section M 6) with an 
additional 25% margin. 

The AIC PRAs are similar to the rod cluster control assemblies (RCCAs) that are primarily 
employed as control rods for reactor operations. The acceptance testing associated with the 
qualification of AIC P RAs for reactor use is sufficient for this purpose. Density and diameter 
shall be measured to verify conformance to the specification requirements. 

Deviations from the specified dimensions or density may be accepted, as long as the resulting 
minimum silver mass per unit length is maintained. 

AIC PRA materials are qualified for long term operations in the reactor core which assures long 
term performance as P RAs. 
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M.10 Radiation Protection 

Section 7.4.1 discusses the anticipated cumulative dose exposure to site;ersonnel during the fuel 
handling and transfer activities associated with utilizing one NUHOMS HSM for storage of one 
DSC. Chapter 5 describes in detail the NUHOMS® operational procedures, several of which 
involve potential exposure to personnel. 

M.10.1 Occupational Exposure 

The occupational exposure results shown herein do not account for loading of 0. 380 MI'U fuel, 
which is described in Section M5.4. I 6. Loading 0.380 MI'U fuel results in an increase in 
occupational exposure of 20%. 

The expected occupational dose for placing a canister of spent fuel into dry storage is based on 
the operational steps outlined in Table 7.4-1. The total exposure for the occupational dose due to 
placing a single NUHOMS®-32PT DSC into storage is conservatively estimated to be 1.8 
person-rem (32PT-Sl25/32PT-L125 DSC configuration) and 3.8 person-rem (32PT-S100/32PT
L100 DSC configuration). This is a very conservative estimate because the dose rates on and 
around the 32PT DSC used in these calculations are based on very conservative assumptions for 
the design-basis source terms (32PT-S100/32PT-L100 DSC with Heat Loading Zoning 
Configuration 2 from Chapter M.2). As in Section M.5, no credit is taken for the thicker door 
described in Section 8.1.1.6 or for any steel liners around the vent openings for the occupational 
exposure analysis. The calculated exposures for both configurations are due mainly to the 
expected gamma dose rate during preparation for welding. The increased calculated exposure 
for the 32PT-S 100/32PT- L 100 configuration is due to the thinner shield plug and due to 
draining the NUHOMS®-32PT DSC to meet a 32PT-S100/32PT-L100 DSC weight limit as 
described in Section M.8. 

The NUHOMS®-32PT System loading operations, the number of workers required for each 
operation, and the amount of time required for each operation are presented in Table M.10-1 and 
Table M.10-2 for the 32PT-S125/32PT-Ll25 DSC and 32PT-S100/32PT-L100 DSC 
configurations respectively. This information is used as the basis for estimating the total 
occupational exposure associated with one fuel load. This evaluation is performed for the 
storage of one design-basis NUHOMS®-32PT DSC in an HSM. The dose rates applicable for 
each operation are based on the results presented in Section M.5 .4 for loading operations. 
Engineering judgment and operational experience are used to estimate dose rates that were not 
explicitly evaluated. This evaluation assumes that a transfer trailer/skid with an integral ram is 
used for the DSC transfer operations. Licensees may elect to use different equipment and/or 
different procedures. Unique steps are sometimes necessary at the individual site to load the 
canister, complete closure operations and place the canister in the HSM. Specifically, the 
licensee may choose to modify the sequence of operations in order to achieve reduced dose rates 
for a larger number of steps, with the end result of reduced total exposure. The only requirement 
is that the licensee practice ALARA with respect to the total exposure received for a loading 
campaign. These estimated durations, manloading and dose rates are not limits. 

The amount of time required to complete some operations is sometimes far greater than the 
actual amount of time spent in a radiation field. The process of vacuum drying the DSC includes 
setting up the vacuum drying system (VDS), verifying that the VDS is operating correctly, 
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evacuating the DSC cavity, monitoring the DSC pressure, and disconnecting the VDS from the 
DSC. Of these tasks, only setup and removal of the VDS require a worker to spend time near the 
DSC. The most time consuming task, evacuating the DSC, does not require anyone to be present 
at all. The total exposure calculated for each task is therefore not necessarily equal to the 
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of the MCNP tallies to convert the tally results to fluxes (particles per second per square 
centimeter). 

Gamma-ray spectrum calculations for the HSM are shown in Table M. l 0-4. The group fluxes on 
the HSM roof are taken from the ANISN run. The dose rate contribution from each group is the 
product of the flux and the flux-to-dose factor. The "Input Flux" column in Table M. l 0-4 is 
simply the roof flux in each group, divided by the total dose rate and represents the roof flux 
normalized to one mrem per hour. Similar calculations for neutrons are shown in Table M.I 0-5. 

M.10.2.1 Activity Calculations 

2xl 0 Back-to-Back Array 

A box that envelops the HSM array and shield walls, as modeled in MCNP, approximates the 
2x10 back-to-back array ofHSMs. The dimensions of the box also include the width of the 
HSM end shield walls. As discussed above, the total activity of each face of the box is 
calculated by multiplying the flux per mrem/hr by the average dose rate of the face and by the 
area of the face. 

Two lxlO Front-to-Front Arrays 

A box that envelops the HSM array and shield walls, as modeled in MCNP, approximates the 
two lxlO arrays ofHSMs. The dimensions of the box also include the width of the HSM end 
and back shield walls. As discussed above, the total activity of each face of the box is calculated 
by multiplying the flux per mrem/hr by the average dose rate of the face and by the area of the 
face. 

The HSM surface activities are summarized in Table M. l 0-6. 

M.10.2.2 Dose Rates 

Dose rates are calculated for distances of 6.1 meters (20 feet) to 600 meters from the edges of the 
two ISFSI designs. The HSM is modeled in MCNP as a box, representing the HSM arrays. 

The dose rate and annual dose results shown herein do not account for loading of0.380 MTU 
fuel which is described in Section M5.4.16. Loading 0.380 MTUfuel results in an increase in 
annual dose of 18%. 

Neutron and gamma-ray sources are placed on each HSM, with shield walls, surface using the 
spectra and activities determined above. The angular distribution of source particles is modeled 
as a cosine distribution. The contribution of capture gamma-rays has been neglected, as has the 
contribution of bremsstrahlung electrons. The inclusion of coherent scattering greatly increases 
the variance in a problem with point detector tallies without improving the accuracy of the 
calculation. Thus, coherent scattering of photons is ignored. 

The MCNP models of the two ISFSI layouts are described herein. For the 2xl 0 back-to-back 
.. array of HSMs with end shield walls the "box", dimensions are as follows. The total width is 

1158 cm. The length of the "box" is 3220 cm and the height of the "box" is 457 cm. 
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For the two lxlO front-to-front arrays ofHSMs with end and back shield walls the "box'', 
dimensions for each array are as follows. The total width is 640 cm. The length of the "box" is 
3220 cm and the height of the "box" is 457 cm. The two lxlO arrays are 1066 cm (35 feet) 
apart. 
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M.11.2 Postulated Accidents 

M.11.2.1 Reduced HSM Air Inlet and Outlet Shielding 

For the HSM-HS, this accident is not credible since the HSM-HS array is designed with the 
elimination of 6-inch gaps between the adjacent HSM-HS modules. The HSM-HS modules are 
placed next to each other and even in the unlikely event of large settlement of the ISFSI 
foundation, shifting of an adjacent HSM-HS occurring and causing the HSM-HS modules to 
separate is not credible. 

This event is described in UFSAR Section 8.2.3 and Chapter U.2, Section U.2.2.3. 

M.11.2.1.1 Cause of Accident 

No change to Section 8.2.1.1. 

M.11.2.1.2 Accident Analysis 

There are no structural consequences that affect the safe operation of the NUHOMS®-32PT 
system resulting from the separation of the HSMs. The thermal effects of this accident results 
from the blockage of HSM air inlet and outlet openings on the HSM side walls in contact with 
each other. This would block the ventilation air flow provided to the HSMs in contact from 
these inlet and outlet openings. The increase in spacing between the HSM on the opposite side 
from 6 inches to 12 inches, will reduce the ventilation air flow resistance through the air inlet and 
outlet openings on these side walls, which will partially compensate the ventilation reduction 
from the blocked side. However, the effect on the NUHOMS®-32PT DSC, HSM and fuel 
temperatures is bounded by the complete blockage of air inlet and outlet openings described in 
Section M.11.2.7. The radiological consequences of this accident are described in the paragraph 
below. 

M.11.2.1.3 Accident Dose Calculations 

The off-site radiological effects that result from a partial loss of adjacent HSM shielding is an 
increase in the air scattered (skyshine) and direct doses from the 12 inch gap between the 
separated HSMs. The air scattered (skyshine) and direct doses are reduced from the gap between 
the HSMs that are in contact with each other. On-site radiological effects result from an increase 
in the direct radiation during recovery operations and increased skyshine radiation. Chapter 8, 
Table 8.2-2 shows the comparisons of the increased dose rate as a function of distance due to the 
reduced shielding effects of the adjacent HSM for the 24P DSC with 5-year cooled design basis 
fuel. 

Table M.11-1 provides a similar table for 32PT-S100/32PT-L100 DSC with Configuration 2, 
from Appendix M.2, of the NUHOMS®-32PT System. For the NUHOMS®-32PT System, the 
dose received by a person located 100 meters away from the NUHOMS® installation for eight 
hours a day for five days (estimated recovery time) would be less than 45 mrem. The increased 
dose to an 
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off-site person for 24 hours a day for five days located 2000 feet away would be less than 0.25 
mrem. Thus, the 10CFR72 requirements for this postulated event are met. 

M.11.2.1.4 Corrective Actions 

No change to Chapter 8, Section 8.2.1.4. 

M.11.2.2 Earthquake 

M.11.2.2.1 Cause of Accident 

No change to Chapter 8, Section 8.2.3.1. 

In addition, an alternate higher seismic design loading is postulated. The alternate higher seismic 
loading consists of an "enhanced" NRC Regulatory Guide 1.60 response spectra anchored at 
1.0g maximum horizontal acceleration and 1.0g maximum vertical acceleration. The enhanced 
R.G. 1.60 response spectra is enriched in the frequency range above 9 Hz as shown in Appendix 
U, Figure U.2-4. This earthquake level is evaluated against Level D allowable criteria for those 
components evaluated in accordance with the ASME Code. There are no changes to the 
evaluations of the OS200 transfer cask and HSM-HS presented in Appendix U. 

M.11.2.2.2 Accident Analysis 

Chapter 8, Section 8.2.3.2 describes the analyses performed to demonstrate that the NUHOMS® 
System withstands the design basis seismic event. Section M.3.7.3 presents the changes to this 
analysis resulting from the addition ofNUHOMS®-32PT DSC. As documented in Chapter 8 and 
Appendix U, the HSM/HSM-HS and the OS197/0S197H or OS200 TC have been evaluated for 
a payload that bounds the 32PT DSC payload, and thus these two components are not affected by 
the 32PT DSC. Therefore, only those analyses documented in Chapter 8 that are affected by the 
increased weight of the 32PT DSC are addressed in Section M.3.7.3. The results of this analysis 
show that seismic stresses are well below allowables and, thus, the leak-tight integrity of the 
canister is not compromised. The basket stresses are also low and do not result in deformations 
that would prevent fuel from being unloaded from the canister. 

For the OS200 transfer cask and HSM/HSM-H, the assessment of earthquake, presented in 
Appendix U, Section U.11.2.2.2, is not changed. 

M.11.2.2.3 Accident Dose Calculations 

The design earthquake (including high seismic loading) does not damage the NUHOMS®-32PT 
system. Hence, no radioactivity is released and there is no associated dose increase due to this 
event. 
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Therefore, these stresses in a TC with a liquid neutron shield need not be evaluated for the 
accident condition. 

As documented in Appendix U, Section U.3.3.7.4, the OS200 transfer cask has been evaluated 
for the NUHOMS®-32PTH1 DSC payload, which bounds that for the 32PT DSC. 

For the OS200 transfer cask, the assessment of a complete loss of neutron shield, presented in 
Appendix U, Section U.11.2.5.2, is not changed. 

M.11.2.5.3 Accident Dose Calculations for Loss of Neutron Shield 

The postulated accident condition for the OS 197/OS197H TC assumes that after a drop event, 
the water in the neutron shield is lost. The loss of neutron shield is modeled using the normal 
operation models described in Section M.5.4 by replacing the neutron shield with air. As 
discussed in Appendix M.5, the evaluation with the OS197/0S197H TC is bounding for the 
OS200 TC. 

The accident condition dose rates for Configuration 2, from Chapter M.2, are summarized in 
Table M.11-2 and Figure M.11-1 for the bounding 32PT-L100 DSC loaded with design basis 
fuel plus BPRAs. 

A comparison of the results in Table M.11-2 and Table M.5-3, demonstrates a maximum cask 
surface contact dose rate increase from 1178 mrem/hr (950 mrem/hr*l.24 scalingfactor) to 5243 
mrem/hr (4640mrem/hr*1.13 scaling factor). These dose rates are 2.5 times those reported in 
Chapter 8, Section 8.2.5.3.2. Therefore, one would expect that the additional dose rate to an 
average on-site worker at an average distance of fifteen feet would also increase from 310 
mrem/hr to 775 mrem/hr. Similarly the exposure to off-site individuals at a distance of 2000 feet 
would also be expected to increase from 0.04 mrem for an assumed eight hour exposure to 0.10 
mrem. This exposure is still well within the limits of 10CFR72 for an accident condition. This 
corresponds to the exposure to an individual at a distance of 100 meters of approximately 48 
mrem for the assumed eight hour duration, which is well within the limits of 1 OCFR72 for an 
accident condition. 

M.11.2.5 .4 Corrective Action 

No change to Chapter 8, Section 8.2.5.4. 

M.11.2.6 Lightning 

No change. The evaluation presented in Chapter 8, Section 8.2.6 is not affected by the addition 
of the NUHOMS®-32PT DSC to the NUHOMS® System. 

M.11.2. 7 Blockage of Air Inlet and Outlet Openings 

This accident conservatively postulates the complete blockage of the HSM ventilation air inlet 
and outlet openings on the HSM side walls. 
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Table M.11-1 
Comparison of Total Dose Rates for HSM with and without Adjacent HSM Shielding 

Effects 

Distance from Nearest HSM Normal Case Accident Case 
Wall, 2xl0 Array Dose Rate<1>r2J Dose Rate<1>r2J 

(meters) (mrem/hr) (mrem/hr) 

10 27 54 

100 0.4 0.80 

500 1.1x10-3 4.4 x 10-3 

600 4.2 x 10-4 1.7 x 10-3 

(1) Air scattered plus direct radiation 

(2) The dose rate results shown herein do not account for loading of0.380 MTU fuel, which is described in 
Section M5.4.16. Loading 0.380 MTU fuel results in an increase in dose rates of 18%. 
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N .2. I Spent Fuel to be Stored 

There are two design configurations for the NUHOMS®-24PHB DSC: the 24PHBS and 
24PHBL, which are nearly identical to the standard and long cavity 24P DSCs, respectively. 
Each of the DSC configurations is designed to store 24 intact PWR fuel assemblies, including 
reconstituted assemblies or up to 4 damaged and balance intact PWR fuel assemblies (including 
reconstituted) with characteristics described in Table N.2-I. The 24PHB DSC is designed to 
store intact or damaged B&W I5xI5, intact WE I 7xl 7, intact WE 15xI5, intact CE I4xI4, and 
intact WE 14xI4 Class PWR fuel assemblies as specified in Table N.2.1. Control Components 
(CCs) and damaged fuel assemblies are allowed only in the B&W 15xI5 class fuel assembly. 
Replacement assemblies by other manufacturers are also allowed provided they meet limiting 
features listed in Table N.2-1. 

Damaged PWRfuel assemblies are assemblies containing missing or partial fuel rods, fuel rods 
with known or suspected cladding defects greater than hairline cracks or pinhole leaks. The 
extent of damage in the fuel assembly, including non-cladding damage, is to be limited such that 
a fuel assembly is able to be handled by normal means and retrievability is ensured following 
normal and off-normal conditions. The DSC basket cells that store damaged fuel assemblies are 
provided with top and bottom end caps to ensure retrievability. 

The NUHOMS®-24PHB DSC may store PWR fuel assemblies arranged in one of two alternate 
Heat Load Zoning Configurations with a maximum decay heat of 1.3 kW per assembly and a 
maximum heat load of24 kW per DSC. The Heat Load Zoning Configurations are shown in 
Figure N.2-I and Figure N.2-2. The NUHOMS®-24PHB DSC is vacuum dried and backfilled 
with helium at the time of loading. The maximum (bounding) fuel assembly weight of I 682 lbs 
with a CC is identical to the NUHOMS®-24P DSC design. 

The maximum fuel cladding temperature limit of 400 °C (752 °F) is applicable to normal 
conditions of storage and all short term operations from spent fuel pool to ISFSI pad including 
vacuum drying and helium backfilling of the 24PHB DSC per the guidance provided in NUREG
I536 [2.I]. In addition, NUREG-I536 does not permit thermal cycling of the fuel cladding with 
temperature differences greater than 65 °C (1I7 °F) during DSC drying, backfilling and transfer 
operations. 

The maximum fuel cladding temperature limit of 570 °C (1058 °F) is applicable to accidents or 
off-normal thermal transients [2. I]. 

The information provided in Table N .2-1 is based on the design basis B& W I 5xI 5 fuel which is 
the bounding fuel assembly. The types of spent fuel considered in Appendix N include the 
following: 

• B&W I5xI5 MarkB2, B3, B4, B4Z, BZ, BS, B5Z, B6, B7, B8, B9, BIO, BIOD, BIOE, 
BIOF, BIOG, BIOL, Bl 1, and BI IA fuel assemblies, with or without CCs. 

• B&W I5xI5 reconstituted fuel assemblies with a maximum of IO stainless steel rods per 
assembly or unlimited number of lower enrichment U02 rods instead of zirconium-alloy clad 
enriched U02 rods. The stainless steel rods are assumed to have two thirds the irradiation 
time as the zirconium-alloy rods of the assembly. The reconstituted U02 rods are,assumed to 
have the same irradiation history as the entire fuel assembly. The reconstituted rods can be at 
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any location in the fuel assemblies. The maximum number of reconstituted fuel assemblies 
per DSC is four. 

Control Components (CCs) with thermal and radiological characteristics as listed in Table 
N.2-2a are authorized for storage in the 24PHBL DSC. 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. Non-fuel hardware that are positioned 
within the fuel assembly after the fuel assembly is discharged from the core such as Guide 
Tube or Instrument Tube Tie Rods or Anchors, Guide Tube Inserts, BPRA Spacer Plates or 
devices that are positioned and operated within the fuel assembly during reactor operation 
such as those listed above are also considered as CCs 

• Intact WE 17xl 7, WE 15x15, CE 14x14 and WE 14x14 fuel assemblies, all without CCs. 

The NUHOMS®-24PHB DSC is also authorized to store fuel assemblies containing Blended 
Low Enriched Uranium (BLEU) fuel material. Fuel pellets containing BLEU fuel material are 
no different than U02 fuel pellets except for the presence of a higher quantity of cobalt impurity. 
The consideration of cobalt impurity only affects the gamma source terms for fuel assemblies 
located in the DSC periphery. This does not affect any criticality, thermal or structural analysis 
inputs for evaluation of fuel assemblies with BLEU material. The qualification of fuel 
assemblies containing BLEU fuel pellets will require an additional cooling time of three years to 
ensure that the source terms calculated with U02 material are bounding. 

Fuel assemblies that contain fixed integral non-fuel rods are also considered as intact fuel 
assemblies. These fuel assemblies are different than reconstituted assemblies because fuel rods 
are not "replaced" by non-fuel rods, rather the non-fuel rods are part of the initial fuel design. 
The non-fuel rods displace the same amount of moderator, with zirconium-alloy (or aluminum) 
cladding and typically contain burnable absorber (or other non-fuel) material. The radiation and 
thermal source terms for the non-fuel rods are significantly lower than those of the fuel rods 
since there is no significant radioactive decay source. The internal pressure of the non-fuel rods 
after irradiation is lower than those of the fuel rods since there is no fission gas generation. The 
reactivity of the fuel rods (from a criticality standpoint) is significantly higher than that of non
fuel rods. In summary, the mechanical, thermal, shielding and criticality evaluations for these 
rods are bounded by those of the regular rods. Therefore, no further evaluations are required for 
the qualification of these fuel assemblies. 

Calculations are performed to determine the fuel assembly type which is most limiting for each 
of the analyses including shielding, criticality, heat load and confinement. Analyses performed 
demonstrated that limiting features associated with the design basis B&W 15x15 fuel assembly 
are bounding for assembly types listed in Table N.2-1. 

N.2.1.1 General Operating Functions 

No change to Chapter 3, Section 3.1.2. 
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Table N.2-1 

The detailed information associated with this table can be found in CoC 1004 Amendment 15 
Technical Specifications Table 1-JL 
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Table N.2-1 

(Continued) 

The detailed information associated with this table can be found in CoC 1004 Amendment 15 
Technical Specifications Table 1-li. 
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N.3.6.2.3 Damaged Fuel Cladding Structural Evaluation for Normal and Off-Normal Loads 

The damaged fuel structural evaluations as presented in Appendix Z, Section Z.3.6.3 are 
applicable for the fuel types allowed in the 24PHB DSC. The structural analysis documented in 
this section conservatively evaluates a limiting configuration with a single rod and the spacer 
grids in designated locations without any support from the fuel compartment to provide 
assurance ·of limiting additional cladding damage. The changes to the fuel assembly 
configuration do not have impact on retrievability due to damage to spacer grids as long as the 
assembly is able to be handled by normal means and the retrievability is ensured following the 
normal and off-normal conditions. The DSC basket cells that store damaged fuel assemblies are 
provided with top and bottom end caps to ensure retrievability. The criticality analysis 
documented in Section N. 6. 4 also considers the impact of damage to the fuel assembly that 
includes missing and damaged grid spacers, which results in limiting the enrichment of these 
fuel assemblies. Therefore, additional configurations for damaged grid spacers are not 
evaluated herein. Licensees can perform specific evaluations to demonstrate retrievability using 
actual configurations. These evaluations demonstrate that large margins of safety are available 
in the cladding material for normal and off-normal loads, and, therefore, retrievability of the 
damaged fuel assemblies is assured. 
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HSM-H/HSM-HS in either the OS197/0S197H/OS200 or OS197FC/OS200FC TC depending 
upon the heat load. 

The 24PTH-S-LC DSC is a modified version of24PTH-S DSC, provided with thinner top and 
bottom lead shield plugs instead of steel, resulting in a longer cavity length. This DSC type is 
designed for a maximum heat load of24 kW per DSC and may be stored in either the currently 
licensed Standardized HSM Model 102, or in the new HSM;.H, while the currently licensed 
Standardized TC (with a solid neutron shield) or OS197/0S197H TC (with a liquid neutron 
shield) are used for onsite transfer. 

Fuel assemblies with CCs are to be stored in 24PTH-S, 24PTH-L and 24PTH-S-LC DSC Types. 

These three alternate NUHOMS®-24PTH System configurations are summarized below: 

System 24PTH DSC Max. Heat Storage 
Configuration Type<1l Basket Type Load (kW) Transfer Cask 

Module 
per DSC 

40.8 OS197FC or OS200FC 
HSM-H or 

24PTH-S or 1A, 18, or HSM-HS 
1 24PTH-L 1c<2i OS197/0S197H or HSM-H or 

31.2 OS200 HSM-HS 

2 
24PTH-S or 2A, 28, or 

31.2 OS197FC/OS200FC 
HSM-H or 

24PTH-L 2C(3l HSM-HS 

Standardized TC (solid 
HSM (Model 

2A, 28, or 102 or 202) or 
3 24PTH-S-LC 2C(3l 24.0 neutron 

HSM-H or 
shield)IOS197/0S197H 

HSM-HS 

(1) Allows storage of Control Components 
(2) With heat conductive aluminum inserts in the R45 basket transition rail 
(3) With no heat conductive aluminum inserts in the R45 basket transition rail 

The NUHOMS®-24PTH system provides structural integrity, confinement, shielding, criticality 
control and passive heat removal independent of any other facility structures or components. 

The format of this Appendix follows the guidance provided in NRC Regulatory Guide 3.61 [1.1]. 
The analysis presented in this Appendix shows that the NUHOMS®-24PTH system meets all the 
requirements of 10CFR72 [1.2]. A separate analysis will be submitted to address the safety 
related aspects of transporting spent fuel in the NUHOMS®-24PTH DSC in accordance with 
10CFR71 [1.3]. 

Several sections of this Appendix have been identified as ''No change". For these sections, the 
description or analysis presented in the corresponding sections of the UFSAR for the 
Standardized NUHOMS® system is also applicable to the 24PTH system. In addition, Tables 
and Figures presented in the UFSAR which remain unchanged due to the addition of the 24PTH 
system to the Standardized NUHOMS® system are not repeated in this Appendix. 

Note: References to sections or chapters within this Appendix are identified with a prefix P (e.g., 
Section P.2.3 or Appendix P.2 or Chapter P.2). References to sections or chapters of the UFSAR 
outside of this Appendix (main body of the UFSAR) are identified with the applicable UFSAR 
section or chapter number (e.g., Section 2.3 or Chapter 2). The references used in this appendix 
are identified as [X.X] (e.g., [1.1] is reference 1.1 at the end of Section P .1 ). 
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P. I. I Introduction 

The NUHOMS®-24PTH system is designed to store up to 24 intact (including reconstituted) 
B&W I5xI5, WE I 7xI 7, CE I5xI5, WE 15xl5, CE 14xl4, and WE 14x14 class PWR fuel 
assemblies. WE 15xI5 Partial Length Shield Assemblies (PLSAs) are also authorized to be 
stored in the 24PTH system. The fuel to be stored is limited to a maximum assembly average 
initial enrichment of 5.0 wt.%, a maximum assembly average burnup of 62 GWd/MTU, and a 
minimum cooling time of 2.0 years. The 24PTH-S, 24PTH-L and 24PTH-S-LC DSC types are 
also designed to store up to 24 Control Components (CCs) which 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. Furthermore, materials that are positioned or operated within the 
envelope of the fuel assembly during reactor operation are also considered as CCs. The design 
characteristics, including physical and radiological parameters of the payload, are described in 
Appendix P .2. 

Reconstituted assemblies containing up to I 0 replacement stainless steel rods per assembly or 
unlimited number of lower enrichment U02 rods instead of Zircaloy clad enriched U02 rods are 
acceptable for storage in 24PTH DSC as intact fuel assemblies. The maximum number of 
reconstituted fuel assemblies per DSC is four. 

Provisions have been made for storage of up to I 2 damaged fuel assemblies in lieu of an equal 
number of intact assemblies in cells located at the outer edge of the 24PTHbasket. Damaged 
PWR fuel assemblies are assemblies containing missing or partial fuel rods, fuel rods with 
known or suspected cladding defects greater than hairline cracks or pinhole leaks. The extent of 
damage in the fuel assembly, including non-cladding damage, is to be limited such that a fuel 
assembly is able to be handled by normal means and the retrievability is ensured following 
normal and off-normal conditions. The DSC basket cells which store damaged fuel assemblies 
are provided with top and bottom end caps to assure retrievability. 

Provisions have also been made for storage of up to 8 failed fuel assemblies in lieu of an equal 
number of intact and/or damaged assemblies in cells located at the outer edge of the 24PTH 
basket as described in Appendix P .2. 

The NUHOMS®-24PTH system consists of the following new or modified components: 

• A 24PTH DSC, with three alternate configurations, described in detail in Section P. I .2, 
provides confinement, an inert environment, structural support, and criticality control for 
the 24 PWR fuel assemblies, 

• An HSM-H module, described in Section P.1.2, or an HSM-HS module (described in 
Appendix U.l, Section U.1.2) is provided for environmental protection, shielding and 
heat rejection during storage, and 

• OS197-FC or OS200FC transfer cask for onsite transfer of the 24PTH-S and 24PTH-L 
DSCs. The NUHOMS®-24PTH-S and 24PTH-L DSCs with Types IA, lB, IC baskets 
can also be transferred in the OS 197 or OS 197H or OS200 TCs if the total heat load is 
31.2 kW or less. 
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In addition to these new or modified components listed above, the 24PTH-S-LC DSC requires 
the use of the existing Standardized HSM Model 102 or the new HSM-H for storage and the 
Standardized Transfer Cask or OSJ97/0SJ97H TC for transfer. 

The NUHOMS®-24PTH system requires the use of non-safety related auxiliary transfer 
equipment described in Chapter 1, Section 1.3.2.2 of the UFSAR. There is no change to any of 
these items except for the cask support skid. The cask support skid is modified by adding two 
industrial grade motor driven redundant blowers with associated ductwork for connecting to the 
TC ram cover plate opening. This modification provides a reliable source of external air 
circulation for the OS197FC TC. 

Approval of the NUHOMS®-24PTH system components described in Section P.1.2 is sought 
under the provisions of 1 OCFR 72, Subpart L for use under the general license provisions of 
lOCFR 72, Subpart K. The 24PTH system components are intended for storage on a reinforced 
concrete pad. 
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P.2.1 Spent Fuel To Be Stored 

As described in Appendix P.1, there are three design configurations for the NUHOMS®-24PTH 
DSC; S, Land S-LC. Each of the DSC configurations is designed to store intact (including 
reconstituted) and/or damaged and/or failed PWR fuel assemblies as specified in Table P.2-1 and 
Table P.2-3. The fuel to be stored is limited to a maximum assembly average initial enrichment 
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The 24PTH-S, 24PTH-L and 24PTH-S-LC DSCs are also designed to store control components 
(CCs) with thermal and radiological characteristics as listed in Table P.2-2. The CCs include 
~urTiahieTJoJi(j_far2cf'ass}mhii~~ (BPRAs ), 1himhle ph{i_ass~mhlk] (TP As), ~6iif;.6l"fod, 
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positioned and operated within the fuel assembly during reactor operation such as those listed 
above are also considered as CCs. 
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Partial ~(!_f!gffJ_sh~ld.a_s_~eh:l_kL~<!.§, (PLSAs) for the Westinghouse 15x15 class, where part of the 
active fuel is replaced with steel are also included as authorized. 

The NUHOMS®-24PTH DSC is also authorized to store fuel assemblies containing ~Jended}'QY), 
r--~------~-. ···~ 

'f!!!!:}chf!cf_l.f!fl.!iiu_'f!i, (BLEU) fuel material. Fuel pellets containing BLEU fuel material are no 
different than U02 fuel pellets except for the presence of a higher quantity of cobalt impurity. 
The consideration of cobalt impurity only affects the gamma source terms for fuel assemblies 
located in the DSC periphery. This does not affect any criticality, thermal or structural analysis 
inputs for evaluation of fuel assemblies with BLEU material. The qualification of fuel 
assemblies containing BLEU fuel pellets will require an additional cooling time of three years to 
ensure that the source terms calculated with U02 material are bounding. 
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Fuel assemblies that contain fixed integral non-fuel rods are also considered as intact fuel 
assemblies. These fuel assemblies are different than reconstituted assemblies because fuel rods 
are not "replaced" by non-fuel rods, rather the non-fuel rods are part of the initial fuel design. 
The non-fuel rods displace the same amount of moderator, with zirconium-alloy (or aluminum) 
cladding and typically contain burnable absorber (or other non-fuel) material. The radiation and 
thermal source terms for the non-fuel rods are significantly lower than those of the fuel rods 
since there is no significant radioactive decay source. The internal pressure of the non-fuel rods 
after irradiation is lower than those of the fuel rods since there is no fission gas generation. The 
reactivity of the fuel rods (from a criticality standpoint) is significantly higher than that of non
fuel rods. In summary, the mechanical, thermal, shielding and criticality evaluations for these 
rods are bounded by those of the regular rods. Therefore, no further evaluations are required for 
the qualification of these fuel assemblies. 

Reconstituted assemblies containing up to 10 replacement stainless steel rods per assembly or 
unlimited number of lower enrichment U02 rods are acceptable for storage in 24PTH DSC as 
intact fuel assemblies. The stainless steel rods are assumed to have two-thirds the irradiation 
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time as the remaining fuel rods of the assembly. The reconstituted U02 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. 

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 P.2-6. 

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, including non-cladding damage, is to be limited such 
that a fuel assembly is able to be handled by normal means. The extent of damage in the fuel 
rods is to be limited such that a fuel pellet is not able to pass through the damaged cladding 
during handling and retrievability is assured following normal and off-normal conditions. The 
DSC basket cells which store damaged fuel assemblies are provided with top and bottom end 
caps to assure retrievability. 

The NUHOMS®-24PTHFDSC, an alternative version of the 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 P .2-6. Failed fuel is defined as ruptured fuel rods, severed fuel rods, loose fuel pellets, or 
fuel assemblies that cannot be handled by normal means. Failed 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 least 1 O" 
above the top of the bottom shield plug of the DSC. 

Fuel debris may be associated with any type ofU02 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 lbs. 

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. 

The NUHOMS®-24PTH-S and 24PTH-L DSCs may store up to 24 PWR fuel assemblies 
arranged in any of the four alternate heat load zoning configurations shown in Figure P.2-1 
through Figure P.2-4 with a maximum decay heat of 2.0 kW per assembly and a maximum heat 
load of 40.8 kW per canister. 

The 24PTH-S-LC may store up to 24 B&W 15x15 fuel assemblies arranged in accordance with 
heat load zoning configuration No. 5 with a maximum decay heat of 1.5 kW per assembly and a 
maximum heat load of24.0 kW per DSC, as shown in Figure P.2-5. 
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The 24PTH DSC basket is designed with 2 alternate options: Type 1 basket, which includes 
aluminum inserts in the R45 transition rails, and Type 2 basket which does not include any 
aluminum inserts. Type 1 basket is the preferred option for canisters with high decay heat loads, 
since the aluminum inserts allow a more direct heat conduction path from the basket edge to the 
DSC shell. Type 2 basket offers the advantage of an adequate thermal performance but with a 
lower lifting weight requirement. 

The NUHOMS®-24PTH DSC basket is designed with three alternate poison materials: Borated 
Aluminum alloy, Boron Carbide/Aluminum Metal Matrix Composite (MMC) and Baral®. For 
criticality analysis, 90% of B~l 0 content present in the borated aluminum and MMC poison I 
plates is credited, while only 75% is credited for Baral®. 

For each poison material, the NUHOMS®-24PTH DSC basket is analyzed for six alternate basket 
configurations, depending on the boron loadings analyzed (designated as "A" basket for low BH I 
10 loading, "B" basket for moderate B810 loading, and "C" basket for high B910 loading) and 
Basket-Type (Type 1 or Type 2). 

A summary of the alternate poison loadings considered and the corresponding credit taken in the 
criticality analysis for each poison material as a function of basket types is presented below: 

Poison Type 
24PTH Basket Poison Loa ding % Credit Used in 

Type<1> ri 
cm2

) Criticality Analysis (8;;10 mg/ 

Borated Aluminum 
1A or2A 7 
1B or2B 15 90 

Alloy/MMC 
1C or 2C 32 
1A or 2A 9 

Bora I® 1B or 2B 19 75 
1C or 2C 40 

(1) Type 1A =Basket Type 1 with aluminum inserts in the R45 transition rails and Type A poison plate configuration; 
Type 2A = Basket Type 2 without aluminum inserts in the R45 transition rails and Type A poison plate configuration; 

Table P .2-4 summarizes the maximum assembly average initial enrichment as a function of 
soluble boron concentration and basket neutron poison requirements for intact fuel assemblies. 
Table P .2-5 summarizes the maximum assembly average initial enrichment as a function of 
soluble boron concentration and basket neutron poison requirements for up to a maximum of 12 
damaged fuel assemblies. Table P.2-5a summarizes the maximum assembly average initial 
enrichment as a function of soluble boron concentration and basket neutron poison requirements 
for up to a maximum of 8 damaged and/or failed fuel assemblies. 

;-~The. meti1oaJarWetermTni~ii_izf!~min]i(um.requi1:e"dco~ling ttmesfor-?ize]iiefassemblies::wii'h · -·; 
Lh<!Jll!J!.J1J(!tgllog!Js bt:~eeJ:!J3 80 and 4 9 2'. l<;gf)/E4P!.Pt<2Y1-d.<!_d.J!JAPPf!_ndi~.M§~_c:!iQ1J:..,_l.f_~§_. __ _: . .J 
The NUHOMS®-24PTH DSC is inerted and backfilled with helium at the time of loading. The 
maximum fuel assembly weight with a CC is 1682 lbs. 
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The maximum fuel cladding temperature limit of 400 °C (752 °F) is applicable to normal 
conditions of storage and all short term operations from spent fuel pool to ISFSI pad including 
vacuum drying and helium backfilling of the NUHOMS®-24PTH DSC perNUREG-1536 [2.1]. 
In addition, NUREG-1536 [2.1] does not permit thermal cycling of the fuel cladding with 
temperature differences greater than 65 °C (117 °F) during DSC drying, backfilling and transfer 
operations. 

The maximum fuel cladding temperature limit of 570 °C (1058 °F) is applicable to accidents or 
off-normal thermal transients [2.1]. 

Calculations were performed to determine the fuel assembly type which was most limiting for 
each of the analyses including shielding, criticality, thermal and confinement. These evaluations 
are performed in Chapter P.5, P.6, P.4 and P.7;J respectively. The fuel assembly classes 
considered are listed in Table P.2-3. It was determined that the B&W 15x15 may be used as a 
representativefuel assembly for dose rate calculations. For criticality safety, the B&W 15x15 
assembly is the most reactive assembly type for a given enrichment. This assembly is used to 
determine the most reactive configuration in the DSC. Using this most reactive configuration, 
criticality analysis for all other fuel assembly classes is performed to determine the maximum 
enrichment allowed as a function of the soluble boron concentration and fixed poison plate 
loading. For thermal analysis, the WE 14x14 fuel assembly is limiting for the 24PTH-S and -L 
DSCs, and B&W 15x15 fuel assembly for the 24PTH-S-LC DSC since they result in the lowest 
fuel conductivity. The confinement analysis is based on B&W 15x15 fuel assembly, since it 
results in a smaller free volume inside the DSC cavity as compared to a 14x14 fuel assembly. 

For calculating the maximum internal pressure in the NUHOMS®-24PTH DSC, it is assumed 
that 1 % of the fuel rods are damaged for normal conditions, up to 10% of the fuel rods are 
damaged for off normal conditions, and 100% of the fuel rods will be damaged following a 
design basis accident event. A minimum of 100% of the fill gas and 30% of the fission gases 
within the ruptured fuel rods are assumed to be available for release into the DSC cavity, 
consistent with NUREG-1536 [2.1]. 

The maximum internal pressures used in the structural analysis for the NUHOMS®-24PTH DSC 
are 15, 20, and 120 psig for normal, off-normal and accident conditions, respectively, during 
storage and transfer operations for the 24PTH-S DSC and 24PTH-L DSC. The maximum 
internal pressures for the 24PTH-S-LC are 15, 20, and 90 psig for normal, off-normal and 
accident conditions, respectively. 

March 2017 
Revision 0 72-1004 Amendment No. 15 

XJ_~a;,:.iiiji(Ji?!evi§to~s gre Xffiefac_i!!'e~i- t:ry,_IETf!melz_dJi!.!F! Ti i~.nft.Ji!t e'JJeCiiv~:L_:_ 



P.2.5 Summary ofNUHOMS®-24PTH DSC and HSM-H Design Criteria 

P.2.5.1 24PTH DSC Design Criteria 

The principal design criteria for the NUHOMS®-24PTH DSC are presented in Table P.2-18. The 
NUHOMS®-24PTH DSC is designed to store intact and/or damaged and/or failed PWR fuel 
assemblies with or without r<Js with assembly average burnup, initial enrichment and cooling 
time as described in Table P.2-1 and Table P.2-3. The maximum total heat generation rate of the 
stored fuel is limited to 2.5 kW per fuel assembly (1.5 kW for 24PTH-S-LC DSC) and 40.8 kW 
per canister (24.0 kW for 24PTH-S-LC DSC) in order to keep the maximum fuel cladding 
temperature below the limit [2.5] necessary to ensure cladding integrity. The fuel cladding 
integrity is assured by the NUHOMS®-24PTH DSC and basket design which limits fuel cladding 
temperature and maintains a nonoxidizing environment in the DSC cavity as described in 
Appendix P.4. 

The NUHOMS®-24PTH DSC (shell and closure) is designed and fabricated as a Class 1 
component in accordance with the rules of the ASME Boiler and Pressure Vessel Gode, Section 
III, Subsection NB [2.2], and the alternative provisions to the ASME Code as described in Table 
P.3.1-1. 

The NUHOMS®-24PTH DSC is designed to maintain a subcritical configuration during loading, 
handling, storage and accident conditions. A combination of fixed neutron absorbers, soluble 
boron in the pool and favorable geometry are employed to maintain the upper subcritical limit of 
0.9411. The fixed neutron absorbers are in the form of borated aluminum metallic plates or 
Baral®. The basket is designed and fabricated in accordance with the rules of the ASME Boiler 
and Pressure Vessel Code, Section III, Subsection NG, Article NG-3200 [2.2] and the alternative 
provisions to the ASME Code as described in Table P.3.1-2. 

The NUHOMS®-24PTH DSC design, fabrication and testing are covered by ~MK.11..~rM 
•.••. - ., .. ·.··rc·- --"l 
rtmeric:g._'~ Quality Assurance Program, which conforms to the criteria in Subpart G of 10 CFR 
1P:__gr~ n. 

The NUHOMS®-24PTH DSC is designed to withstand the effects of severe environmental 
conditions and natural phenomena such as earthquakes, tornadoes, lightning and floods. 
Appendix P .11 describes the NUHOMS®-24PTH DSC behavior under these accident conditions. 

P.2.5.2 HSM-H Design Criteria 

The principal design criteria for the NUHOMS® HSM-H module and steel support structure are 
presented in Table P.2-18. The load combination and design criteria for concrete and support 
structure components are the same as those described in Chapter 3, Section 3.2.5.1. These 
criteria, provided in Chapter 3, Tables 3.2-4, 3.2-5, 3.2-8 and 3.2-10 are also applicable to the 
HSM-H design. 

March2017 
Revision 0 72-1004 Amendment No. 15 _fqge)!~?~ 17 

--~JJ_r_a£shqAidi:eyj~io,,s ar_ej~~e/jdn"frpl Ni:J4,"(,1r?l§_~"i."1eiE Bi§ n.21 YfLeJl~q~t~eJ -~ -. - ~- -. 



Table P.2-1 
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Table P.2-19 
Design Pressures for Tornado Wind Loading 

HSM-H Wall Velocity Pressure Pressure Max/Min Design 
Orientation<1l (psf) Coefficient<2l Pressure (psf) 

Front 344 +0.68 234 

Left 344 -0.60 -207 

Rear 344 -0.43 -148 

Right 344 -0.60 -207 

Roof 344 -0.60 -207 

Notes: 
(1) Wind direction assumed to be from front. Wind loads from other directions may be found by rotating 

table values to desired wind direction. 
(2) Pressure coefficient (used) = Gust factor (0.85)* Max/Min pressure coefficient. 

Table P .2-20 
BlO Specification for the NUHOMS®-24PTH Poison Plates 

NUHOMS®-24PTH DSC Minimum B10 Areal Density, (grams/cm2
) 

Basket Type<1l Borated Aluminum' or MMC Bora I® 

1A or 2A 0.007 0.009 

1B or 2B 0.015 0.019 

1C or 2C 0.032 0.040 

(1) Basket Type 1 contains aluminum inserts in the R45 transition rails of the basket, Type 2 does not 
contain aluminum inserts. 

Table P.2-21 
Maximum Allowable Heat Load for the NUHOMS®-24PTH DSC 

24PTH Basket Type 
Transfer Cask 

Max. Heat Load 
DSC Type<1l (2)(3) (kW) per DSC 

OS197FC or OS200FC 40.8 
24PTH-S or 24PTH-L 1A, 18, or 1C 08197 or OS197H or 

OS200FC 
31.2 

24PTH-S or 24PTH-L 2A,2B,or2C OS197FC or OS200FC 31.2 

24PTH-S-LC 2A,2B,or2C 
Standardized TC (solid neutron 24.0 

shield)IOS197/0S197H 

Notes: 
(1) Allows storage of control components. 
(2) Basket Type 1 (1A, 1 B, 1 C) 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. 
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The detailed information associated with this figure can be found in CoC 1004 Amendment 15 
Technical Specifications Figure 1-15a. 
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As discussed in Section P.3.6.1.5 the evaluations for non-thermal loads are not affected, with 
exception of the cask lid stresses, which are increased by 2.5%. This increase in primary stresses 
has been considered in the summary results included in Table P.3.6-13. 

P.3.6.3 Damaged Fuel Integrity Assessment for Normal and Off-Normal Loads 

Per the definition in Table P .2-1, damaged PWR fuel assemblies are fuel assemblies containing 
missing or partial fuel rods, fuel rods with known or suspected cladding defects greater than 
hairline cracks or pinhole leaks, or assemblies with damage to spacer grids, as long as the 
assembly is able to be handled by normal means. The extent of cladding damage in the fuel rods 
is to be limited such that a fuel pellet is not able to pass through the damaged cladding during 
handling and retrievability is assured following Normal/Off-Normal conditions. 

This section summarizes the evaluations performed to demonstrate structural integrity of the 
damaged fuel under normal and off-normal operations loads. The evaluations consider the 
effects of cladding defect size, cladding rupture geometry, and reduced cladding thickness due to 
oxidation effects. 

The structural analysis documented in this section conservatively evaluates configurations with a 
single rod and the spacer grids in designated locations without any support from fuel 
compartment to provide assurance of limiting additional cladding damage. The changes to the 
fuel assembly configuration do not have impact on retrievability due to damage to the spacer 
grids, as long as the assembly is able to be handled by normal means and the retrievability is 
ensured following the normal and off-normal conditions. The DSC basket cells that store 
damaged fuel assemblies are provided with top and bottom end caps to ensure retrievability. 
The criticality analysis documented in Section P. 6. 4 also considers the impact of damage to the 
fuel assembly that includes missing and damaged grid spacers, which results in limiting the 
enrichment of these fuel assemblies. Therefore, additional configurations are not evaluated 
herein. Licensees can perform specific evaluations to demonstrate retrievability using actual 
configurations. 

Normal operation loads for storage conditions include stresses due to dead weight, thermal, and 
handling loads resulting from DSC fuel loading/unloading, fuel transfer to the ISFSI, and DSC 
insertion to and retrieval from the HSM. These handling/transfer operations are performed 
slowly by trained operations personnel and follow detailed procedures. The applicable off
normal load for storage conditions is the off-normal handling load (i.e. jammed canister 
condition). Because the 24PTH DSC is a dual-purpose canister, it has been evaluated for loads 
that bound the Part 72 normal and off-normal storage conditions such as those defined in the 
NUHOMS® MP197 Transport SAR [3.33]. 

Both linear-elastic stress analysis and linear elastic fracture mechanics methods are employed to 
evaluate the integrity of the fuel cladding. Table P.3.6-15 shows a summary of the PWR fuel 
assemblies design parameters used in these evaluations. A cladding thickness reduction of 120 
µm has been assumed in the structural integrity evaluations to account for waterside and inner 
surface oxidation. 
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The linear elastic stress analyses use basic stress equations, conservation of energy principles, 
and fundamental kinematic relationships to calculate cladding stresses due to normal and off
normal loads. The stress evaluations conservatively consider the full weight of the fuel pellets in 
the determination of cladding stresses. The handling/transfer loads produce the controlling 
stresses from normal and off-normal operation loads. The computed maximum stresses for the 
controlling loads are summarized in Table P.3.6-16. The computed maximum stresses are 
compared to the irradiated cladding yield stress, and a stress ratio is calculated. As shown in the 
table, the maximum stress ratios correspond to the hypothetical one-foot end and side drops. 
Substantial margins exist for all loads considered. All the stresses summarized in Table P.3.6-16 
are compressive stresses with the exception of the one-foot side drop case, which produces 
tension stresses due to bending. Tension stresses are evaluated using fracture mechanics 
principles, as described below. The maximum compressive load obtained from all analyzed load 
cases is significantly lower than the calculated buckling capacity for the bounding fuel. Thus, 
stability of the fuel tube cladding is maintained during normal and off-normal loads. 
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P.4 Thermal Evaluation 

P .4.1 Discussion 

This chapter presents the thermal evaluations which demonstrate that the NUHOMS®-24PTH 
System meets the thermal requirements of 1OCFR72 for the dry storage of spent fuel. The 
NUHOMS®-24PTH System is designed to passively reject decay heat during storage and transfer for 
normal, off-normal and accident conditions while maintaining temperatures and pressures within 
specified regulatory limits. 

Several thermal design criteria are established for the thermal analysis of the 24PTH DSC basket as 
discussed below. 

Maximum temperatures of the confinement structural components must not adversely affect the 
confinement function, 

Maximum fuel cladding temperature limit of 400 °C (752 °F) is applicable to normal conditions of 
storage and all short term operations including vacuum drying and helium backfilling of the 24PTH 
DSC per Interim Staff Guidance (ISG) No. 11, Revision 3 [4.19]. In addition, ISG-11 does not 
permit thermal cycling of the fuel cladding with temperature differences greater than 65 °C (117 °F) 
during drying and backfilling operations, 

Maximum fuel cladding temperature limit of 570 °C (1058 °F) is applicable to accidents or 
off-normal thermal transients [4.19], 

The maximum DSC cavity internal pressures during normal, off-normal and accident conditions 
must be below the design pressures of 15 psig, 20 psig and 120 psig, respectively, and 

A total of six (6) Heat Load Zoning Configurations (HLZCs) are allowed for the 24PTH DSCs as 
shown in Figures P.2-1 through P.2-5, and Figure P.2-9. The maximum total heat load per DSC is 
40.8 kW, 31.2 kW or 24 kW depending upon the specific DSC types and HLZCs. The thermal 
analysis is carried out for HLZC 1 shown in Figure P.4-36 with 40.8 kW heat load because it bounds 
the HLZCs 2 and 3. In HLZC 1, the fuel assemblies at the center 4 locations in the DSC basket have 
a maximum heat load of 1.7 kW per assembly as compared to zero (empty locations) for HLZC 2 
and 1.5 kW for HLZC 3. Therefore, HLZC 1 results in higher fuel cladding and basket temperatures 
compared to HLZCs 2 or 3. To bound all possible combinations of heat loads from fuel assemblies 
allowed in HLZC 5 of Figure P.2-5, the thermal analysis is carried out for the HLZC shown in 
Figure P.4-38. In this thermal analysis configuration, the highest possible allowed decay heat 
assemblies are assumed to be at the center and upper half of the basket locations resulting in 
bounding fuel cladding and basket temperatures. 

Additional HLZC restrictions are considered for storage of the 24PTH DSC with damaged/failed 
fuel assemblies in Section P.4.6.9. 
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Section P.4.10 discusses the thermal analysis of the 24PTH Type 1 DSC with HLZC #6 as shown in 
Appendix P.2, Figure P.2-9. As shown in Section P.4.10, the thermal analysis of HLZC #6 is 
bounded by the thermal analysis of HLZC #1 presented in Section P.4.6. 

The thermal analysis is carried out for the three NUHOMS®-24PTH DSC configurations (24PTH-S, 
24PTH-L, and 24PTH-S-LC DSC types in combination with six basket types of the NUHOMS®-
24PTH system described in Section P.2.1). A summary of the three system configurations analyzed 
in this chapter are summarized below: 
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System Aluminum 
Fuel Total Heat 

DSC Type Inserts in Load per Transfer Cask Storage Module Configuration 
Basket Type 

DSC, kW 

40.8 
OS197FC/ HSM-H/ 

24PTH-S or OS200FC HSM-HS 
1 

24PTH-L 
With inserts All Fuels 

OS197/ HSM-H/ 
31.2 

OS197H/OS200 HSM-HS 

2 24PTH-S or 
No inserts All Fuels 31.2 OS197FC/ HSM-H/ 

24PTH-L OS200FC HSM-HS 

HSM-H/HSM-HS 

3 24PTH-S-Lc<1l No inserts 
B&W 

24 
Standardized or 

15x15 TC/OS197/0S197H HSM Model 102 
or202 

(1) The maximum heat load allowed in the 24PTH-S-LC DSC is 24 kW. The HSM Model 102 is designed for a maximum heat load of 24 
kW from a NUHOMS® 24P DSC as described in Section 8.1.3. Therefore no additional analysis of HSM Model 102 is required with 
24PTH-S-LC DSC. Thermal evaluation of 24PTH-S-LC DSC in OS197 TC is presented in Section P.4.11. 

The thermal evaluations presented herein include steady state and transient analyses of the thermal 
response of the NUHOMS®-24PTH system components to a defined set of thermal loading 
conditions. These loading conditions envelope the thermal conditions expected during all normal, 
off-normal, and postulated accident loading, transfer and dry storage operations for the design basis 
thermal conditions as defined in Section P .2. The applicable allowable temperatures are presented 
and comparisons are made with calculated temperatures as the basis for acceptance. 

The analyses conservatively apply a uniform maximum peaking factor of 1.11 [ 4.1] along the active 
fuel length to bound the effect of the decay heat flux varying axially along the active fuel length. 

A description of the detailed analyses performed for the storage ofNUHOMS®-24PTH DSC under 
normal, off-normal, and accident conditions is provided in Sections P .4.1 and for transfer is provided 
in Section P.4.5. Section P.4.6 describes the 24PTH DSC basket and fuel cladding analysis for 
storage and transfer conditions. Section P.4.6.8 describes thermal analysis of the OS200 TC with the 
24PTH DSC and Section P.4.6.9 describes evaluation of the 24PTH DSC with damaged/failed fuel 
assemblies (F As). The DSC cavity internal pressures are also calculated in Section P .4.6 for all 
conditions of storage and transfer. Section P .4.7 describes the evaluation performed for 
loading/unloading conditions. The thermal evaluation concludes that each of the three NUHOMS®-
24PTH systems configurations listed above meets all the design criteria. 

The effective thermal conductivity of the· fuel assemblies used in the 24PTH DSC thermal analysis is 
based on the conservative assumption of radiation and conduction heat transfer only, where any 
convection heat transfer is neglected. In addition, the lowest effective thermal conductivity among 
the fuel assemblies to be stored using 24PTH-S DSC, -L DSC, and -S-LC DSC is selected as the 
basis for the thermal analysis. Section P.4.8 presents the calculations that determined the fuel 
assembly effective thermal conductivity in a helium or vacuum environment. The thermal analysis 
model conservatively neglects convection heat transfer in the basket regions. 

The DSC basket and fuel cladding temperature calculation methodology has been benchmarked 
[4.20] against experimental data [4.21] obtained for the TN-24 cask. 
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P.4.6 
® . 

NUHOMS -24PTH DSC Basket Thermal Analysis 

The thermal analysis of the NUHOMS® 24PTH DSC is based on finite element models developed 
using the ANSYS computer code [4.6]. ANSYS is a comprehensive thermal, structural and fluid 
flow analysis package. It is a finite element analysis code capable of solving steady state and 
transient thermal analysis problems in one, two or three dimensions. Heat transfer via a combination 
of conduction, radiation and convection can be modeled by ANSYS. Solid entities are modeled by 
SOLID70 elements for 3-D. 

A total of six (6) Heat Load Zoning Configurations (HLZCs) are allowed for the 24PTH DSCs as 
shown in Figures P.2-1 through P.2-5, and Figure P.2-9. The maximum total heat load per DSC is 
40.8 kW, 31.2 kW or 24 kW depending upon the specific DSC types and HLZCs. The thermal 
analysis is carried out for HLZCs shown in Figure P.4-36 for the 40.8 kW heat load because it 
bounds the HLZCs 2 and 3. In HLZC 1, the fuel assemblies at the center 4 locations in the DSC 
basket have a maximum heat load of 1.7 kW per assembly as compared to zero (empty locations) for 
HLZC 2 and 1.5 kW for HLZC 3. Therefore, HLZC 1 results in higher fuel cladding and basket 
temperatures compared to HLZCs 2 or 3. Thermal analysis is carried out for HLZC 4 shown in 
Figure P.4-37 for 31.2 kW total DSC heat load. To bound all possible combinations of heat loads 
from fuel assemblies allowed in HLZC 5 of Figure P .2-5, the thermal analysis is carried out for the 
HLZC shown in Figure P.4-38. In this thermal analysis configuration, the highest possible allowed 
decay heat assemblies are assumed to be at the center and upper half of the basket locations resulting 
in bounding fuel cladding and basket temperatures. 

This section discusses the thermal analysis of the 24PTH DSC with HLZCs #1 through #5. Section 
P.4.10 discusses the thermal analysis of the 24PTH Type 1 DSC with HLZC #6 as shown in 
Appendix P.2, Figure P.2-9. As shown in Section P.4.10, the thermal analysis of HLZC #6 is also 
bounded by the thermal analysis of HLZC #1 presented in this section. 

P.4.6.l NUHOMS® 24PTH DSC Basket and Payload Model 

The three-dimensional model (Figure P.4-39) represents the NUHOMS®-24PTH DSC and includes 
the geometry and material properties of the basket components, the basket rails, and DSC shell. The 
24PTH DSC basket components are shown in Figure P.4-40. Each component of the basket (fuel 
compartment tubes, poison plates, aluminum plates, R90 rails, R45 rail, and inserts) is modeled 
individually with SOLID70 elements. The gaps between adjacent basket components are also 
represented with ·SOLID70 elements with helium or air conductivity as appropriate. The material 
properties from Section P .4.1 are used for the fuel region. Within the model, heat is transferred via 
conduction through fJJel regions, fuel compartment tubes, aluminum and poison plates, and the gas 
gaps between all aluminum, poison and steel members. Generally, good surface contact is expected 
between adjacent components within the basket structure. However, to bound the heat conductance 
uncertainty between adjacent components owing to imperfect contact between the neutron poison 
material, aluminum and steel basket components, uniform gaps along the entire surfaces are 
assumed. This is a conservative assumption, because although there will be imperfect contact 
between the adjacent plates, they will be in contact with each other at most of the locations. 
Therefore, thermal resistance to heat flow from the fuel assembly out to the DSC surface is lower 
with the actual imperfect contact as compared with the modeled uniform gaps along the entire 
surfaces. The gaps used in the thermal analysis of the 24PTH DSC are shown in the Figure P.4-50. 

March2017 
Revision 0 72-1004AmendmentNo.15 Page P.4-38 



The 3D models are longitudinally full-length, one-half (180°) cross section (right half) models of the 
24PTH DSC. The ANSYS models comprise the DSC shell assembly (including the shell, and top 
and bottom end components) and the basket assembly (including basket fuel compartment tubes, 
aluminum and poison plates, and the aluminum R90 and steel R45 transition rails). 
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A summary of the maximum accident operating pressures for the various 24PTH DSC 
configurations are presented in Table P.4-29. 

P.4.6.7.6 Evaluation of the 24PTH DSC Performance During Accident Conditions 

The NUHOMS®-24PTH DSC shell and basket are evaluated for the accident conditions pressures 
and temperatures as described in Section P .3. 

The maximum fuel cladding temperature of 914 °P is below the short-term limit of 1058 °P 
(570 °C). The accident pressure in the NUHOMS®-24PTH-S or -L DSC of 97.2 psig remains 
below the accident design pressure of 120 psig. The accident pressure in the 24PTH-S-LC DSC of 
85.8 psig is also below the accident design pressure of 90 psig. It is concluded that the NUHOMS®-
24PTH system maintains confinement during the postulated accident condition. 

P.4.6.8 Thermal Analysis of OS200 TC with 24PTH DSC 

The OS200 TC model with the 24PTH DSC is identical to the model described in Appendix T, 
Section T.4.5.5.1 with the following exceptions. 

The dimensions of the DSC are modified to reflect the dimensions of the 24PTH DSC. The shortest 
cavity length based on the 24PTH-S DSC is selected to envelope the maximum heat generation. The 
dimensions of the 24PTH-S DSC used in the model are listed in the following table. 

Nominal 24PTH DSC Dimensions in the 08200 TC 

Dimension (in.) 
Outer top cover thickness 1.50 
Inner top cover thickness 1.25 
Top shield plug thickness 6.25 
Total top end 9.00 
Inner bottom cover thickness 1.75 
Bottom shield plug thickness 4.00 
Outer bottom cover thickness 1.75 
Total bottom end 7.50 
DSC shell thickness 0.50 
Cavity length 169.60 
Canister length 186.10 
Basket height 168.60 
DSC shell outer diameter 67.19 
Sleeve inner diameter 68.0 

Heat load is simulated by heat generation distributed uniformly over the basket length on the 
homogenized region. The fuel basket is assumed to be centered within the DSC cavity. As such, a 
0.5-inch long helium filled gap is assumed between the top and bottom of the fuel basket region and 
the DSC's top and bottom end plates. The volumetric heat generation rate is calculated as: 

Hf q 
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P.4.7 Thermal Evaluation for Loading/Unloading Conditions 

All fuel transfer operations occur when the NUHOMS®-24PTH DSC and TC are in the spent fuel 
pool. The fuel is always submerged in free-flowing pool water permitting heat dissipation. After 
fuel loading is complete, the TC cask and DSC are removed from the pool and the DSC is drained, 
dried, sealed and backfilled with helium. 

The unloading operation considered is the reflood of the 24PTH DSC with water. 

This section discusses the thermal evaluation of the loading/unloading conditions of the 24PTH DSC 
with HLZCs #1 through #5. Section P.4.10 discusses the thermal analysis of the 24PTH Type 1 DSC 
with HLZC #6 as shown in Appendix P.2, Figure P.2-9. As shown in Section P.4.10, the thermal 
analysis of HLZC #6 is also bounded by the thermal analysis of HLZC #1 presented in this section. 

P.4.7.1 Maximum Fuel Cladding Temperatures During Vacuum Drying 

The loading condition evaluated for the NUHOMS®-24PTH DSC is the heatup of the DSC before its 
cavity is backfilled with helium. This typically occurs during the performance of the vacuum drying 
operation of the DSC cavity with the TC in the vertical configuration inside the fuel handling 
building, and the annulus between the TC and the DSC is full of water. 

Analyses were performed for the vacuum drying condition in order to ensure that the fuel cladding 
and 24PTH DSC structural component temperatures remain below the maximum allowable material 
limits. 

During vacuum drying operation, water in the DSC cavity is forced out of the cavity (blowdown 
operation) using helium before the start of vacuum drying. 

The vacuum drying of the DSC is assumed not to reduce the pressure sufficiently to reduce the 
thermal conductivity of the water vapor or helium in the DSC cavity [4.17] and [4.35]. Radiation in 
the gaps within the basket and rail components is conservatively neglected. 

Thermal analysis is performed using the three-dimensional model developed in Section P.4.6, with 
decay heat loads for HLZCs 1, 4, and 5 and an initial DSC shell surface temperature of 2 l 5°F. The 
initial temperature of the DSC, basket and fuel is assumed to be 215°F, based on the saturation 
boiling temperature of the fill water. Table P.4-30 provides the maximum calculated temperatures 
for the fuel cladding and Table P .4-31 through Table P .4-33 provide the maximum calculated basket 
component temperatures for all three configurations. The maximum cladding temperature of 578°F 
for HLZC 4 during vacuum drying is well below the limit of 752°F [4.19]. 

P.4.7.2 Evaluation of Thermal Cycling of Fuel Cladding During Vacuum Drying, Helium 
Backfilling and Transfer Operations 

ISG-11 [ 4.19] also states that thermal cycling is to be minimized and imposes a limit of 65°C 
(1l7°F) on thermal cycling (reduction in fuel clad temperature from previous peak temperature). 
The basis for the limit is that as the cladding temperature is reduced more than 65°C the 
concentration of hydrogen available for hydride reorientation becomes significant. 
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The thermal analysis of the 24PTH DSC during blowdown operation assumes helium is used to 
drain the water from the 24PTH DSC cavity and subsequent vacuum drying occurs with a helium 
environment. This option eliminates a fuel cladding temperature drop that would take place during 
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P.4.10 Thermal Evaluations of24PTH Type 1 DSC Loaded with HLZC #6 

This section evaluates the thermal performance of the 24PTH Type 1 DSC based on the HLZC #6 
during storage and transfer conditions with intact FAs. HLZC #6 has a maximum heat load of 35.2 
kW, as shown in Appendix P.2, Figure P.2-9. 

A review of Table P.4-14 through Table P.4-17, Table P.4-20 through Table P.4-23, and Table 
P.4-25 through Table P.4-28 shows that the 24PTH DSC with HLZC #1 stored in HSM-H with flat 
stainless steel heat shields and 100 ° F ambient is the bounding case, since it has the highest 
maximum fuel cladding temperature among all normal and off-normal conditions, and the least 
margin to the temperature limits. Since no other changes are considered to the 24PTH Type 1 DSC 
except for the HLZC, the thermal evaluation of 24PTH Type 1 DSC with HLZC #6 is based on a 
sensitivity study of this bounding case. Therefore, a sensitivity study based on the normal storage 
(100 °F ambient) in HSM-H with flat stainless steel heat shields is selected to re-evaluate the 
thermal performance of the 24PTH DSC with HLZC #6,following the same methodology as that 
discussed in Section P.4.4.4 and Section P.4.6.5. 

The following table compares the maximum fuel cladding and DSC component temperatures for the 
24PTH DSC with HLZC #6 for normal storage (100 °F ambient) from the sensitivity evaluation to 
the design basis values presented in Table P.4-14 and Table P.4-15. The design basis values for the 
24PTH DSC are based on the normal storage (JOO °F ambient) in HSM-Hwith HLZC #1 withflat 
stainless steel heat shields as discussed in Section P.4.6.5. 

Maximum Component Temperatures for 24PTH DSC for Normal Storage (100 °F Ambient) 

HLZC Tjuel Talum Tpoison Ttube Tnscshell 
(OF) (oF) (OF) (oF) (OF) 

Design Basis 
(HLZC #1, 40.8 kW, 734 665 666 668 461 

Tables P.4-14 and P.4.15) 

HLZC #6, 35.2 kW 697 589 590 591 421 

LlT 
-37 -76 -76 -77 -40 

(T HLZC #6 - T Desi<rn Basis) 

As shown in the above table, the maximum fuel cladding temperature for the 24 PTH DSC with 
HLZC #6 is 697 °Fwith a significant margin to the temperature limit of752 °F for normal storage 
condition. Furthermore, the maximum fuel cladding temperature is 37 °F lower than that 
determined for the design basis evaluation with HLZC #1. In addition, the maximum temperatures 
for the basket components determined for 24PTH DSC with HLZC #6 also remain bounded by the 
maximum temperatures determined for HLZC #1 in Section P.4.6. 

Similar to the sensitivity run, temperatures determined for HLZC #1 (40.8 kW) in Section P.4.6 will 
bound those of HLZC #6 (35.2 kW) for all normal, off-normal and accident conditions, since the 
only change is the reduction in the heat load. Therefore, the time limits specified for the transfer 
operation in Section P.4.5.5 for the 24PTH DSC with HLZC #1 at 40.8 kW are also applicable for 
the 24PTH DSC with HLZC #6 at 35.ikW . 
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In addition, the average helium temperature determined for HLZC #6 is bounded by that of 
HLZC #1. Therefore, the maximum internal pressures in Table P.4-19, Table P.4-24, and Table 
P.4-29 remain boundingfor HLZC #6 under normal, off-normal, and accident transfer conditions, 
respectively. 

Based on this discussion, no further evaluations are required for the 24PTH Type 1 DSC with 
HLZC #6, and all design criteria described in Section P.4. 1 are satisfied. 

The following figures show typical temperature plots for the 24PTH Type 1 DSC with HLZC #6 for 
the normal storage condition (100 °F ambient) in HSM-H with flat stainless steel heat shields. 
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P.4.11 Thermal Evaluation of24PTH-S-LC DSC in OS197 TC 

Thermal performance of the 24PTH-S-LC DSC during transfer operations in Standardized TC is 
based on a two-step approach. In Step 1, the DSC shell temperatures are evaluated as noted in 
Section P.4.5.1. In Step 2, the DSC temperatures evaluated in Step 1 are utilized as boundary 
conditions to determine the maximum fuel cladding and basket component temperatures as noted in 
Section P.4.6.5.2. The temperatures resultingfrom Step 1 are listed in Table P.4-39. 

A similar evaluation to that described in Step 1 was performed to evaluate the thermal performance 
of a 32PT DSC during transfer operation in the OSI 97 TC as noted in Appendix M, Section 
M4.4.l.6.1. This evaluation considers a two-dimensional (2D) cross section of the 32PT DSC in 
OS197 TC Since a 2D cross-section model is employed the results of this evaluation are applicable 
to any configuration wherein the diameter of the DSC shell, the material of the shell and the heat 
load are the same. Since the outer diameter, material, and the maximum heat load (i.e. 24 kW) of 
the 24PTH-S-LC DSC and the 32PT DSC are identical, the DSC shell temperatures presented in 
Section M4.4.1.6.1 can be applied to the 24PTH-S-LC DSC The following table presents a 
comparison of the DSC shell temperatures determined for the 24PTH-S-LC DSC in the Standardized 
TC to the temperatures determined/or 32PT DSC in the OS197 TC: 

Comparison of DSC Shell Maximum Temperatures 

Standardized TC 24 kW OS197 24 kW 
Normal, 100 °F Ambient 448 Table P.4-39} 445 Table M4-3} 

0 -Normal, 117 °F Ambient 470 Table P.4-39 433 Table M4-9 
Accident, 117 °F Ambient 487 Table P.4-39 600 Table M4-14 

A comparison of the DSC shell maximum temperatures shows that for normal and off-normal 
conditions, the maximum temperatures determined in the Standardized TC bound that of the OS197 
TC Therefore, no further evaluation is required for normal and off-normal conditions. 

For accident conditions, the DSC shell maximum temperature of the OS197 TC is 600 °F and is 
significantly higher than 487 °F determined in the Standardized TC This is because, the liquid 
neutron shield, which improves the thermal performance of the OS197 TC compared to Standardized 
TC during normal and off-normal conditions, is considered lost during the accident evaluation. 

However, this temperature of 600 ° Fis bounded by the blocked vent accident condition of the 
24PTH-S-LC DSC in HSM Model 102, which was analyzed based on a shell temperature of 613 °F 
as shown in Table P.4-28. As shown in Table P.4-25 and P.4-28/or HLZC # 5, the maximum fuel 
cladding temperature for blocked vent accident conditions when analyzed based on a bounding 
613 °F shell temperature is 821 °F with significant margin to the temperature limit of 1058 °F. 
Therefore, even under accident conditions in the OS197 TC, the 24PTH-S-LC DSC will maintain the 
fuel cladding temperature significantly below the temperature limit of 1058 °F. 

To estimate the impact on the internal pressure of24PTH-S-LC DSC during accident conditions due 
to this temperature increase, the average helium temperature determined for blocked vent accident 
condition, i.e., 618 °F (See Section P.4.6. 7.5) is also assumed for the transfer accident case. The 
maximum internal pressure for 24PTH-S-LC during a postulated transfer accident is then calculated 
as: 
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P24PTH-S-LC,OS197,Acc 

Where, 

= P24PTH-S-LC,Std,Acc X T24PTH-S-LC,OSJ97,Accf T24PTH-S-LC,Std,Acc 
= 95.1psiax1078 °R I 1020 °R 
= 100.51 psia 
= 85.81 psig. 

P24PTH-S-LC,Std,Acc =Maximum internal pressure in a 24PTH-S-LC DSC during accident conditions in 
Standardized TC= 80.4 psig = 95.1 psia (See Table P.4-29) 

T24PTH-S-LC,Srd,Acc =Average helium temperature in a 24PTH-S-LC DSC during accident conditions in 
Standardized TC= 560°F=1020 °R 

T24PTH-S-LC,OSJ97,Acc =Average helium temperature in a 24PTH-S-LC DSC during accident conditions 
in OS197 TC= 618°F=1078 °R 

The maximum internal pressure of a 24PTH-S-LC DSC during accident transfer conditions in an 
OS197 TC is 85.8 psig and remains below the allowable limit of90 psig listed in Table P.4-29. 
Therefore, there is no impact on the internal pressure limits during the postulated accident 
condition. 
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Table P.4-29 
24PTH DSC Maximum Accident Condition Pressures 

DSC DSC Fuel Rod 
Fission DSC DSC 

DSC Type/ Cavity Cavity Helium- CC Gas Products Total Gas Cavity Design Bounding 
HLZC# Volume Helium Fill Fill (g-moles) Gases (g-moles) Pressure Pressure Case 

(in3
) 

Gas (g- Gas (g-moles) (psig) (psig) moles) (g-moles) 

24PTH-S DSC 40.8 kW transfer 
accident in I 249,000 128.2 131.4 53.8 342.8 656.2 102.1 120 OS197FC, HLZC 1 
117°F amb 

24PTH-L 40.8 kW transfer 

DSC/ 263,000 135.4 131.4 53.8 342.8 663.3 97.2 120 
accident in 
OS197FC, 

HLZC 1 
117°F amb 

24PTH-S-LC 24 kW transfer 

DSC/ 292,000 153.5 131.4 53.8 342.8 681.4 80.4111 90 
accident in 

Standard cask, 
HLZC5 

117°F amb 

Note: 

1) DSC cavity pressure for 24PTH-S-LC during accident transfer conditions in OS197 TC is 85.8 
psig as discussed in Section P.4.11. 
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These design features results in the occupational and site dose rates ALARA. 

The NUHOMS® 24PTH DSC can also be stored within an upgraded HSM model, designated as 
HSM-HS as described in Appendix U. From a shielding standpoint, the HSM-HS module is 
identical to the HSM-H module. Therefore, all calculations performed with the HSM-H are 
applicable to the HSM-HS. 

The NUHOMS® 24PTH DSC is also transferred in a modified version of the OS200 TC as 
described in Appendix U. The OS200 TC is fitted with an aluminum sleeve to accommodate the 
smaller diameter 24PTH DSC. 

The basket layout for the three DSC configurations is identical except for the length of the DSC 
components and the shield plug design. The 24PTH-S DSC and 24PTH-L DSC differ in DSC 
and cavity length, while the 24PTH-S-LC DSC and 24PTH-S DSC differ in cavity length due to 
a different shield plug design. The 24PTH-L/S has carbon steel shield plugs, while the 24PTH
S-LC has thinner lead shield plugs to increase cavity length to allow for greater fuel lengths in a 
shorter canister. 

Each DSC configuration is designed to store up to 24 intact (and up to 12 damaged, with 
remaining intact) PWR fuel assemblies. The 24PTH-L and 24PTH-S-LC DSCs are also 
designed to store up to 24 intact standard PWR fuel assemblies with or without CC; such as 
burnable poison rod assemblies (BPRAs), Control Rod Assemblies (CRAs), Thimble Plug 
Assemblies (TPAs), 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. For shielding purposes, the 24PTH-L 
and the 24PTH-S DSC are identical. Therefore, the shielding evaluation presented herein is not 
performed for the 24PTH-S DSC. 

The 24PTH DSCs are also authorized to store Westinghouse 15x15 class Partial Length Shield 
Assemblies (PLSAs). The PLSAs are similar to regular fuel assemblies except that a portion 
(axial section) of the active fuel is replaced by stainless steel rods. In essence, a PLSA rod would 
therefore consist of a fuel section and a steel section. Fuel qualification of these PLSAs, 
therefore, requires that the combined source term from the irradiated active fuel and steel regions 
be bounded by the design basis source terms. 

The NUHOMS® 24PTH DSC is also designed to store up to 8 failed fuel assemblies in the 
peripheral locations of the basket. Each failed fuel assembly is housed inside a failed fuel 
canister prior to loading in these designated positions within the basket. 
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Dose rates are calculated for the 24PTR-L DSC within RSM-R. Dose rates are also estimated 
for the 24PTR-S-LC within a RSM-Model 102. As the RSM-Model 102 provides less shielding 
than the RSM-R, shielding estimates are not made for the 24PTR-S-LC within RSM-Ras the 
dose rates provided bound this scenario. 

The design of the OS 197FC TC is identical to the design of OS 197/OS197R TC except that the 
OS197FC TC has a modified top lid. For shielding analysis of 24PTR-S and-L DSCs, 
OS 197FC TC is used to bound the OS 197/OS197FC TC also because the design features in the 
TC radial direction are identical for all three TCs; and OS197FC top axial geometry bounds 
other TCs. 

The design-basis PWR fuel source terms are derived from the bounding fuel, B&W 15x15 Mark 
B assembly design as described in Section P .5 .2. 

The NUROMS®-24PTR DSCs is designed to store PWR fuel assemblies and CC with the 
characteristics described in Table P.2-1. The 24PTR-S/L DSCs have a maximum decay heat of 
2.0 kW per assembly and a maximum heat load of 40.8 kW per canister. Fuel in the 24PTR-S/L 
DSCs may be stored in.five alternate heat zoning configurations as shown in Figure P.2-1 
through Figure P.2-4 and Figure P.2-9. The 24PTR-S-LC DSC has a maximum decay heat of 
1.5 kW per assembly and a maximum heat load of 24 kW per canister. The heat zoning 
configuration to be used for the 24PTR-S-LC DSC is shown in Figure P.2-5. Note that while the 
B&W, CE, and Westinghouse fuel designs are specifically listed, storing reload fuel designed by 
other manufacturers is also allowed provided an analysis is performed to demonstrate that the 
limiting features listed in Table P.2-1 and Table P.2-3 bound the specific manufacturer's 
replacement fuel. The limiting features are bumup, initial enrichment, cooling time, number of 
fuel rods, cobalt impurities in the hardware and initial heavy metal weight. 

The original 490 kgUfuel qualification tables (FQTs) developed for the 24PTH DSC using 
SCALE4.4/SAS2H and the 400 kgU FQTs developed using SCALE5/SAS2H have been replaced 
with FQTsfor 380 kgU, 475 kgU, and 492 kgU developed by SCALE6.0/0RIGEN-ARP. These 
FQTs are documented in Section M5.2.6. 

In this chapter, the original design basis source terms developed by SCALE4.4/SAS2H, and the 
associated dose rate analysis, are retained as the analysis of record. However, 
SCALE6.0IORIGEN-ARP design basis source terms are also developed consistent with the 
unified FQTs (Technical Specifications Tables 1-3a through J-3p). These source terms are 
documented in Section P.5.2.6. The CC source terms.from Table P.5-12 are added to the fuel 
source terms. The MCNP4C2 24PTH-L DSC/HSM-H and OS197FC input.files are rerun in 
MCNP5 using the SCALE6.0/0RJGEN-ARP design basis source terms to determine the impact 
on the dose rates. To minimize rework, the original analysis is maintained as the analysis of 
record; however, scaling/actors are developed that are used to scale up the dose rates of the 
analysis of record. These scaling/actors are also applied to the 24PTH-S-LC DSC/HSM Model 
102 dose rates and the 24PTH-S-LC DSC/Standardized TC dose rates. This updated shielding 
analysis that determines the effect of uranium loading (380 kgU per assembly) on the dose rates 
is summarized in Section P.5.4.11. 
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For the 24PTH-L DSC, Heat Load Zoning Configuration 2 (Figure P.2-2) is the configuration 
that produces the highest dose rates on the surfaces of the HSM-H and OS197FC TC as 
compared to configurations 1, 3, 4, and 6 because the highest source fuel assemblies are on the 
outer periphery of the basket region where self-shielding due to adjacent assemblies is limited. 
This configuration 2 consists of 20 2.0 kW fuel assemblies located in the outer regions of the 
DSC. For the 24PTH-S-LC, which has only one heat load zoning configuration (Configuration 
5, Figure P.2-5). To bound the shielding analysis for heat load zoning configuration 5, fuel 
assemblies with a decay heat of 1.5 kW at all 24 location is used. This results in a shielding 
analysis corresponding to a total of 36 kW decay heat per DSC which is very conservative 
because the total decay heat in 24PTH-S-LC DSC is limited to 24kW. These bounding gamma 
and neutron source terms are then used in the radiation shielding models to conservatively 
calculate dose rates on and around the NUHOMS®-24PTH system. 

The bounding bumup, minimum initial enrichment and cooling time combinations for the fuel 
assemblies used in the shielding analyses of the 24PTH-L DSC in the HSM-H and the OS197FC 
TC are as follows: 

• Dose rates with 24PTH-L DSC in HSM-H: 41 GWd/MTU, 3.3 wt.% U-235, 3.0-year 
cooled fuel 

• Dose rates with 24PTH-L DSC in OS197FC TC: 62 GWd/MTU, 3.4 wt.% U-235, 5.6-year 
cooled fuel 

The bounding bumup, minimum initial enrichment and cooling time combinations for the fuel 
assemblies used in the shielding analysis of the 24PTH-S-LC DSC are as follows: 

• Dose rates with 24PTH-S-LC DSC in Standardized TC: 32 GWd/MTU, 2.6 wt.% U-235, 
3 .0-year cooled fuel 

• Dose rates with 24PTH-S-LCDSC in RSM-Model 102: 32 GWd/MTU, 2.6 wt.% U-235, 
3.0-year cooled fuel (same as for Standardized TC) 

Note that for the 24PTH-L DSC, the source terms are different for calculating dose rate when in 
HSM-H and OS197FC TC. However, for the 24PTH-S-LC DSC, the source terms are the same 
for calculating the dose rates when in RSM-Model 102 and Standardized TC. The method of 
selecting the bounding source terms is explained in detail in Section P.5.2. 

The design basis CC source term that envelopes all CCs allowed in the 24PTH DSCs is taken 
from Appendix J for BPRAs with bumups up to 36 GWd/MTU. While Appendix J was 
developed to specifically address the additional source from a BPRA, this source term is selected 
as the bounding source term for all CCs. The TP As and ORAs do not extend into the active fuel 
region of a fuel assembly. Therefore, they are limited to the source term equivalent to the top 
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plus plenum region source term of a BPRA. However, to be conservative, the full total source 
term ofBPRA is used in the shielding analysis to bound all CCs. The total per canister source 
term allowed for these CCs is shown in Table P .2-2. The source term energy distribution is 
shown in Table P.5-12. Any CC to be stored in a 24PTH DSC must be bounded by this source 
term. 

Reconstituted and/or damaged fuel is also acceptable for the DSC payload. Reconstituted fuel 
may contain up to 10 irradiated solid stainless steel rods per fuel assembly or unlimited number 
oflower enriched U02 rods that replace damaged fuel rods. Note that lower enriched U02 rods 
are of similar design and behavior as the standard fuel rods aside from the uranium enrichment. 
The reconstituted rods can be at any location in the fuel assemblies and the reconstituted 
assemblies can be placed anywhere in the basket. Reconstituted fuel has a rather small effect on 
the dose rate such that for cooling times less than 10 years, 1 year of cooling time is added if 10 
irradiated stainless steel reconstituted rods are present. Alternately, the licensee can qualify fuel 
assemblies with fewer than the maximum number of irradiated stainless steel rods and reduce 
cooling time requirements. Damaged fuel has essentially no impact on the dose rate as the 
source term would not be impacted and gross axial source redistribution is not likely. Therefore, 
shielding analysis results with intact fuel are also applicable to the damaged fuel. 

The fuel qualification for the PLSAs is performed such that the resulting source terms are 
bounded by those for the design basis B& W 15xl 5 fuel assemblies. The bounding bumup, 
enrichment and cooling time combination for the PLSA used in the source term evaluation are as 
follows: 

• 40 GWD/MTU, 1.2 wt. % U-235, 6.5 year cooled fuel 

The shielding evaluations for loading and transfer configurations documented herein are based 
on the OS197 FC TC and are bounding for the OS200 TC. This is due to the fact that the 
neutron and gamma shielding material thicknesses are slightly higher for the OS200 TC. 
Further, the aluminum sleeve employed to accommodate the smaller diameter 24PTH DSC 
within the OS200 TC also provides for slightly enhanced gamma shielding. Therefore, no 
additional shielding calculations are necessary for the OS200 TC. 

The fuel qualification requirements for failed fuel assemblies limits the maximum heat load of 
failed fuel assemblies to 1.0 kW per assembly. Therefore, the shielding evaluation for the basket 
containing failed fuel assemblies is bounded by that of the intact fuel assemblies which assume a 
maximum decay heat of 2.0 kW per assembly. Further, the presence of the failed fuel canister 
also results in increased gamma shielding within the basket. Therefore, no additional shielding 
calculations are necessary for the failed fuel assemblies. 

The methodology, assumptions, and criteria used in this evaluation are summarized in the 
following subsections. 
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P .5.1 Discussion and Results 

All 24PTR-L DSC MCNP calculations are performed for heat-load zoning configuration 2 which 
includes 20 design-basis PWR fuel assemblies (with CC) using 2.0 kW fuel. All 24PTR-S-LC 
DSC MCNP calculations are performed for 24 design-basis PWR fuel assemblies (with CC) 
using 1.5 kW fuel. 

Table P.5-1 summarizes the maximum and average dose rates for the NUROMS®-24PTR-L 
DSC loaded into the NUHOMS® RSM-R. 

Table P.5-2 summarizes the maximum and average dose rates for the NUROMS®-24PTR-S-LC 
DSC loaded into the NUHOMS® RSM-Model 102. Note that the RSM-R is more heavily 
shielded than the RSM-Model 102 (thicker roof, shield walls, front and back wall including 
RSM door); therefore, RSM-Model 102 is conservatively modeled to bound RSM-R. 

Table P.5-3 provides a summary of the dose rates on and around the OS197FC TC for transfer of 
the 24PTR-L DSC under normal, off-normal and accident conditions. 

Table P .5-4 provides a summary of the dose rates on and around the OS 197FC TC for 
decontamination and welding operations for the 24PTH-L DSC. 

Table P.5-5 provides a summary of the dose rates on and around the Standardized TC for transfer 
of the 24PTH-S-LC DSC under normal, off-normal and accident conditions. 

The dose rates reported in Tables P.5-1 through P.5-5 are scaled by footnotes to account for 
dose rate increases due to the unified FQTs and corresponding source terms. The unified FQTs 
are documented in Section M5.2.6, and the corresponding source terms are documented in 
Section P.5.2.6. The scalingfactors are developed in Section P.5.4.11. 

A discussion of the method used to determine the design-basis fuel source terms is included in 
Section P.5.2. The design basis CC source term which is from Appendix J is shown in Table 
P.5-12. The shielding material densities are given in Section P.5.3. The method used to 
determine the dose rates due to design-basis fuel assemblies with CC in the various NUHOMS® -
24PT DSC design configurations is provided in Section P.5.4. The shielding evaluation is 
performed with the MCNP4C2 [5.2] or MCNP5 [5.19} code with the ENDF/B-VI cross section 
library. Sample input files used for calculating neutron and gamma source terms and dose rates 
are included in Section P.5.5. 

The NUHOMS®-24PTR DSC is also authorized to store fuel assemblies containing Blended 
Low Enriched Uranium (BLEU) fuel material. [ 
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---------------------------------------------------------. 

P.5.2 Source Specification 

The design basis source terms were originally generated using the SAS2HIORIGEN-S modules 
of SCALE 4. 4 [5.1]. The development of these source terms are provided in this section. The 
original SAS2H FQTs have been replaced with unified FQTs developed using 
SCALE6. O/ORIGEN-ARP [5.20]. The development of these FQTs is documented in Section 
M5.2.6. Because the FQTs have changed, SCALE6.0/0RIGEN-ARP design basis source terms 
are developed consistent with the unified FQTs (Technical Specifications Tables 1-3a through 1-
3p) to determine the impact on the dose rates and are provided in Section P.5.2.6. · 

The B&W 15x15 assembly is used as the fuel assembly design for shielding purposes because it 
has the highest C0-59 content of the hardware regions as compared to the 14x14, other 15x15, 
and 17xl 7 fuel assemblies which are also authorized contents of the NUHOMS®-24PTH DSC. 
The neutron flux during reactor operation is peaked in the active fuel or in-core region of the fuel 
assembly and drops off rapidly outside the active fuel region. Much of the fuel assembly 
hardware is outside of the active fuel region of the fuel assembly. To account for this reduction 
in neutron flux, the fuel assembly is divided into four exposure "regions." The four axial regions 
used in the source term calculation are: the bottom (nozzle) region, the active fuel region, the 
(gas) plenum region, and the top (nozzle) region. The B&W 15x15 fuel assembly masses for 
each irradiation region are listed in Table P .5-6. The light elements that make up the various 
materials for the various fuel assembly materials are taken from reference [5.4] and are listed in 
!~)?_le P .. ~:-?:_ Fffle-:desii'1Tiiisiiradi~logtcai sources-~~~ dete;miiz~(T;i,'fih:~~A§~ffiQRJ]}JlN~~ 
µepletion friodefs_ corre.JpQ_nq~ng to __ Q.490MTU!f!4 __ heavy l'!!etal we_ighj:j These masses are 
irradiated in the appropriate fuel assembly region in the SAS2H/ORIGEN-S models. To account 
for the reduction in neutron flux outside the active fuel regions neutron flux (fluence) correction 
factors are applied to light element composition for each region. The neutron flux correction 
factors which are from Reference [5.15] are given in Table P.5-8. 

The relevant design characteristics of the PLSAs important for source term evaluation are shown 
in Table P.5-6. The calculation of the source terms for the active region portion of the PLSA is 
identical to that of the design basis fuel assembly outlined above. A neutron flux correction 
factor is applied to the stainless steel rod section of the PLSA to account for the reduction in the 
neutron flux at these locations. A flux correction factor is required because these fuel assemblies 
are irradiated in the peripheral locations of the reactor core and the neutron flux around the steel 
rods is a few orders of magnitude lower than that around the fuel rods due to absence of any 
fission source. 

A flux correction factor of 0.3 (shown in Table P .5-8) which is 1.5 times that for the plenum 
region is utilized to determine the source terms from the steel rods of the PLSA. The plenum 
region flux correction factor is chosen due to the similarities in the proximity to the active fuel 
region. Further, to account for the small variations in the radial flux distribution, an additional 
factor of 1.5 is utilized so that the resulting correction factor is conservative. This correction 
factor, therefore, is applicable to the outer row of the PLSAs that "see" the neutron flux from the 
adjacent, regular, fuel assemblies in the reactor core. For the other rows of steel rods, where the 
neutron flux practically drops to zero, this factor is conservative. 
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Evaluations of the existing data with SAS2H and the 44-group ENDF/B-V library used in the 
analysis are documented in References [5.11] and [5.12]. These comparisons all show generally 
good agreement between the calculations and measurements, and show no trend as a function of 
bumup in the data that would suggest that the isotopic predictions, and therefore~ neutron and 
gamma source terms, would not be in good agreement. A similar conclusion is also reached by 
the results documented in JAERl report [5.13]. In fact, for the case with 46,460 MWd/MTU 
bumup, the isotopic predictions are all within 2% of those measured. Therefore, the uncertainty 
in the gamma source term, and associated dose rates, is estimated to be within ±5 %. 

The above discussion does not include high-burnup data up to 62 GWd/MJ'U However, as 
documented in Reference [5.14] and confirmed in the SAS2H analysis, the total neutron source 
with increasing bumup is more and more dominated by spontaneous fission neutrons. 
Reviewing the output from the SAS2H runs, the neutron source term is due almost entirely to the 
spontaneous fission of Cm-244 (~94% of all neutrons both spontaneous fission and (a,n)). After 
reviewing the measured Cm-244 content compared to the Cm-244 content predicted by SAS2H 
and the 44-group ENDF/B-V library documented in References [5.11] and [5.12] for bumups up 
to 46,460 MWd/MTU, it is readily apparent that the calculated values are within ±11 % of the 
measured values, with most of the predicted values within ±5% of the measured. Finally, there 
is no observed trend as a function of bumup in the data that would indicate that the predicted 
Cm-244 content is significantly different at higher bumups. Therefore, as the CM-244 isotope 
accounts for more than 94% of the total neutron source term, the uncertainty in the neutron 
source and associated neutron dose rates is expected to be less than ±11 %. 

As documented in Reference [5.14] and as observed in preparing the fuel qualification tables, the 
gamma dose rate increases nearly linearly with bumup relative to the direct gamma component 
and the neutron dose rate increases with bumup to the fourth power. Therefore, as bumups go 
beyond 45 GWd/MTU, the contribution from neutron (and associated n,y) components to the 
total dose rates measured on the surfaces of the DSC, TC and HSM (HSM-H and HSM Model 
102) increase in relative importance to that of the gamma component. However, this increase in 
the importance of the neutron source term has a relatively minor effect on the area dose rates on 
and around the HSM as these are dominated by the gamma component as shown in Table P.5-1 
and Table P.5-2. The surface dose rates on the HSM are dominated by the gamma component 
because the HSM is constructed of thick reinforced concrete, which is an excellent neutron 
shield. Therefore, even a postulated substantial increase in the neutron source term would have a 
relatively minor effect on the site dose rate evaluation presented in Section P .10 of the 
amendment application. 
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The occupational exposure calculations demonstrate that most of the dose received by workers 
during cask loading and transfer operations is due to the gammas on and around the cask. The 
only surface of the TC that is dominated by neutrons is at the bottom of the cask. A small 
fraction of the total occupational exposure is due to the doses around the bottom of the cask 
because very little work is performed on or around the bottom of the cask with fuel in the TC. 

As discussed above, any impact of uncertainties in source terms is expected to be negligible for 
the 24PTH system. Therefore, isotopic depletion calculations with SAS2H for fuel burned above 
45 GWd/MTU are appropriate. 

The above discussion on the applicability of SCALE 4.4/SAS2H to compute gamma and neutron 
high-burnup source terms is also largely applicable to SCALE 6.0/0RIGEN-ARP because both 
code systems utilize ORIGEN-Sfor the depletion calculation. For PWRfuel assemblies, SAS2H 
and ORIG EN-ARP generate comparable source terms for equivalent program inputs. The 
TRITON T-DEPL module of SCALE 6.0 is used to generate ORIGEN-ARP libraries applicable 
to B& W l 5xl 5 fuel assemblies. These libraries are then used by ORIG EN-ARP to compute 
gamma and neutron source terms. 

Oak Ridge National Laboratory has benchmarked TRITON based on measured data from six 
different PWRs. This benchmarking is documented in NUREG/CR-6968 [5.16], NUREG/CR-
7012 [5.17], and NUREG/CR-7013 [5.18] and includes measurement samples up to a burnup of 
78.3 GWd/MTU A summary of experimental samples utilized in the benchmark analysis is 
provided in Table P.5-27. The benchmark references show that TRITON computed results agree 
well with experiments, thus verifying the use of SCALE 6.0/0RIGEN-ARP to compute gamma 
and neutron source terms for high-burnup fuel (burnup :::; 62 GW d/MTU). Because SAS2H and 
ORIGEN-ARP compute similar source terms for PWRfuel, the overall uncertainty in the gamma 
and neutron source terms developed above for SAS2H (±5% for gammas and ±11 % for 
neutrons) is also applicable to the SCALE 6. OIORIGEN-ARP generated source terms. 
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Reconstituted and/or damaged fuel is also acceptable for the DSC payload. Reconstituted fuel 
may contain up to 10 solid stainless steel rods that replace fuel rods. Reconstituted fuel has a 
rather small effect on the dose rate such that for cooling times less than 10 years, 1 year of 
cooling time is added if reconstituted stainless steel rods are present. If the cooling time is 
greater than 10 years, no additional cooling time is needed. Alternately, the licensee can qualify 
fuel assemblies with fewer than the maximum number of irradiated stainless steel rods and 
reduce cooling time requirements. Additional discussion on the method used to analyze 
reconstituted fuel is provided in Section P.5.2.5. Damaged fuel has essentially no impact on the 
dose rate as the source term would not be impacted and gross axial source redistribution is not 
likely. 

The design-basis source terms are defined as the bumup/initial enrichment/cooling time 
combination given in the fuel qualification tables that result in the maximum dose rate on the 
surface of the HSM (either type) or TC (all types). Note that for a given DSC design, the design 
basis HSM source will not necessarily be the same as the corresponding design basis TC source. 
The 1-D discrete ordinates code ANISN [5.5] and the CASK-81 22 neutron, 18 gamma-ray 
energy group, coupled cross-section library [5.3] is used to determine the HSM and TC dose rate 
for each entry in the fuel qualification tables and thereby determine the design basis source. As 
ANISN is a 1-D code, a single dose location must be selected for both the HSM and TC for 
analysis purposes. For the HSM, the roof is selected as the dose location, and for the TC the 
cask side is selected as the dose location. This approach, described in detail in Section P.5.2.4, is 
consistent with the method used to determine the fuel qualification tables for the Standardized 
NUHOMS® canister designs described in Section 7.2.3 and Appendix M.5. The radiological 
source terms generated in the SAS2H/ORIGEN-S runs are used in the ANISN evaluations to 
calculate the surface dose rates. The ANISN models are similar to the appropriate MCNP4C2 
models for the locations of interest. 
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Heat load zoning configuration 2 (Figure P.2-2) produced the bounding total surface dose rate 
for both the HSM-H and OS197FC TC using the 24PTH-L DSC. The 24PTH-L DSC, HSM-H 
design-basis source terms are from fuel with 41 GW d/MTU burn up, an initial enrichment of 3 .3 
wt.% U-235 and 3-years cooling. The 24PTH-L DSC, OS197FC design-basis source terms are 
from fuel with 62 GWd/MTU burnup, an initial enrichment of 3.4 wt. % U-235 and 5.6-years 
cooling. 

The heat load zoning configuration selected for the shielding analysis of the 24PTH-S-LC DSC 
bounds the actual heat load configuration shown in Figure P.2-5 because 1.5 kW fuel is placed in 
all 24 locations. The 24PTH-S-LC DSC, Standardized TC design-basis source terms are from 
fuel with 32 GWd/MTU burnup, an initial enrichment of2.6 wt.% U-235 and 3.0-years cooling. 

March2017 
Revision 0 72-1004Amendment No. 15 Page P.5-8a ,.-·------ ----- -- -_ ---------- ---------~--·----- - ----- -----·-:-·-- ---- - - --~--_ ---- ---, 
L- .• _ __ _____ ; _ .. _ __Qray-§_~ade<f_rev(s_i_Q11_§_.il1J!.Am§!lr;!.1_rmjfljo. __ L_4.JAJEf!!Jd.'!~1lt 14 {s_11qtyeJ_~ffe_qJive.)_: _____ · -- - · · ______ J 



entry in the fuel qualification tables. For each qualification table, the burnup/enrichment/cooling 
time combination that results in the highest dose rate is selected as the design basis source. 

The results of the ANISN response function evaluation are given in Table P.5-23 and Table 
P.5-24 for the 2.0 kW OS197FC TC and HSM-H cases, respectively. The results for the 1.5 kW 
OS197FC TC and HSM-H cases are given in Table P.5-25 and Table P.5-26, respectively. Note 
that the 1.5 kW results are assumed to be applicable to the Standardized TC and RSM-Model 
102. The maximum dose rate for each table corresponds to the design basis source for that decay 
heat and shielding configuration. The response function results in Table P.5-23 through P.5-26 
are based on the original FQTs and are retained as an example of how to use the response 
functions to determine the bounding source terms. 

The results of the ANISN response function evaluation with the PLSAs indicate that they are 
bounded by the design basis fuel source terms. The dose rate for the DSC with PLSA in the 
OS197FC TC for is 876 mrem/hour which is below the original design basis value of 907 
mrem/hour. The dose rate for the DSC with PLSA in the HSM-H is 3.7 mrem/hour which is 
below the original design basis value of 6.1 mrem/hour. Therefore, the source terms for the 
PLSA are bounded by the design basis source terms. 

P.5.2.5 Reconstituted Fuel 

As explained in Section P.5.2, reconstituted fuel assemblies may contain up to 10 stainless steel 
rods that replace damaged fuel rods. Because steel rods replace fuel rods, the decay heat of a 
reconstituted assembly is typically less than the decay heat of an equivalent standard assembly. 
Conversely, because steel contains Co-59 which activates to form Co-60, for low cooling times a 
reconstituted assembly typically generates higher dose rates than an equivalent standard 
assembly. As the half-life of Co-60 is 5.27 years, after 10 years the Co-60 activity has reduced 
by almost a factor of four and a reconstituted assembly no longer generates higher dose rates 
than an equivalent standard assembly. To bound this effect, the fuel qualification tables require 
that for reconstitute rods with cooling times less than 10 years, additional one year of cooling 
time is required. For cooling times of 10 years or greater, no additional cooling time is required 
to bound the reconstituted fuel with steel rods. 

To quantify this statement, additional SAS2H runs are generated for reconstituted assemblies. 
For each burnup and enrichment corresponding to a transition point in a fuel qualification table 
(i.e.,'the point where the cooling time experiences a change of 0.5 years), reconstituted assembly 
SAS2H models are developed. 

The SAS2H input files for a reconstituted assembly are very similar to the input files for a 
standard assembly except for the following changes: (1) The number of fuel rods is reduced 
from 208 to 198, (2) the POWER input variable is adjusted to maintain the correct burnup for the 
reduced fuel loading, and (3) the light elements change to reflect that 10 fuel rods have been 
replaced with steel rods. The constituent masses of the reconstituted fuel assembly required for 
the SAS2H input is provided in Table P.5-6. 
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Note that a reconstituted rod cannot be irradiated for more than two cycles because the first cycle 
will always contain fresh, undamaged fuel. To accurately model this behavior, two SAS2H 
models are generated for each transition point. The first SAS2H model is for only one cycle of 
irradiation of 10 reconstituted rods, while the second SAS2H model is for three cycles of 
irradiation of 10 reconstituted rods. By subtracting the single cycle source term of the 
reconstituted rods from the total source term (fuel and reconstituted rods) for three cycles, the 
source term for three cycle irradiation of fuel and two cycle irradiation of reconstituted rods is 
generated. 

This source term is inserted into the HSM-H and OS197FC TC response functions to determine 
the dose rates for comparison to the design basis source dose rates. If the reconstituted fuel dose 
rate for either the HSM-H or OS197FC TC exceeded the dose rate with design basis fuel, an 
additional 0.5 year of cooling time is added to the reconstituted fuel source term. When the 
reconstituted fuel is examined in this fashion, no more than one additional year of cooling time is 
required for reconstituted fuel to be bounded by the design basis source if the decay time listed in 
the fuel qualification table is less than 10 years. After a cooling time greater than 10 years the 
effects of reconstituted fuel become insignificant. Alternately, the licensee can qualifo fuel 
assemblies with fewer than the maximum number of irradiated stainless steel rods and reduce 
cooling time requirements. 

A sensitivity study performed using source terms consistent with the unified FQTs (Technical 
Specifications Tables l-3a through J-3p) indicates that the additional cooling time requirements 
for reconstituted fuel remain valid for the unified FQTs. 

P.5.2.6 SCALE6.0IORIGEN-ARP Source Terms 

Because the original FQTs have been replaced with unified FQTs (Technical Specifications 
Tables l-3a through 1-3p), the design basis source terms developed in Section P.5.2 are obsolete 
because they are based upon burnup, enrichment, and cooling time combinations that are no 
longer applicable. Therefore, SCALE6.0/0RIGEN-ARP design basis source terms are 
developed based on the unified FQTs. The FQTs are documented in Section M5.2.6. 

The methodology used to develop the SCALE6. OIORIGEN-ARP design basis source terms for 
HLZC#2 is the same as described in Section P.5.2. The ANISN transfer cask and HSM response 
functions developed in Section P.5.2.4 are used to evaluate the source terms for each FQT 
burnup, enrichment, and cooling time (BECT) combination. The BECT combination that results' 
in the maximum dose rate is selected as the design basis source. For HLZC#6, because the heat 
load zone configuration is not uniform, the three-zone 32PTHJ DSC response functions from 
Chapter U5, Tables U5-15 and U5-16, are used. Because the response functions are only used 
to rank the BECT combinations, using the 32PTHJ DSC response functions for the 24PTH DSC 
HLZC#6 is acceptable. 

March2017 
Revision 0 72-1004 Amendment No. 15 Page P.5-151 



It is demonstrated in Section P.5.2 that Heat Load Zone Configuration 2 (HLZC#2) bounds 
Configurations 1, 3, 4, and 5. However, the analysis in Section P.5.2 does not consider 
HLZC#6, which has been added at a later time. Comparing HLZC#2 and #6, it is observed that 
HLZC#2 has both a larger overall heat load and hotter fuel assemblies in the peripheral zone. 
However, HLZC#6 has the hottest overall fuel assembly (2. 5 kW). Therefore, source terms are 
developed both for HLZC#2 and #6. 

Based on the ANISN response .function analysis, the SCALE6. OIORIGEN-ARP design basis 
source terms for HLZC#2 and #6 are: 

HLZC#2 

HSM 

• Table P.5-28: 2.0 kW/FA, 29 GWd/MTU, 1.1 wt.% U-235, 2.0 years cooled 

Transfer cask 

" Table P.5-29: 2.0 kW/FA, 45 GWd/MTU, 1.1 wt.% U-235, 2.9 years cooled 

Note that for HLZC#6, 0.6 kW/FA is a heat load limit for fuel locations in both the innermost and 
second rows. The innermost 0.6 kW fuel assembly is labeled "0.6 kW (inner)" and the 0.6 kW 
fuel assembly in the second row is labeled "0.6 kW (outer)." Note also that the HSM and TC 
source terms are the same for the 0.6 kW/FA (inner) and 2.5 kW/FA zones. 

HLZC#6: 

HSM 

~ Table P.5-30: 0.6 kW/FA (inner), 45 GWd!MTU, 1.1 wt.% U-235, 18.2 years cooled 

• Table P.5-31: 0.6 kW/FA (outer), 10 GWd/MTU, 0.7wt.% U-235, 2.6years cooled 

• Table P.5-32: 1.3 kW/FA, 16 GWd/MTU, 0.8 wt.% U-235, 2.0 years cooled 

• Table P.5-33: 2.5 kW/FA, 45 GWd/MTU, 1.1 wt.% U-235, 2.3 years cooled 

Transfer cask 

• Table P.5-30: 0.6 kW/FA (inner), 45 GWd/MTU, 1.1 wt.% U-235, 18.2 years cooled 

• Table P.5-34: 0.6 kW/FA (outer), 31 GWd!MTU, 1.1 wt.% U-235, 6.6 years cooled 

• Table P.5-35: 1.3 kW/FA, 45 GWd/MTU, 1.1 wt.% U-235, 4.6 years cooled 

• Table P.5-33: 2.5 kW/FA, 45 GWd/MTU, 1.1 wt.% U-235, 2.3 years cooled 

Because the FQTs in Section M5.2.6 are developed for uranium loadings of 380 kgU, 475 kgU, 
and 492 kgU for fixed heat loads, it is observed that 380 kgU source terms bound 475 or 
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492 kgU source terms because self-shielding of the sources by the uranium in the fuel matrix is 
reduced. Therefore, SCALE 6. O/ORIGEN-ARP design basis source terms are developed only for 
380kgU 

The MCNP 5 neutron models are run with the NONU card to suppress subcritical neutron 
multiplication. Subcritical neutron multiplication is addressed by multiplying the neutron source 
computed by ORJGEN-ARP by 1/(1.,.-keg). Values of keffappropriate for the burnups of the 
sources are provided in the source term tables (Table P.5-28 through P.5-35). 

The gamma source in the active fuel region is modeled with the axial burnup profile appropriate 
for the burnup of the source and is obtained from Table 20 ofORNLITM-12973 [5.21]. These 
profiles are summarized in Appendix M5, Table M5-53. The neutron profile is derived as the 
4th power of the gamma profile and is also summarized in Table M5-53. The burnup peaking 
factor accounts for the increase in the neutron source magnitude due to the axial burnup profile. 
The burnup peaking factors used in the neutron calculations are provided in the source term 
tables (Table P.5-28 through P.5-35). 

The CC source terms provided in Table P.5-12 are applicable and may be added to the fuel-only 
source terms provided in Table P.5-28 through Table P.5-35. 
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P.5.4 Shielding Evaluation 

Dose rate contributions from the bottom, in core, plenum and top regions, as appropriate, from 
20 or 24 0.490 MTU fuel assemblies with control components (CCs) are calculated with the 
MCNP4C2 Code [5.2] at various locations on and around the NUHOMS® -24PTH DSCs, HSM, 
and TC. · 

The following shielding evaluation discussion specifically addresses the NUHOMS®-24PTH-L 
in an HSM-H or OS197FC TC, and the 24PTH-S-LC DSC in an RSM-Model 102 or 
Standardized TC using the 0.490 MTU design-basis source terms determined in Section P.5.2. 

Dose rate contributions from the bottom, in-core, plenum and top regions, as appropriate, from 
24 0.380 MTU fuel assemblies with CCs are also calculated with the MCNP5 Code [5.21] at 
various locations on and around the NUHOMsY 24PTH DSCs within the HSM and TC. 

The shielding evaluation that determines the effect of loading 0. 380 MTU per assembly on the 
dose rates is described in Section P.5.4.11. 

P.5.4.1 Computer Program 

MCNP4C2 [5.2] is a general-purpose Monte Carlo N-Particle code that can be used for neutron, 
photon, electron, or coupled neutron/photon/electron transport. The code treats an arbitrary 
three-dimensional configuration of materials in geometric cells bounded by first- and second
degree surfaces and some special fourth-degree surfaces. Pointwise (continuous energy) cross
section data are used. For neutrons, all reactions given in a particular cross-section evaluation 
are accounted for in the cross section set. For photons, the code takes account of incoherent and 
coherent scattering, the possibility of fluorescent emission after photoelectric absorption, 
absorption in pair production with local emission of annihilation radiation, and bremsstrahlung. 
Important standard features that make MCNP4C2 very versatile and easy to use include a 
powerful general source; an extensive collection of cross-section data; and an extensive 
collection of variance reduction techniques that can be employed to track particles through very 
complex deep penetration problems. 

An updated version of the MCNP code, MCNP5 [5.21] with the continuous energy ENDFB-VI 
cross section library is used to determine the dose rates for the shielding analysis described in 
Section P.5.4.11. MCNP5 has been used to perform the shielding analysis of the 24PTH System 
(Appendix P5), the 32PT System (Appendix M5), the 32PTH1 System (Appendix U.5), and the 
37PTH System (Appendix Z.5). 

P.5.4.2 Spatial Source Distribution 

The source components are: 

• The neutron sources due to the active fuel region, 

• The gamma source due to the active fuel region, 
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• The gamma source due to the plenum, 

• The gamma source due to the top region, 

• The gamma source due to the bottom region, 

• The gamma source due to the CC in the active fuel region, 

• The gamma source due to the CC in the plenum region, and 

• The gamma source due to the CC in the top region. 

Axial peaking is accounted for in the active fuel region by inputting an axial shape, as discussed 
in Section P.5.2.3. 
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Cask Decontamination. The 24PTH-L DSC and the OS197FC TC are assumed to be 
completely filled with water, including the region between 24PTH-DSC and cask, which is 
referred to as the "cask/24PTH-DSC annulus." The 24PTH-DSC inner cover plate is assumed to 
be in place and the temporary shielding has not yet been installed. Results for this case are 
provided in Table P.5-4. 

Welding and 24PTH-L DSC Draining. Before the start of welding operation, approximately 
60% of the water in the DSC cavity is removed due to hydrogen generation. A dry DSC cavity is 
assumed in all welding models to be conservative. Temporary shielding consisting of three 
inches ofNS3 and one inch of steel is assumed to cover the 24PTH-L DSC top shield plug. In 
addition, the DSC outer top cover plate is not present. The cask/24PTH-DSC annulus is 
assumed to remain completely filled with water. Results for this case are provided in Table P.5-
4. 
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P.5.4.11 Shielding Analysis with a Loading o(0.380 MTU per Fuel Assembly 

As discussed in Section l'.5.4, additional shielding analysis is performed with a reduced 
Uranium loading of 0.380 MTU per fuel assembly. The objective of this analysis is to determine 
the impact that reduced uranium loading has on system dose rates. The results of this analysis 
are employed to scale the dose rate results for the 24l'TH System (all DSCs). For this purpose, 
the MCNI'4C2 models used for the 0.490 MTU analyses are rerun using MCNI'5 with updated 
source terms as described in l'.5.2. 6, and with updated material specifications to reflect the 
reduction in MTU MCNI'5 calculations are performed for the 24l'TH-L DSC inside the HSM-H 
in the normal storage configuration. MCNI'5 calculations are also performed for the 24l'TH-L 
DSC inside the OS197 TC in the decontamination and welding configurations, and in the normal 
and accident transfer configurations. The resulting dose rates are compared to the 0.490 MTU 
dose rates to determine scalingfactorsfor each of these configurations. These results are also 
applicable to the 24l'TH-S and 24l'TH-S-LC DSCs. Based on the updated results, six scaling 
factors are determined and are summarized as follows: 
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• The dose rates for the HSM-Hfront and roof are to be scaled by 1.13. 

• The dose rates for the HSM-H side and rear are to be scaled by 1.30. 

• The site dose for the HSM is to be scaled by 1.13. 

• The dose rates for the TC for normal, welding and decontamination are to be scaled as 
follows: 

No scaling is required for the side, 
by 1.18/or the top, 
by 1.19 for the bottom. 

• The dose rates for the TC for accidents are to be scaled by 1.13. 

• The occupational exposure for the TC loading and storage operations is to be scaled by 
1.10. 

These scaling/actors are included as footnotes in the dose rate results summarized in Table 
P.5-1 through Table P.5-5, Table P.5-21, Table P.5-22, Table P.5-24, and Table P.5-26. 

These scaling factors are also used to scale the occupational exposure and generic site dose 
(2X10 back-to-back and front-to-front arrays) results calculated for the 24PTH System in 
Appendix P.10, and to scale the dose rate consequences of accidents for the 24PTH System in 
Appendix P.11. 
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Table P.5-1 
Summary ofNUHOMS®-24PTH-L DSC in HSM-H, Maximum and Average Dose Rates, 

Configuration 2 (Z) 

Maximum Gamma Maximum Neutron Maximum Total 
Dose Rate Location Gamma MCNP lcr Neutron MCNP 1cr Tota1<1lf5J MCNP lcr 

(mrem/hr) Error (mrem/hr) Error (mrem/hr) Error 
HSM Roof (centerline )f"'J 20.l 0.038 0.5 0,018 20.6 0.037 

HSM RoofBirdscreenf3J 205.8 0.019 4.1 0.012 209.9 0,018 

HSM End (Side) Shield Wall 
Surfacef4J 3.4 0.081 0.1 0.016 3.5 0.079 

HSM Door Exterior Surface 
1.3 0.143 0.1 0.524 1.3 0.139 (centerline / 3J 

HSM Front Birdscreenf'J 1232.0 0.068 5.5 0.076 1237.0 0.068 

Average 
Gamma Average Neutron Average Total 

Dose Rate Location MCNP lcr Neutron MCNP lcr Total MCNP lcr 
(mrem/hr) 

Error (mrem/hr) Error (mrem/hr) (SJ Error 
HSMRooff'J 20.3 0.011 0.5 0.006 20.8 0.011 
HSM End (Side) Shield Wall 
Surfacef4J 1.0 0.016 0.1 0.033 1.1 0,015 

HSM Frontf'J 32.2 0.047 0.1 0.066 32.3 0.047 
HSM Back Shield Wallr•J 0.6 0.074 0.1 0.025 0.6 0.074 

Notes: 
(1) Gamma and Neutron dose rate peaks do not always occur at same location; therefore, the total dose rate is not always the 

sum of the gamma plus neutron dose rate. 
(2) Dose rates calculated using Configuration 2 in 24PTH-L DSC bounds configurations 1, 3, 4, and 6. Dose rates can be , I 

higher by 6% to account for the use of grout during HSM fabrication and installation. 
(3) These dose rates increase by 13% when loading 0.380 MTU FAs. 
(4) These dose rates increase by 30% when loading 0.380 MTU FAs. 
(5) Use the ratios shown in Appendix U.5, Table U.5-18 and Table U.5-19 to increase the maximum and surface-average dose 

rates, respectively, to account for reduced density concrete and gaps of up to 1.5", as described in Appendix U.5, Section 
U.5.4.10. 
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Table P.5-2 
Summary ofNUHOMS®-24PTH-S-LC DSC in HSM-Model 102, Maximum and Average 

Dose Rates, Configuration 5<1
> 

March2017 
Revision 0 

Maximum Maximum Maximum 
Dose Rate Location Gamma Neutron Total 

(mrem/hr) (mrem/hr) (mrem/hr) 

HSM Roof (centerline i 2J 59.3 0.2 59.5 
HSM RoofBirdscreen(2

J 976.5 3.2 979.7 
HSMEnd (Side) Shield Wall 
Surface(3J 266.9 0.3 267.2 

HSM Door Exterior Surface(2J 
60.6 1.6 62.2 

(centerline) 
HSM Front Birdscreenr2J 489.6 2.5 492.1 
HSM Back Shield Wall(3

J 2.5 0.02 2.5 

Average Average Average 
Dose Rate Location Gamma Neutron Total 

(mrem/hr) (mrem/hr) (mrem/hr) 
HSMRooff2

J 47.3 0.2 47.5 
HSM End (Side) Shield Wall 
Surface(3J 31.7 0.1 31.8 

HSM Front(2J 45.6 0.9 46.5 
HSM Back Shield W al1(3J 0.8 0.01 0.8 

Notes: 
(I) Dose rates can be higher by 6% to account for the use of grout during HSM fabrication and installation. 
(2) These dose rates increase by 13% when loading 0.380 MI'U FAs. 
(3) These dose rates increase by 30% when loading 0.380 MTU FAs. 
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Table P.5-3 
Summary ofNUHOMS®-24PTH-L DSC, OS197FC TC Maximum Dose Rates During 

Transfer Operations, Configuration 2 

Maximum 
Gamma 

Maximum 
Neutron 

Maximum 
Total 

Dose Rate Location Gamma 
MCNP 

Neutron 
MCNP Total(ll MCNP 

(mrem/hr) 10' (mrem/hr) 10' (mrem/hr) 10' 
Error Error Error 

Cask Side Surface (Radial)(3J 7.45E+02 0.0180 7.56E+02 0.0120 l.50E+03 0.0108 
Cask Top Axial Surface<4

J 2.37E+02 0.0566 4.48E+Ol 0.0499 2.61E+02 0.0523 
Cask Bottom Axial Surface<5J l.66E+03(2> 0.0353 2.57E+03l2J 0.0246 4.23E+03(2l 0.0204 
1 ft from Cask Side (RadialPJ 4.76E+02 0.0179 4.82E+02 0.0107 9.58E+02 0.0104 
1 ft from Cask Top Axial 

7.86E+Ol 0.0741 3.1 lE+Ol 0.0455 9.58E+Ol 0.0636 Surface(4J 
I ft from Cask Bottom Axial 

9.80E+02 0.0355 9.44E+02 0.0340 l.92E+03 0.0246 
Surface(5J 

3 ft from Cask Side (RadialPJ 2.85E+02 0.0163 2.78E+02 0.0096 5.63E+02 0.0095 
3 ft from Cask Top Axial 
Surface(4J 

3.95E+Ol 0.1189 l.47E+Ol 0.0550 5.05E+Ol 0.0972 

3 ft from Cask Bottom Axial 
3.44E+02 0.0341 2.79E+02 0.0600 6.23E+02 0.0328 Surface(5J 

Cask 1 m (Radial) Accident 
3.IOE+02 0.0011 3.19E+03 0.0124 3.51E+03 0.0128 Condition(6J 

Cask 100 m (Radial) Accident 
Condition(6J l.50E-01 0.0366 5.lOE-01 0.0134 6.61E-Ol 0.0124 

Cask 500 m (Radial) Accident 
Condition(6J 

4.95E-04 0.8299 4.IOE-04 0.0305 9.05E-04 0.0194 

Notes: 
(1) Gamma and Neutron dose rate peaks do not always occur at same location; therefore, the total dose rate is not always the 

sum of the gamma plus neutron dose rate. 
(2) The peak bottom surface dose rate is directly below the grapple ring cut out in the bottom of the cask. The bottom average 

dose rates, including the grapple area, are 340 mrem/hr gamma, 419 mrem/hr neutron for a total average dose rate of758 
mrem/hr 

(3) The Side dose rates do not need to be scaled when loading 0.380 MTV FAs. 
(4) The Top dose rates increase by 18% when loading 0.380 MTU FAs. 
(5) The Bottom dose rates increase by 19% when loading 0.380 MTU FAs. 
(6) The Accident dose rates increase by 13% when loading 0.380 MTU FAs. 
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Table P.5-4 
Summary ofNUHOMS®-24PTH-L DSC, OS197FC TC Maximum Dose Rates During 

Decontamination and Welding Operations, Configuration 2 

Maximum 
Gamma 

Maximum 
Neutron 

Maximum 
Total 

Dose Rate Location Gamma 
MCNP 

Neutron 
MCNP lcr Tota1<1l 

MCNP 

(mrem/hr) lcrError 
(mrem/hr) 

Error 
(mrem/hr) 

lcr 
Error 

Decontamination 
Cask Side Surface (Radial}<'J 4.34E+02 0.0210 8.23E+02 0.0069 l.26E+03 0.0085 
Top Axial SurfacePJ 7.83E+02 0.0272 3.14E-01 0.2858 7.83E+02 0.0272 
Cask Bottom Axial Surfacef0J l.15E+03l'J 0.0478 5 .83E +O 11"1 0.0126 1.21E+031" 1 0.0455 
1 ft from Cask Side (Radial) f4J 2.82E+02 0.0206 5.32E+02 0.0060 8.14E+02 0.0082 
1 ft from Top Axial SurfacePJ 5.93E+02 0.0262 l.05E+Ol 0.0304 5.93E+02 0.0262 
1 ft from Cask Bottom Axial 

7.07E+02 0.0486 2.73E+Ol 0.0215 7.29E+02 0.0471 Surface(6J 

3 ft from Cask Side (Radialr l.68E+02 0.0187 3.14E+02 0.0054 4.83E+02 0.0074 
3 ft from Top Axial SurfacePJ 4.02E+02 0.0305 9.40E+OO 0.0099 4.03E+02 0.0305 
3 ft from Cask Bottom Axial 

2.54E+02 0.0494 l.86E+Ol 0.0085 2.62E+02 0.0480 Surface(6J 

Welding 
Cask Side Surface (Radial) r•J 6.22E+02 0.0224 5.46E+02 0.0123 l.17E+03 0.0132 
Top Axial SurfacefJJ 8.56E+02 0.0264 3.37E+Ol 0.0658 8.84E+02 0.0256 
Cask Bottom Axial Surface<0J 1.64E+031JJ 0.0397 2.69E+03l3l 0.0297 4.34E+Q3Pl 0.0238 
1 ft from Cask Side (Radial)f 4J 4.06E+02 0.0217 3.51E+02 0.0108 7.58E+02 0.0127 
1 ft from Top Axial SurfacePJ 6.48E+02 0.0371 2.42E+Ol 0.0814 6.69E+02 0.0360 
1 ft from Cask Bottom Axial 

9.78E+02 0.0401 9.23E+02 0.0395 l.90E+03 0.0282 Surface(6J 

3 ft from Cask Side (Radialr 2.47E+02 0.0191 2.05E+02 0.0097 4.52E+02 0.0113 
3 ft from Top Axial Surface1,J 4.44E+02 0.3175 l.33E+Ol 0.0815 4.51E+02 0.3124 
3 ft from Cask Bottom Axial 

3.41E+02 0.0386 2.51E+02 0.0663 5.92E+02 0.0358 Surface(6J 

Notes: 
(1) Gamma and Neutron dose rate peaks do not always occur at same location; therefore, the total dose rate is not always the 

sum of the gamma plus neutron dose rate. 
(2) The peak bottom surface dose rate is directly below the grapple ring cut out in the bottom of the cask. The bottom average 

dose rates, including the grapple area, are 238 mrem/hr gamma, 13 mrem/hr neutron for a total average dose rate of 251 
mrem/hr. 

(3) The peak bottom surface dose rate is directly below the grapple ring cut out in the bottom of the cask. The bottom average 
dose rates, including the grapple area, are 3 31 mrem/hr gamma, 417 mrem/hr neutron for a total average dose rate of 7 48 
mrem/hr. Note that this bottom axial dose rate has no impact on the occupational exposure because no operations are 
performed near bottom axial location. 

(4) The Side dose rates do not need to be scaled when loading 0.380 MTU FAs. 
(5) The Top dose rates increase by 18% when loading 0.380 MTU FAs. 
(6) The Bottom dose rates increase by 19% when loading 0.380 MTU FAs. 
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Table P.5-5 
Summary ofNUHOMS®-24PTH-S-LC DSC, Standardized TC Maximum Dose Rates 

During Transfer Operations, Configuration 5 

Maximum Gamma Maximum Neutron Maximum Total 
Do~e Rate Location Gamma MCNP Neutron M;CNP Tota1<1> MCNP 

(mrem/hr) 10' Error (mrem/hr) la Error (mrem/hr) la Error 
Cask Side Surface 

4.19E+02 0.0600 1.81E+02 0.0178 5.77E+02 0.0273 
(Radial)<3J 

Cask Top Axial Surface<4J 3.0lE+Ol 0.0894 8.03E+OO 0.0778 3.25E+Ol 0.0829 

Cask Bottom Axial 
4.42E+o3<2

> 0.1154 3.30E+o2<2
> 0.0276 4.75E+03<2

> 0.1074 Surface<5J 

1 ft from Cask Side 
2.95E+02 0.0536 1.14E+02 0.0176 3.78E+02 0.0242 

(Radiali3J 

1 ft from Cask Top Axial 
Surface<4J 

2.06E+Ol 0.0251 5.44E+OO 0.0576 2.43E+Ol 0.0224 

1 ft from Cask Bottom 
2.31E+03 0.1261 l.17E+02 0.0308 2.43E+03 0.1200 

Axial Surface<5J 

3 ft from Cask Side 
1.89E+02 0.0449 9.20E+Ol 0.0158 2.31E+02 0.0368 

(Radiali3; 
3 ft from Cask Top Axial 
Surface(4) 1.06E+Ol 0.0201 2.73E+OO 0.0567 l.31E+Ol 0.0165 

3 ft from Cask Bottom 
8.82E+02 0.1398 3.33E+Ol 0.0403 9.15E+02 0.1347 

Axial Surface<5J 

Cask 1 m (Radial) 
3.44E+02 0.0018 4.18E+02 0.0219 7.62E+02 0.0258 

Accident Condition<6J 

Cask 100 m (Radial) 
l.67E-01 0.0872 6.76E-02 0.0232 2.35E-01 0.0308 Accident Condition<6J 

Cask 500 m (Radial) 
6.20E-04 1.1638 5.34E-05 0.0341 6.74E-04 0.0279 

Accident Condition<6J 

Notes: 
(1) Gamma and Neutron dose rate peaks do not always occur at same location therefore the total dose rate is not always the sum 

of the gamma plus neutron dose rate. 
(2) The peak bottom surface dose rate is directly below the grapple ring cut out in the bottom of the cask. The bottom average 

dose rates, including the grapple area, are 730 mrem/hr gamma, 61 mrem/hr neutron for a total average dose rate of 791 
mrem/hr. 

(3) The Side dose rates do not need to be scaled when loading 0.380 MTU FAs. 
(4) The Top dose rates increase by 18% when loading 0.380 MTU FAs. 
(5) The Bottom dose rates increase by 19% when loading 0.380 MTU FAs. 
(6) The Accident dose rates increase by 13% when loading 0.380 MTU FAs. 
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Table P.5-21 
Surface Average Dose Rates on HSM-Model 102 with 24PTH-S-LC DSC 

Dose Rate 

Dose 
from Table 

Scaling Dose Rate Surfaces N.5-4 of 
Components 

AppendixN 
factors (mrem/hr) 

(mrem/hr) 

Back<3J 
Gamma 1.3 0.6 0.8 
Neutron 0.1 0.1 0.01 

Front (excluding bird Gamma 4.9 6.8 33.5 
screen i 1><2J Neutron 2.0 0.4 0.9 
Roof (excluding bird Gamma 25.4 1.1 27.l 
screen)C1><2J Neutron 0.5 0.2 0.1 

Side<3J Gamma 29.6 1.1 31.7 
Neutron 0.5 0.2 0.1 

Front Bird Screen<2J 
Gamma 261.3 1.1 279.6 
Neutron 6.2 0.2 1.1 

Roof Bird Screen<2J 
Gamma 408.9 1.1 437.5 
Neutron 9.0 0.2 1.5 

Note: 
(1) If the front average dose rate includes the contribution from the front birdscreen, the 

dose rates are 45.6 mrem/hr for gammas and 0.9 mrem/hr for neutron radiation. 
Likewise, if the roof average dose rate includes the contribution from the roof 
birdscreen, the dose rate is 47.3 mrem/hr for gammas and 0.2 mrem/hr for neutron 
radiation. 

(2) These dose rates increase by 13% when loading 0.380 MTU FAs. 
(3) These dose rates increase by 30% when loading 0.380 MTU FAs. 
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Table P.5-22 
Maximum Dose Rates on HSM-Model 102 with 24PTH-S-LC DSC 

Dose Rate 

Dose 
from Table Scaling Dose Rate 

Surfaces N.5-4 of 
Components Appendix N 

factors (mrem/hr) 

(mrem/hr) 

Back(3J 
Gamma 4 0.6 2.5 

Neutron 0.1 0.1 0.02 

Frontf2J 
Gamma 9 6.8 60.6 

Neutron 4 0.4 1.6 

Roof2J 
Gamma 55 I.I 59.3 

Neutron 1.0 0.2 0.2 

Sidef3J 
Gamma 250 I.I 266.9 

Neutron 2.0 0.2 0.3 

Front Bird Gamma 458 I.I 489.6 
Screenf2J Neutron 14(1) 0.2 2.5 

Roof Bird Gamma 913 I.I 976.5 

Screenf2J Neutron 18 0.2 3.2 

Note 
(1) Not calculated in appendix N.5. Estimated here as approximately twice the average 

dose rate. 
(2) These dose rates increase by 13% when loading 0.380 MTU FAs. 
(3) These dose rates increase by 30% when loading 0.380 MTU FAs. 
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Table P.5-23 OS197 FC TC Total Dose Rates (mrem/hr) at Cask Centerline for 2.0 kW Case<1
> 

Bum-Up, i-----------------------.. M_ax_im_u .. m_A.;.s.;.se ... m_b.:.ly_A.,.ve_ra..:g:...e.,.1n_iti_a1_u .. -2_3_5_En,..n_·ch_m..,e,..n.:.t,_wt..,o/c_, _____ .,..._..,__.,._ ____________ -1 

GWD/MTU 1.5 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 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0 

258.4 235.0 231.2 227.6 224.3 221.1 218.2 215.4 212.8 210.3 208.0 205.7 203.6 201.6 199.7 197.9 196.2 194.6 193.0 191.5 190.1 188.7 187.3 186.1 184.9 183.7 182.6 181.5 180.4 179.4 178.4 177.5 

409.4 373.3 367.4 361.7 356.4 351.4 346.7 342.2 338.0 333.9 330.1 326.5 323.1 319.8 316.7 313.7 310.9 308.2 305.6 303.1 300.7 298.5 296.3 294.2 292.2 290.2 288.3 286.5 284.8 283.1 281.5 279.9 

529.6 521.0 512.8 505.1 497.8 490.9 484.4 478.2 472.2 466.6 461.3 456.3 451.4 446.8 442.4 438.2 434.2 430.4 426.7 423.2 419.8 416.5 413.4 410.4 407.5 404.8 402.1 399.5 397.0 394.6 392.2 

673.8 663.6 654.0 644.9 636.2 627.9 620.1 612.6 605.5 598.7 592.2 586.0 580.1 574.4 569.1 563.9 558.9 554.2 549.6 545.2 540.9 536.9 533.0 529.2 525.6 522.1 518.7 515.4 

751.4 741.0 730.9 721.6 712.5 703.9 695.7 687.9 680.4 673.2 666.4 659.9 653.6 647.6 641.8 636.3 631.0 625.9 621.0 616.3 611.7 607.3 603.1 599.0 595.1 

815.4 804.1 793.4 783.3 773.8 764.5 755.6 747.1 739.0 731.3 723.9 716.8 710.0 703.5 697.3 691.3 685.5 680.0 674.7 669.5 664.6 659.8 655.2 650.8 

893.8 881.3 869.2 858.0 847.0 836.6 826.5 817.0 807.9 799.2 790.9 782.9 775.4 768.0 761.0 754.3 747.8 741.5 735.5 729.8 724.2 718.9 713.7 708.7 

976.4 962.3 949.0 936.1 924.0 912.2 901.2 890.6 880.5 870.6 861.3 852.2 843.6 835.5 827.7 820.0 812.8 805.8 799.0 792.6 786.3 780.3 774.5 769.0 

~ 1047.6 1032.7 1018.3 1004.9 992.0 979.6 967.6 956.4 945.4 935.0 924.8 915.2 906.1 897.2 888.8 880.5 872.8 865.3 857.9 851.0 844.3 837.9 831.6 

1105.1 1089.9 1075.7 1061.7 1048.5 1035.9 1023.6 1012.1 1000.9 990.1 980.0 970.0 960.6 951.6 942.9 934.3 926.3 918.7 911.2 904.0 896.9 

1149.8 1134.1 1119.0 1104.4 1090.4 1077.0 1064.4 1052.1 1040.4 1029.1 1018.1 1008.0 998.0 988.2 979.0 970.2 961.6 953.6 945.6 937.9 930.6 

1133.3 1119.3 1105.9 1093.1 1080.5 1068.7 1057.2 1046.5 1036.0 1025.7 1016.0 1006.7 997.6 989.0 980.6 972.7 964.9 

1195.3 1178.3 1161.7 1192.6 1177.3 1162.5 1148.6 1134.9 1121.8 1109.5 1097.4 1085.9 1074.6 1064.1 1053.9 1044.1 1034.5 1025.4 1016.8 1008.1 1000.1 

1196.2 1178.6 1161.4 1190.4 1174.4 1159.1 1144.6 1130.6 1117.1 1150.9 1138.3 1126.3 1114.5 1103.4 1092.6 1082.1 1072.3 1062.7 1053.3 1044.3 1035.9 
1198.2 1180.0 1206.4 1189.4 1172.9 1157.2 1142.1 1127.5 1158.8 1145.4 1132.2 1119.8 1107.7 1096.1 1085.0 1121.2 1110.6 1100.5 1090.9 1081.5 1072.2 

" 1202.0 1182.9 1207.2 1189.6 1172.8 1156.6 1140.9 1126.0 1155.0 1141.0 1127.5 1114.6 1102.1 1135.8 1123.9 1112.8 1101.8 1091.4 1081.5 1071.7 1062.4 

•' 1168.8 1191.4 1174.1 1157.3 1141.3 1167.8 1152.9 1138.3 1124.5 1110.9 1098.2 1085.6 1117.3 1105.8 1094.6 1083.9 1073.3 1063.5 1053.6 

. 1213.3 1194.6 1176.4 1159.4 1142.6 1167.5 1151.8 1136.9 1122.5 1108.7 1137.7 1124.6 1112.1 1100.0 1088.5 1077.4 1066.8 1056.4 1090.1 

1180.4 1199.1 1180.6 1162.7 1145.6 1168.2 1152.3 1136.8 1122.1 1107.7 1094.0 1121.5 1108.3 1096.0 1084.1 1072.4 1061.5 1092.8 1082.4 
1188.0 1204.9 1185.9 1167.5 1149.8 1132.7 1154.3 1138.2 1123.0 1108.2 1133.2 1119.3 1105.9 1093.2 1080.8 1068.8 1057.6 1086.9 1076.2 

1197.0 1212.1 1192.3 1173.7 1155.1 1174.3 1157.2 1140.8 1125.0 1109.7 1095.2 1118.8 1104.8 1091.6 1078.8 1066.5 1093.9 1082.5 1071.1 

1200.4 1180.9 1162.2 1143.9 1161.8 1144.7 1128.6 1112.7 1134.1 1119.3 1105.3 1091.4 1078.4 1065.5 1091.2 1079.1 1067.4 

• 1209.5 1189.5 1169.9 1151.4 1167.6 1149.9 1133.3 1116.8 1101.1 1121.3 1106.7 1092.6 1078.9 1065.8 1089.5 1077.0 1065.4 
1187.6 1199.1 1179.3 1160.0 1174.5 1156.5 1139.0 1122.3 1106.1 1124.7 1109.6 1094.9 1081.0 1067.3 1089.3 1076.6 1064.4 

.. 1200.3 1210.3 1189.7 1169.8 1150.7 1164.2 1146.2 1129.0 1112.4 1129.1 1113.7 1098.4 1083.9 1069.9 1056.6 1077.2 1064.7 

• 1213.6 1192.2 1201.3 1180.9 1161.0 1142.2 1154.7 1136.9 1119.6 1103.0 1118.9 1103.3 1088.3 1074.0 1059.8 1078.9 1065.9 

1228.0 1205.0 1185.1 1193.0 1172.9 1153.2 1134.2 1145.9 1128.0 1111.1 1094.5 1109.1 1093.8 1078.9 1064.5 1050.8 1037.3 
1192.1 1169.4 1146.9 1124.5 1105.6 1086.1 1067.5 1049.2 1031.7 1014.9 998.9 983.3 968.2 1085.1 1070.2 1055.9 1072.3 

1235.5 1212.8 1190.2 1167.7 1145.4 1126.2 1106.2 1087.3 1069.1 1051.6 1034.6 1018.3 1002.7 987.6 972.9 959.0 945.5 

1254.4 1228.7 1206.3 1208.0 1188.6 1166.3 1147.1 1125.1 1107.4 1089.0 1071.5 1054.5 1038.0 1022.2 1007.1 992.2 978.2 

1225.9 1225.3 1225.5 1200.2 1204.3 1182.1 1160.0 1165.1 1146.1 1127.6 1109.2 1091.5 1074.2 1057.7 1042.0 1026.6 1011.7 

1182.2 1178.9 1154.2 1198.0 1173.1 1198.2 1176.2 1157.3 1135.5 1143.0 1121.3 1104.3 1111.5 1094.3 1077.8 1061.7 1046.2 

1269.6 1244.6 1219.7 1194.9 1173.2 1148.6 1127.1 1105.7 1087.5 1066.3 1048.2 1030.3 1013.1 996.2 980.2 964.5 949.2 
62 ;- ·: 1270.8 1268.2 1240.4 1238.5 1213.7 1192.0 1167.4 1146.0 1124.7 1106.5 1085.3 1067.3 1049.4 1031.6 1014.6 998.2 982.3 

Note(l): Maximum value for bumup of62 GWd/MTU, 3.4 wt.% U-235, used only to determine the design basis source term. 
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Table P.5-24 HSM-H Total Dose Rates (mrem/hr) at Roof for 2.0 kW Case<1> 

Bum- Maximum Assembly Average Initial U-235 Enrichment, wt% 
Up, 
GWD/MT 1.5 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 4.2 4.3 4.4 4.5 4.6 4. 7 4.8 4.9 5.0 

Notes: 

1.8 1.7 1.7 1.7 1.7 1.7 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.4 1.4 1.4 1.4 1.4 

6.5 6.4 6.4 6.3 6.3 6.2 6.2 6.1 6.1 6.1 6.0 6.0 6.0 5.9 5.9 5.9 5.8 5.8 5.8 5.7 5.7 5.7 

6.9 6.9 6.8 6.8 6.7 6.7 6.6 6.6 6.5 6.5 6.5 6.4 6.4 6.3 6.3 6.3 6.2 6.2 6.2 6.2 6.1 6.1 

7.3 7.3 7.2 7.2 7.1 7.1 7.0 7.0 6.9 6.9 6.9 6.8 6.8 6.7 6.7 6.7 6.6 6.6 6.6 6.5 6.5 

7.6 7.5 7.5 7.4 7.4 7.3 7.3 7.2 7.2 7.1 7.1 7.0 7.0 7.0 6.9 6.9 6.9 6.8 6.8 6.8 6.7 

7.8 7.8 7.7 7.7 7.6 7.5 7.5 7.4 7.4 7.4 7.3 7.3 7.2 7.2 7.1 7.1 7.1 7.0 7.0 7.0 6.9 

u~uuuuuuu~~~uuuuuuuu 

7.4 7.4 7.7 7.7 7.6 7.5 7.5 7.4 7.8 7.8 7.7 7.7 7.6 7.6 7.6 7.5 7.5 7.4 7.4 7.4 

7.2 7.2 7.1 7.0 7.4 7.3 7.3 7.2 7.2 7.1 7.1 7.4 7.4 7.3 7.3 7.3 7.2 7.2 

7.1 7.0 7.0 6.9 7.2 7.1 7.1 7.0 7.0 7.3 7.3 7.2 7.2 7.2 7.1 7.1 7.0 7.4 

6.9 6.9 6.8 6.8 7.0 7.0 6.9 6.9 6.8 6.8 7.1 7.1 7.0 7.0 6.9 6.9 7.2 7.2 

6.6 6.6 6.5 6.8 6.7 6.7 6.6 6.6 6.5 6.8 6.7 6.7 6.7 6.6 6.9 6.9 6.8 

MMMUMMMMVMMMMMMVV 
MUUUMMMUUMMMMUMMM 
6.0 6.2 6.2 6.1 6.3 6.3 6.2 6.2 6.1 6.4 6.3 6.3 6.3 6.2 6.5 6.4 6.4 

5.9 6.1 6.1 6.0 6.0 6.2 6.1 6.1 6.0 6.3 6.2 6.2 6.1 6.1 6.0 6.3 6.2 

5.9 5.8 6.0 5.9 5.9 5.8 6.0 6.0 5.9 5.9 6.1 6.1 6.0 6.0 5.9 6.2 6.1 

5.8 5.7 5.7 5.9 5.8 5.8 5.7 5.9 5.8 5.8 5.8 6.0 5.9 5.9 5.8 5.8 5.8 

5.3 5.3 5.2 5.2 5.1 5.1 5.0 5.0 5.0 4.9 4.9 4.8 4.8 5.8 5.7 5.7 5.9 

5.4 5.4 5.4 5.3 5.3 5.2 5.2 5.1 5.1 5.0 5.0 5.0 4.9 4.9 4.8 4.8 4.8 

5.4 5.3 5.3 5.4 5.4 5.3 5.3 5.2 5.2 5.2 5.1 5.1 5.0 5.0 5.0 4.9 4.9 

5.0 5.1 5.2 5.2 5.3 5.3 5.2 5.4 5.3 5.3 5.2 5.2 5.2 5.1 5.1 5.0 5.0 

4.6 4.6 4.6 5.0 4.9 5.2 5.2 5.1 5.1 5.2 5.2 5.1 5.3 5.2 5.2 5.2 5.1 

UUUUUUUUUUUUYYYOO 
UUUUUUUUUUUUUUUYY 

(I) Maximum value for bumup of 41 GWdiMTU, 3.3 wt.% U-235, used only to determine the design basis source term. 
(2) The side dose rates increase by 13% when loading 0.380 MTU FAs 
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Table P.5-25 OS197FC TC Total Dose Rates (mrem/hr) at Cask Centerline for 1.5 kW Case(l) 

Burn-Up, 1--r----ir----ir----i-....,-....,--,.-"""T-""T-""T'-""T"-~Mr-ax_im_u~mr--As_s.,em_b..;ly~A.,v_er_a;;.ge"Tl_nit_ia_I U"T·_23_5_E.,.n_ric_h_m,.en..;t,_wt""T'%_""T"_""T"_""T"_-r-_-r-_-i-_.,..._.,..._.,..._.,..._.,...---1 
GWDIMTU 1.5 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 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0 

235.0 231.2 227.6 224.3 221.1 218.2 215.4 212.8 210.3 208.0 205.7 203.6 201.6 199.7 197.9 196.2 194.6 193.0 191.5 190.1 188.7 187.3 186.1 184.9 183.7 182.6 181.5 180.4 179.4 178.4 177.5 

409.4 373.3 367.4 361.7 356.4 351.4 346.7 342.2 338.0 333.9 330.1 326.5 323.1 319.8 316.7 313.7 310.9 308.2 305.6 303.1 300.7 298.5 296.3 294.2 292.2 290.2 288.3 286.5 284.8 283.1 281.5 279.9 

Notes: 

512.8 505.1 497.8 490.9 484.4 478.2 472.2 466.6 461.3 456.3 451.4 446.8 442.4 438.2 434.2 430.4 426.7 423.2 419.8 416.5 413.4 410.4 407.5 404.8 402.1 399.5 397.0 394.6 392.2 

644.9 636.2 627.9 620.1 612.6 605.5 598.7 592.2 586.0 580.1 574.4 569.1 563.9 558.9 554.2 549.6 545.2 540.9 536.9 533.0 529.2 525.6 522.1 518.7 515.4 

751.4 741.0 730.9 721.6 712.5 703.9 695.7 687.9 680.4 673.2 666.4 659.9 653.6 647.6 641.8 636.3 631.0 625.9 621.0 616.3 611.7 607.3 603.1 599.0 595.1 

804.1 793.4 783.3 773.8 764.5 755.6 747.1 739.0 731.3 723.9 716.8 710.0 703.5 697.3 691.3 685.5 680.0 674.7 669.5 664.6 659.8 655.2 650.8 

881.3 869.2 858.0 847.0 836.6 826.5 817.0 807.9 799.2 790.9 782.9 775.4 768.0 761.0 754.3 747.8 741.5 735.5 729.8 724.2 718.9 713.7 708.7 

886.3 875.0 864.0 853.5 843.5 833.8 824.7 816.0 843.6 835.5 827.7 820.0 812.8 805.8 799.0 792.6 786.3 780.3 774.5 769.0 

858.6 846.5 867.3 856.1 845.4 835.0 825.1 815.7 840.4 831.6 823.0 814.9 806.9 799.5 792.2 785.1 813.6 807.0 800.5 794.4 

869.3 856.2 843.7 831.6 850.4 839.3 828.7 818.3 808.8 799.4 821.6 812.7 804.4 796.2 788.5 781.0 773.6 799.3 792.4 785.7 

875.8 862.4 849.2 836.9 825.1 842.7 831.7 821.0 811.1 801.0 822.1 813.0 804.3 795.7 787.7 779.8 772.4 796.6 789.3 782.5 

855.9 869.4 855.9 842.9 830.5 818.9 835.6 824.5 814.0 803.9 794.3 784.9 804.8 796.2 787.8 779.6 771.8 764.5 757.4 780.4 

865.0 850.6 863.3 849.8 837.0 824.8 813.0 828.9 818.0 807.3 797.4 787.7 778.5 797.4 788.6 780.4 772.3 764.6 757.1 778.8 

874.9 860.2 845.7 832.3 844.3 831.8 819.4 807.9 822.6 811.9 801.4 791.3 781.8 799.4 790.4 781.8 773.3 765.3 757.5 750.1 

861.9 870.4 855.7 841.4 827.9 839.2 826.6 814.4 803.0 817.1 806.2 795.8 785.6 776.2 766.9 758.1 775.3 767.0 758.8 751.1 

843.2 851.5 837.4 824.1 811.0 822.1 810.1 798.6 787.2 800.9 790.7 780.6 771.0 761.9 777.9 769.3 761.0 753.0 

855.2 840.2 825.7 834.1 820.6 807.7 817.9 806.1 794.4 783.6 772.9 785.8 775.9 766.5 757.2 748.3 739.9 755.5 

847.3 852.6 837.5 823.2 830.7 817.5 804.5 792.2 802.4 790.9 779.9 769.3 781.7 771.6 762.3 753.1 744.1 758.9 

861.4 845.4 829.9 835.4 820.9 807.3 814.7 802.1 789.7 799.0 787.7 776.6 766.2 755.9 746.1 758.4 749.1 740.5 

857.2 859.6 843.8 828.5 833.2 819.3 805.5 792.5 799.7 787.5 775.7 784.8 773.8 763.2 753.1 743.4 754.9 745.7 

856.2 840.0 842.7 827.6 812.9 817.6 804.0 791.1 778.4 785.5 773.9 762.7 751.9 760.9 750.9 741.1 731.6 

854.8 838.2 839.5 823.9 826.6 812.1 798.3 803.0 790.0 777.4 765.6 753.9 761.0 750.4 739.9 748.7 739.0 

855.7 854.9 838.5 822.4 823.8 808.9 811.5 797.9 784.5 789.1 776.7 764.7 753.1 742.3 749.0 738.9 729.0 

858.3 856.2 839.3 838.6 822.8 807.7 809.1 794.7 797.7 784.4 771.5 759.4 764.3 752.9 741.9 731.0 720.9 

862.6 859.2 841.9 840.2 823.9 808.3 793.1 793.8 779.7 781.8 768.8 756.1 759.5 747.9 736.4 741.7 730.9 

868.4 850.0 846.1 829.0 826.6 810.6 809.6 794.6 780.1 780.8 767.3 754.4 756.7 744.6 748.3 737.0 726.0 

874.1 856.8 852.0 834.2 817.3 814.5 798.7 796.8 796.0 781.5 767.8 768.7 755.7 743.4 745.7 734.2 723.1 

870.1 863.9 846.5 841.0 823.4 819.4 803.5 800.8 785.5 784.1 769.9 756.1 756.4 743.6 744.9 732.9 721.5 

871.1 861.2 854.7 837.6 831.0 813.7 809.3 793.3 790.1 775.1 773.2 759.2 758.2 745.3 732.7 733.4 721.6 

~~~~~~~~~~~~~~~~~ 

871.7 864.0 853.4 846.1 826.3 819.2 802.6 786.1 791.8 776.2 772.2 768.9 754.6 741.0 739.2 738.0 714.2 

877.0 865.9 854.9 847.1 827.6 820.0 812.6 796.2 789.1 773.7 768.8 753.8 749.9 746.8 733.1 730.9 718.2 

880.3 868.8 849.5 841.2 830.1 822.1 802.9 795.1 790.5 783.1 767.3 752.2 737.4 743.2 739.5 725.9 713.1 

877.2 865.3 853.6 845.1 826.0 814.5 806.3 798.1 790.1 774.2 766.4 761.5 746.2 741.3 727.3 723.1 710.1 

(1) Maximum value for burnup of32 GWd/MTU, 2.6 wt.% U-235, used only to determine the design basis source term. 
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Table P.5-26 HSM-H Total Dose Rates (mrem/hr) at Roof for 1.5 kW Case<1> 

Bum- Maximum Assembly Average Initial U-235 Enrichment, wt% 
Up, 
GWD/MT 1.5 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 4.2 4.3 4.4 4.5 4.6 . 4.7 4.8 4.9 5.0 

Notes: 

1.8 1.7 1.7 1.7 1.7 1.7 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.4 1.4 1.4 1.4 1.4 

2.9 2.7 2.7 2.6 2.6 2.6 2.6 2.5 2.5 2.5 2.5 2.5 2.4 2.4 2.4 2.4 2.4 2.4 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.2 2.2 2.2 2.2 2.2 

4.7 4.7 4.6 4.6 4.5 4.5 4.5 4.4 4.4 4.4 4.3 4.3 4.3 4.2 4.2 4.2 4.2 4.1 4.1 4.1 4.1 4.1 4.0 4.0 4.0 4.0 4.0 4.0 

5.2 5.2 5.1 5.1 5.1 5.0 5.0 5.0 4.9 4.9 4.9 4.8 4.8 4.8 4.7 4.7 4.7 4.7 4.6 4.6 4.6 4.6 4.6 4.5 4.5 

5.6 5.6 5.5 5.5 5.5 5.4 5.4 5.3 5.3 5.3 5.2 5.2 5.2 5.1 5.1 5.1 5.1 5.0 5.0 5.0 5.0 4.9 4.9 4.9 

6.1 6.0 6.0 5.9 5.9 5.9 5.8 5.8 5.7 5.7 5.7 5.6 5.6 5.6 5.5 5.5 5.5 5.4 5.4 5.4 5.4 5.3 5.3 5.3 

5.9 5.8 5.8 5.8 6.0 6.0 5.9 5.9 5.8 5.8 5.8 5.7 6.0 6.0 6.0 5.9 5.9 5.9 5.8 5.8 5.8 5.7 5.7 5.7 

5.5 5.5 5.7 5.7 5.6 5.6 5.6 5.5 5.8 5.7 5.7 5.7 5.6 5.6 5.6 5.5 5.8 5.8 5.8 5.8 

5.4 5.3 5.3 5.2 5.4 5.4 5.4 5.3 5.3 5.2 5.5 5.5 5.4 5.4 5.4 5.3 5.3 5.6 5.5 5.5 

5.3 5.2 5.2 5.1 5.1 5.3 5.3 5.2 5.2 5.2 5.4 5.4 5.3 5.3 5.3 5.2 5.2 5.4 5.4 5.4 

5.0 5.2 5.1 5.1 5.0 5.0 5.2 5.2 5.1 5.1 5.0 5.0 5.2 5.2 5.2 5.1 5.1 5.1 5.0 5.3 

4.9 4.9 5.1 5.0 5.0 4.9 4.9 5.1 5.0 5.0 5.0 4.9 4.9 5.1 5.1 5.0 5.0 5.0 4.9 5.2 

4.9 4.8 4.8 4.7 4.9 4.9 4.8 4.8 5.0 4.9 4.9 4.8 4.8 5.0 5.0 4.9 4.9 4.9 4.9 4.8 

4.7 4.7 4.6 4.8 4.8 4.7 4.7 4.9 4.8 4.8 4.7 4.7 4.7 4.6 4.8 4.8 4.8 4.7 

4.5 4.6 4.6 4.6 4.5 4.7 4.6 4.6 4.5 4.7 4.7 4.6 4.6 4.6 4.8 4.7 4.7 4.7 

4.5 4.4 4.4 4.5 4.5 4.4 4.6 4.5 4.5 4.5 4.4 4.6 4.5 4.5 4.5 4.5 4.4 4.6 

4.3 4.4 4.3 4.3 4.4 4.4 4.3 4.3 4.4 4.4 4.4 4.3 4.5 4.5 4.4 4.4 4.4 4.5 

4.2 4.2 4.2 4.3 4.2 4.2 4.3 4.3 4.2 4.4 4.3 4.3 4.3 4.2 4.2 4.3 4.3 4.3 

4.1 4.2 4.1 4.1 4.2 4.2 4.1 4.1 4.2 4.2 4.1 4.2 4.2 4.2 4.2 4.1 4.3 4.2 

4.0 4.0 4.1 4.0 4.0 4.1 4.0 4.0 4.0 4.1 4.1 4.0 4.0 4.1 4.1 4.0 4.0 

3.9 3.8 3.9 3.9 4.0 3.9 3.9 4.0 4.0 3.9 3.9 3.9 4.0 3.9 3.9 4.0 4.0 

3.7 3.8 3.8 3.7 3.8 3.8 3.9 3.8 3.8 3.9 3.9 3.8 3.8 3.8 3.9 3.8 3.8 

3.6 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.8 3.7 3.7 3.7 3.8 3.7 3.7 3.7 3.7 

3.5 3.6 3.6 3.6 3.6 3.5 3.5 3.6 3.5 3.6 3.6 3.6 3.6 3.6 3.6 3.7 3.6 

3.4 3.4 3.5 3.4 3.5 3.4 3.5 3.5 3.4 3.5 3.5 3.4 3.5 . 3.5 3.6 3.5 3.5 

3.4 3.3 3.4 3.3 3.3 3.4 3.3 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 

3.2 3.3 3.2 3.3 3.2 3.3 3.2 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 

3.1 3.1 3.2 3.1 3.2 3.1 3.2 3.1 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 

3.0 3.0 3.0 3.0 3.0 3.1 3.0 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 

2.9 2.9 2.9 3.0 2.9 2.9 2.9 2.9 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.1 3.0 

2.8 2.8 2.8 2.9 2.8 2.8 2.9 2.8 2.9 2.8 2.9 2.8 2.9 2.9 2.9 2.9 2.9 

2.7 2.7 2.7 2.7 2.7 2.8 2.7 2.7 2.8 2.8 2.8 2.7 2.7 2.8 2.8 2.8 2.8 

llllllllllllllVVVVVVVVVV 

(I) Maximum value for bumup of 32 GW d/MTU, 2.6 wt.% U-235, used only to determine the design basis source term. 
(2) The side dose rates increase by 13% when loading 0.380 MTU FAs 

March2017 
Revision 0 72-1004 Amendment No. 15 Page P.5-90 I 



tfli:iJi~if:Jii~ 
Summary of Experimental Samples as a Function of Burnup Range 

Power Plant 

Takahama-3 
Three Mile Island - 1 

Calvert Cliffs 

Vandell6s II 

Gos)!en 
GKNII 

March2017 
Revision 0 

Total 

Reference 

JVlJRJ;;G/CR-6968 
Reference [5.16] 

JVlJRJ;;G/CR-7013 
Reference f 5.18 7 
JVlJRJ;;G/CR-7012 
Reference [5.17] 

LowBurnup 
(B < 45 GWd/MTU) 

No of Range 
Samples (GWd/MTU) 

14 8.55 -42.16 
JO 22.80-44.8 
3 27.35 - 44.34 

1 42.50 

1 31.10 
- -

29 -

HighBurnup 
(B > 45 GWd/MTU) 

No of Range 
Samples (GWd/MTU) 

2 47.03 - 47.25 
9 50.10-55.70 
- -

5 54.85 - 78.30 

5 46.00-70.30 
1 54.10 

22 -
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Table P.5-28 
HLZC#2 2.0 kW Design Basis HSM Source Term 

Bounding Source at 380 kgUIFA: 
29 GWD/MTU, 1.1 wl %, after 2.0 years of cooling 

Em;m MeV to E,,llJXjMeV Bottom Nome In-core (g/s) Plenum (g/s) Top Nozzle 
(g/s) (g/s) 

O.OOe+OO to 5.00e-02 7.979E+ll 3.367E+l5 J.030E+l2 2.258E+ll 

5.00e-02 to 1.00e-01 6.588E+l0 1.098E+l5 1.424E+ 11 4.455E+l0 

1.00e-01 to 2.00e-01 3.658E+l0 1.030E+15 4.780E+l0 1.085E+l0 

2.00e-01 to 3.00e-01 2.459E+09 2.819E+l4 2.810E+09 5.416E+08 

3.00e-01 to 4.00e-01 1.118E+10 2.198E+l4 8.852E+09 7.031E+08 

4.00e-01 to 6.00e-01 1.114E+ll 1.651E+l5 7.460E+l0 9.290E+08 

6.00e-01 to 8.00e-01 7.863E+l0 2.429E+l5 5.581E+10 8.950E+08 

8.00e-01 to 1.00e+OO 9.535E+ll 5.177E+l4 1.754E+ 11 5.430E+ll 

l.OOe+OO to 1.33e+OO J.864E+J3 3.495E+l4 4.118E+J3 1.295E+J3 

1.33e+OO to 1.66e+OO 5.263E+l2 1.126E+l4 1.163E+J3 3.658E+12 

1.66e+OO to 2.00e+OO 2.094E+07 7.543E+12 4.424E+07 1.358E+07 

2.00e+OO to 2.50e+OO 1.261E+08 1.869E+13 2.783E+08 8.753E+07 

2.50e+OO to 3.00e+OO 1.077E+05 5.670E+ 11 2.378E+05 7.478E+04 

3.00e+OO to 4.00e+OO 6.601E-06 5.213E+l0 3.379E-05 5.438E-06 

4.00e+OO to 5.00e+OO 0.0 1.222E+07 0.0 0.0 

5.00e+OO to 6.50e+OO 0.0 4.905E+06 0.0 0.0 

6.50e+OO to 8.00e+OO 0.0 9.622E+05 0.0 0.0 

8.00e+OO to 1.00e+Ol 0.0 2.043E+05 0.0 0.0 

Total Gamma, gl(sec*FA) 2.596E+l3 1.108E+l6 5.435E+J3 1.744E+J3 

Total Neutrons, nl(sec*FA) 3.505E+8 

This is a "raw" source calculated with ORJGEN-ARP. Multiply it by bpj!(l-k.J} to account for subcritical 
multiplication and an axial variation of burn-up profile in active fuel region, where the dry k • .u= 0.29663 and 
bpf=l.289. 
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Table P.5-29 
HLZC#2 2.0 kW Design Basis TC Source Term 

Bounding Source at 380 kgUIFA: 
45 GWD/MTU, 1.1 wl %, after 2.9 years of cooling 

Emi,., MeV to Ema:oMeV 
Bottom Nozzle 

In-core (g/s) Plenum (g/s) 
Top Nozzle 

(g/s) (g/s) 

O.OOe+OO to 5.00e-02 7.245E+ll 2.449E+15 1.067E+J2 2.630E+ll 

5.00e-02 to l.OOe-01 7.597E+l0 7.568E+J4 1.647E+ 11 5.170E+JO 

1.00e-01 to 2.00e-01 4.032E+l0 6.771E+14 5.400E+l0 1.255E+10 

2.00e-01 to 3.00e-01 2.499E+09 l.911E+l4 3.012E+09 6.208E+08 

3.00e-01 to 4.00e-01 7.126E+09 l.436E+14 6.453E+09 8.113E+08 

4.00e-01 to 6.00e-01 1.176E+ll J.737E+l5 7.677E+ JO 9.104E+07 

6.00e-01 to 8.00e-01 6.347E+JO 3.128E+15 4.825E+l0 l.339E+09 

8.00e-01 to J.OOe+OO 5.207E+ll 6.585E+l4 9.766E+l0 2.967E+ll 

l.OOe+OO to 1.33e+OO 2.166E+J3 3.890E+l4 4.776E+J3 l.505E+l3 

l.33e+OO to 1.66e+OO 6.117E+12 1.238E+l4 l.349E+J3 4.249E+12 

1.66e+OO to 2.00e+OO 8.849E+05 4.851E+12 1.874E+06 5.758E+05 

2.00e+OO to 2.50e+OO 1.464E+08 9.446E+l2 3.227E+08 l.017E+08 

2.50e+OO to 3.00e+OO l.251E+05 3.785E+ll 2.757E+05 8.687E+04 

3.00e+OO to 4.00e+OO 1.162E-05 3.516E+JO 5.946E-05 9.570E-06 

4.00e+OO to 5.00e+OO 0.0 4.486E+07 0.0 0.0 

5.00e+OO to 6.50e+OO 0.0 l.800E+07 0.0 0.0 

6.50e+OO to 8.00e+OO 0.0 3.532E+06 0.0 0.0 

8.00e+OO to l.OOe+Ol 0.0 7.500E+05 0.0 0.0 

Total Gamma, gl(sec*FA) 2.933E+l3 l.027E+16 6.276E+13 l.992E+l3 

(J)Total Neutrons, nl(sec*FA) l.300E+9 

(J)This is a "raw" source calculated with ORIGEN-ARP. Multiply it by bpj!(l-k • .r) to account for subcritical 
multiplication and an axial variation of burn-up profile in active fuel region, where the dry ke.tF 0.25189 
(wet k.rr= 0.9412) and bpf=J.152. 
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Table P.5-30 
HLZC#6 0.6 kW (Inner) Design Basis HSM and TC Source Term 

Bounding Source at 380 kgUIFA: 
45 GWDIMTU, 1.1 wt. %, after 18.2 years of cooling 

Emim MeV to Enuvo MeV 
Bottom Nozzle 

In-core (gls) Plenum (gls) 
Top Nozzle 

(g/s) (g/s) 

O.OOe+OO to 5.00e-02 5.740E+10 4.802E+l4 1.251E+ 11 3.717E+l0 

5.00e-02 to 1.00e-01 1.002E+l0 1.283E+l4 2.209E+l0 6.944E+09 

1.00e-01 to 2.00e-01 2.877E+09 8.598E+J3 5.638E+09 1.679E+09 

2.00e-01 to 3.00e-01 1.542E+08 2.526E+J3 2.915E+08 8.450E+07 

3.00e-01 to 4.00e-01 2.665E+08 1.578E+13 4.195E+08 1.099E+08 

4.00e-01 to 6.00e-01 2.452E+09 2.152E+J3 1.615E+09 8.754E+06 

6.00e-01 to 8.00e-01 2.834E+09 1.075E+ 15 8.752E+09 1.323E+09 

8.00e-01 to 1.00e+OO l.635E+09 l.622E+J3 7.925E+09 1.365E+09 

J.OOe+OO to 1.33e+OO 2.910E+l2 5.198E+ 13 6.416E+l2 2.022E+l2 

1.33e+OO to 1.66e+OO 8.218E+ll 1.067E+J3 1.812E+12 5.709E+ll 

1.66e+OO to 2.00e+OO 7.753E+Ol 4.080E+10 5.053E+Ol 9.583E-03 

2.00e+OO to 2.50e+OO 1.966E+07 2.441E+09 4.335E+07 1.366E+07 

2.50e+OO to 3.00e+OO J.680E+04 l.938E+08 3.704E+04 1.167E+04 

3.00e+OO to 4.00e+OO 8.411E-06 7.505E+07 4.305E-05 6.928E-06 

4.00e+OO to 5.00e+OO 0.0 2.498E+07 0.0 0.0 

5.00e+OO to 6.50e+OO 0.0 J.002E+07 0.0 0.0 

6.50e+OO to 8.00e+OO 0.0 1.967E+06 0.0 0.0 

8.00e+OO to 1.00e+Ol 0.0 4.176E+05 0.0 0.0 

Total Gamma, g/(sec*FA) 3.810E+l2 1.911E+l5 8.399E+l2 2.641E+l2 

(J)Total Neutrons, n/(sec*FA) 7.219E+8 

f'JThis is a "raw" source calculated with OR/GEN-ARP. Multiply it by bpf/(1-keJ) to account for subcritical 
multiplication and an axial variation of burn-up profile in active fuel region, where the dry kefF 0.25189 
and bpf=l.152. 
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Table P.5-31 
HLZC#6 0.6 kW (Outer) Design Basis HSM Source Term 

Bounding Source at 380 kgUIFA: 
I 0 GWD/MTU, 0. 7 wt. %, after 2. 6 years of cooling 

Emim MeV to E,IUJX> MeV 
Bottom Nozzle 

In-core (gls) . Plenum (g/s) 
Top Nozzle 

(g/s) (g/s) 

O.OOe+OO to 5.00e-02 3.353E+ll 1.155E+15 4.650E+ll 1.092E+ll 

5.00e-02 to 1.00e-01 3.167E+l0 3.754E+l4 6.894E+l0 2.158E+10 

1.00e-01 to 2.00e-01 1.573E+ 10 3.562E+l4 2.187E+l0 5.249E+09 

2.00e-01 to 3.00e-01 9.954E+08 9.515E+ 13 1.230E+09 2.596E+08 

3.00e-01 to 4.00e-01 3.636E+09 7.480E+ 13 3.128E+09 3.388E+08 

4.00e-01 to 6.00e-01 4.322E+10 3.657E+ 14 2.836E+l0 1.019E+08 

6.00e-01 to 8.00e-01 2.461E+10 6.218E+l4 1.791E+l0 3.673E+08 

8.00e-01 to 1.00e+OO 3.522E+ll 8.571E+l3 6.303E+l0 2.005E+ll 

1.00e+OO to 1.33e+OO 9.027E+12 1.339E+ 14 2.000E+l3 6.279E+12 

1.33e+OO to 1.66e+OO 2.549E+l2 3.967E+l3 5.647E+12 1.773E+12 

1.66e+OO to 2.00e+OO 1.810E+06 2.395E+l2 3.939E+06 l.225E+06 

2.00e+OO to 2.50e+OO 6.100E+07 6.913E+ 12 1.351E+08 4.242E+07 

2.50e+OO to 3.00e+OO 5.212E+04 1.736E+ 11 1.154E+05 3.625E+04 

3.00e+OO to 4.00e+OO l.581E-06 1.585E+10 8.093£-06 1.302E-06 

4.00e+OO to 5.00e+OO 0.0 3.253E+05 0.0 0.0 

5.00e+OO to 6.50e+OO 0.0 l.305E+05 0.0 0.0 

6.50e+OO to 8.00e+OO 0.0 2.558E+04 0.0 0.0 

8.00e+OO to 1.00e+Ol 0.0 5.430E+03 0.0 0.0 

Total Gamma, gl(sec*FA) 1.238E+l3 3.312E+l5 2.631E+13 8.389E+12 

(/)Total Neutrons, n/(sec*FA) 9.414E+6 
(IJThis is a "raw" source calculated with ORIGEN-ARP. Multiply it by bpf/(1-k • .r} to account for subcritical 

multiplication and an axial variation of burn-up profile in activefael region, where the dry kefF 0.39328 
and bvf=l.414 
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Table P.5-32 
HLZC#6 1.3 kW Design Basis HSM Source Term 

Bounding Source at 380 kgU/FA: 
16 GWDIMTU, 0.8 wt. %, after 2.0 years of cooling 

Emi,,, MeV to E=MeV 
Bottom Nozzle 

In-core (g/s) Plenum (gls) 
Top Nozzle 

(gls) (g/s) 

O.OOe+OO to 5.00e-02 5.902E+ll 2.485E+l5 7.482E+ll 1.611E+ll 

5.00e-02 to l.OOe-01 4.707E+l0 8.179E+l4 1.019E+ll 3.184E+10 

1.00e-01 to 2.00e-01 2.519E+10 7.833E+l4 3.357E+l0 7.759E+09 

2.00e-01 to 3.00e-01 1.739E+09 2.098E+l4 2.000E+09 3.884E+08 

3.00e-01 to 4.00e-01 9.149E+09 1.653E+l4 7.084E+09 5.033E+08 

4.00e-01 to 6.00e-01 7.461E+l0 8.956E+l4 5.043E+10 8.321E+08 

6.00e-01 to 8.00e-01 5.937E+l0 1.276E+l5 4.148E+l0 5.499E+08 

8.00e-01 to 1.00e+OO 7.623E+ll 2.279E+l4 1.400E+ll 4.341E+ll 

1.00e+OO to 1.33e+OO 1.331E+J3 2.294E+l4 2.946E+J3 9.255E+l2 

1.33e+OO to 1.66e+OO 3.758E+12 7.094E+J3 8.318E+l2 2.613E+ 12 

1.66e+OO to 2.00e+OO 1.849E+07 5.509E+l2 3.975E+07 1.230E+07 

2.00e+OO to 2.50e+OO 8.999E+07 1.549E+J3 1.991E+08 6.253E+07 

2.50e+OO to 3.00e+OO 7.688E+04 4.031E+ll J.701E+05 5.343E+04 

3.00e+OO to 4.00e+OO 3.224£-06 3.684E+JO 1.650£-05 2.656£-06 

4.00e+OO to 5.00e+OO 0.0 1.805E+06 0.0 0.0 

5.00e+OO to 6.50e+OO 0.0 7.241E+05 0.0 0.0 

6.50e+OO to 8.00e+OO 0.0 l.420E+05 0.0 0.0 

8.00e+OO to l.OOe+Ol 0.0 3.015E+04 0.0 0.0 

Total Gamma, g/(sec*FA) 1.864E+J3 7.183E+l5 3.890E+J3 l.251E+J3 

(JJTotal Neutrons, nl(sec*FA) 5.189E+7 

(JJThis is a "raw" source calculated with ORJGEN-ARP. Multiply it by bpf/(1-k.J) to account for a subcritical 
multiplication and an axial variation of burn-up profile in active fuel region, where the dry k • .u= 0.35650 
and bpf=l.414. 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
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I 
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Table P.5-33 
HLZC#6 2.5 kW Design Basis HSM and TC Source Term 

Bounding Source at 380 kgU/FA: 
45 GWDIMTU, 1.1 wt. %, after 2.3 years of cooling 

E,,,;,., MeV to E,n= MeV 
Bottom Nozzle In-core Plenum Top Nozzle 

(g/s) (g/s) (g/s) (g/s) 

O.OOe+OO to 5.00e-02 8.819E+ll 3.355E+l5 l.215E+l2 2.836E+ll 

5.00e-02 to 1. OOe-01 8.229E+l0 l.065E+ 15 J.779E+ll 5.581E+10 

1.00e-01 to 2.00e-01 4.538E+l0 9.708E+l4 5.950E+l0 l.356E+l0 

2.00e-01 to 3.00e-01 2.898E+09 2.722E+l4 3.385E+09 6.722E+08 

3.00e-01 to 4.00e-01 9.961E+09 2.082E+l4 8.445E+09 8.770E+08 

4.00e-01 to 6. OOe-01 1.367E+ll 2.229E+l5 8.976E+l0 3.549E+08 

6.00e-01 to 8.00e-01 7.832E+l0 3.565E+l5 5.792E+l0 l.341E+09 

8.00e-01 to l.OOe+OO 8.332E+ll 8.069E+l4 1.529E+ll 4.745E+ll 

l.OOe+OO to l.33e+OO 2.338E+J3 4.443E+l4 5.154E+J3 l.624E+J3 

l.33e+OO to l.66e+OO 6.602E+J2 l.460E+l4 l.456E+l3 4.586E+l2 

l.66e+OO to 2.00e+OO 7.166E+06 7.276E+l2 l.496E+07 4.567E+06 

2.00e+OO to 2.50e+OO l.580E+08 l.527E+J3 3.483E+08 l.097E+08 
2.50e+OO to 3.00e+OO l.350E+05 5.631E+ 11 2.976E+05 9.376E+04 

3.00e+OO to 4.00e+OO l.177E-05 5.215E+l0 6.023E-05 9.694E-06 
4.00e+OO to 5.00e+OO 0.0 4.604E+07 0.0 0.0 

5.00e+OO to 6.50e+OO 0.0 l.848E+07 0.0 0.0 

6.50e+OO to 8.00e+OO 0.0 3.625E+06 0.0 0.0 

8.00e+OO to l.OOe+Ol 0.0 7.697E+05 0.0 0.0 

Total Gamma, g/(sec*FA) 3.205E+J3 l.309E+l6 6.786E+l3 2.166E+J3 

(J)Total Neutrons, n/(sec*FA) l.335E+9 
(l)This is a "raw" source calculated with ORIG EN-ARP. Multiply it by bpf/(1-keff) to account for a 

subcritical multiplication and an axial variation of burn-up profile in active fuel region, where the dry 
keff= 0.25189 and bpf=l.152 
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Table P.5-34 
HLZC#6 0.6 kW (Outer) Design Basis TC Source Term 

Bounding Source at 380 kgU/F A: 
31 GWDIMTU, 1.1 wt. %, after 6.6 years of cooling 

E,,,;,,, MeV to Em=MeV 
BottomNo;,zle 

In-core (gls) Plenum (g/s) 
Top Nozzle 

(g/s) (g/s) 

O.OOe+OO to 5.00e-02 2.545E+ll 6.054E+J4 4.619E+ll 1.301E+ 11 

5.00e-02 to 1.00e-01 3.709E+l0 1.628E+14 8.114E+l0 2.547E+l0 

J.OOe-01 to 2.00e-01 1.572E+10 1.282E+J4 2.397E+l0 6.172E+09 

2.00e-01 to 3.00e-01 9.254E+08 3.622E+J3 1.289E+09 3.061E+08 

3.00e-01 to 4.00e-01 2.181E+09 2.393E+J3 2.317E+09 4.002E+08 

4.00e-01 to 6.00e-01 3.619E+10 2.738E+l4 2.361E+l0 2.671E+07 

6.00e-01 to 8.00e-01 1.997E+10 1.244E+l5 J.791E+l0 9.437E+08 

8.00e-01 to 1.00e+OO 2.524E+l0 1.236E+J4 1.046E+l0 1.471E+l0 

l.OOe+OO to 1.33e;t-OO 1.068E+J3 1.568E+l4 2.359E+l3 7.420E+12 

l.33e+OO to 1.66e+OO 3.015E+l2 4.243E+J3 6.660E+12 2.095E+12 

1.66e+OO to 2.00e+OO 5.068E+Ol 3.544E+ll 3.546E+Ol J.084E+OO 

2.00e+OO to 2.50e+OO 7.214E+07 4.472E+ll 1.594E+08 5.014E+07 

2.50e+OO to 3.00e+OO 6.163E+04 2.582E+l0 1.362E+05 4.284E+04 

3.00e+OO to 4.00e+OO 6.589E-06 2.438E+09 3.373E-05 5.428E-06 

4.00e+OO to 5.00e+OO 0.0 1.257E+07 0.0 0.0 

5.00e+OO to 6.50e+OO 0.0 5.047E+06 0.0 0.0 

6.50e+OO to 8.00e+OO 0.0 9.900E+05 0.0 0.0 

8.00e+OO to 1.00e+Ol 0.0 2.102E+05 0.0 0.0 

Total Gamma, g/(sec*FA) 1.408E+l3 2.798E+15 3.087E+J3 9.694E+l2 

(IJTotal Neutrons, nl(sec*FA) 3.605E+8 

<'JThis is a "raw" source calculated with OR/GEN-ARP. Multiply it by bpf/(1-k,.r} to account for a subcritical 
multiplication and an axial variation of burn-up profile in active fuel region, where the dry k,.u= 0.28950 
and bof=l.266 
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Table P.5-35 
HLZC#6 1.3 kW Design Basis TC Source Term 

Bounding Source at 380 kgU/F A: 
45 GWD/MTU, 1.1 wt. %, after 4.6 years of cooling 

E,,,;,., MeV to Em=MeV 
Bottom Nozzle In-core (g/s) Plenum (g/s) 

TopNou.le 
(g/s) (g/s) 

O.OOe+OO to 5.00e-02 4.723E+ll l.250E+l5 7.888E+ll 2.121E+ll 

5.00e-02 to l.OOe-01 6.083E+JO 3.513E+l4 l.324E+l l 4.159E+JO 

l.OOe-01 to 2.00e-01 2.914E+JO 2.984E+l4 4.132E+JO l.009E+ JO 

2.00e-01 to 3.00e-01 J.757E+09 8.428E+l3 2.260£+09 4.995E+08 

3.00e-01 to 4.00e-01 4.391E+09 5.889E+l3 4.319E+09 6.530£+08 

4.00e-01 to 6.00e-01 7.735E+JO 8.964E+l4 5.044E+JO 4.328E+07 

6.00e-01 to 8.00e-01 4.190E+JO 2.331£+15 3.421E+JO 1.335£+09 

8.00e-01 to l.OOe+OO l.382E+ 11 3.795E+l4 3.231£+10 7.909E+JO 

l.OOe+OO to l.33e+OO 1.744E+l3 2.845E+l4 3.844E+l3 l.211E+l3 

l.33e+OO to l.66e+OO 4.924E+l2 8.354E+l3 J.086E+l3 3.420E+l2 

l.66e+OO to 2.00e+OO 2.479E+03 l.565E+l2 5.201E+03 l.592E+03 

2.00e+OO to 2.50e+OO l.178E+08 2.450E+l2 2.597£+08 8.184£+07 

2.50e+OO to 3.00e+OO l.007E+05 l.225E+ll 2.219£+05 6.992£+04 

3.00e+OO to 4.00e+OO 1.121£-05 l.150E+l0 5.738£-05 9.234£-06 

4.00e+OO to 5.00e+OO 0.0 4.195E+07 0.0 0.0 

5.00e+OO to 6.50e+OO 0.0 l.684E+07 0.0 0.0 

6.50e+OO to 8.00e+OO 0.0 3.303£+06 0.0 0.0 

8.00e+OO to l.OOe+Ol 0.0 7.013E+05 0.0 0.0 

Total Gamma, gl(sec*FA) 2.319E+l3 6.022E+l5 5.038£+13 1.588£+13 

riTotal Neutrons, n/(sec*FA) 1.214£+9 

<1JThis is a "raw" source calculated with OR/GEN-ARP. Multiply it by bpf/(1-ke.r} to account for a subcritical 
multiplication and an axial variation of burn-up profile in active fuel region, where the dry k.JF 0.25189 
and bvf=l.152 
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P.10.1 Occupational Exposure 

The occupational exposure results shown herein do not account for loading of 0.380 MTU fuel, 
which is described in Section P.5.4.11. Loading 0.380 MTU fael results in an increase in 
occupational exposure of 10%. 

The expected occupational dose for placing a canister of spent fuel into dry storage is based on 
the operational steps outlined in Table 7.4-1. The total exposure for the occupational dose due to 
placing a single NUHOMS®-24PTH-L DSC into storage is conservatively estimated to be 4.4 
person-rem. This value bounds the exposure for loading either a 24PTH-S or 24PTH-S-LC DSC 
into storage. This is a very conservative estimate because the dose rates on and around the 
24PTH DSC's used in these calculations are based on very conservative assumptions for the 
design-basis source terms and analyses models (Configuration 2 from Section P.2). The 
calculated exposures are due mainly to the expected gamma dose rate during preparation for 
welding. 

The NUHOMS®-24PTH System loading operations, the number of workers required for each 
operation, and the amount of time required for each operation are presented in Table P .10-1. 
This information is used as the basis for estimating the total occupational exposure associated 
with one fuel load. This evaluation is performed for the storage of one design-basis NUHOMS®-
24PTH-L DSC in an HSM-H. The loading operations are identical for the 24PTH-S and 24PTH
S-LC DSC. The dose rates applicable for each operation are based on the results presented in 
Section P.5.4 for loading operations. Engineering judgment and operational experience are used 
to estimate dose rates that were not explicitly evaluated. This evaluation assumes that a transf~r 
trailer/skid with an integral ram is used for the DSC transfer operations. Licensees may elect to 
use different equipment and/or different procedures. Each Licensee must evaluate any such 
changes in accordance with its ALARA program. 

Unique steps are sometimes necessary at the individual site to load the canister, complete closure 
operations and place the canister in the HSM. Specifically, the licensee may choose to modify 
the sequence of operations in order to achieve reduced dose rates for a larger number of steps, 
with the end result of reduced total exposure. The only requirement is that the licensee practice 
ALARA with respect to the total exposure received for a loading campaign. These estimated 
durations, manloading and dose rates are not limits. 

The amount of time required to complete some operations as identified in Table P.10-1 may be 
greater than the actual amount of time spent in a radiation field. The process of vacuum drying 
the DSC includes setting up the vacuum drying system (VDS), verifying that the VDS is 
operating correctly, evacuating the DSC cavity, monitoring the DSC pressure, and disconnecting 
the VDS from the DSC. Of these tasks, only setup and removal of the VDS require a worker to 
spend time near the DSC. The most time consuming task, evacuating the DSC, does not require 
anyone to be present near DSC at all. The total exposure calculated for each task is therefore not 
necessarily equal to the number of workers multiplied by the total time required, multiplied by a 
dose rate. The exposure estimation for each task correctly accounts for cases such as vacuum 
drying assumes that good ALARA practices are followed. 

The results of the evaluations of the 24PTH-L are presented in Table P.10-1. 
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P.10.2.2 Dose Rates 

The dose rate and annual dose results shown herein do not account for loading of0.380 MFU 
fuel, which is described in Section P. 5.4.11. Loading 0. 380 MFU fuel results in an increase in 
annual dose of 13%. 

Dose rates are calculated for distances of 6.1 meters (20 feet) to 600 meters from the edges of the 
two ISFSI designs. The RSM is modeled in MCNP as a box, representing the RSM arrays. 

Neutron and gamma-ray sources are placed on each RSM, with shield walls, surface using the 
spectra and activities determined above. The angular distribution of source particles is modeled 
as a cosine distribution. The contribution of capture gamma-rays has been neglected, as has the 
contribution of bremsstrahlung electrons. The inclusion of coherent scattering greatly increases 
the variance in a problem with point detector tallies without improving the accuracy of the 
calculation. Thus, coherent scattering of photons is ignored. 

The MCNP models of the ISFSI layouts are described herein. For the 2x10 back-to-back array 
of RSM-Rs with end shield walls, the "box" dimensions are as follows. The total width is 1260 
cm. The length of the "box" is 3129 cm and the height of the "box" is 564 cm. 

For the two lxlO front-to-front arrays of RSM-Rs with end and back shield walls, the "box" 
dimensions for each array are as follows. The total width is 721 cm. The length of the "box" is 
3129 cm and the height of the "box" is 564 cm. The two lxlO arrays are 1026 cm (34 feet) 
apart. 

For the 2xl0 back-to-back array of RSM-Model 102s with end shield walls, the "box" 
dimensions are as follows. The total width is 1158 cm. The length of the "box" is 3220 cm and 
the height of the "box" is 457 cm. 

For the two lxlO front-to-front arrays of RSM-Model 102s with end and back shield walls, the 
"box" dimensions for each array are as follows. The total width is 640 cm. The length of the 
"box" is 3220 cm and the height of the "box" is 457 cm. The two lxlO arrays are 1066 cm (35 
feet) apart. 

Point detectors are placed at the following locations as measured from each face of the "box": 
6.095 m (20 feet), 10 m, 20 m, 30 m, 40 m, 50 m, 60 m, 70 m, 80 m, 90 m, 100 m, 200 m, 300 
m, 400 m, 500 m, and 600 m. Each point detector is placed 91.4 cm (3 feet) above the ground. 

The MCNP results for each detector from the front of2x10 back-to-back array are summarized 
in Table P.10-8 and Table P.10-11 for the RSM-R andHSM-Model 102, respectively. The 
MCNP results as a function of distance from the back of the two lxlO front-to-front arrays are 
summarized in Table P.10-9 and Table P.10-12 for the RSM-Rand RSM-Model 102, 
respectively. The MCNP results as a function of distance from the side of the 2x10 back-to-back 
array and the two lxlO front-to-front arrays are summarized in Table P.10-10 and Table P.10-13 
for the RSM-Rand RSM-Model 102, respectively. The results from Table P.10-8, Table P.10-9 
and Table P .10-10 are plotted in Figure P .10-1 for the RSM-R. The results from Table P .10-11, 
Table P.10-12, and Table P.10-13 are plotted in Figure P.10-2 for the RSM-Model 102. 

The preceding analyses and the results provided in Figure P.10-1 and Figure·P.10-2 are intended 
to provide typical dose rates for the generic ISFSI layouts described in Section P.10.2. They 
may not be applicable to an actual ISFSI. The written evaluations performed by a licensee for an 
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P.11.2 Postulated Accidents 

P .11.2.1 Reduced HSM Air Inlet and Outlet Shielding 

P .11.2.1.1 Cause of Accident 

No change to the cause for HSM Model 102 described in Section 8.2.1.1. 

For the HSM-H/HSM-HS, this accident is not credible since the array ofHSM-Hs/HSM-HSs is 
designed with the elimination of 6-inch gaps between the adjacent HSM-Hs. The HSM
Hs/HSM-HSs are placed next to each other and even in the unlikely event oflarge settlement of 
the ISFSI foundation, shifting of adjacent HSM-Hs/HSM-HSs occurring and causing the HSM
Hs/HSM-HSs to separate is not credible. 

P.11.2.1.2 Accident Analysis 

There are no structural consequences that affect the safe operation of the NUHOMS®-24PTH 
System resulting from the separation of the HSM Model 102. The thermal effects of this 
accident result from the blockage ofHSM Model 102 air inlet and outlet openings. However, the 
effect on the NUHOMS®-24PTH-S-LC DSC, HSM Model 102 and fuel temperatures is bounded 
by the complete blockage of air inlet and outlet openings described in Section P .11.2. 7. The 
radiological consequences of this accident are described in the paragraph below. 

P.11.2.1.3 Accident Dose Calculations 

The off-site radiological effects that result from a partial loss of adjacent HSM Model 102 
shielding is an increase in the air scattered (skyshine) and direct doses from the assumed 12-inch 
gap between the separated HSMs. The air scattered (skyshine) and direct doses are reduced from 
the gap between the HSM Model 102s that are in contact with each other. On-site radiological 
effects result from an increase in the direct radiation during recovery operations and increased 
skyshine radiation. Table 8.2-2 shows the comparisons of the increased dose rate as a function 
of distance due to the reduced shielding effects of the adjacent HSMs for the 24P DSC with 5-
year cooled design basis fuel. Table P.11-1 provides a similar table for 24PTH-S-LC DSC of the 
NUHOMS®-24PTH System. For the NUHOMS®-24PTH System, the dose received by a person 
located 100 meters away from the NUHOMS® installation for eight hours a day for five days 
(estimated recovery time) would be less than 10 mrem. The increased dose to an off-site person 
for 24 hours a day for five days located 600 meters away would be less than 0.1 mrem. Thus, 
the 10 CFR Part 72 requirements for this postulated event are met. 

P.11.2.1.4 Corrective Actions 

No change to Section 8.2.1.4. 
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cos(24.65+a- 90) = 0.00433 +0.907411 = 0.911741 

90-a = 24.85-24.25 = 0.60 

Therefore, a loaded HSM-H rotates a maximum of 0.60° from vertical. The loaded HSM-H is 
stable against overturning as tip-over does not occur until the CG rotates past the edge point 
(point B, Figure P.11-1) to an angle of more than 24.65° [= tan-1(52.0/118.77)]. 

P.11.2.3.3 Accident Dose Calculations 

The NUHOMS®-24PTH DSC is designed and tested as a leak-tight containment boundary 
according to the criteria of ANSI NI 4.5. As shown in Section P .11.1.1.1, the tornado wind and 
tornado missiles do not breach the containment boundary. Therefore, there is no increase in site 
boundary dose due to this accident event. 

P.11.2.3.4 Corrective Actions 

The increase in the dose rates at the localized impact location following the missile impact 
accident is expected to be bounded by the dose rates at the HSM-H vents, calculated to be 1400 
mrem/hour in Table P.5-1, since the structural analysis results demonstrate that there is no full 
penetration. This represents an increase in the peak roof dose rates by a factor greater than 20 
and is conservative. 

For the purpose of this calculation, it is conservatively assumed that the affected area is twice 
the area of impact~ l.6fl The approximate surface areas at the HSM-Hfront is 140/r, at the 
HSM-H roof is 200 fr and that at the HSM-H side is 280 fr. The impact area, therefore, 
represents approximately 0.6% to 1.2% of the surface area of the HSM-H This will result in an 
increase of not more than 24% in the average dose rates at the front or roof or the side of the 
HSM-H This increase does not significantly affect the ISFSI site dose rates and the results.from 
Section P.10.2 (specifically Table P.10-11) can be utilized to determine the exposure. The dose 
received by a person located 100 meters away from the ISFSifor the assumed 8-hour duration 
would be less than 5 mrem (8*Model 102 dose rates at lOOm, l.09E-Ol mrem/hour*l.13 MTU 
scaling factor) with a 2xl 0 array of HSMs. The increased dose to an offsite person located 500 
meters away for the assumed 8-hour duration would be less than 0. 01 mrem (8 *Model 102 dose 
rates at 500m, 7.43E-04 mrem/hour*l.13 MTU scaling/actor) with a 2xl0 array of HSMs. 

P .11.2.4 Flood 

P .11.2.4.1 Cause of Accident 

No change to Section 8.2.4.1. 

P.11.2.4.2 Accident Analysis 

No change to the HSM Model 102 analysis presented in Section 8.2.4.2. 
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The HSM-H and DSCs are evaluated for flooding in Section P.3.7.3. The DSC is designed and 
tested to be leak tight to the criteria of ANSI N14.5. The stresses in the DSC due to the design 
basis flood are well below the allowable stresses for Service Level C of the ASME Code 
Subsection NB [11.5]. Therefore, the NUHOMS®-24PTH DSC will withstand the design basis 
flood without breach of the confinement boundary. 

The evaluation of the HSM-H/HSM-HS for flooding, presented in Section U.3.7.3, is not 
changed. 

P.11.2.4.3 Accident Dose Calculations 

The radiation dose due to flooding of the HSMs (HSM-H or HSM Model 102) is negligible. The 
NUHOMS®-24PTH DSC is designed and tested as a leak-tight containment boundary. Flooding 
does not breach the containment boundary. Therefore radioactive material inside the DSC will 
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The section below describes the additional analyses performed to demonstrate the acceptability 
of the system with the NUHOMS®-24PTH DSC. 

P.11.2.7.3 Accident Dose Calculations 

There are no off-site dose consequences as a result of this accident. The only significant dose 
increase is that related to the recovery operation. Based on the results presented in Appendix 
P.5, Table P.5-1 and Table P.5-2, the bounding average dose on HSM front or roof is 36.4 
mrem/hr and 53. 7 mrem/hr for the 24PTH-S or -L DSC in HSM-H and 24PTH-S-LC DSC in 
HSM Model 102 respectively. 

It is conservatively estimated that the on-site workers will receive an additional dose of no more 
than 430 mrem during the eight hour period it is estimated may be required for removal of debris 
from the inlet and outlet vent openings. 
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Table P.11-1 
Comparison of Total Dose Rates for HSM-H Loaded with 24PTH-S-LC, with and without 

Adj~cent HSM Shielding Effects 

Distance from Nearest HSM Normal Case Accident Case 
Wall, 2x10 Array Dose Rate<1> Dose Rate<1

> 

(meters) (mrem/hr) (mrem/hr) 

IO 6.4 12.7 

100 0.1 0.2 

500 7.4 x 104 1.5 x 10-3 

600 3.1x10-4 6.2 x 104 

(l) Air scattered plus direct radiation. Dose rates to be scaled by afactor of 1.13 to account for the effect of I 
0.380 MTU loading 
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Table P.11-2 
Calculated Accident Dose Rates on the Side of the OS197FC TC and Standardized TC 

Distance Neutron(JJ Total Gamma(JJ Total(JJ 

mRem/hr I 1 a error mRem/hr I lcr error mRem/hr I 1 a error 

OS197FC TC 

1 meter 3.19E+03 0.0124 3.10E+02 0.0011 3.505E+03 0.0128 
100 meter 5.lOE-01 0.0134 l.50E-01 0.0366 6.61E-01 0.0124 

500 meter 4.lOE-04 0.0305 4.95E-04 0.8299 9.05E-04 0.0194 

Standardized TC 
1 meter 4.18E+02 0.0219 3.44E+02 0.0018 7.62E+02 0.0258 

100 meter 6.76E-02 0.0232 l.67E-01 0.0872 2.35E-01 0.0308 

500 meter 5.34E-05 0.0341 6.20E-04 1.1638 6.74E-04 0.0279 

(1) Dose rates to be scaled by a factor of 1.13 to account for the effect of0.380 MTU loading. 
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T.1.1 Introduction 

The NUHOMS®-61BTH System is designed to store up to 61 intact (including reconstituted) or 
up to 16 damaged with up to 4 failed fuel cans (FF Cs) load~_c! yyith fail~~ f!!_el wi!h_!he t~ma_i_gder 

~ta~t_~,w~_f1!.~L~ssei:ib~:i_yy-~!l2!.~l.!b.9.1!.!J~~L~l1-~~~~~: .. Wlter'?aftYelx,~§_l_!l:_q'!};qgeq.fl!:<!_f!_fEJ'f, 
'lzlL~(grer/11J:il1e_ NJ!_FI_Q~~dj}f}]'lfJ2§.c;~<;I§_§]?!L"Y!l!:l!X:JgµLt:_:_T_}c-9.~ The fuel to be stored rs 
limited to a maximum initial lattice average initial enrichment of 5.0 wt.%, a maximum 
assembly average burnup of 62 GWd/MTU, and a minimum cooling time of3.0 years. The 
design characteristics, including physical and radiological parameters of the payload, are 
described in Appendix T.2. 

Reconstituted assemblies containing up to 10 replacement stainless steel rods per assembly or up 
to 61 lower enrichment U02 rods instead of Zircaloy clad enriched U02 rods are acceptable for 
storage in 61BTH DSC as intact fuel assemblies with a slightly longer cooling time than that 
required for a standard assembly. The maximum number of reconstituted fuel assemblies per 
DSC is four with stainless steel rods or 61 with U02 rods. 

Provisions have been made for storage of up to ~~ damaged fuel assemblies in lieu of an equal 
number of intact assemblies in cells located at the outer edge of the 61BTH basket. Damaged 
BWR fuel assemblies are assemblies containing missing or partial fuel rods, fuel rods with 
known or suspected cladding defects greater than hairline cracks or pinhole leaks. The extent of 
damage in the fuel assembly, including non-cladding damage, is to be limited such that a fuel 
assembly is able to be handled by normal means and the retrievability is ensured following the r--·-·· 
normal and off-normal conditions. The D,§.Q J:>1:1-~ket cells !_l:!:_[l( store damaged fuel assemblies are 
provided with top and bottom end caps to 'f!_fl_s_ur_e, retrievability. 

Provisions have also been made for storage of up to f~:~rj failed fuel assemblies in the corner 
cells, along with up to 12 damaged fuel assemblies in the cells located at the outer periphery of 
the 61BTH basket and balance intact as described in Appendix T.2. 

The NUHOMS®-61BTH System consists of the following new or modified components: 

• A 61BTH DSC, with two alternate configurations, designated as Type 1 61BTH DSC or 
Type 2 61BTH, is described in detail in Section T.1.2. It provides confinement, an inert 
environment, structural support, heat rejection, and criticality control for the 61 BWR fuel 
assemblies, 

• A modified HSM-H module, as described in Section T.1.2, or HSM Model 80/102/152/202, 
with no modifications to the configuration as described in UFSAR Chapter 1, is provided for 
environmental protection, shielding and heat rejection during storage, 

• An OS 197 or OS 197H Transfer Cask (TC) with no modifications to the configuration as 
described in UFSAR Chapter 1, or a modified version of the OS 197FC TC, designated as 
OS197FC-B, described in Section T.1.2, is provided for onsite transfer of the 61BTH DSCs, 

• An upgraded version of the HSM-H, designated as HSM-HS, is provided to allow storage of 
the NUHOMS®-61BTH DSC in locations where higher seismic levels exist. The HSM-HS 
design configuration, described in Appendix U .1, is modified to accommodate the smaller 
diameter of the NUHOMS®-61BTH DSC, and 
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T.2.1 Spent Fuel To Be Stored 

As described in Appendix T.1, there are two alternate design configurations for the NUHOMS®-
61BTH DSC; Type 1 and Type 2. Each of the DSC configurations is designed to store intact 
(including reconstituted) and/or damaged BWR fuel assemblies as specified in Table T.2-1 and 
Table T.2-2. The fuel to be stored is limited to a maximum lattice average initial enrichment of 
5.0 wt. % 

235
1f,:IJle maxi_m~!!! aqQ.wable fuel assembl~ averag~J?.1:1.rnl:!p is li~!.tedJ'.2:-~L.'.~~-~ 

QW~IMI1J~J1w mi11imum r.~(Juifeli'.~oiJ!tng iilJle;forfuHfr/ be ~forea:~tth J)(l 'ligt:Jff:/1:_¢md IR§, 
fkgUIF.Jl ls•e.xpJtcjtfY:§ReCifl€d q~~tj:fu;I'u::iiori.oJ.bitrnUp_ anef:~nric~iµe~t·i11 "lqbles. TI~'-5. thrgug~ t . . . .• . ... . • • i .. . ..•..•..• "' .. . .. · .' . . . . .. . •• • . . . . ... • . . ... . 

w_222p·:q~'(] •T. 2 7 J 6ithr!.!lf.lf!!:f2--.LB:?:.'['(or;fuel ;witlj a kgU!f A Jqadtn.gbe'weet1:Jh.e~e . .:fp/~·vq{71es:L:. 
'tHe:mJiitnt.itffi req~fre(f~oo.ling time Jorfuel tO:.b~;'s.t<)rc/d);is :ii.Ju.l:uHio;n o;f:"l/itvriup :ahdehridf1jrienzj 
!~.· • .· •• -""'·-,_, ~~ r k,</'" "<'»,>:,:~,>,,, '"'· '<>" .,-, ', '>,' ', •_',., ~·<"<'.'; / '"" --~<J•.''"«,"' .. ~ •<· '' '<'>•,>'·"" '~".·, '~ ''',',' ,> ,', ',',._:' 1 

t~:d~~efm{~e<f..b)!;.Y§fflgJh~Jflter.pQlgJ.Jg11Jfi.?:1@'4el()gy~Jl§.fifl~4.J.tJ:.th.g_:1J:Q.f§~ll!1:i!ie~{l1JJRl<;~ 
]olldwingJ:.il,b!eJT.2-18~ Cooling times for burnup I enrichment combinations in the Not
Analyzed area of the Fuel Qualification Tables can be determined using the methodology 
specified in the notes and examples following Table T.2-18. 

TJie. ~HO,JVI~,®::?IBTH DSC is also .authorized to store fu~l .assemblies containin? fFI~Hif~TjJfJ.11.i 
~11nchg.<f:YJ:.fl:lJli[f1Ji (BLEU) fuel matenal. Fuel pellets contammg BLEU fuel matenal are no 
different than U02 fuel pellets except for the presence of a higher quantity of cobalt impurity. 
The consideration of cobalt impurity only affects the gamma source terms for fuel assemblies 
located in the DSC periphery. This does not affect any criticality, thermal or structural analysis 
inputs for evaluation of fuel assemblies with BLEU material. The qualification of fuel 
assemblies containing BLEU fuel pellets will require an additional cooling time of three years to 
ensure that the source terms calculated with U02 material are bounding. 

Reconstituted fuel assemblies containing up to 10 replacement irradiated stainless steel rods per 
assembly or 61 lower enrichment U02 rods instead of zircaloy clad enriched U02 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 U02 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 ofreconstituted fuel assemblies per DSC is four with irradiated stainless steel rods or 61 
with U02 rods or Zr rods or Zr pellets or unirradiated stainless steel rods. 

The NUHOMS®-61BTH DSCs can also accommodate up to a maximum of[:il damaged fuel 
~,"'<",\ ~"~ ''~'',', '"""'"'''"""""l;""';'."';~m->;::;"'"-~"' ':':"'j ""--.£,,,;, f,"""';';" ~:';j 

assemblies_2,la~~4_in _!he fu.el Eompa~~P:!sJ~~~te4Jn accprdancewit~Jlg1:1re T .2:.2~.JWh~Yl;.,,_,,, 

~::~r;l~<ff~~f~Y-~~~:~~gft~~!~4~~i:tii~;~~~:~r~r~~~~~r::~~~!~f~1~~1J~r~~~:f;~as 
with known or suspected cladding defects greater than hairline cracks or pinhole leaks. The 
extent of damage in the fuel assembly, including non-cladding damage, is to be limited such that 
a fuel assembly is able to be handled by normal means. The extent of damage in the fuel rods is 
to be limited such that a fuel pellet is not able to pass through the damaged cladding during 
handling and retrievability is assured following normal and off-normal conditions. The DSC 
basket cells. which store damaged fuel assemblies are provided with top and bottom end caps to 
assure retrievability. 
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The NUHOMS®-61BTH Type 2 DSC, when used with the top grid assembly (Alternate 1) 
design, is also able to accommodate up to a maximum off9ti~ 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 T.2-9. Failed fuel is defined as ruptured fuel rods, severed fuel rods, loose fuel pellets, or 
fuel assemblies that cannot be handled by normal means. Failed 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 
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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 least 
10 i~ above the top of the bottom shield plug of the DSC. 

Fuel debris may be associated with any type of U02 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 705 lbs. 

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 Type 1 DSC may store up to 61 BWR fuel assemblies arranged in any 
oftheft~J; alternate heat load zoning configurations shown in Figure T.2-1 through Figure T.2-4 
(Jh1-,7Figy!.f:.LJ-_JQ with a maximum decay heat of 0.54 kW per assembly while restricting the 
maximum canister heat load to 22.0 kW. The NUHOMS®-61BTH Type 2 DSCs may store up to 
61 BWR fuel assemblies arranged in any of the te~ alternate heat load zoning configurations 

··--·- -~--- --·----~~--.- -:l 

shown in Figure T.2-1 through Figure T.2-8;figure_ '[J.,~]f! q7Jef.EiiY!.<r:Tl-:-lJJ with a maximum 
decay heat of 1.2 kW per assembly and a maximum heat load of 31.2 kW per canister. 

The NUHOMS®-61BTH DSC is designed with six alternate basket configurations based on the 
boron content in the poison plates as listed in Table T.2-3 or Table T.2-4 or Table T.2-4a 
(designated as "A" for the poison plates with the lowest B-10 loading to "F" for the highest B 10 
l~~-9i~g)_:_I:~hr~~ al~~rnat~J?Qis9:~!!1_!l!eri~~-~1are allowed: (a) i[Q/i_j"ief_ qjunti~~ ~lloy, (b) ~ ~:Q~ 
par~1dejqlu_1ru_num metqlma.tr_1x c_9mpos1te, (MMC), or (c) Baral®. For cnt1cahty analysis, 90% 

' . -- -~-·-~·--1 
of the B-10 content present in the 'fior:a~~4.J1lu_min_tlir}, alloy and MMC is credited, while only 75% 
of the B-10 content in Baral® is credited. 

A summary of the minimum B-10 loadings required in the poison plates as a function of the 
maximum lattice average enrichment level of the fuel assembly to be stored in a given 61BTH 
basket type is presented in Table T.2-3 for intact fuel. Table T.2-4 for damaged fuel, and in 
Table T.2-4a for failed and damaged fuel. 

Table T.2-5 through Table T.2-10 and Table T.2-16 and Table T.2-17 define the minimum 
required cooling time after reactor discharge for a fuel assembly for a given assembly heat load, 
assembly average burnup, and maximum initial lattice average enrichment parameters. These 
tables ensure that the fuel assembly decay heat load is less than that specified for each table and 
that the corresponding radiation source term is bounded by that analyzed in Appendix T.5. 

The NUHOMS®-61 BTH DSC is inerted and backfilled with helium at the time of loading. The 
maximum fuel assembly weight allowed is 705 lbs for fuel assemblies with channels and 640 lbs 
for fuel assemblies without channels. 

The maximum fuel cladding temperature limit of 400 °C (752 °F) is applicable to normal 
conditions of storage and all short term operations from the spent fuel pool to the ISFSI pad 
including vacuum drying and helium backfilling of the NUHOMS®-6lBTH DSC per NUREG-
1536 [2.1]. In addition, NUREG-1536 [2.1] does not permit repeated thermal cycling of the fuel 
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cladding (limited to less than 10 cycles) with cladding temperature differences greater than 65 °C 
(11 ?°F) during DSC drying, backfilling and transfer operations. 

The maximum fuel cladding temperature limit of 570 °C (105 8 °F) is applicable to accidents or 
off-normal storage thermal transients [2.1]. 

Calculations were performed to determine the fuel assembly type which was most limiting for 
each of the analyses, including shielding, criticality, thermal and confinement. These evaluations 
are described in Appendices T.5, T.6, T.4 and T.7 respectively. The fuel assembly classes 
considered are listed in Table T.2-2. It was determined that the GE 7x7 is the enveloping fuel 
design for the shielding source term calculation because of its total assembly weight and highest 
initial heavy metal loading. For criticality safety, the GE lOxlO fuel assembly is the most 
reactive assembly type for a given enrichment. This assembly is used to determine the most 
reactive configuration in the DSC. Using this most reactive configuration, criticality analyses for 
all other fuel assembly classes, except for GNF2 and ATRIUM 11 fuel assembly classes, are 
performed to determine the maximum enrichment allowed as a function of the fixed poison 
loading. The GNF2 and ATRIUM 11 fuel assembly classes are evaluated individually. For 
thermal analysis, the F ANP 9x9-2 fuel assembly is limiting, since it has the lowest effective 
thermal conductivity. The confinement analysis is based on GE 7x7 fuel assembly, since it 
results in the least free volume inside the DSC cavity. 

For calculating the maximum internal pressure in the NUHOMS®-61BTH DSC, it is assumed 
that 1 % of the fuel rods are damaged for normal conditions, up to 10% of the fuel rods are 
damaged for off normal conditions, and 100% of the fuel rods will be damaged following a 
design basis accident event. A minimum of 100% of the fill gas and 30% of the fission gases 
within the ruptured fuel rods are assumed to be available for release into the DSC cavity, 
co~sistent with NUREG-1536 [2.1]. 

The maximum internal pressures used in the structural analysis for the NUHOMS®-61BTH 
Type 1 DSC are 10, 20, and 65 psig for normal, off-normal and accident conditions, respectively, 
during storage and transfer operations. The maximum internal pressures for the 61BTH Type 2 
DSC are 15, 20, and 120 psig for normal, off-normal and accident conditions, respectively during 
storage and transfer operations. 

T.2.1.1 General Operating Functions 

No change to Section 3.1.2. 
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T.2.5 Summary ofNUHOMS®-61BTH System Design Criteria 

T.2.5.l 61BTH DSC Design Criteria 

The NUHOMS®-61BTH DSC is designed to store intact and/or damaged BWR fuel assemblies 
with assembly average burnup, lattice average initial enrichment and cooling time as described in 
Table T.2-1 and Table T.2-2. The maximum total heat generation rate of the stored fuel is limited 
to 1.2 kW per fuel assembly for the Type 2 DSC and 0.54 kW per fuel assembly for the Type 1 
DSC. The maximum heat load per canister is limited to 31.2 kW for the Type 2 DSC and 22.0 
kW for Type 1 DSC, in order to keep the maximum fuel cladding temperature below the limit 
[2.4] necessary to ensure cladding integrity. The fuel cladding integrity is assured by the 
NUHOMS®-61BTH DSC and basket design, which limits fuel cladding temperature and 
maintains a non-oxidizing environment in the DSC cavity as described in Chapters T.4 and T.7. 

The NUHOMS®-61BTH DSC is designed to maintain a subcritical configuration during loading, 
handling, storage and accident conditions. A combination of fixed neutron absorbers and 
favorable geometry are employed to maintain the upper subcritical limit of 0.9415. The fixed 
neutron absorbers are in the form of plates made from either Borated Aluminum alloy or MMC 
or Boral®. 

The NUHOMS®-61BTH DSC (shell and closure) is designed and fabricated as a Class 1 
component in accordance with the rules of the ASME Boiler and Pressure Vessel Code, Section 
III, Subsection NB [2.2], and the alternative provisions to the ASME Code as described in Table 
T.3.1-2. 

The basket is designed and fabricated in accordance with the rules of the ASME Boiler and 
Pressure Vessel Code, Section III, Subsection NG, Article NG-3200 [2.2] and the alternative 
provisions to the ASME Code as described in Table T.3.1-2. 

The principal design loadings for the NUHOMS®-61BTH DSC are provided in Table T.2-14. 
The applicable load combinations for the NUHOMS®-61BTH DSC are presented in Table 
T.2-11 and the corresponding stress criteria are presented in Table T.2-12 and Table T.2-13. 

The NUHOMS®-61BTH system is designed to withstand the effects of severe environmental 
conditions and natural phenomena such as earthquakes, tornadoes, lightning and floods. Chapter 
T.11 describes the NUHOMS®-61BTH DSC behavior under these accident conditions. 

The NUHOMS®-61BTH DSC design, fabrication and testiiig are covered by Transnuclear's 
Quality Assurance Program, which conforms to the criteria in Subpart G of 1 OCFR72. 

T.2.5.2 HSM-H Models 80, 102, 152, 202 and HSM-H Design Criteria 

There is no change to the HSM Models 80, 102, 152, 202 design criteria as presented in 
Chapter 3 of the UFSAR for Models 80/102 and the appropriate appendix for Models 152/202. 
The maximum heat load allowed for storage of a 61BTH in these HSMs remains at 22 kW. 

There is no change to the HSM-H design criteria presented in Appendix P.2 except for 
accommodating a payload (61BTH DSC) with a maximum decay heat load of 31.2 kW. 

March2017 
Revision 0 72-1004 Amendment No. 15 Page T.2-12 I 



Table T.2-1 
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Table T.2-1 
(Continued) 
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Table T.2-1 
(Concluded) 



Table T.2-2 
BWR Fuel Assembly Design Characteristics<1

) for the NUHOMS®-61BTH DSC 

Transnuclear ID 7x7 8x8 8x8 8x8 8x8 9x9 lOxlO 7x7 
49/0 63/1 62/2 60/4 60/1 74/2 92/2 49/0 

GEi 
GE-5 

GEl2 
Initial Design or Reload 

GE2 GE4 
GE-Pres GE8 GE9 GEii 

GE14 
ENC-

Fuel Designation 
GE3 

GE-Barrier Type II GEIO GE13 
GNF2 

IIIA 
GE8 Type I 

Maximum Length (in) 176.5 176.5 
176.51 176.51 176.51 176.51 176.51 176.51 

(Unirradiated) I I 
Fissile Material U02 U02 U02 U02 U02 U02 U02 U02 
Maximum Number of 

49 63 62 60 60 74 92 49 
Fuel Rods 

(1) 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. 

March 2017 
Revision 0 72-1004Amendment No. 15 

7x7 8x8 8x8 9x9 
48/lZ 60/4Z 62/2 79/2 

ENC- ENC Va FANP FANP9 
IIIC2l ENC Vb 8x8-2 9x9-2 

176.51 176.51 176.51 176.2 

U02 U02 U02 U02 

48 60 62 79 

Siemens lOxlO 
llxll QFA 91/1 

9x9 
ATRIUM- ATRIUM 

10 11 

176.51 176.51 176.51 

U02 U02 uo, 
72 91 112 
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Table T.2-3 
Maximum Fuel Assembly Lattice Average Initial Enrichment v/s Minimum B-10 Requirements for 

the NUHOMS®-61BTH DSC Poison Plates (Intact Fuel) 

Maximum Lattice 
Minimum B-10 Areal Density, 

61BTHDSC (grams/cm2
) 

Type 
Basket Type Average Enrichment 

Borated . (wt. % U-235i1J 
Aluminum/MMC 

Bora!® 

A 3.7 0.021 0.025 

B 4.1 0.032 0.038 

c 4.4 0.040 0.048 
1 

0.058 D 4.6 0.048 

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 

c 4.4 0.042 0.050 
2 

0.058 D 4.6 0.048 

E 4.8 0.055 0.066 

F 5.0 0.062 0.075 

Note: 

I. For ATRIUM 11 fuel assemblies, the U-235 wt. % enrichment is reduced by 0.55%. 
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Table T.2-4 
Maximum Fuel Assembly Lattice Average Initial Enrichment vis Minimum B-10 Requirements for 

the NUHOMS® -61BTH DSC Poison Plates (Damaged Fuel) 

Maximum Lattice Average Enrichment (wt.% Minimum B-10 Areal Density, 

61BTH 
U-235) (2rams/cm2

) 

Basket Type Up to 4 Damaged Five or More Damaged DSC Type 
Assemblies<1J Assemblies<1J 

Borated Bo rat® 
06 Maximum) Aluminum/MMC 

A 3.7 2.80 0.021 0.025 

B 4.1 3.10 0.032 0.038 

c 4.4 3.20 0.040 0.048 
1 

0.058 D 4.6 3.40 0.048 

E 4.8 3.50 0.055 0.066 

F 5.0 3.60 0.062 O.Q75 

A 3.7 2.80 0.022 0.027 

B 4.1 3.10 0.032 O.Q38 

c 4.4 3.20 0.042 0.050 
2 

0.058 D 4.6 3.40 0.048 

E 4.8 3.50 0.055 0.066 

F 5.0(2)(3) 3.60 0.062 O.Q75 

Notes 
1. See Figure T.2-9 for the location of damaged fuel assemblies within the 61BTH DSC. 
2. ATRIUM 11 fael assemblies are authorized for storage only in the Type 2F basket with a maximum of 4 damaged intact 

fael assemblies. 
3. For ATRIUM 11 fael assemblies, the U-235 wt. % enrichment is reduced by 0.55%. 

Table T.2-4a 
BWR Fuel Assembly Initial Lattice Average Enrichment v/s Minimum B-10 Requirements for the 

NUHOMS®-61BTH DSC Poison Plates (Failed and Damaged Fueli2J 

Maximum Lattice Average Enrichment (wt% U- Minimum B-10 Areal Density, 
235) 2ram/cm2 

Up to 4 Failed Assemblies 
Up to 4 Failed (Corner Locations) and up to 

61BTHDSC Basket Assemblies (Corner 12 Damaged Assemblies Borated 
Type Type Locations)<1> (Interior Locations)<1> Aluminum/MMC Bo rat® 

A 3.7 2.8 0.022 0.027 
B 4.0 3.1 0.032 0.038 

2 
c 4.4 3.2 0.042 0.050 
D 4.6 3.4 0.048 0.058 
E 4.8 3.4 0.055 0.066 
F 5.0 3.5 0.062 O.Q75 

Notes 

1. See Figure T.2-9 for the locations of the failed and damaged assemblies within the 61BTH DSC. 
2. ATRIUM 11 fael not authorized/or storage. 
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Table T.2-4b 
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Table T.2-5 
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Table T.2-6 
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Table T.2-8 
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Table T.2-9 
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Table T.2-10 
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Table T.2-18 

The detailed information associated with this table can be found in CoC 1004 Amendment 15 
Technical Specifications Table 1-4i. 
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Figure T.2-9 
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Table T.3.5-5 
Summary of Stress Results for 75g Side Drop 

7x7 8x8 8x8 8x8 8x8 9x9 lOxlO 7x7 8x8 8x8 

GE!, 
GE Designation GE2, GE4 GE5 GE8 

GE9, GEii, GEl2, ENC-
ENC-lll 

ENC-VA, 

GE3 
GE!O GEl3 GEl4 llIA ENC-VB 

Max Bending Stress, Sb (psi) 60,010 58,763 65,319 65,319 65,319 62,888 62,225 56,478 56,478 55,968 
Internal Pressure ( osi) 2365 2369 3178 3273 3230 2396 2310 2365 2411 3276 
Axial Stress"re" (psi)<4> 10,661 8634 12,156 12,520 12,355 9691 9302 9586 9773 11,382 
Combined Stress<'> (psi) 70,671 67,397 77,475 77,839 77,674 72,579 71,527 66,064 66,251 67,350 
Yield Stress at 

93,834 93,834 93,834 93,834 93,834 93,834 93,834 93,834 93,834 93,834 Temoerature<2> (osi) 

Notes: 
(I) Includes 0.0027 inch reduction in cladding thickness to account for oxidation. 
(2) Temperature of 495.2 °F used for stress allowable at the location where maximum stress occurs. 
(3) Axial Stress due to pressure = p x Davg I 4t 
(4) Dynamic analysis performed in Appendix T.3.5.4 calculates maximum combined stress of76,768 psi. 

8x8 8x8 

FANP FANP 
8x8-2 9x9-2 

63,374 68,882 
3180 2278 

10,985 8163 
74,359 77,045 

93,834 93,834 

9x9 lOxlO 
ATRIUM-

Siemens- 10 
QFA ATRIUM-

IOXMC5l 
73,184 67,565 
2448 2330 

10,524 10,142 
83,708(4) 77,707 

93,834 93,834 

(5) ATRIUM-lOXM has a larger diameter and larger cladding thickness than ATRIUM-10 and, therefore, is bounded by ATRIUM-10. 
(6) The internal pressure of 70 bar (1,015 psi) is taken from Reference [3.53) and conservatively increased to 1,400 psi. 
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8x8 8x8 IOxlO llxll 

XXX- STD 
RCN GE-4 ATRIUM 

GNF2 ll 
58,763 58,763 65,154 68,768 
3326 3135 uoo<'1 uoo<•1 

12,122 11,426 6,325 6,116 
70,885 70,189 71,479 74,884 

93,834 93,834 93,834 93,834 
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fT.4."ii.To·:-·™'.rherinallival"i:tbiion-oiNrJlioiiSID:61Bril"fJsc'iiithJiiitfs-#9and#iff":~' .. 
j ,,', >H 

'',' . '"• '. ,' ', 

lhis s,ection presents the thermal eval14ation of 61 ETH DSC with HLZC #9 and HLZC # 10. 
HLZCs are (iescribe.d as follows: · 

ih· IfL2:C#9 allows a·fnaxitnum heat road of22.q}Wpe~ DSCas'shown inF)gur<J 'f'.2-10. ·. 
i . · .Tfi!s_J[L_l,_()is,.gpR[tfqb,le lf!:k<2tfitheijJ!JT'lfTyRe;Jarz4TYPfJ2.'!J.S9s~_ .: . - . .. 

2. 
f"~·--·----·--··· ... ~ ..... ----------· - . "'"""""' ...... ·---- ·-- .. ------- --- --, 
'HEZC #JO allows a maxf11J.UJ!J._heat load of31.2 kW per DSC.and accommodates FAs wit~ 
;a rndximum heat lqa.d oj, J.2 kWqs, ShQ}""n_[n :F)fil!!f f)-:J J~Ib1§.J!J;,_l,9_j§_Qnj)!_g[Jp_fic;qf?l~ 
fQ_1_6JETFJ'[yp_e 2__[2§..,_c_.: As shown in Figure T.2-J J, Zone 3 in HLZC #JO can either be 
loaded with FAs with a maximum decay heatof0.90 kW or J.20 kW. Section T.4.6.J0.2.1 
presents the thermal evaluation for HLZC #I 0 wherein the FA in Zone 3 is loaded with a 
maximum decay heat of 0. 9 kW and Section T. 4. 6. J 0. 2. 2 presents the thermal evaluation 
of HLZC #JO wherein the FA in Zone 3 is loaded with a maximum decay heat of 1.2 kW. 

i fhe··-;;;GiTtJit-,;; 1z-e-;;n;;dZ{oJ22Tw Jar iirzc-iFJTs- ~qti'dz tQ.the-"itz"d;;i-,-;;:u:;n ·Fdla'}idbie -he~Iioad · · -
:specifie.4for HLiCs :#J dnd #2 asshowlJ (n Figures T;;12i-I and T.°2::2:)Similarly, the·:maximufn ... 
iheai.Zoadbf3J.2kWforiIEZC #JOisequal to the maximum allowable heat load ofHLZCs #5, 
i#6 and #ias shown in Figures T.2~5 to T.2-7. The thermal evaluations presented in. Section 
iT.4.4 for storage conditions and Section T.4.5 for transfer operations ~re performed by. . 
lconsi4ering the m~im1,1m.heat loadeit}Jer as a heatflll:f on the.radia( inner surface,ofth!! DSC 
1or as a V'oJu}rietr_ic heat generation rate applied over .lz,}iQ.'frzogeniied bask<Jt. Because .of this •·· · 
'.approach,' ('he thermal evaluations presented in in section T.4A forstorqge conditioifs and 
~Section T:4:s for transfer. operations, are not dependent on the HLZC but dre dep~ndent only on 
1the m~imum heat load. Since the maxiin'lfm heat loads considered for HLZCs #9 and#JO 
.remain bounded by those previously evaluated, the DSC shell tempera~ure profilesfroin these 
!evaluations remain .appl(ca~le for HLZCs #9 and# JO. . · · . .. · ... 

1 Th~rrnal evaluation ofi~e 6tBTHDSC,~ith the HLZCs #9'and #JO are presented i~ S;ction 
'T.4.6.JO.J and T.4.6.J0.2, respectively. These evaluations are performed using the (hermal 
!model described in Section T.4.6. The only change consic/ered (o this thermalmode_lis the 
lupdatedffLZC. . . . . . 
I ,.· • ·,_ 

iT.4.6.'to::J :Therfnaf.'Eval~~tion of 61 BTH Type i and"TVpe 2 DSCs 'ivith Jiiic #§: 
l • '" ,' ' • • , . ' • . . . '. . ' • , ' ' ' . ," '., 

!The maxim~m heat loadfor HLZC #9 is_22 kW for both 6JETHType i~"nd Type 2 pSC& This 
:correspond~ to the maximum allowable heat load for the 61BTH Type. J DSC among al( HLZCs 
!f.1.nd, is_ l?wer than the. mCDl{imu111 allo111able heat load of 3l~ kW for 6!E!H Type 2, :Sin~e. the· · 
;6JETJf1.'yjie2 DSC istherina1ly more.ejjieient thanJheglBT,'HType):PSC, the thenmal . 
1evalua,ttonfor HLZC #9 isbased·on 61ETHType I DSC. · 
I , . . . , . , " . . , " 

iSince no other changes are .considered to the 61 ETH DSC except for the HLZC, the thermal 
!evaluation of 6JETH DSC Type I withJfLZC #9 is basedon a sensitivity study of the vertical. 
;transfer :gpe.ration wit~ the DSC/TC in a 1 io ° Famb.i(~rzt, :.fhe maximum heat/oad oJf 2 kW for 
iliLZcj ·9 ?s· identical tot~e.inax.imuin heat locid considered for 6iEf/J fYP<J .1 ])SC, tfi'section · 
;T.4.5. Therefore basedon the. discussion.in the main body of Section T.4.6.10, theDSC shell · 
!temperature profiles from the thermal evaluation resultspresentedfor 6JBTH DSC at 22 kWin 
;section T,4,5 a~e used as poundary conditions to evalu~te the ther_mal f!erformance of the 
16JETH DSC with HLZC #9: · . - · · . · 
L:::·'"------~~- ----·---...;...._"__,;_:._<....____~_:_,·_ ""' M - •-·--• -- ~- ---"---'"" -·-•-• ~--- -»~-- --
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Ff4~"6. J iii~- :th~rmai:E:vafuati6~· o{r/17ii'Ii.i'0ieTi5scfwith.Hiic·'#1 o ! " . . . : . . .· . . . . . . . .. : . ·. / : . : . . . ·:: . : . : . . '" . " . 
I . .. . .. . 

!As shown in Figure T.2-J J, HLZC #J 0 flas a maximum heat load of 31.2 kW. Be9ause.HLZC 
;#JO has ci:higher maximl,ltn allowable heat lo{Jd tha~ that for the 6J]JTH Type J DSC 9f22 kW, itl 
ii~ only applicable to th<[ 6JB~H Type 2 I}~C . . . . ·. . · ·. · _ > . . ! 
fSin~e n~'/)ih~~ changes~/..~ con~ider~d to the 6J B~HDSC except f~rf ~~ HLZC, th~.··ii1ermaz' ' l 
1evaluatwn of6JBTH DSC Type 2 WlthHLZC#JO ls based on a sensztlvlty study of the normal i 
ihotstorage condition with J 00 °F ambient and the vertical transfer condition with pO °F i 
1ambient. ·The maximum heat load oj3L2 kW for J!LZC JO is identical to the mqximumheatloadi 
' . . . . .. • . . . . . . . •· . . .·: I 

1~onsid,e.rf{dJ°"r 61BJ:~Type2 DSCin/i~ction T.4.fari_i{Section_T.4.2. Therf;fore, :bps.ed_q,n th.e· .... ' 
!discussionintfle main oodyof SectionTf.:6.10, the DSC.shell temperature profilesjrom the 
!thermal evaluation results, presented for 6JBTHDSCat 31.2 kW in Section T.4.4 and Section 
.T.4.5, ar<i"used as boundary condition.s·to evaluate·. the thermal performance ofihe 6.J BTH Type 
·2 DSC with HLZC #JO .. : . . . . . .. . . . -
"-----~-'---'"· ----~ ---~---- ___________ ., .. _'" """" ..... •.---------------·· 

T.4.6.J0.2.J HLZC #JO with a Maximum Decay Heat o[0.9 kW per FA 

frhe folio-Wini" iabie compares the m4:cimum fuel cladiling and i>scfcomponent iemper~u~es for"'! 
:the 6J BTHType 2 DSC with HLZC #J 0 to the design basis values presented in Tab_le. T.4-12 ·and! 
Ta_ble '[.!/-J 4 for"normalhotstorage conditfon (DSC in HS~ JOO °Falfzbient)._ 'I_'he {iesign basis I 
.yalites pk~~ented for 6JJJTS type 2 DSC are bas~dorrthe 'bounding temperatures d~termh')ed Jori 
:HLZCs #$·through #8.with a maximum /feat load of3{2 kW for therior-mal hot stofage . . j 
condition (DSC in HSM, 100 °F ambient). I 

, I 

i 
' ' . . " . i 

Maxim.iflJ:l Component.TemperaturesJor 6JBTH Typ{! 2, DSC for Normal St01:ag{! in 1.0.0 :'jF _:J 
• , ~ ~~,",:~\' ••• ' ','">, ' • _, '<,,.," ·'' ' - i' • ' '<~',," ·, '--1 

HLZC 

61BTHTyp?2 psc 
(Design Basis) . · 
[Table T'{;~4 and Table 
T4-14J 
61 BTH Type, 2 DSC 
HLZC.#10. . 

LJ.T 
• · HLZC #JO;.· Tbesi Basi£ 

71Q 

711 

-8 

Compartment 
('F 

690 

~3 . . 

"{689 •.. 

686 

. .::3 

___ • -~,..,;,~ ·-~- ~-~""- --.M<••~«M••"- •·~-·- - --·--•-••••_,,,__:;,,; 

R45&R90 
Rqils 

'P) 

514.' 

515 

1 

Top Grid_ 
("F) 

f9.6 

497 

1 

DSC Shell· 
(oF) 

,·, ~ 434 

.434 

.. 0 

;As-sho-wn ·iii th.ia"boi;e-'ia"bTe~-1ize ·nia;imu;,--1;;;;;perZil:Uli80JJ~eTdiadtii;,g-a;;JJUez-~7J-;;;_pc;r1menT-1 
lfor 6J BTH Type 2 DSC with HLZC #10 are bounded by design basis values listed in Table T.4- . t 

. . . . . I 

;12 and Table T.4-J 4. The .1 °F temperature increase .observed for the basket rails and top grid isl 
finsi?;!lifitf:fntand does nota.ffect.the thl}fl]lal qr sfrlJctural performappe of(he 6JBTHType 2.. · l 
'.DSC.• J3aselJ on. this evaluatibn, the ina/pmurrlfue·l cladding t~inperature'listedfor tHe·yarious · l 
:storage conditions ofa 6JBTH Type 2DSC in Table T,4-12, Table T;4.:,17 and Table T.4-21 
!~e1!1f!.!!J._qouncJj1Jgfo/ If!/!/;_ # l Q: .... _. __ ... ·--- . _ .. ________ .. ---·- ---~ .... --- ----- -· - -...... ~~-::.._ .. __ · -
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iA -rey{e}y)e.t.the lim~ Jifrji(sifor fransjer/qp.(~i:dti9ns,ofa ;"6 JETH Tjyp:e z~~SQW.ztH heaf'.fO,ad_s : •• :: : '.::: .I 

~~irbhJc.riJe.~::::.J:~. ~~=~ii2.~f.';J:h.:r::.~.n. ~ifs~"::t!:/j.~d~~~~\f.'.:~ .•. if.t_ff~!~!s.'.,j:1 

fwheteas }fLZC #7 hastJ·.trqnsifer time limirof 13_:hozrrS,: .. . - . ·. · . · : . : {: . · . · ·. : • 
' : " ./\ ; .. ' ' " . ' '•· .-··· .... :::; .'. ... : .- '., > .;:<:- i :> '· . ,· ' ''·• .. · : . ' -;.:: :·?~ ' _.,_:., :.:1 

TY ·~e?~f:o/:11J~'.(~e. m9,s!_;app:roEriqt,e· u~eWj;lt_f~r 1::_~~.$fetepevatiiJ._~·:lJ!:lt:~lfLZC#tqJJM .• 1{l!T!f::2;1 
Type•2 DS/J.: model, w1{/;l HlZC :#7(tr-an_sj'er time izm.1t.ef:t3: hours) f!Jgs r(!:,evaluat(!,d:u:JmgHlZ() •1 

'¥10. i'ft?oth~r'c;hange:; af(qo'fzsid~nJd:/ntflis evall{a#9h)'heifo(loil:ing:tablepres~1Jti;-a . _ . ,_ ... ::j 

lcompariso~ 9f the maxi(lflf,m fu_el claddlng ·an.dDSCcv1J1ponent t(!n'{pera(utes determined · · .·. . ., 
IJ)reviou~lyjor: HLZC A!I(J those deterf1!1n¢din this sensitiVity sfudy<~}vuh nriq:#lf/for ihe, ' ) 

lvert(faYf~.:.a··.·;·n··N·<!:J:on. · d. 'J.:t.1o .• ·.;~ .. (J?$SJ~.T8·'.:, J_2?).'f'._:~mJtf ?:~ ... ;%~.).•v .. ·.~(h ... 'r/t1.·ini)im ... it_:off 5 09.·,:·~.·.r.-.• ~.;(i ~ h~u.;:s;·:::l 
exclud11:1g:the two .hour all<Jwance tQ mJtia,t[f. reco-yerJJ aet19ns). · ,. ·· · ~: · ·: : ·::;'-> : · · . >: 

~~~~;~nfr·~~ra(:r.f ~i~!J~J,::~•rficaffr~;~i··'~~/F,,j 
.: :'F.u.·el ... > ·:::: ••. ·Fi.:.u .. ·-.e.t .· Neutron·. "R45'&:'·'R90·: .",;, '6·" .,;; .. ·· .. n" .. :s':c··.c· h:.e··l:.'1<:1 

•• · ···- ...... ,. ............ , .. ' .. ·· ·.1.op nu·· " .. 
•Compartment -- ~- A.biorber· ·. . '.Rails,:' .. . . · ... · · · · -· 
:,} :"R . . . :Of;: . . (°f', ~ :. ("F) . (~F). 

'rrhe resuli(o]this evafuafiOIJ show thattflJmaximUm-t'emperafure &Jfhe fa~j ·¢lacid,ir1g/}ndfuet 
pomfgrljf~ti/~f:e {olfff:~4l:x,:§: 91/~~~··~ (!5l{rnilat:t?.fhi{storqgr ~~ai1Ya~£qnpre~~~~~4:q13Q.yr[ .,_~ 
r;:ne temp~rJ1ture: incr.eas(~fi2 ° F bbse_ryedfot the ·~4~~et ':ails qn_!jj_~F ;obser.vedf<Y§·tfuiJoPgr)!J. 
rs irlsignificahtand does ·Y?Ot affectthe:tber.mal or sff'uclural perfermance. oft he 61 BTj(Typ§~~ 
. . ··. . , .... . •· , . . ·. . . .· I 
iJJSC: Furthermore, the' mqxim'um fael cla</ding a11dDSC comporien( t~mperature~ fo~ thit __ 

t! T~:~::il2~JJI~~.~~~~~f t~8;t~~~~Ihi~6'~~1&!J;;:;;~~;;~:~~~~~[M 
11:;~:,~7.:~J:v,;J~~J:~!71'ffs~f:'/!Je'~~:f ;,g{db~";~':fi,IJftf!ttt~4~~·(;~riSferl 
1bound1ngfor HLZC #1;9' _f:herefor.e, ·the t!rr':ebmits f9r.tr.arzsJ_er-~perat~ons deterrrzrn:<Jdfor a : . I 
f 64 BT.If: Tf!l!_e _ 2 ~sc w.~~h;_F{L'f C 7 :in ~rsf!<Jn r, 1-{ 4_ar~. -~J?pllcable ~9:_q.·~!"3TH ·rJ!f!f!.:-~ ps;c:l1J1t~ 1 

[:!~~c,he.~e:~e~~uu~.t~J~f ~~·~·i•~;~~~~JfLzc ~f ~"~3 °Fhi~h~:;~~~ ;:11 
used in d~t~rmihing t~e: maximum intern.al pressimfin f ribJeT.4'" 16. Tfiis sm{lllcha,ng? in the .. · 
averag~ he!fu.m i~mperatitre.dQes no(ajfecfthe maXi1J1uw."ihternal.Pre.ss}:1.re . . · · · 

~4~;aiJ~~·i~fj]d~s~u~st6&;;:~6fa.;theP.~v~l~~ji~ns:::af e_.µ;~~;j~ilf6r:.a··~&~f d:Ty$e•• . .· ·•·'.:: .. l 
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T.4.6.J0.2.2 HLZC #JO with a Maximum DecayHeatofJ.2 kW per FA 

An alternate option is being proposed for HLZC # J 0, wherein the maximum decay heat per FA 
in Zone 3 can be increased to J.2 kW while the maximum decay heatper FA in all other zones is 
limited to 0.393 kW as shown in Figure T.2-J J. This section evaluates the thermal performance 
of6JBTHType 2 DSC for this alternate option of HLZC #JO wherein Zone 3 is loaded with J.2 
kW per FA using the same methodology described in Section T. 4. 6. J 0. 2. J. 

Because there is no change to the total heat load of the DSC, the same limiting cases for transfer 
operation and storage conditions identified in Section T. 4. 6. J 0.2. J are re-evaluated with the 
alternate configuration of HLZC #JO. 

Maximum fuel cladding and DSC components temperatures for the bounding storage and 
transfer conditions in comparison to the design basis values are listed below. 

Maximum Component Temperatures for 61BTH Type 2 DSC for Normal Storage in 100 °F 
Ambient 

Fuel Fuel Neutron R45 & R90 
Top Grid DSC Shell 

HLZC Cladding Compartment Absorber Rails 
("F) (oF) ("F) (oF) (°F) (°F) 

Design Basis 
[Table T4-12 and 719 690 689 514 496 434 
TableT4-14l 
Alternate HLZC #10 712 689 688 517 498 434 
L1T 

(THLZC #JO Alternate - -7 -1 -1 3 2 0 

T Desim basi~) 
Maximum Component Temperatures for 61BTH Type 2 DSC for Vertical Transfer, 120 °F 

Ambient, 15 hours 

Fuel Fuel Neutron R45 & R90 
Top Grid DSC Shell 

HLZC Cladding Compartment Absorber Rails 
("F) (oF) (oF) (OF) ("F) (oF) 

HLZC#7 730 701 701 522 493 408 

Alternate HLZC #10 724 700 700 525 495 408 

L1T 
' ' 

(T HLZC #JO_Alternate - -6 -1 -1 3 2 0 

THLZC#7) 

As shown in the above tables, the maximum temperatures of fuel cladding, feel compartment and 
neutron absorber for 6JBTH Type 2 DSC with the alternate HLZC #JO are bounded by the 
design basis values for HLZC #7 in Section T.4.6. The temperature increases of 3 °F observed 
for the basket rails and 2 °F observed for the top grid are insignificant and do not affect the 
thermal or structural performance of the 61 BTH Type 2 DSC. 
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Based on this evaluation, the maximum fuel cladding temperatures for the 61 ETH Type 2 DSC 
reported in Table T.4-J2, Table T.4-J7 and Table T.4-2J for normal, off-normal and accident 
conditions remain valid for the 61BTH Type 2 DSC with the alternate HLZC #JO wherein Zone 3 
is loaded with J .2 kW per FA. Therefore, the time limits for transfer operations determined for a 
61BTH Type 2 DSC with HLZC #7 in Section T.4.5.4 are applicable to a 61BTH Type 2 DSC 
with HLZC #JO. 

In addition, the average helium temperature determined for the alternate HLZC #JO remains the 
same as that used in determining the maximum internal pressure in Table T.4-J6for the normal 
conditions. Therefore, there is no change in the maximum internal pressures. 

Based on this discussion, no further evaluations are required for the 6 J BTH Type 2 DSC with 
the alternate HLZC #JO and all design criteria described in Section T.4.J are satisfied. 
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dhl = 

Q 
N 

(6) 

Heat generating boundary condition, Btu/min-in-°F 
Total decay heat load, Btu/min 
Number of assemblies, 61 
Number of fuel rods 
Pellet outer diameter, in 
Active fuel length, in 

The models were run with a series of isothermal boundary conditions applied to the nodes 
representing the fuel compartment walls. The symmetry lines going through the center of the fuel 
assembly are kept at the adiabatic boundary conditions. 

T.4.8.1.5 Results 

The Siemens QFA 9x9 assembly has the minimum (bounding) axial conductivity. Backfill gas 
property does not have any effect on the axial effective fuel conductivity. Therefore, identical 
axial effective fuel conductivity values can be used for helium and vacuum conditions. 

The calculated transverse conductivities for fuels to store in the 61BTH DSC are presented in 
Figure T.4-36 for a helium environment. As shown herein, the F ANP9 9 x 9-2 assembly has the 
(bounding) minimum transverse conductivity. The bounding transverse effective conductivity 
values for fuels to store in the 61BTH DSC are listed in Section T.4.2. 

T.4.8.1.6 Thermal Conductivities of 6JBTH DSC with New Fuel Types GNF2 and 
ATRIUM-JI 

A review of the dimensions ofGNF2 FA listed in Table T.2-2 shows that they are very similar to 
the previously evaluated GE12/GE14 FAs listed in the same table. Therefore, the thermal 
properties for the GEJ 2/GEJ 4 FAs are also applicable to the GNF2 FA and no further 
evaluation is necessary for this FA type. 

For ATRIUM-I I FA type, the effective thermal properties are determined using the same 
methodology described in Sections T.4.8.1.3 and T.4.8.1.4. The following table compares the 
computed effective thermal conductivity values for ATRIUM-I I FA with the bounding values (for 
FANP 9x9-2 FA) calculated for all FAs except ATRIUM-I I FA. 

March2017 
Revision 0 72-1004AmendmentNo. 15 Page T.4-45 I 



Comparison of Effective Conductivities of ATRIUM-11 FA with Bounding BWR Fuel with 
Helium Backfill 

Transverse Conductivity Axial Conductivity 

Temperature 
(Btu/min-in- 0F) (Btu/min-in- °F) 

Bounding BWR Bounding BWR (OF) 
Fuel (Item 1 ·in ATRIUM-JI Fuel (Item 1 in ATRIUM-JI 
Section T.4.2) Section T.4.2) 

200 2.618E-04 2.997E-04 
300 3.021E-04 3.397E-04 
400 3.520E-04 3.899E-04 
500 4.104E-04 4.483E-04 6.7000E-4 7.6000E-4 
600 4.756E-04 5.122E-04 
700 5.468E-04 5.813E-04 
800 6.250E-04 6.561E-04 

As shown in the above table, both the transverse and axial effective thermal conductivities of 
ATRIUM-I I FA are higher than those determined for the bounding FA. The effective thermal 
properties for the bounding BWRfuel discussed in Section T.4.8.1.5 and listed in Section T.4.2 
remain applicable for ATRIUM-I I FA. 

T.4.8.2 Calculation of Fuel Effective Specific Heat and Densitv 

This section presents the calculation of the fuel effective specific heat and density used in the 
transient thermal analyses. 

Volume average density and weight average specific heat are calculated to determine the 
effective density and specific heat for the fuel assembly. 

The equations to determine the fuel effective density Peff and specific heat Cp eff are shown 
below. 

c = LPi vi CPi = Puo, Vuo, cP,UO, +Pzr Vzr cP,Zr 
P·eff "·Pi vi p v +p v 

where: 
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Pi, Cp, h Vi= density, specific heat, and volume of component, 
La = active fuel length, and 
a = half of compartment width. 

The properties of Zircaloy and U02 are provided in Section T.4.2. 

The calculated minimum (bounding) values of fuel effective specific heat and fuel effective 
density for fuel to store in the 61BTH DSC are summarized in Section T.4.2. 

Following the same methodology, the effective density and specific heat for ATRIUM-I I FA are 
calculated and compared to the bounding values (Item 1 in Section T4.2) in the following table. 

Comparison of Effective Density and Specific Heat of ATRIUM-11 FA with Bounding BWR 
Fuel with Helium Backfill 

Bounding BWR Fuel 
Item 1 in Section T.4.2 ATRIUM-ll 

0.103 0.116 
E 0.0575 0.0575 

As seen from the above table, the effective density and specific heat of ATRIUM-I I FA are either 
higher than or equal to the values calculated for the bounding FA in Section T4.2. The 
calculated bounding values of fuel effective specific heat and fuel effective density for fuel to 
store in the 61BTH DSC in Section T4.2 remain applicable for ATRIUM-I I FA. 

T.4.8.3 61BTH DSC Basket Effective Thermal Properties 

The 61BTH DSC basket effective density, thermal conductivity and specific heat are calculated 
for use in the transient analyses of the 61BTH DSC in the OS197/0S197H/OS197FC-B transfer 
cask and in the HSM or HSM-H. The calculation of these thermal effective properties is based 
on the DSC component weights. 

The 61BTH DSC effective density Pef!DSC basket, and specific heat Cp ejfDSC basket are calculated as 
volumetric and weight average values, respectively. 

The effective transverse thermal conductivity is determined by theoretical solution for 
conduction in an infinite cylinder with uniform heat generation [4.28]: 

where 
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Q 
L 
Tc 
Ts 

k = Q 
eff-basket 47l". L. (Tc _ T,) 

is total heat load, W 
is cylinder (DSC cavity) length, m 
is temperature at the cylinder center, °C 
is temperature at the cylinder surface, °C 
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The effective transverse thermal conductivities of the 61BTH DSC basket keffbasket are 
calculated for the Type 1 and Type 2 DSCs, using the corresponding ANS,YS models. 

The heat generation is applied to the fuel assemblies uniformly without a peaking factor. The 
temperatures from 100°F to 800°F are applied uniformly to the DSC shell. 

An average, (Ts+Tc)/2, is used as the reference temperature, for which keff-basket is reported. 

The bounding radial and axial thermal conductivity values for 61BTH DSCs are shown in 
Section T.4.2. 

T.4.8.4 Effective Air Conductivity in the HSM-H Closed Cavity 

During blockage of the inlet and outlet vents, the air within the HSM-H is trapped. The 
convection heat transfer under these circumstances reduces to free convection in closed cavities. 
For conservatism, no convection is considered within the HSM-H cavity during blockage of the 
vents. 
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T.5 Shielding Evaluation 

This chapter specifically addresses the shielding evaluation of the NUHOMS® 61BTH System 
with design basis BWR fuel loaded in a NUHOMS®-61BTH DSC. The radiation shielding 
evaluation for the Standardized NUHOMS® System (during loading, transfer, and storage) for 
the other NUHOMS® canisters is discussed in other sections and appendices of the UFSAR. The 
NUHOMS®-61BTH §yst~~~OI]._~sts of the NUHOMS® W_iJrizf>_nfg{jjj;{i~t.:!K~!!!:Qf/i!]~)'fiSNfiJi and 
HSM-H, the OS197 '{!_cpJ,§Er~£qsE (TC), and the 61BTH Type 1 and the Type 2 DSCs. 

The 61BTH DSC will be transferred using either the OS197/0S197H or a modified version of 
the OS197FC [.Q (OS197FC-B) if air circulation is required. The NUHOMS® 61BTH lliJ~~ 
will use either the HSM Model 80, Model 102, or the HSM-H module (up to 31.2 kW/DSC) for 
storage. 

The radiation shielding evaluation described below is for the NUHOMS® 61BTH Type 1 and 
Type 2 DSCs loaded in a NUHOMS® System TC. For heat levels below 22 kW both DSC types 
can be transferred in any of the 3 transfer casks: 1) OS197, 2) OS197H, and 3) OS197FC-B, and 
stored in any of these l)ISMs [[: 1) HSM Model 80, 2) HSM Model 102, 3) HSM Model 152, 4) 
HSM Model 202, and 5) HSM-H. For heat loads exceeding 22 kW, the 61BTH Type 2 DSC 
must be used and can only be stored in HSM-H and transferred in the OS197FC-B TC. HSM 
Model 80 offers the least amount of shielding and therefore, bounds all other HSMs. With 
respect to shielding performance, seven possible loading combinations are considered as listed 
below: 

(1) 61BTH Type 1/2 DSC - OS197 (bounded by #3) 

(2) 61BTH Type 1/2 DSC - OS197H (bounded by #3) 

(3) 61BTH Type 1 DSC - OS197FC-B (bounds OS197/0S197H and Type 2 DSC) 

(4) 61BTH Type 2 DSC - OS197FC-B (bounded by #3) 

(5) 61BTH Type 1/2 DSC -HSM Model 80 (bounding) 

(6) 61BTH Type 1/2 DSC -HSM Model 102 (bounded by #5) 

(7) 61BTH Type 1/2 DSC -HSM Model HSM-H (bounded by #5) 

These design features of the HSM result in the occupational and site dose rates being ~~ {Q"!Y_7q~ r-·--:--- - .--- - -·-.---. f' ., 
"[f(JSJ]JJG_Qlypqf1.it:Yabl~ {;ALARAj)1• 

The NUHOMS® 61BTH DSC can also be stored within an upgraded HSM model, designated as 
HSM-HS as described in Appendix U of the UFSAR. From a shielding standpoint, the HSM
HS-module is identical to the HSM-H module. Therefore, all calculations performed with the 
HSM-H are applicable to the HSM-HS. 

The NUHOMS® 61BTH DSC is also transferred in a modified version of the OS200 TC as 
described in Appendix U of the UFSAR. The OS200 TC is fitted with an aluminum sleeve to 
accommodate the smaller diameter 61BTH DSC. 

The basket layout for Type 1 and Type 2 DSC configurations is identical except for the basket 
transition rails. Each DSC configuration is designed to store up to 61 intact BWR fuel 
assemblies or up to 1§.T~~g~_d:fuel gj_~e~bli~s_in~f!_q~drrJan~_~f.th~fjggfi_'{.g~2- For shielding 
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purposes radiological sources related to the 61BTH Type 2 bound the 61BTH Type 1 because 
assemblies with higher neutron and gamma sources are loaded in the outer zones. The presence 
of solid aluminum rails that fill the space between the peripheral fuel compartments and the DSC 
shell results in a more effectively shielded configuration for the Type 2 DSC. When such 
bounding neutron and gamma sources are placed in a Type 1 DSC the resulting shielding 
configuration, HSM and TC dose rates are bounding for all the shielding configurations. 
Therefore, the shielding evaluation presented herein is performed for the hypothetical shielding 
configuration where radiological source terms bounding for Type 2 DSC are analyzed with the 
Type 1 DSC. 

The NUHOMS® 61BTH Type 1 DSC is identical to the NUHOMS® 61BT DSC analyzed in 
UFSAR Appendix K, except for an optional redesigned basket hold-down ring. Relative to the 
existing 61BT DSC, the 61BTH Type 1 DSC allows for an increase in heat load from 18.3 kW to 
22 kW, increase in maximum bumup from 40,000 MWd/MTU to 62,000 MWd/MTU, and an 
increase in maximum initial fuel enrichment from 4.4 wt.% U-235 to 5 wt.% U-235. 

The 61BTH Type 2 DSC is also based on the basket design for the 61BT DSC with 
modifications to the shell assembly (cover plate thicknesses are increased to handle higher 
internal pressures) and to the basket transition rails to allow storage of fuel assemblies with a 
total heat load of up to 31.2 kW, with bumup of up to 62,000 MWd/MTU and with maximum 
initial fuel enrichments of up to 5 wt.% U-235. The Type 2 basket also incorporates the 
redesigned hold down ring. 

The OS197FC-B is essentially the same as the OS197FC except that the lid and bottom have 
been modified to introduce air cooling design features to accommodate a higher decay heat load 
(>22 kW). The design of the OS197FC TC is identical to the design of OS197/0S197H TC 
except that the OS 197FC TC has a modified top lid. For the shielding analysis, OS 197FC-B TC 
is used to bound the OS 197/OS197H TC, also because the design features in- the TC radial 
direction are identical for all three TCs; and OS 197FC top axial geometry bounds other TCs. 

There are a total of 1(e-~_P,ossible~ft~q[To-ad!J!ETiisq_-;,jfifir~jj~fl.~ (HLZC~) for the 61BTH Type 1 
~n_s! Type 2 DSCs. lfiy~; out oft~d total DSC HLZCs are for Type 2 DSC only. The remaining 
jiy~ can be used with either DSC type; however, certain restrictions apply for Type 1 DSC in 
~£pe_cas~~Q-~9~HLZCs are depicted in Figures T.2-1 through Figure T.2-8, fiiif1:{fg_=JQ~ 
~!lci_Figut.¢.T;?-_)Jj of Chapter T.2. 

'fhe J~i[!iiiii/iji~~tio--;, · iables.shofvn-in :rdble ·r.·1~5--ihrouiii -~abTef i=Jo:-iabi;~r:7-;;1~'k~rough 
Table IT.2-18: are d?veloped for the de,5ign basjs heavy metal loading of 0.198 MI'U with. 
~As2jjJ0RiGEN::S mod~les ofS(ALE 4:4 [5.l]andfOr:the hc:avy metq! loadirzgof0.170:MTr.f: 
with SASiHIORIGEN-Sm~dules of SCALE 5.'0 [5.20f>Sectio·HMS.6of Chapter M5 pro~idd~ 
I • . -

{he methods for determining minimum required cooling times usingfltting_f!_qyatfQ!lS Of)i.n~g~ 
t1JlerJZQlatio11fQr_q_g[yen M]'Q_Qf_(Wef12~P.170.MJ:.TJ._qn'cLQJ 98~Wrf..! Also, Section T. 5. 2 
provides the methods for determining the minimum required cooling times for combinations of 
burn-up and enrichments in "Not Analyzed" domain of the Fuel Qualification Tables (FQTs). 
Cells relevant to this domain are empty and shaded in the FQTs. 

fi.aJioiaiicai.-sou;c?-ier~s foJ~~iii1§.ii~d!~i~-q;;JfJ-Ys!~-Ci!e,_£~ifµ191~!luiini:i~J'ii:i k.9§~£&~~ 
!!J_~tcjJJQ.?!_'d_{fJ.g_9[_Q. l ~§ M[JJ 
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The NUHOMS®-61BTH DSCs are designed to store BWR fuel assemblies with the 
characteristics described in Table T.2-1 and Table T.2-2, and associated tables and figures of 
Chapter T.2. The NUHOMS® 61BTH Type 2 DSC is also designed to store up toJ~u.~ failed 
fuel assemblies in the comer locations of the basket. Each failed fuel assembly is housed inside 
a failed fuel canister prior to loading in these designated positions within the basket. 

Radiological sources related to Type 2 DSC HLZCs #5, #6, and #7 result in nearly the same 
maximum RSM dose rates and maximum dose rates at the "middle of transfer cask side." 
Bounding dose rates for the RSM and "middle of transfer cask side" are due to HLZC #6 
radiological source terms. However;] HLZC #7 source terms are important when calculating dose 
rates on and around the ends of the [Q. Dose rates are also estimated for the RSM Model 80 and 
102. The hypothetical DSC shielding configuration where bounding radiological HLZC #6 or #7 
source terms are loaded into 61BTH Type 1 DSC is referred to as the "design basis DSC 
shielding configuration" or simply "design basis DSC" in the discussion that follows. 

The 9:esi~ basis BWR fuel source terms are derived from a bounding "generic" fuel assembly~~ 
{{J9§_MJ;TJ. The parameters of the bounding "generic" fuel assembly are selected in such a way 
that the resulting radiological and decay heat source terms bound those from all other fuel 
assembly types that are authorized for loading into the NUHOMS® 61BTH DSC. This "generic" 
fuel assembly shares many common features with the GE-2,3 7x7 Type G2A assembly. It is 
bounding because it has the highest initial heavy metal loading as compared to the 8x8, 9x9, 
1Oxl0, and l lxl 1 fuel assemblies which are also authorized for loading into the NUHOMS®-
61BT DSC. Its parameters are described in Section T.5.2. In addition, the maximum Co-59 
content of each hardware region for the bounding fuel assembly type is used to determine the 
activation source for each fuel assembly region. 

Maximum decay heat allowed for the 61BTH Type 1 DSC is 22 kW and a maximum heat load of 
31.2 kW is allowed for the Type 2 DSC. The HLZCs to be used for the 6 lBTH Type 1 DSC are 
shown in Figure T.2-1 through Figure T.2-4 {J_~-d)i'j~§ .fl:XQ of Chapter T.2. Fuel assemblies 
loaded in 61BTH Type 2 DSC can have a maximum decay heat of 1.20 kW per assembly. The 
design basis fuel source terms for this evaluation are defined as the source terms from fuel with 
the bumup/initial enrichment/cooling time combination that results in a maximum calculated 
dose rate on the surface of the RSM and/or TC side because the highest source fuel assemblies 
are on the outer periphery of the basket region where self-shielding due to adjacent assemblies is 
limited. 

The dose rates at the side of the TC are bounded by 61BTH DSC HLZC #6 and in specific areas 
the dose rates at the top/bottom of the TC are bounded by 61BTH Type 2 DSC HLZC #7. The 
bounding bumup, minimum initial enrichment, and cooling time combinations for the fuel 
assemblies used in the shielding analysis of the 61BTH design basis DSC in the OS197FC-B are 
as follows: 

• Spent fuel parameters for HLZC #6, in OS197FC-B: 

o Central zone (0.22 kW per assembly): 31 GWd/MTU, 0.9 wt._% U-235, 11.7-year 
cooled fuel 
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o Inner intermediate zone (0.7 kW per assembly): 62 GWd/MTU, 2.6 wt.% U-235, 
7.1-year cooled fuel 

o Outer intermediate zone (0.48 kW per assembly): 25 GWd/MTU, 1.0 wt. % U-235, 
3.2-year cooled fuel 

o Peripheral zone (0.54 kW per assembly): 25 GWd/MTU, Q.9 wt. % U-235, 3.0-year 
cooled fuel 

• Spent fuel parameters for HLZC #7 in OS 197FC-B: 

o Central two zones (0.48 kW per assembly): 62 GWd/MTU, 2.6 wt.% U-235, 14-year 
cooled fuel 
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T.5.2 Source Specification 

Thermal and radiological source terms are calculated with the SAS2H/ORIGEN-S modules of 
SCALE 4.4 [5.1] for the th~-4~~tgiih_a-Sfi~~gvy m"it7;zt,w_~!ghi9t9:/§$~'Affi);. The 
SAS2H/ORIGEN-S results are used to develop the fuel qualification tables listed in Table T.2-5 
through Table T.2-10, ~ablf},~fj:J~through:[a/?fsdT.2-18 ofr.hgpJ.~fi T.2 and the design basis 
fuel source terms suitable for use in the shielding calculations. 

The GE-2,3 7x7 Type G2A assembly is the bounding fuel assembly design for shielding 
purposes because it has the highest initial heavy metal loading in the fuel and Co-59 content in 
the hardware regions as compared to the 8x8, other 9x9, lOxlO, and llxll fuel assemblies which 
are also authorized contents of the NUHOMS®-61BTH DSC. The neutron flux during reactor 
operation is peaked in the active fuel region of the fuel assembly and drops off rapidly outside 
the active fuel region. Much of the fuel assembly hardware is outside of the active fuel or in
core region of the fuel assembly. To account for this reduction in neutron flux, the fuel assembly 
is divided into four exposure "regions." The four axial regions used in the source term 
calculation are: the bottom (nozzle) region, the active fuel region, the (gas) plenum region, and 
the top (nozzle) region. The GE 7x7 fuel assembly masses for each irradiation region are listed 
in Table T.5-6. The light elements that make up the various materials for the various fuel 
assembly materials are taken from Reference [5.6] and are listed in Table T.5-7. The design 
basis heavy metal loading is 0.198 MTU. These masses are irradiated in the appropriate fuel 
assembly region in the SAS2H/ORIGEN-S models. To account for the reduction in neutron flux 
outside the active fuel regions, neutron flux (fluence) correction factors are applied to the light 
element composition for each region. The neutron flux correction factors which are from 
Reference [5.19] are given in Table T.5-8. 

, _______ ,,_' -- -- ----,-'' '" ---1 

Evaluations of the existing i!gflt_}f4trK.r£QC:fQ~ (L WR) fuel data with SAS2H and the 44-group 
ENDF/B-V library used in the calculation of the design basis source terms are documented in 
References [ 5 .17] and [ 5 .18]. These comparisons all show generally good agreement between 
the calculations and measurements, and show no trend as a function of burnup in the data that 
would suggest that the isotopic predictions, and therefore neutron and gamma source terms, 
would not be in good agreement. A similar conclusion is also reached by the results documented 
in JAERI report [5.14]. In fact, for the case with 46,460 MWd/MTU burnup, the isotopic 
predictions are all within 2% of those measured. There are ongoing efforts, some of which are 
documented in Reference [5.12], to obtain more data for burnups above 45 GWd/MTU. 

There are cross-section data on about 1600 isotopes in the cross section libraries available for 
SAS2H. Only about 20 isotopes are primary concern when dealing with high burnup spent fuel 
[5.13, 5.15]. According to Reference [5.15] 95 % of the decay heat is dominated by fewer than 
10 nuclides for L WR assemblies at Jj~~ years of cooling. Eighty-five percent of the decay heat 
would be contributed by only Jgi_qj i~ot~pes after 100 years. 

Applicability of SAS2H for prediction of isotopic content in BWR assemblies was analyzed in 
[5.13]. A U02 sample was burned to 57 GWd/MTU in a BWR reactor. The sample U-235 
enrichment was 4.97 wt. %, Also, the isotopic content of the discharged sample was measured 
experimentally. Measured content was reported for actinides and fission products. Among 
concentrations of 16 nuclides investigated,.five agreed with the measured values to within ±5%. 
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The fuel qualification tables are generated based on the decay heat limits for the various heat 
load zoning configurations shown in Figure T.2-1 through Figure T.2-8 of Chapter T.2. SAS2H 
is used to calculate the minimum required cooling time to the nearest 0.1 year (0.3 years at 
burnups greater than ~50 GW d/MTU when considering low, less than 0.35 kW IF A, decay heat 
powers) as a function of fuel assembly initial enrichment and burnup for each decay heat limit. 
These cooling times are rounded up to the nearest 0.5 year increment in the final fuel 
qualification tables. Because the decay heat generally increases slightly with decreasing 
enrichment for a given burnup, it is conservative to assume that the required cooling time for a 
higher enrichment assembly is the same as that for a lower enrichment assembly with the same 
burnup. The required cooling time for initial enrichments that fall between any two SAS2H runs 
are assumed to be that of the lower enrichment case results. 

Parameters that influence the source term calculations are fuel assembly specific power 
(expressed in MW/Fuel Assembly (MW/FA)) and the total time between cycles. Other depletion 
parameters like cycle length and number of cycles are derived from the target burnup, MTU 
loading and specific power. The most important parameter for the calculation of source terms is 
the specific power. Specific power for typical US-BWR fuel assemblies are :'.S 5 MW/FA. The 
source terms for this evaluation are calculated using a specific power that ranges from 7 MW IF A 
(at lower burnups) to 14 MW IF A (at higher burn ups) and results in a conservative estimation of 
the source terms. The time between cycles utilized is 73 days and represents a typical downtime 
for US BWRs (60 to 90 days). 

FQTs are developed for two different uranium loadings: 0.170 MI'U and 0.198 MTU Because 
cooling times are selected to target specific decay heat values and decay heat is proportional to 
the uranium loading, the FQT cooling times decrease with decreasing uranium loading to 
maintain the same heat load. In most cases, the uranium loading of a fuel assembly will fall 
between the 0.170 MTU and 0.198 MTU values. In such cases, the cooling time interpolation 
methodology described in Section M5.6 may be employed. 

Each FQT contains an unanalyzed zone marked in the FQTs as gray. Limited extrapolation of 
FQT cooling times into the unanalyzed regions is allowed. The extrapolation may be performed 
for a maximum difference of 4 GW d/MTU in burnup or 0. 4 wt.% in enrichment. The 
.extrapolation may be performed/or either fixed enrichment (variable burnup,fixed FQT 
column) or fixed burnup (variable enrichment,fixed FQTrow). The methodology is: 

1. Perform a regression analysis on the FQT cooling times and associated variable (either 
burnup or enrichment). Note: All FQT cooling times in either the row or column of data 
being extrapolated shall be used, even if many of the cooling times are the same. 

2. Develop a fitting equation for the data. A fourth-order polynomial with parameters having 
at least six significant digits to avoid rounding errors is recommended. 

3. Use the fitting equation to compute the extrapolated cooling time at the desired enrichment 
or burnup. 

4. Add 0.2 years as additional margin. 
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Because extrapolation may be performed on either an FQT row or column of data, in some cases 
extrapolation to the same FQT cell could be achieved using either data set. It is possible that the 
extrapolating equations with two alternative sets of parameters may result in slightly different 
predictions for the cooling times. However, either of the predicted values are legitimate to use 
because they are both conservative . 

. An example is provided for extrapolating the 170 kgU FQTfor a 1.2 kW fuel assembly at a fixed 
burnup of 50 GWd/MTU Note that only built-in capabilities of MS Exce'f® are utilized in this 
example. The cooling times are extracted from Table T.2-18 and summarized in the table below. 
The minimum enrichment in the analyzed region is 2. 6 wt.%, and the cooling time for an 
enrichment of 2. 2 wt.% is desired. 

Enrichment Cooling time Enrichment Cooling time 
(wt.%) (years) (wt.%) (years) 

2.60 2.60 4.00 2.40 
2.70 2.60 4.10 2.40 
2.80 2.60 4.20 2.40 
2.90 2.60 4.30 2.40 
3.00 2.60 4.40 2.40 
3.10 2.50 4.50 2.40 
3.20 2.50 4.60 2.40 
3.30 2.50 4.70 2.30 
3.40 2.50 4.80 2.30 
3.50 2.50 4.90 2.30 
3.60 2.50 5.00 2.30 
3.70 2.50 
3.80 2.50 
3.90 2.40 

The fitting equation Cooling Time as function of Enrichment using 4th order polynomial is: 

CT= -0.016105* enr4 + 0.231001* enr3 -1.219261* enr2 + 2.676368* enr + 0.572562 

For enr = 2.2 wt.%, cooling time= 2.6 years. An additional 0.2 years is added to this value for 
a final extrapolated cooling time of 2.8 years. 

Additional examples are shown in Table T.5-30. 

The design basis source terms are defined as the bumup/initial enrichment/cooling time 
combination given in the fuel qualification tables that result in the maximum dose rate on the 
surface of the HSM or TC. Note that for a given DSC design, the design basis HSM source will 
not necessarily be the same as the corresponding design basis TC source. The 1-D discrete 
ordinates code ANISN [5.7] and the CASK-81 22 neutron, 18 gamma-ray energy group, coupled 
cross-section library [5.5] is used to determine the relative HSM and TC dose rate for each entry 
in the fuel qualification tables and thereby determine the design basis source. As ANISN is a 1-D 
code, a single dose location must be selected for both the HSM and TC for analysis purposes. 
For the HSM, the roof can be selected as the dose location, and for the TC the cask side is 
selected as the dose location. This approach, described in detail in Section T.5.2.4, is consistent 
with the method used to determine the fuel qualification tables for the Standardized NUHOMS® 
24PTH described in Appendix P, Chapter P.5. The radiological source terms generated in the · · 
SAS2H/ORIGEN-S runs are used in the ANISN evaluations to calculate the surface dose rates. 
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The ANISN models are similar to the appropriate MCNP models for the locations of interest. 
Note that ANISN code is not used to calculate any design basis dose rates. MCNP code models 
are used for calculating design basis dose rates. 

A sample SAS2H/ORIGEN-S input file for the Active Fuel Region of 0.70 kW/FA assembly is 
listed in Section T.5.5.l. This case corresponds to 62 GWd/MTU, 2.6 wt.% U-235 and 7.1-years 
cooling case. 
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T.5.4.6 Assumptions 

The following general assumptions are used in the analyses. Shielding analysis models using 
radiological sources described earlier and based on the assumptions described next result in 
bounding dose rates for the arrangements of the fuel assemblies in the DSCs as prescribed by 
HLZCs depicted on Figures T.2-1 through Figure T.2-8, Figure T.2-10, and Figure T.2-11 of 
Chapter T.2. 

T.5.4.6.1 Source Term Assumptions 

• The primary neutron source in L WR spent fuel is the spontaneous fission of 244Cm. For 
the ranges of exposures, enrichments, and cooling times in the fuel qualification tables, 
244Cm represents more than 90% of the total neutron source. The neutron spectrum is, 
therefore, relatively constant for the fuel parameters addressed herein and is assumed to 
follow the 244Cm fission spectrum provided in Section T.5.2.2. 

• The BWR heavy metal weight is assumed to be 0.198 MTU per fuel assembly. 
Radiological sources from such an assembly result in bounding dose rates for the 
NUHOMsY 61BTH system loaded with its authorized content if used in the shielding 
analysis models described next. 

T.5.4.6.2 HSM-H Dose Rate Analysis Assumptions 

• The 61BTH DSC and fuel assemblies are positioned as close to the HSM-H front door as 
possible to maximize the HSM-H front wall dose rates. 

• Planes of reflection are used to simulate adjacent HSM-Hs. 

• Embedment and rebar in the HSM-H concrete are conservatively neglected. 

• Penetrations on the exterior of the HSM-H modules for instrumentation and ease of 
installation are not modeled since they do not result in any significant change in the dose 
rate distribution and are covered by other modeling conservatisms. 

• The borated neutron absorber sheets in the 61BTH DSC are modeled as aluminum. 

• An axial source distribution is discussed in Section T.5.2.3 is utilized. 

• Fuel is homogenized within the fuel compartment, although the 61BTH DSC basket is 
modeled explicitly. 

T.5.4.6.3 HSM Model 102 Dose Rate Analysis Assumptions 

The dose rates for HSM Model 102 were also calculated using MCNP. Those dose rates are due 
to bounding 61BTH DSC Type 1 loading configuration sources. This configuration includes 
0.393 kWt/FA assemblies in the central 25 fuel compartments. The next layer of24 fuel 
compartments holds 0.54 kWt/FA assemblies, the outer compartments admit assemblies 

' generating 0.54 kWt/FA. Note that this is also a fictitious loading configuration because more 
than 22.0 kWt/DSC heat load is not allowed for 61BTH DSC Type 1 and HSM Model 102 
configuration. This "fictitious" configuration is depicted in Figure T.5-1. The same set of 
assumptions listed in Section T.5.4.6.2 applies to MCNP model ofHSM Model 102. 
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Table T.5-30 
Minimum Cooling Time by 4111 Order Polynomials Vs Minimum Cooling Time determined by 

Burnup/ 
Enrichment 

(MWd!MTUI 
wt%) 

45GWd!MTU 
I 2.2wt% 

50GWd/MTU 
-2.2wt% 

55GWd/MTU 
-2.2 wt% 

62GWd!MTU 
-2.2wt% 

70GWd!MTU 
-2.2 wt% 
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Cooling 
time 
(Yrs) 

2.4 

2.4 

2.8 

2.7 

3.1 

3.1 

3.6 

3.6 

4.2 

4.2 

SAS2H - 1.2 kW 

4th order polynomials: 
(-0. 049917*enr4 + 0. 757046* enr3

- 4.214617* enr2+ JO. 085886* enr - 6.454616)+0.2 

SAS2H 

4th order polynomials: 
(-0.016105* enr4 + 0.231001* enr3 -1.219261* enr2 + 2.676368* enr + 0.572562)+0.2 

SAS2H 

4"' order polynomials: 
(-0.012465* enr4 + 0.201286* enr3 -1.203539* en?+ 3.009657* enr + 0.25270])+0.2 

SAS2H 
4th order polynomials: 

(-0.026123* enr4 + 0.397919* enr3 
- 2.232819* en?+ 5.291467* enr -1.057387)+0.2 

SAS2H 
4th order polynomials: 

(-0.034190* enr4 + 0.525662* enr3 
- 2.987048* en?+ 7.214849* enr- 2.236293)+0.2 

SAS2H 
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T.6.1 Discussion and Results 

Figure T.6-1 and Figure T.6-2 show the radial cross section of the NUHOMS®-61BTH Type 1 
and Type 2 DSCs. The generic cask consists of an inner stainless steel shell, and lead gamma 
shield, a stainless steel structural shell and a hydrogenous neutron shield. This analysis is 
applicable to any licensed cask of similar construction. The NUHOMS®-61BTH DSC/Cask 
configuration is shown to be subcritical under normal, off-normal and accident conditions. 

For all fuel assemblies listed in Table T.6-2 except for the GNF2 and ATRIUM 11 fuel 
assemblies, the criticality calculations utilize the General Electric (GE) 1Oxl0 fuel assembly as 
the most reactive fuel. For GNF2 and ATRIUM I I .fuel assemblies, separate criticality 
evaluations are performed to determine the maximum allowable U-235 wt. % enrichment . . The 
calculations determine keff with the CSAS25 bnd (}SA~ control module~ of SCALE-4.4 IQ~Cl 
..,..,...., ...... :-~-'''; ...... "" -~''?,.,..,'""''"'~' '<>;;""',' "':~-:-----,-1 1~-·--·~-~.--.. ~-,-·1 1,..,.,,._ ....... ~~-"°"',,,, ,,,~- ..__ __ ,,1 

rs_gALJ!;_Q.Jl,JeSR_ectiy~J!.,J [ 6. l 1g_n.f(Q:._ !!] for various configurations and initial enrichments, 
including all uncertainties to assure criticality safety under all credible conditions. 

The results of the evaluation demonstrate that the maximum kefiincluding statistical 
uncertainty- is less than the Upper Subcritical Limit (USL) determined from a statistical analysis 
of benchmark criticality experiments. The statistical analysis procedure includes a confidence 
band with an administrative safety margin of 0.05. 
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T.6.2 Package Fuel Loading 

The NUHOMS®-61BTH DSC is capable of transporting BWR fuel assemblies with or without 
fuel channels and as intact or damaged fuel assemblies. The NUHOMS®-61BTHF DSC, an 
alternate version of the NUHOMS®-61BTH Type 2 DSC, is also designed to accommodate up to 
a maximum of 4 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 T.2-9. 

The fuel assemblies considered as authorized contents are listed in Table T.6-2. 

Table T.6-3 lists the fuel parameters for the BWR fuel assemblies. Reload fuel from other 
manufacturers, for the same fuel assembly class, with the same parameters are also allowed. The 
design basis fuel chosen for the NUHOMS®-61BTH system is the GE lOxlO fuel assembly, 
except for the GNF2 and ATRIUM 11 fuel assemblies that are evaluated individually. The GE 
lOxlO assembly is used because, as demonstrated in Section T.6.4, it is the most reactive 
assembly of those authorized to be shipped in the NUHOMS®-61BTH DSC System, except for 
the GNF and ATRIUM 11 fuel assemblies. 
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T.6.4 Criticality Calculation 

This section describes the models used for the criticality analysis. The analyses were performed 
with the CSAS25 module of the SCALE system. A series of calculations were performed to 
determine the most reactive fuel and configuration. The most reactive fuel, as demonstrated by 
the analyses, is the GE lOxlO assembly for both the intact, damaged, and failed lattices. The 
GNF2 and ATRIUM 11 fuel assemblies are evaluated individually in the criticality analyses to 
determine the maximum allowable U-235 wt. % enrichment. The most reactive credible 
configuration is an infinite array of flooded casks with minimum assembly-to-assembly pitch and 
the poison plate gaps located near the center of the basket and at the centerline of the active fuel 
region. 

The NUHOMS®-61BTH DSC is analyzed for additional considerations arising from mechanical 
uncertainties of damaged fuel assemblies after a hypothetical accident. In case of a severe 
transportation accident, rod breakage may be postulated to occur in rods with known pre-existing 
gross cladding failure. These models were constructed to evaluate the effects of radial 
movement of fuel rod pieces (the result of "single-ended" breaks), and axial movement (the 
result of "double-ended" breaks). Loose fuel pellets or shards may become dislodged if a rod 
becomes severed, but this will not result in a more reactive state than the cases described below 
because the fuel assembly is under-moderated by design. The models used to study these 
limiting breaks are described below. 

Single breaks- "Free ends" caused by a break are assumed to move away from the rest of the 
fuel assembly. Increasing the rod spacing of the broken rods is found to increase ketr· 
Conversely, ketr is expected to decrease for local decreases in rod pitch. Rods on the exterior of 
the fuel assembly are displaced in the models and the fuel assembly is assumed to be pressed in 
the corner of the fuel cell, thus maximizing the potential rod displacement. Since internal rods 
cannot move as far as rods on the outside of the assembly, they are not limiting. For modeling 
simplicity, an entire face of 7 rods for the 7x7 array and 8 rods for the 8x8 array are assumed to 
evenly move away from the remainder of an assembly, as shown in Figure K.6-6 of Appendix K. 
This overpredicts the effect of single rod breaks since the grid spacers of the fuel will limit radial 
rod displacement over most of the length of the rod. 

Double breaks- The affect of pieces of fuel rod migrating axially was investigated by 
conservatively adding an entire row of fuel rods in the models. Again, the fuel assembly was 
assumed to be in the worst case position: pressed in the corner of the fuel compartment as shown 
in Figure K.6-7 of Appendix K. In addition, total cladding loss was assumed for the damaged 
rows of rods to simulate the bare fuel rod case. The limiting case was the double-ended break 
with the damaged rods being modeled without the cladding. This is expected to be the limiting 
case because the extra row of rods added to the model represents an increase in the fuel loading 
of the canister. 

Rod Pitch Variation- The effect of bending and bowing of rods together with the total loss of 
grid spacers was investigated by varying the fuel rod pitch for all the fuel assembly classes from 
a minimum.(where the rods are close to each other) to a maximum (bounded by the internal 
dimension of the rod compartment). This was done to determine the optimum rod pitch where 
the reactivity of the fuel lattice is maximized. In addition, rods were removed (non 
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mechanistically) from within the lattice to determine the optimum rod positions (and the number 
ofrods) to bound the expected lattice configurations. This hypothetical accident case is modeled 
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to maximize the reactivity of the damaged fuel assembly and also to qualify fuel assemblies with 
damaged grids and missing rods to be loaded in the damaged fuel assembly locations. 

The most reactive damaged fuel assembly configuration is based on a lOxlO lattice with 
optimum pitch and 95 fueled rods. 

T.6.4.l Calculational Method 

T.6.4.1.1 Computer Codes 

The CSAS25 control module of SCALE-4.4 [6.1] was used to calculate the effective 
multiplication factor (k,,ff) of the fuel in the cask. The CSAS25 control module allows simplified 
data input to the functional modules BONAMI-S, NITA WL-S, and KENO V.a. These modules 
process the required cross sections and calculate the k,,ff of the system. BONAMI-S performs 
resonance self-shielding calculations for nuclides that have Bondarenko data associated with 
their cross sections. NITA WL-S applies a Nordheim resonance self-shielding correction to 
nuclides having resonance parameters. Finally, KENO V.a calculates the k0 ff of a three
dimensional system. A sufficiently large number of neutron histories are run so that the standard 
deviation is below 0.0016 for all calculations. 

Validation and verification of the SCALE 4.4 computer system were performed. Criticality 
benchmarking calculations were performed. 

The. csAs5-~?~P'_oLm.Q_4.¥.l~2J:scA.£Jf6-f6. 7fis-~sid i»tfie dei<~J-;fiinaufinafiiii aZkiliiondl;~ 
{lamtiged Jue~ configurations 'perform~d with the NUHQMSW-61 BTH ])SC.· The CSAS5 c:dntroZ 
~odule allowI"iimplifi~a inputio.thefunctionci{lfzodules BONAMi;N,JTAWt;·anfJ KENd 
~V.·a, .Thes·e mo<;lules proce~s the reqidred cross sediohs and calculate th¢ k~tr of i6~\s.Y~ie1n.I 
'i[J.ONANf!::s pe~forms resonance se[f-sHielding calculation~for nuclides. that.have :Bo.nddrenkJ~
'data assrxiated with their cross sections. J;VITAWL 'applies a Nordheim resonance self-shielding 
~orrection td nuclides having resonance parameters, Fin.ally, KENQ V.acalcufateslh~ kerrofd 
~hree-d;,mens~on_al s~ste~. f -~ff,!s}f nfl1 la~ge ryum_be_r pL~1;JrQ11 _'1t~Qrie§_ Q!JLrun sgi th_~!..il:l~ 
~JfJ!J.tf:.qrd de:yJ_qtJorus /j£[Qlfi 0. 0015 J.pr gJl calc_tff(l!lJJJJ.~~I 

The CSAS5 control module ofSCALE6 [6. 7] is also used in the determination of the maximum 
allowable U-235 wt. % enrichment for the GNF2 and ATRIUM 11 fuel assemblies. The USL 
determined for SCALE 6.0 of0.9418 is applicable to the results obtained for these fuel 
assemblies. 

T.6.4.1.2 Physical and Nuclear Data 

The physical and nuclear data required for the criticality analysis include the fuel assembly data 
and cross-section data as described below. 

Table T.6-3 lists the pertinent data for criticality analysis with the GE12 lOxlO fuel assembly in 
the NUHOMS®-61BTH DSC as loaded in a generic cask described in Section T.6.1. 
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The criticality analysis used the 44-group cross-section library built into the SCALE system. 
ORNL used ENDF/B-V data to develop this broad-group library specifically for criticality 
analysis of a wide variety of thermal systems. 

T.6.4.1.3 Bases and Assumptions 

The analytical results reported in Section T .3 demonstrate that the cask containment boundary 
and canister basket structure do not experience any significant distortion under hypothetical 
accident conditions. The fuel assembly drop analyses documented in Section T.3-5 also 
demonstrate that the fuel rods do not experience any deformation significant to cause a change in 
the fuel geometry. Therefore, for both normal and hypothetical accident conditions the cask 
geometry is identical except for the neutron shield and skin. As discussed above, the neutron 
shield and skin are conservatively modeled as water. 

The cask was modeled with KENO V.a using the permissible geometry options. These options 
allow a model to be constructed with regular geometric shapes and define the material 
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boundaries. No cases have been made to model the fuel assemblies with fission products, 
burnable absorbers, or radial and axial variations in the initial fuel enrichment. Instead, fuel 
assemblies have been modeled as unirradiated fuel with a uniform enrichment. This results in a 
very large margin of conservatism in the calculated keff· 

The following conservative assumptions were also incorporated into the criticality calculations: 

1. Omission of grid plates, spacers, and hardware in the fuel assembly. 

2. Unirradiated fuel - no credit taken for fissile depletion, fission product poisoning or 
burnable absorbers. 

3. For intact fuel, the pins are modeled assuming a lattice average uniform enrichment 
everywhere in the lattice. Natural uranium blankets, gadolinia, integral fuel burnable 
absorber (IFBA), Erbia or any other burnable absorber rods and axial or radial 
enrichment zones are modeled as enriched Uranium, uniform everywhere. 

4. All fuel rods are assumed to be filled with 100% pure water in the fuel/cladding gap 
to account for the possibility of water being entrained in the fuel pin and because it 
has a slight positive effect on reactivity. 

5. The fuel pellet stack was conservatively modeled at 96.5% of theoretical density with 
no allowance for dishing or chamfer. For ATRIUM 11 fuel assemblies, the value is 
98.045% of theoretical density. For GNF2fuel assemblies, the value is 97% of 
theoretical density. Although the GNF2 damaged fuel assemblies are modeled with 
96.5%. As demonstrated in Table 6-36 the reactivity impacts due to differences in the 
two values is statistically insignificant. 

6. Water density at optimum internal and external moderator density. 

7. Only the active fuel length of each assembly type is explicitly modeled. The presence 
of the plenum, end fittings, and channels above and below the active fuel reduce the 
keff of the system; therefore, these regions are modeled as water or the reflective 
boundary conditions. For the cases with reflective boundary condition, the model is 
effectively infinitely long. For intact fuel the active fuel region is conservatively 
assumed to start level with the bottom of the poison plates even though the fixed 
poison spans the entire length of the basket. 

8. For all of the transportation hypothetical accident conditions (HAC) cases the neutron 
shield and stainless steel skin of the cask assumed to be replaced with external 
moderator. 

9. The least material condition (LMC) is assumed for the fuel compartment, poison 
plates and wrappers. This minimizes neutron absorption in the steel sheets and poison 
plates. 

10. The maximum allowed gap between the poison plates in the worst case position is 
explicitly modeled to maximize keff. 
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conclusions about relative reactivity. Above all, the limit of 58 fueled rods (and 6 water rods) 
was arrived at so that the keff of this analyzed configuration is at least 3cr below the most reactive 
GE lOxlO fuel lattice. 

A typical input file is included in Appendix K, Section K.6.6.2. The results of these calculations 
are listed in Table T.6-6. The most reactive fuel lattice evaluated for the canister design is the 
GE 1Oxl0, without a fuel channel. This result applies to the entire fuel assembly list in Table 
T.6-3 except GNF2 and ATRIUM 11. These fuel assemblies are evaluated individually in their 
most reactive configu,ration. 

B. Determination of the Most Reactive Configuration-Intact Fuel 

The fuel-loading configuration of the canister/cask affects the reactivity of the package. Several 
series of analyses determined the most reactive configuration for the canister/cask. 

For this analysis, the canister/cask is modeled over the active fuel height of the fuel assembly 
with reflective boundary conditions on all sides of the model. This represents an infinite array in 
the x-y direction of canister/casks that are infinite in length. The canister/cask model for this 
evaluation differs from the actual design in the following ways: 

• the B-10 absorber loading in the poison plates is lower than specified, 

• maximum gaps between poison plates are modeled in their worst case configuration, 

• the stainless steel rails which hold the Type 1 DSC basket together are modeled as water, 

• the rail structure for the Type 2 DSC basket are modeled using solid aluminum with 
water holes at the eight comer locations, and 

• the neutron shield and the skin of the cask are conservatively modeled as water. 

The models are fully described in Section T.6.3.1 except for the additional considerations for 
paired aluminum/poison plates and the representation of the Type 2 DSC basket. These 
additional modeling considerations are described in this section. The purpose of these models is 
to determine the most reactive configuration for intact fuel assemblies. 

The first series of analyses determined the most reactive fuel assembly-to-assembly pitch. The 
GE lOxlO fuel assembly (determined in the previous section as the most reactive fuel assembly) 
with a lattice average fuel enrichment of 4.4 wt. % U-235 and a poison plate boron-10 loading of 
36.0 mg/cm2 are used in the model. The results in Table T.6-7 show the most reactive 
configuration occurs with minimum fuel assembly-to-assembly pitch. The model is similar to 
the model shown in Table K.6-4 and Figure K.6-2 of Appendix K, except that the nominal fuel 
cell size, nominal poison sheet thickness fuel clad OD are used, and the assemblies are moved 
within the fuel compartment to vary the fuel assembly-to-assembly pitch. 

The second set of analyses evaluates the effect of canister shell thickness on the system 
reactivity. The model starts with the most reactive fuel assembly-to-assembly pitch (minimum 
pitch) case above and the canister shell thickness is, varied from 0.49 to 0.55 inches. As 
demonstrated by the results the variation of shell thickness within the tolerance range is 
statistically insignificant. The nominal shell thickness is used throughout the rest of the analysis 
except that one additional case is added for the most reactive canister configuration (minimum 
poison plate thickness and minimum fuel cell size) to demonstrate that the slightly higher result 
for the maximum shell thickness is indeed a result of the statistics of the calculation. 
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by changing the Units 15, 17, 18, 19, 21, 22, 24, 25, 27, 29, 31, 50, 53, 55 and 57 such that the 
0.300" poison material is modeled as 0.125" borated aluminum poison and the remaining as 
aluminum. The KENO Unit 25 is split into Units 125 and 225 so that the poison and aluminum 
are modeled separately. Similar treatment is accorded to Units 27, 29 and 31. This parametric 
evaluation scoping is also extended to include Baral® material as the poison. The Baral® 
material is modeled based on the specification shown in Table T.6-1 for a B-10 loading of 36 
mg/cm2 and a thickness of 0.064". The results of this evaluation demonstrate that the effect of 
modeling the paired plates is statistically insignificant. The results also show that the effect of 
the various poison plate material specifications is also statistically insignificant as long as the 
amount of absorber material present in the model does not change. The statistically insignificant 
results arising due to the variation in the thickness of the poison plates (0.300", 0.125" and 
0.064") and hence, the thickness of the aluminum plates indicates that there is no reactivity effect 
due to the modeling of cladding materials for the poison (like for Baral®). These results are 
shown in Table T.6-7. 

The KENO model implementation of the paired plates has been effected in three ways in the 
same input model. For Units 15, 17, 18, 19, 21, 22 and 24 the poison in the paired plates is 
surrounded by aluminum. For Units 25, 27, 29 and 31 the poison and the aluminum are modeled 
as two distinct plates. For Units 50, 53, 55 and 57 the aluminum in the paired plates is 
surrounded by poison. Though the geometry in the actual basket for the paired plates is expected 
to be similar to what is modeled in Unit 25, this representation provides further insight to the 
results shown in Table T.6-7 and the conclusions herein with regard to variation in the poison 
plate and aluminum plate thicknesses. Therefore, treatment of paired plates does not result in 
any significant change in the system reactivity. 

The ninth set of calculations determines the effect of basket rail modeling on the system 
reactivity. In order to obtain an acceptable, yet conservative model for both Type 1 and Type 2 
DSC basket designs, the peripheral rails were modeled with solid aluminum and 7.5 cm 
(approximately 5.9" diameter, about 15% less than the actual water volume fraction at those 
locations) water holes in the eight comer positions. The configuration is similar to that shown in 
Appendix K, Table K.6-4. The water holes (circular cross section) were also modeled using 
water squares to determine the effect due to the "hole" geometry. The results of this evaluation 
indicate that the assumption of solid aluminum rails with water holes conservatively bounds the 
internal moderator rails for the Type 1 DSC basket. It is also clear from the results that the use 
of solid aluminum as a rail material alone results in an overly conservative model. These results 
are shown in Table T.6-7. The water area calculations are shown in Section T.6.6.2. 

Finally, minimum boron loading in the poison plate as a function of lattice average initial 
enrichment is evaluated. These models represent the most reactive intact fuel assembly (GE12, 
I Oxl 0) with a minimum assembly-to-assembly pitch, nominal shell thickness, minimum paired 
plate thickness, minimum fuel clad OD, minimum fuel cell width with full internal and optimum 
external moderator density. Moreover, the calculational criticality analysis KENO model is also 
based on internal moderator gaps, paired plates with minimum poison thickness, solid aluminum 
rails with water holes that bounds both the Type 1 and Type 2 DSC basket designs. 

Note that the criticality results for GNF2 and ATRIUM 11 fuel assemblies are obtained using the 
subject fuel assemblies instead of a representative model. For the GNF2 fuel assembly, the 
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criticality evaluations are performed in three DSC basket types - Type 1 and 2 with A, C, and F 
The criticality results indicate that maximum allowable enrichment for the three baskets 
determined/or the GE12fuel are also applicable for the GNF2fuel assembly. The results are 
provided in Table T.6-26 and Table T.6-27. For the ATRIUM 11 fuel assembly, criticality 
evaluations are performed using the Type 2F basket and the results indicate that the maximum 
allowable enrichment in is reduced by 0.55 wt. % U-235 from that allowed for the GE12fuel 
assembly. The results are provided in Table T.6-28. 

The B-10 areal density in the poison plate (and hence thickness of the poison plate) is varied to 
determine the maximum lattice average fuel assembly enrichment. Thus, these cases can be 
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used to specify the minimum B-10 poison plate loading (and the appropriate thickness) as a 
function of maximum lattice average assembly enrichment. The results are reported in Table 
T.6-8. For selected poison plate loadings, the criticality analyses results are reported for Type 1 
and Type 2 DSC baskets separately because it was necessary to maintain the same B- l 0 loading 
and maximum lattice enrichment as determined in Appendix K. In order to ensure that there is 
no significant change in the results due to poison type (as discussed in earlier evaluations), some 
of the most reactive cases are re-run with Bora!® as the poison material. These cases are 
modeled with slightly lower poison loading so that appropriate conclusions can be drawn for the 
applicability of these results for aU cases. One case with MMC is also analyzed. It may be noted 
that since the MMC poison material composition is similar to that of Boral® poison, additional 
runs with this poison for other thicknesses are not necessary. 

The most reactive case is modified to model the paired plates "correctly" to determine if there is 
any significant variation due to poison material distribution within the basket.. A comparison of 
the results indicates that the paired plate geometry as implemented in the design basis KENO 
model is adequate. 

The Type 1 DSC basket is modeled similarly to the bounding model described above except that 
the rail material is based on internal moderator and not aluminum with water holes. 

The dry case keff results for intact fuel are shown in Table T.6-8. The dry keff calculations were 
not performed for all the enrichment types but only for the most reactive fuel enrichment. This is 
done due to the assertion that the most reactive optimum moderator density configuration is most 
likely to yield the most reactive dry configuration and that the differences in reactivity at dry 
conditions are insignificant. The dry case keff result for shielding analysis to determine the sub
critical multiplication factor at an enrichment of 2.6 wt.% U-235 is also shown in Table T.6-8. 

Note that for ATRIUM 11 fuel assemblies, a separate dry case is presented in Table T. 6-8 along 
with the optimum moderator density configuration that will likely yield the most reactive dry 
configuration. 

The KENO input file for the most reactive intact assembly case is listed in Section T.6.6.4. 

C. Determination of the Most Reactive Configuration - Damaged Fuel 

This section determines the most reactive configuration for the damaged fuel. This evaluation 
includes sensitivity calculations to determine the most reactive damaged fuel model with 7x7 and 
8x8 lattices and then, subsequently, to determine the most reactive fuel assembly design. All the 
discussion and results for the 7x7 and 8x8 models (Case 1 through Case 17) are directly from 
Appendix K, Section K.6.6.3. · 

Five damaged fuel configurations are evaluated using two assembly arrays, 7x7 and 8x8, to 
demonstrate that a fuel assembly with up to seven fuel rods with gross cladding damage and a 
peak pellet enrichment of 4.4 wt.% U-235 and a lattice average of 4.0 wt.% U-235 will remain 
subcritical under all conditions of transfer and storage. These models evaluate the effects of 
radial movement of fuel rod pieces (the result of "single-ended" breaks), and axial movement 
(the result of "double-ended" breaks). The models all include water in the fuel pellet cladding 
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annulus. Section T.6.6.3 (almost identical to Appendix K, Section K.6.6.3) includes a more 
detailed description of these models. 

GE 7x7 Array: The first two models, Case 1 and Case 2, are used to demonstrate that the 
difference between reflective and water boundary conditions on the ends has a minimal effect on 
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One important difference between the design basis intact assembly models and the damaged 
assembly models is in the treatment of axial boundary conditions. In the intact assembly models, 
the axial boundary conditions are reflective and therefore, the fuel assembly length was 
essentially infinite axially (conservative modeling). In the case of the damaged assembly 
models, a fuel assembly active length of 144" was utilized with an additional 12.5" of shifted 
damaged row ofrods and water boundary conditions axially. The active fuel length of the GE 
lOxlO assembly is 150" and even though it is expected to contain at least 6" length of blankets, it 
is necessary to evaluate the effect of an increase in the active fuel length, if any, on the system 
reactivity. 

Case ID 25 was modified to create the Case ID 26 where the active fuel length was increased to 
150". These results are also shown in Table T.6-11 and indicate that there is no significant 
change in the system reactivity due to the modeling of shorter active fuel length. 

Case ID 23 was modified to create Case ID 27 where the outermost damaged rows of rods was 
modeled without cladding (clad replaced with internal moderator). This configuration is 
expected to result in an increase in keff because of the fact that fuel assemblies, in general, are 
undermoderated. Therefore, increasing the moderation by replacing the clad with moderator will 
result in an increase in keff. Variations to the above case included modeling the two outermost 
rows ofrods with bare fuel, Case ID 28. The results of these cases are also shown in Table 
T.6-11. The most reactive configuration for the double shear cases is based on the Case ID 28, 
as expected, since it contains more bare rods. 

The optimum rod pitch case, Case ID 29, was based on a modification to Case ID 23 except that 
there was no "UP" modeling included in the model. The "Dancoff' factor to be used to describe 
the damaged lattice is obtained from the rod array cases documented in Table T.6-10. A 
comparison of the keff obtained from this case, also shown in Table T .6-11, with the design basis 
double shear case from the previous evaluation (Case ID 28) clearly shows that the worst case 
damaged assembly configuration is based on the optimum rod pitch model. 

Finally, minimum boron loading in the poison plate as a function of lattice average initial 
enrichment is evaluated. These models represent the DSC with the most reactive damaged fuel 
assemblies (GE12, lOxlO, optimum pitch, 95 rods) for both the 4 and 16 assembly loading 
configurations with the most reactive configuration determined in the previous analyses. The 
remaining locations are loaded with the most reactive intact fuel assembly (GE12, lOxlO) with 
the most reactive configuration determined in Section T.6.4.2B. The calculational criticality 
analysis KENO model is also based on internal moderator gaps, paired plates with minimum 
poison thickness, solid aluminum rails with water holes that bounds both the Type 1 and Type 2 
DSC basket designs. Above all, all the damaged assembly criticality models for the paired plates 
are based on the "correct" arrangement (as described at the end of Section T.6.4.2B) of these 
plates. All the damaged assembly calculations are carried out with the borated aluminum poison. 

Note that the criticality results for GNF2 and ATRIUM 11 fuel assemblies are obtained using the 
subject fuel assemblies instead of a representative model. For the GNF2 fuel assembly, the 
criticality evaluations are performed in three DSC basket types-: Type 1 and 2 with A, C, and F 
The criticality results indicate that maximum allowable enrichment for the three baskets 
determined/or the GE12fuel are also applicable for the GNF2fuel assembly. 
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The results for four damaged fuel assemblies are provided in Table T.6-29 and Table T.6-30, 
while for those with 16 damaged fuel assemblies are provided in Table T.6-32 and Table T.6-33. 
For the ATRIUM 11 fuel assembly, only up to four damagedfael assemblies are authorized for 
storage with the remaining intact. The criticality evaluations are performed using the Type 2F 
basket and the results indicate that the maximum allowable enrichment is reduced by 0.55 wt. % 
U-235 from that allowed for the GE12fuel assembly. The results are provided in Table T.6-31. 

A sensitivity calculation was performed to determine the effect of the specification of the second 
lattice or the "Dancoff' factor in the criticality analyses. This is due to the fact that both the 
intact and damaged fuel assemblies can be specified as the second lattice. The "Dancoff' factor 
for the intact fuel assemblies is 2.6461172E-01 while that for the damaged fuel assemblies is 
l.4377643E-Ol. 
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may slide into and increase the reactivity of the system as this region does not have basket 
poison plates. The length of 16 inches is conservatively chosen to bound the length of top grid 
axial length, which for current designs is maximum 14.5 inches (Appendix T.1). The most 
reactive configuration search includes the variation of assembly position inside the compartment 
and of the material filling around the failed fuel compartments in the 16 inches axial region 
outside the basket. This 16-inch axial region variation is evaluated using water, aluminum, or an 
approximate model of the top grid is used in order to cover a wide range of design variations that 
might affect the top grid region. The input models for configurations with 4 failed fuel 
assemblies in Table T.6-14 are constructed by changing the model of the design basis input for 
loading configuration with 4 damaged assemblies to represent the failed fuel loaded in the 
designated peripheral compartments in basket. Similarly, the input models for configurations 
with 4 failed fuel and 12 damaged fuel assemblies in Table T.6-19 are constructed by changing 
the model of the design basis input for loading configuration with 16 damaged assemblies to 
represent the failed fuel loaded in the designated peripheral compartments in basket. The KENO 
model plot of the 4 failed/57 intact assembly configuration is shown in Figure T.6-7. The input 
file listing for this case is provided in Section T.6.6.6. The KENO model plot of the 4 failed/12 
damaged/45 intact assembly configuration is shown in Figure T.6-8. The input file listing for 
this case is also provided in Section T.6.6.6. 

Finally, minimum boron loading in the poison plate as a function of lattice average initial 
enrichment is evaluated. These models represent the DSC with the most reactive failed fuel 
compartment configuration (GE, 1Oxl0, optimum pitch, de-cladded rods, no rods removed, as 
shown in Table T.6-18), most reactive damaged fuel assemblies (GE, 1Oxl0, optimum pitch, 
95 rods, as shown in, Table T.6-10) in both loading configurations investigated, with 4 failed 
fuel compartments, and with 4 failed fuel compartments and 12 damaged assemblies. The 
remaining locations are loaded with the most reactive intact fuel assembly (GE12, 1Oxl0) with a 
minimum assembly-to-assembly pitch, nominal shell thickness, minimum fuel clad OD, 
minimum poison thickness, minimum fuel cell width with full internal and optimum external 
moderator density. The calculational criticality analysis KENO model is also based on internal 
moderator gaps and solid aluminum rails with water holes that bounds Type-2 basket design. All 
the failed fuel calculations are carried out with the borated aluminum poison. 

Note that the criticality results for GNF2 fuel assemblies are obtained using the subject fuel 
assemblies instead of a representative model. For the GNF2 fuel assembly, the criticality 
evaluations are performed in the Type 2 DSC and three basket types -A, C, and F. The 
criticality results indicate that maximum allowable enrichment for the three baskets determined 
for the GEJ 2 fuel are also applicable for the GNF2 fuel assembly. The results are provided in 
Table T.6-34 and 35. 

The B-10 areal density in the poison plate is varied to determine the maximum lattice average 
fuel assembly enrichment. Thus, these cases can be used to specify the minimum B-10 poison 
plate loading (and the appropriate thickness) as a function of maximum lattice average assembly 
enrichment. The results are reported in Tables T.6-20 and T.6-21. 

The dry case calculations are performed for the most reactive initial enrichment/poison plate 
loading combination. The case selected for performing the dry calculations is based on the most 
reactive fully flooded case (100% internal and external moderator density). For the dry cases, 
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which include evaluation at different internal moderator densities, the Dancoff factors are 
obtained from separate KENO runs. 

T.6.4.3 Criticality Results 

Table T .6-14 lists the results as applicable to the various storage conditions. 

The criterion for subcriticality is that 
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kKENo + 2crKENo < USL, where USL is the upper subcritical limit established by an 
analysis of benchmark criticality experiments. From Section T.6.5, the minimum 
USL over the parameter range (in this case, lliS,e;rpjy}_<Jp/iratioiJ,) is ~f21LQ. 
From Table T.6-14, for the most reactive case, 

kKENO + 2crKENO = ~j[B"~ + ~~{q;~oxn = lpipi91J < ~.g{!_~Q. 
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Table T.6-1 
Minimum BQto Content as a Function of Enrichment 

Maximum Lattice Average Initial 
Minimum B-10 Content (gram/cm2

) Enrichment (wt. % U-235) 
Upto4 5 or More 

Poison ID Damaged Damaged 
Assemblies Assemblies ·.• 

Intact (Corner (Interior Utilized in Specified for Specified for 
Assemblies Locations)<1><3J Locations)<1> this Analysis 90% Credit 75% Credit 

TypelDSC 
A 3.70 3.70 2.80 0.019 0.021 O.Q25 
B 4.10 4.10 3.10 0.029 0.032 0.038 
c 4.40 4.40 3.20 0.036 0.040 0.048 
D 4.60 4.60 3.40 0.043 0.048 0.058 
E 4.80 4.80 3.50 0.050 0.055 0.066 
F 5.00 5.00 3.60 0.056 0.062 O.Q75 

Type2 DSC 
A 3.70(l) 3.70f'I 2.80 0.020 0.022 0.027 
B 4.10 4.10 3.10 0.029 0.032 O.Q38 
c 4.40 4.40 3.20 O.Q38 0.042 0.050 
D 4.60 4.60 3.40 0.043 0.048 0.058 
E 4.80 4.80 3.50 0.050 0.055 0.066 
F 5.00f.&) 5.oor:q 3.60 0.056 0.062 O.Q75 

Up to 4 Failed Up to 4 Failed Assemblies 
Assemblies (Corner Locations) and up 

(Corner 
Locations )<1><4J 

to 12 Damaged Assemblies 
(Peripheral Locations)<1> 

A 3.70 3.70 3.00 0.020 0.022 0.027 
B 4.10 4.00 3.10 0.029 0.032 0.038 
c 4.40 4.40 3.40 0.038 0.042 0.050 
D 4.60 4.60 3.40 0.043 0.048 0.058 
E 4.80 4.80 3.40 0.050 0.055 0.066 
F 5.oor>; 5.oor>; 3.50 0.056 0.062 0.075 

·. :~7Dam{lg~lF,~e(at:3.3Q ~1: :%> 
.. .u-2.H . 

. (1) See Figure T.2-9 of Chapter T.2 for the locations of these assemblies in the DSC. 
(2) For ATRIUM I I fuel assemblies, the U-235 wt. % enrichment is reduced by 0.55%. The ATRIUM I I fuel assemblies 

are authorized for storage in the Type 2F DSC only. 
(3) ATRIUM I I fuel assemblies are authorized/or storage only in the Type 2F basket with a maximum of four damaged 

and intact fuel assemblies. 
(4) ATRIUM I I failed fuel assemblies are not authorized for storage in the DSC. 
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Table T.6-2 
Authorized Contents for NUHOMS®-61BTH System 

General Electric 7x7 /GEl 7x7 

General Electric 7x7 /GE2 7x7 

General Electric 7x7 /GE3 7x7 

Exxon/ANF 7x7 /ENC III-A 7x7 

Exxon/ ANF 7x7 /ENC III 7x7 

General Electric 8x8 /GE4 8x8 

General Electric 8x8 /GES 8x8 

General Electric 8x8 /GE-Pres 8x8 

General Electric 8x8 /GE-Barrier 8x8 

General Electric 8x8 /GE8 Type I 8x8 

General Electric 8x8 /GE8 Type II 8x8 

General Electric 8x8 /GE9 8x8 

General Electric 8x8 /GElO 8x8 

Exxon/ANF 8x8 /ENC Va and Vb 8x8 

Framatome ANP 8x8-62/2 8x8 

General Electric 9x9/GEl1 9x9 

General Electric 9x9 I GEl3 9x9 

Siemens QFA 9x9 

Framatome ANP 9x9-79/2 [F ANP9] 9x9 

General Electric 10x10/GE12 lOxlO 

General Electric 10x10/GE14 lOxlO 

Framatome ANP ATRIUM-10/ATRIUM-lOXM lOxlO 

General Electric 1Ox10 - 9212 I GNF2 10x10 

AREVA ATRIUM 11 (1) 11X11 
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Manufacturer<1l 

GE 
GE 
GE 

Exxon/ANF 
Exxon/ANF 

GE 
GE 
GE 
GE 
GE 
GE 
GE 
GE 

Exxon/ANF 
Framatome ANP 

GE 

Framatome ANP 
Siemens 

GE 

Framatome-ANP 

GE 

AREVAr12J 
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Table T.6-3 
Parameters for BWR Assemblies for Shipment 

(Part 1 of2) 

Active Fuel 
Number Fuel 

Array Version Rods per 
Length (in) 

Assemblv 
7x7 GEl 144 49 
7x7 GE2 144 49 
7x7 GE3 144 49 
7x7 ENC III-A 144 49 
7x7 ENC III 144 48 
8x8 GE4 146 63 
8x8 GE5 150 62 
8x8 GE-Pres 150 62 
8x8 GE-Barrier 150 62 
8x8 GE8 Type I 150 62 
8x8 GE8 Type II 150 60 
8x8 GE9 150 60 
8x8 GElO 150 60 
8x8 ENC Va and Vb 144 60 
8x8 8x8-62/2 150 62 

9x9 
GEll 146 - Full 74 
GE13 50-146 - Partial 

9x9 9x9-79/2 150 79 
9x9 QFA 145.24 72 

lOxlO 
GE12 150 - Full 92 
GE14 50-150 - Partial 

ATRIUM-IO/ 
lOxlO ATRIUM- 150 91 

lOXM 
JOxlO GNF JOxl0-9212 150-Full 92 

59.4-110.8 -Partial 

llxll ATRIUM Ji 150-Full 112 
55.9-88 -Partial 

72-1004 Amendment No. 15 

Fuel 
Pitch (in) Pellet OD 

(in) 

0.738 0.487 
0.738 0.487 
0.738 0.487 
0.738 Note2 
0.738 Note 3 
0.640 0.416 
0.640 0.411 (8) 

0.640 0.411 (8) 

0.640 0.411(8) 

0.640 0.411 (8) 

0.640 0.411 
0.640 0.411 
0.640 0.411 
0.642 0.4195 
0.641 Note 4 

0.566 0.376 

0.572 0.3565 
0.569 0.3737 

0.510 0.345 

0.3413/ 
0.510 0.350(IO) 

0.510 0.350 

0.502(JJ) 0.320 
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Table T.6-3 
Parameters for BWR Assemblies for Shipment (Concluded) 

(Part 2 of2) 

Clad' 
Clad OD 

Water Water 
Manufacturer (I) Array Version Thickness Rod on<5l Rod ID 

(in) (in) (in) (in) 
GE 7x7 GEl 0.032 0.563 NA NA 
GE 7x7 GE2 0.032 0.563 NA NA 
GE 7x7 GE3 0.032 0.563 NA NA 

Exxon/ANF 7x7 ENC III-A 0.0355(6) 0.570 NA NA 
Exxon/ANF 7x7 ENC III 0.0355(6) 0.570 0.57zC9l NA 

GE 8x8 GE4 0.034 0.493 0.493 0.425 
GE 8x8 GE5 0.032 0.483 0.591 0.531 
GE 8x8 GE-Pres 0.032 0.483 0.591 0.531 
GE 8x8 GE-Barrier 0.032 0.483 0.591 0.531 
GE 8x8 GE8 Type I 0.032 0.483 0.591 0.531 

GE 8x8 GE8 Type II 0.032 0.483 
2@0.591 2@0.531 
2@0.483 2@0.419 

GE 8x8 GE9 0.032 0.483 1.34 1.26 
GE 8x8 GElO 0.032 0.483 1.34 1.26 

Exxon/ANF 8x8 ENC Va and Vb 0.036 0.5015 0.5015<9
) NA 

Framatome-ANP 8x8 8x8-62/2 0.035 0.484 0.484 0.414 
GE 9x9 GE11 0.028 0.440 0.98 0.92 
GE 9x9 GE13 0.028 0.440 0.98 0.92 

Framatome-ANP 9x9 9x9-79/2 0.030 0.424 0.425 0.364 
Siemens 9x9 QFA 0.0262 0.433 1.516(7) 1.458 

GE lOxlO GE12 0.026 0.404 0.98 0.92 
GE lOxlO GE14 0.026 0.404 0.98 0.92 

ATRIUM-10/ 
0.0239/ 0.3957/ 

Framatome-ANP lOxlO ATRIUM- o.0244(lO) 0.405(lO) 1.378(7) 1.321 
lOXM 

GE lOxlO GNF lOxl0-9212 0.0236 0.404 0.980 0.92 
AREVA 02J llxll ATRIUM 11 0.0224 0.372 1.366(?) 1.299 

Notes: 
(1) Reload fuel from other manufacturers with these parameters are also acceptable. 
(2) Variable Fuel Pellet OD- evaluated from 0.468 to 0.488 in same assembly. 
(3) Variable Fuel Pellet OD-evaluated from 0.468 to 0.491 in same assembly. 
(4) Variable Fuel Pellet OD-evaluated from 0.4045 to 0.4055 in same assembly. 
(5) Water rods for some fuel designs occupy more than one lattice position. Therefore, the number of water pin positions 

can be determined by subtracting the number of fuel rods from the total number oflattice positions for the array. As an 
example, the GE 1Ox10 fuel assembly has two water rods that occupy eight pin positions. 

(6) Variable Fuel Clad Thickness -Thinnest clad thickness listed and conservatively used in the analysis. 
(7) The water rod is more like a water box occupying 9 pin positions (3x3 pin array) and the ID and OD refer to Inside and 

Outside Dimensions of the box. 
(8) Variable Fuel Pellet OD - evaluated from 0.410 to 0.411 in same assembly 
(9) Solid Zirc rod(s) 
(JO) Value is specific to ATRlUM- lOXM Fuel 
(11) The pitch for the ATRIUM 11 FA class varies axially from 11.75 mm at the bottom spacer to up to 12.75 mm at the top 

spacer. The pitch reported is the maximum value of 12. 75 mm, which is conservative. 
(12) ATRIUM 11 fuel assemblies are authorized for storage only in the Type 2F basket with a maximum of 4 failed fuel 

assemblies. 
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-------------------------------------------------------------------------. 

Description of Evaluation 

Determine the most reactive 
intact fuel asse.mbly design 

Determine the most reactive 
configuration with intact fuel 
assemblies 

Intact assembly criticality 
analyses 

Determine the most reactive 
damaged assembly mechanism 
and configuration 

Damaged assembly criticality 
analyses 

Determine most reactive failed 
assembly configuration 

Failed assembly criticality 
analyses 

57 damagedfuelas:Semblies at · 
3.3 wt. % U-235 with 4 either 
damaged at 4.2 wt. % U-235 
or intact at 5.0 wt.·% U-235. 

GNF2 and ATRIUM 11 intact 
fuel assemblies. 

GNF2 and ATRIUM 11 4 
damagedfuel assemblies. 

GNF2 16 damagedfuel 
assemblies. 

GNF2 4 failed & 4 failed+ 12 
damagedfuel assemblies. 
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Table T.6-4 
Summary of Criticality Analyses 

Summary of Analyses Reference 

Reactivity of various GE, and Exxon (7x7 and 8x8) fuel assemblies are 
Appendix K.6 

compared. 

Reactivity of the Framatome-ANP 8x8, 9x9, Siemens QFA and Atrium 
lOxlO fuel assemblies are compared. In addition, the number of fuel rods 

Appendix T.6 for GE 8x8 assembly is varied from 63 to 54 to allow these fuel 
assemblies with missing rods to be treated as intact assemblies. 

The reactivity effect of the various DSC and fuel assembly geometry and 
material design parameters like assembly pitch, DSC shell thickness, 
poison thickness, fuel cladding OD, fuel cell width, internal and external Appendix K.6 
moderator density are evaluated. 

KENO model described in Figure K.6.2 is developed. 

The reactivity effects of additional parameters like paired poison I 
aluminum plate thicknesses and rail material modeling for Type 2 DSC 
basket design are evaluated. Appendix T.6 
The design basis criticality analysis KENO model shown in Figure T.6-3 
for intact assemblies is developed. 

Using the design basis KENO model the lattice average enrichment of 
Appendix T.6 

intact fuel assemblies as a function of fixed poison loading is determined. 

Reactivity of various postulated damaged assembly mechanisms for 7x7 
and 8x8 fuel assemblies are compared using a minor modification to the Appendix K.6 
KENO model described in Appendix K, Section K.6.6.3. 

The reactivity of the double shear mechanism for Siemens 9x9 QFA and 
the GE lOxlO fuel assemblies are compared using the KENO model Appendix T.6 
described in Appendix T, Section T.6.6.3. 

The fuel rod pitch is varied for all assembly classes to determine the 
optimum pitch for each design. Additionally, rods are removed to 
determine the most reactive rod loading pattern within a lattice. This will Appendix T.6 
determine the most reactive fuel assembly configuration for the rod pitch 
mechanism. 

The design basis criticality analysis KENO model for damaged 
assemblies is developed by synthesizing the KENO model geometries 

Appendix T.6 
developed for most reactive intact configuration (basket and intact fuel) 
and the most reactive damaged configuration (rod pitch). 

Using the design basis KENO model the lattice average enrichment of 
damaged fuel assemblies as a function of fixed poison loading for the 4 Appendix T.6 
and 16 damaged assembly configurations is determined. 

The most reactive damaged configuration is further evaluated for rod 
pitch and axial movement to determine the most reactive failed Appendix T.6 
configuration. 

Using the design basis KENO model, the enrichment of failed assemblies 
Appendix T.6 

as a function of fixed poison loading is determined. 
•,' , " ' ' , ' : " , '' .~ ', ' ' ~- , "" 

The starting KENO.model is the configuration found ilJ Table T.6-12 with .. 

intact at 4.6wt. % ·u~j35 and Damagedat.5:0 wt. U-235,·43.2 mg. Appendix T. 6 
B~JO/cm2, BIA/um 0.153". 

" ·. 
The starting KENO model is the most reactive fuel assembly. Compare Appendix T. 6 
the reactivity of the GNF2 and ATRIUM 11 fuel assemblies with that of 
GE12. Utilize the models for the final results in Table T.6-8, T.6-12, and 
T.6-13. 
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Manufacturer 

GE 
GE 
GE 
GE 

Exxon/ANF 
Exxon/ANF 
Exxon/ANF 
Exxon/ANF 

GE 

GE 

GE 
GE 
GE 
GE 
GE 
GE 
GE 
GE 

Framatome-ANP 
Framatome-ANP 
Framatome-ANP 
Framatome-ANP 
Framatome-ANP 
Framatome-ANP 
Framatome-ANP 
Framatome-ANP 

Siemens 
Siemens 
Siemens 
Siemens 

Framatome-ANP 

Framatome-ANP 

Framatome-ANP 

Framatome-ANP 

GE 
GE 
GE 
GE 

AREVA 
AREVA 
AREVA 
AREVA 
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Table T.6-6 
Most Reactive Fuel Type 

(Continued) 

Array Version kKENO 

8x8 GE9, GEIO 0.9043 
8x8 0.120 channel GE9, GEIO 0.9062 
8x8 0.080 channel GE9, GEIO 0.9054 
8x8 0.065 channel GE9, GEIO 0.9052 

8x8 ENC Va and Vb 0.8851 
8x8 0.120 channel ENC Va and Vb 0.8827 
8x8 0.080 channel ENC Va and Vb 0.8831 
8x8 0.065 channel ENC Va and Vb 0.8821 

8x8 w/variable 
GE5 0.8951 enrichment 

8x8 w/variable 
GE9 0.9008 

enrichment 
9x9 GEii, GEl3 0.9042 

9x9 0.120 channel GEii, GEl3 0.9025 
9x9 0.080 channel GEii, GEl3 0.9066 
9x9 0.065 channel GE!I, GEl3 0.9040 

lOxlO GE12, 14 0.9095 
IOxIO 0.120 channel GEl2, 14 0.9094 
IOxIO 0.080 channel GEl2, 14 0.9092 
IOxIO 0.065 channel GEl2, 14 0.9076 

The results shown in this part of the table are based on CSAS25 runs. 
8x8<4l 8x8-62/2 0.8991 

8x8 0.120 channel 8x8-62/2 0.8966 
8x8 0.080 channel 8x8-62/2 0.9005 
8x8 0.065 channel 8x8-62/2 0.8973 

9x9 9x9-79/2 0.9072 
9x9 0.120 channel 9x9-79/2 0.9065 
9x9 0.080 channel 9x9-79/2 0.9075 
9x9 0.065 channel 9x9-79/2 0.9054 

9x9 QFA 0.9078 
9x9 0.120 channel QFA 0.9084 
9x9 0.080 channel QFA 0.9085 
9x9 0.065 channel QFA 0.9077 

IOxIO Atrium- I 0/ Atrium-IOXM(6
) 0.9070/ 0.9071 

IOxIO 0.120 channel Atrium- IO/ Atrium- I OXM<6l 0.90701 0.9059 

IOxIO 0.080 channel Atrium- IO/ Atrium- I OXM<6l 0.9081/ 0.9067 

IOxIO 0.065 channel Atrium- IO/ Atrium- I OXM<6l 0.90721 0.9058 

lOxlO GNF2 lOxl0-9212(7) 0.9120 
JOxlO 0.120 channel GNF2 lOxl0-9212(7) 0.9097 
lOxlO 0.080 channel GNF2 10x10-92d7J 0.9100 
lOxlO 0.065 channel GNF2 10xl0-92f2<7J 0.9120 

llxll ATRIUM l 1r7J 0.9452 
llxll 0.120 channel ATRIUM l 1r7J 0.9423 
llxll 0.080 channel ATRIUM 11r7J 0.9438 
11x11 0.065 channel ATRIUM 11(7) 0.9443 

72-1004 Amendment No. 15 

l<J k.rr 
0.0013 0.9069 
0.0013 0.9088 
0.0011 0.9076 
0.0014 0.9080 
0.0011 0.8873 
0.0011 0.8849 
0.0012 0.8855 
0.0014 0.8849 

0.0011 0.8973 

0.0013 0.9034 

0.0014 0.9070 
0.0014 0.9053 
0.0012 0.9090 
0.0013 0.9066 
0.0013 0.9121 
0.0010 0.9114 
0.0013 0.9118 
0.0011 0.9098 

0.0013 0.9017 
0.0012 0.8990 
0.0014 0.9033 
0.0013 0.8999 
0.0015 0.9I02 
0.0013 0.9091 
0.0013 0.9101 
0.0012 0.9078 
0.0013 0.9I04 
0.0012 0.9108 
0.0012 0.9I09 
0.0012 0.9IOI 
0.0013/ 0.90961 
0.0011 0.9093 
0.0014/ 0.9098/ 
0.0011 0.9081 
0.0012/ 0.9105/ 
O.OOIO 0.9087 
0.0012/ 0.90961 
0.0013 0.9084 
0.0011 0.9142 
0.0014 0.9125 
0.0010 0.9120 
0.0011 0.9142 
0.0011 0.9474 
0.0012 0.9447 
0.0011 0.9460 
0.0012 0.9467 
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Table T.6-6 
Most Reactive Fuel Type 

(Concluded) 

Descriptiou<5l kKENO 10' 

GE 4 fuel from 1st page of this table 0.8951 0.0013 

GE 4, 62 fueled rods 0.8966 0.0012 

GE 4, 61 fueled rods 0.8973 0.0013 

GE 4, 60 fueled rods 0.8971 0.0012 

GE 4, 59 fueled rods, alternate 0.8964 0.0013 

GE 4, 59 fueled rods, alternate 0.8955 0.0013 

GE 4, 59 fueled rods, alternate 0.9043 0.0014 

GE 4, 59 fueled rods 0.9007 0.0011 

GE 4, 58 fueled rods, alternate 0.9048 0.0013 

GE 4, 58 fueled rods 0.8965 0.0013 

GE 12/14 fuel from 2°d page of this table 0.9095 0.0013 

(1) Small fuel pellet OD (Note large pellet OD identical to GEl analysis) 
(2) Small fuel pellet OD 
(3) Large fuel pellet OD 
(4) Used maximum pellet OD 

kerr 
0.8977 

0.8990 

0.8999 

0.8995 

0.8990 

0.8981 

0.9071 

0.9029 

0.9074 

0.8991 

0.9121 

(5) For certain fueled rod configurations, alternate arrangements have also been analyzed. 
(6) Evaluation performed at 95.5% of the theoretical density using SCALE5.0 [6.6]. Note that the 

Most Reactive Fuel Type analyses are carried out with 95% of the theoretical density for all the 
fuel types except for ATRIUM-IOXM. 

(7) Most reactivefael type analyses are carried out with 95% of the theoretical density for all the 
fael types exceptfor GNF2 and ATRIUM 11. 
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Table T.6-14 
Criticality Results 

Model Description kKENO 10' 

Ree:ulatorv Reauirements for Stora!!e 
Dry Storage (Bounded by infmite 

0.4633 0.0004 
arrav of undamaged casks) 
Normal Conditions (Wet Loading) 0.9378 0.0011 
Off-Normal Conditions (damaged 

0.9378 0.0011 transfer cask while fuel still wet) 

Design Basis Cases for Intact Fuel 

3.7 wt% U-235; 20.1 mgB-10/cm2 

0.9368 0.0010 
100%IMD 
4.1 wt% U-235; 28.8 mgB-10/cm 2 

0.9376 0.0012 
100 % IMD, Optimum EMD 

Design Basis Cases for Damaged Fuel 

Intact@ 4.4 wt% U-235; 
4 Damaged@ 5.0 wt% U-235 
37.5 mgB-10/cm2

, Type 2 0.9371 0.0012 

100%IMD 
Intact@4.1 wt% U-235; 
16 Damaged@3.l wt% U-235 

0.9375 0.0011 2 28.8 mgB-10/cm, 
100 % IMD, Optimum EMD 

Design Basis Cases for Failed Fuel 

Intact@ 5.0 wt% U-235; 
4 Damaged@ 5.0 wt% U-235 
56.2 mgB-10/cm2

, Type 2 
0.9375 0.0008 

100 % IMD, Optimum EMD 
Intact@4.1 wt% U-235; 
12 Damaged and 4 Failed@ 3.1 wt% 
U-235, 28.8 mgB-10/cm2

, Type 2 
0.9374 0.0011 

100 % IMD, Optimum EMD 

ATRIUM 11 Fuel Assembly 

Dry Storage (Bounded by infinite 
0.4844 0.0005 arrav of undamazed casks) 

Normal Conditions (Wet Loadinz) 0.9385 0.0011 
Off-Normal Conditions (damaged 

0.9385 0.0011 
transfer cask while fuel still wet) 

72-1004 Amendment No. 15 

kerr 

0.4641 

0.9400 

0.9400 

0.9388 

0.9400 

0.9395 

0.9397 

0.9391 

0.9396 

0.4854 

0.9407 

0.9407 
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Table T.6-26 
Criticality Analysis Results for GNF2 Intact Fuel - Type 1 DSC 

EMD(%) kKENO Ju keft 

Type 1 DSC only, intactfuel=3. 7%, 
18.9 mg B-10, B/Alum 0.102" 

1 0.9306 0.0010 0.9326 

10 0.9294 0.0011 0.9316 

30 0.9321 0.0011 0.9343 

50 0.9286 0.0010 0.9306 

70 0.9301 0.0011 0.9323 

90 0.9328 0.0013 0.9354 

100 0.9295 0.0010 0.9315 

Type 1 DSC only, intactfuel=4.4%, 
36.0 mf! B-10, B/Alum 0.127" 

1 0.9262 0.0010 0.9282 

10 0.9262 0.0012 0.9286 

30 0.9257 0.0010 0.9277 

50 0.9256 0.0010 0.9276 

70 0.9267 0.0011 0.9289 

90 0.9269 0.0010 0.9289 

100 0.9247 0.0012 0.9271 

Type 1 DSC only, intactfuel=5.0%, 
56.2 mg B-10, B/Alum 0.199" 

1 0.9283 0.0011 0.9305 

10 0.9278 0.0011 0.9300 

30 0.9241 0.0010 0.9261 

50 0.9259 0.0014 0.9287 

70 0.9238 0.0011 0.9260 

90 0.9297 0.0011 0.9319 

100 0.9269 0.0012 0.9293 
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Table T.6-27 
Criticality Analysis Results for GNF2 Intact Fuel - Type 2 DSC 

EMD(%) kKENO la keff 

Type 2 DSC only, Intact fuel=3. 7%, 
20.1 mg B-10, B/Alum 0.102" 

1 0.9291 0.0010 0.9311 

10 0.9273 0.0009 0.9291 

30 0.9293 0.0010 0.9312 

50 0.9292 0.0009 0.9309 

70 0.9292 0.0009 0.9310 

90 0.9278 0.0009 0.9296 

100 0.9291 0.0009 0.9309 

Type 2 DSC only, intactfuel=4.4%, 
37.5 mf! B-10, B/Alum 0.132" 

1 0.9269 0.0009 0.9287 

JO 0.9286 0.0009 0.9304 

30 0.9263 0.0009 0.9281 

50 0.9272 0.0010 0.9291 

70 0.9265 0.0009 0.9282 

90 0.9267 0.001 0.9286 

100 0.9251 0.001 0.9271 

Type 2 DSC only, intactfuel=5.0%, 
56.2 mg B-10, B/Alum 0.199" 

1 0.9283 0.0011 0.9305 

10 0.9278 0.0011 0.9300 

30 0.9241 0.0010 0.9261 

50 0.9259 0.0014 0.9287 

70 0.9238 0.0011 0.9260 

90 0.9297 0.0011 0.9319 

100 0.9269 0.0012 0.9293 
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Table T.6-28 
Criticality Analysis Results for ATRIUM 11 Intact Fuel-Type 2 DSC 

EMD(%) kxENO ](J ke11 
Type 2 DSC only, intact fue/=4.45%, 

56.2 mg B-10, BIA/um 0.199" 

I 0.9385 0.0011 0.9407 

10 0.9375 0.0012 0.9399 

30 0.9342 0.0010 0.9362 

50 0.9361 0.0010 0.9381 

70 0.9375 0.0011 0.9397 

90 0.9357 0.0013 0.9383 

JOO 0.9385 0.0011 0.9407 
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Table T.6-29 
Criticality Analysis Results for GNF2 (4 damaged) - Type 1 DSC 

EMD(%) kKENO Ju kejf 

Type 1 DSC only, intact fuel= 3. 7%, 
damaged=3. 7%, 18.9 mg B-10, 

BIA/um 0.102" 

J 0.9289 0.0011 0.9311 

JO 0.9285 0.0011 0.9307 

30 0.9300 0.0013 0.9326 

50 0.9273 O.OOJO 0.9293 . 

70 0.93JO O.OOJO 0.9330 

90 0.9290 O.OOJO 0.93JO 

JOO 0.9296 O.OOJ2 0.9320 
Type 1 DSC only, intactfue/=4.4%, 

damaged=4.4%, 4 damaged, 36.0 mg B-10, 
BIA/um 0.127" 

J 0.9263 0.0011 0.9285 

JO 0.9278 O.OOJO 0.9298 

30 0.929J 0.0014 0.93J9 

50 0.9262 0.0008 0.9278 

70 0.9263 0.0011 0.9285 

90 0.9274 0.0013 0.9300 

JOO 0.926 0.0011 0.9282 

Type 1 DSC only, intactfue/=5.0%, 
damaged=5.0%, 4 damaged, 56.2 mg B-10, 

BIA/um 0.199" 

J 0.9243 O.OOJ2 0.9267 

JO 0.9264 0.0010 0.9284 

30 0.9242 O.OOJO 0.9262 

50 0.9238 0.0011 0.9260 

70 0.9228 0.0012 0.9252 

90 0.9228 0.0011 0.9250 

JOO 0.9227 O.OOJO 0.9247 
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Table T.6-30 
Criticality Analysis Results for GNF2 (4 damaged) - Type 2 DSC 

EMD(%) kKENO Ju keff 
Type 2 DSC only, Intact fuel=3. 7%, 

Damaged=3.7%, 20.1 mg B-10, 
BIA/um 0.102" 

J 0.9302 O.OOJO 0.9322 

JO 0.9244 O.OOJO 0.9264 

30 0.9298 0.0009 0.93J7 

50 0.927 O.OOJO 0.9290 

70 0.9292 0.0008 0.9309 

90 0.9304 O.OOJO 0.9324 

JOO 0.929 0.0011 0.93J2 

Type 2 DSC only, intact fue/=4.4%, 
damaged=4.4%, 37.5 mg B-10, 

BIA/um 0.132" 

J 0.9272 0.0012 0.9296 

JO 0.9275 0.0010 0.9295 

30 0.9275 0.0008 0.929J 

50 0.9293 0.001 J 0.93J5 

70 0.929J O.OOJO 0.93JJ 

90 0.9289 0.0012 0.93J 3 

JOO 0.927 O.OOJ J 0.9292 

Type 2 DSC only, intactfue/=5.0%, 
damaged=5.0%, 56.2 mg B-10, 

BIA/um 0.199" 

J 0.927 O.OOJ J 0.9292 

JO 0.928J O.OOJ J 0.9303 

30 0.9297 0.0011 0.93J9 

50 0.9287 0.0012 0.93J J 

70 0.9305 0.0012 0.9329 

90 0.9282 0.0012 0.9306 

JOO 0.9297 0.0014 0.9325 
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Table T.6-31 
Criticality Analysis Results for ATRIUM 11 (4 damaged) - Type 2 DSC 

EMD(%) kKENO 1 (J keff 

Type 2 DSC only, intactfue/=4.45%, 
damaged=4.45%, 4 damaged, 
56.2 mt! B-10, BIA/um 0.199" 

I 0.9351 0.0012 0.9375 

10 0.9371 0.0011 0.9393 

30 0.9337 0.0011 0.9359 

50 0.9363 0.0012 0.9387 

70 0.9335 0.0013 0.9361 

90 0.9344 0.0010 0.9364 

JOO 0.9346 0.0010 0.9366 
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Table T. 6-32 
Criticality Analysis Results for GNF2 (16 damaged) - Type 1 DSC 

EMD(%) kKENO 1 (j keff 

Type 1 DSC only, intact fuel=3. 7%, 
damaged=2.8%, 16 damaged, 
18.9 mK B-10, BIA/um 0.102" 

J 0.9290 O.OOJO 0.93JO 

JO 0.929J 0.0013 0.9317 

30 0.9303 O.OOJO 0.9323 

50 0.9292 0.0011 0.9314 

70 0.9302 0.0012 0.9326 

90 0.929J 0.0008 0.9308 

JOO 0.93J5 0.0012 0.9339 

Type 1 DSC only, intactfue/=4.4%, 
damaged=3.2%, 16 damaged, 
36.0 mK B-10, BIA/um 0.127" 

J 0.9266 0.0012 0.9290 

JO 0.927J 0.0011 0.9293 

30 0.9262 O.OOJO 0.9282 

50 0.925J O.OOJO 0.927J 

70 0.9280 0.0009 0.9297 

90 0.9273 0.0011 0.9295 

JOO 0.9292 O.OOJ3 0.93J8 

Type 1 DSC only, intactfuel=S.0%, 
damaged=3.6%, 16 damaged, 
56.2 mK B-10, BIA/um 0.199" 

J 0.9263 0.0011 0.9285 

JO 0.9272 O.OOJ3 0.9298 

30 0.9267 O.OOJO 0.9287 

50 0.9248 0.0011 0.9270 

70 0.9256 O.OOJO 0.9276 

90 0.9249 0.0009 0.9266 

JOO 0.9253 O.OOJ3 0.9279 
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Table T.6-33 
Criticality Analysis Results for GNF2 (16 damaged) - Type 2 DSC 

EMD(%) kKENO la keff 

Type 2 DSC only, intact fue/=3. 7%, 
damaged=2.8%, 16 damaged, 
20.1 ml( B-10, BIA/um 0.102" 

J 0.93JJ O.OOJO 0.933J 

JO 0.9279 0.0011 0.930J 

30 0.9277 O.OOJO 0.9297 

50 0.9277 0.0014 0.9305 

70 0.9284 O.OOJO 0.9304 

90 0.9299 0.0011 0.932J 

JOO 0.9280 O.OOJO 0.9300 
Type 2 DSC only, intactfue/=4.4%, 

damaged=3.2%, 16 damaged, 
37.5 ml( B-10, B/Alum 0.132" 

J 0.9272 0.0012 0.9296 

JO 0.9289 0.0011 0.93J J 

30 0.9280 0.0009 0.9298 

50 0.9274 0.0011 0.9296 

70 0.9302 0.0011 0.9324 

90 0.9286 0.0011 0.9308 

JOO 0.9260 0.0011 0.9282 
Type 2 DSC only, intact fue/=4.4%, 

damaged=3.6%, 16 damaged, 
56.2 ml( B-10, B/Alum 0.199" 

J 0.9295 O.OOJO 0.93J5 

JO 0.9294 0.0011 0.93J6 

30 0.93JJ O.OOJO 0.933J 

50 0.9293 0.0011 0.93J5 

70 0.929J 0.0011 0.93J3 

90 0.9294 0.0011 0.93J6 

JOO 0.9297 0.0009 0.93J5 
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Table T.6-34 
Criticality Analysis Results for GNF2 (4 failed) - Type 2 DSC 

EMD(%) kxENO 1 (J' keff 
Type 2 DSC only, intact fue/=3. 7%, 

failed=3. 7%, 4 failed, 
20.1 m2 B-10, BIA/um 0.102" 

1 0.9300 0.0011 0.9322 

JO 0.9276 0.0010 0.9296 

30 0.9309 0.0010 0.9329 

50 0.9296 0.0010 0.9316 

70 0.9300 0.0010 0.9320 

90 0.9297 0.0010 0.9317 

100 0.9282 0.0010 0.9302 
Type 2 DSC only, intact fue/=4.4%, 

failed=4.4%, 4 failed, 
37.5 m2 B-10, BIA/um 0.132" 

1 0.9297 0.0012 0.9321 

10 0.9286 0.0012 0.9310 

30 0.9276 0.0012 0.9300 

50 0.9277 0.0010 0.9297 

70 0.9277 0.0012 0.9301 

90 0.9271 0.0010 0.9291 

100 0.9298 0.0012 0.9322 
Type 2 DSC only, intactfue/=5.0%, 

failed=5. 0%, 4 failed, 
56.2 m2 B-10, BIA/um 0.199" 

1 0.9306 0.0011 0.9328 

10 0.9261 0.0012 0.9285 

30 0.9297 0.0011 0.9319 

50 0.9276 0.0011 0.9298 

70 0.9287 0.0011 0.9309 

90 0.9315 0.0012 0.9339 

100 0.9325 0.0012 0.9349 
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Criticality Analysis Results for GNF2 (4 failed+ 12 damaged) - Type 2 DSC 
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EMD(%) kxENO 1 (J keff 
Enrichment of intactfue/=3. 7%, 

failed=3. 0%, damaged=3. 0%, 
4 failed+J 2 damaged, 

20.1 mx B-10, BIA/um 0.102" 
J 0.9345 O.OOJO 0.9365 

JO 0.93J2 0.0011 0.9334 

30 0.933J 0.0011 0.9353 

50 0.9307 0.0011 0.9329 

70 0.9325 O.OOJO 0.9345 

90 0.9337 O.OOJO 0.9357 

JOO 0.9322 0.0010 0.9342 
Enrichment of intact fue/=4.4%, 

failed=3.4%, damaged=3.4%, 
4 failed + 12 damaged, 

37.5 mg B-10, BIA/um 0.132" 
J 0.9300 0.0011 0.9322 

JO 0.9287 0.0011 0.9309 

30 0.9299 0.0011 0.932J 

50 0.93J3 0.0009 0.933J 

70 0.9306 O.OOJO 0.9326 

90 0.9294 O.OOJO 0.9314 

JOO 0.9308 O.OOJO 0.9328 
Enrichment ofintactfue/=5.0%, 

failed=3.5%, damaged=3.5%, 
4 failed+ 12 damaged, 

56.2 mg B-10, BIA/um 0.199" 
J 0.9295 0.0009 0.9313 

JO 0.93J5 0.0011 0.9337 

30 0.929J 0.0011 0.9313 

50 0.9274 0.0010 0.9294 

70 0.9276 0.0012 0.9300 

90 0.9259 0.0011 0.928J 

JOO 0.9282 0.0012 0.9306 
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Table T.6-36 
GNF2 Theoretical Density Sensitivity Results 

Case ID All 61fuel TD 0.97 All 61 fuel TD 0.965 
EMD 
(%) kKENO 1 (J kerf kKENO 1 (J kerf 

GNF2 Fuel in Tvoe lA Basket with 16 Dama!(ed Fuels 

1 0.9298 0.0011 0.9320 0.9294 0.0010 0.9314 

10 0.9293 0.0009 0.9312 0.9286 0.0011 0.9308 

30 0.9286 0.0010 0.9306 0.9307 0.0010 0.9327 

50 0.9287 0.0010 0.9307 0.9281 0.0010 0.9301 

70 0.9297 0.0010 0.9317 0.9287 0.0010 0.9307 

90 0.9281 0.0010 0.9301 0.9280 0.0012 0.9304 

100 0.9311 0.0012 0.9335 0.9285 0.0011 0.9307 
GNF2 Fuel in Type lA Basket with 4 Failed and 12 Damaged 

Fuels 

1 0.9345 0.0010 0.9365 0.9319 0.0010 0.9339 

10 0.9312 0.0011 0.9334 0.9342 0.0011 0.9364 

30 0.9331 0.0011 0.9353 0.9337 0.0010 0.9357 

50 . 0.9307 0.0011 0.9329 0.9299 0.0010 0.9318 

70 0.9325 0.0010 0.9345 0.9309 0.0011 0.9331 

90 0.9337 0.0010 0.9357 0.9317 0.0011 0.9339 

JOO 0.9322 0.0010 0.9342 0.9310 0.0010 0.9329 
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U.1.1 Introduction 

The NUHOMS®-32PTH1 ~Y§~~-~ is designed to store up to 32[](including reconstituted) B&W 
15x15, WE 17xl 7, CE 15x15, WE 15x15, CE 14x14, and WE 14x14 class PWR fuel assemblies. 
The fuel to be stored is limited to a maximum assembly average initial enrichment of 5.0 wt.% 
U-235, a maximum assembly average bumup of 62 GWd/MTU, and a minimum cooling time of 
2. 0 years. Each of the 32PTH1 DSC types is designed to store up to 32 Control Components 
(CCs) which include ~tirn/zl?_kf!.<5tion ro:iias"/i~irzblia (BPRAs ), ~ijj_f!l_~!iy/ug'.assemSlta (T:r As), 
f onirat ·;.~:;r ~s~~iJi?AeJ. cc~~!~ rod cluster con.tr~1 _qsseiiJiJ/~- m:~Q~~~ _lµxia~ par: er :s~f!i!ij& 
r:_g!f._assemJJ{ies,_&_.~RA~)-LprifjpfL[Qtj__g§§£'!l"iJ]!:f!§, (ORAs), ~1br;at!Q!!:_EUJ?pJeS~l:f!J1!nS(jJ:J§; (VSis), 
and tJ(!'l}{!_on_§.Q'f:lrq_<J_f}_s_semqlj_(}~ (NSAs ). The design characteristics, including physical and 
radiological parameters of the payload, are described in Chapter U.2. 

Reconstituted assemblies containing up to 10 replacement irradiated stainless steel rods per 
assembly or an unlimited number of lower enrichment U02 rods instead of Zircaloy clad 
enriched U02 rods or Zr rods or Zr pellets or unirradiated stainless steel rods are acceptable for 
storage in 32PTH1 DSC as intact fuel assemblies. The maximum number of reconstituted fuel 
assemblies with irradiated stainless steel rods per DSC is four. 

Provisions have been made for storage of up to 16 damaged fuel assemblies in lieu of an equal 
number of intact assemblies in the cells located at the center of the 32PTH1 basket. Damaged 
PWR fuel assemblies are assemblies containing missing or partial fuel rods, fuel rods with 
known or suspected cladding defects greater than hairline cracks or pinhole leaks. The extent of 
damage in the fuel assembly, including non-cladding damage, is to be limited such that a fuel 
assembly is able to be handled by normal means and the retrievability is ensured following the 

1~--1 . 
normal and off-normal conditions. The DSC basket cells !!Jg~ store damaged fuel assemblies are 
provided with top and bottom end caps to assure retrievability. 

r·-~,-,- ---------:- <~- ~-·~---- - --~~---,-..-. ~~--- No<•----·~·--- .. ~~,"""'·-,--- 1 r - ... -,.,,---1 r-, ,-,-~-:--~- ~-c,--i 

lfrovisioris~have also been·'."'adef.or: stor/1ge of14p.to!f<!_l!!:_fg_i{edf!!el Et;ms (EFC~) ~11~£lls lO"cfte1 
at the ·corners of the interior 4x4 compartment cells_g[ tfLe3Jf.TH) b._a{fcej or up to 16 FFCs in: q,, 
th~qkerb2ar.4_p_qtt?r,n,_ q§-'-d_(!§£!Jbe_4.l!!:~ Qliqpj_(}J: Ji_:.~· 

The NUHOMS®-32PTH1 ~y.Jtiid consists of the following new or modified components: 

• A 32PTH1 DSC, with three alternate configurations, described in detail in Section U.1.2, 
provides confinement, an inert environment, structural support, and criticality control for 
the 32 PWR fuel assemblies, 

• A modified HSM-H module, described in Section U.1.2, is provided for environmental 
protection, shielding and heat rejection during storage, and 

• OS200 or OS200FC TC for onsite transfer of the 32PTH1 DSCs. 

The NUHOMS®-32PTH1 ~Yiti::!d requires the use of non-safety related auxiliary transfer 
equipment similar to those described in Section 1.3.2.2 (for OS200 TC) and Appendix P (for 
OS200FC TC) of the UFSAR. There is no change to any of the design features of the auxiliary 
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transfer equipment except for the dimension changes necessary to accommodate the larger 
OS200 TC relative to the OS 197 TC. 

Approval of the NUHOMS®-32PTH1 ~.£~}~~components described in Section U.1.2 is sought 
under the provisions of 1 OCFR 72, Subpart L for use under the general license provisions of 
1 OCFR 72, Subpart K. The 32PTH1 system components are intended for storage on a reinforced 
concrete pad. · · 
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U.2.1 Spent Fuel To Be Stored 

, .•. -·------·--···c-··~~ ---.,---·- -----:-·--·---- -----·--------- ...... ---------··--:.···--.---·-····-- .. ----: .... _ .... -~.-------®-
:As de~cribed in Chapter U. l, there are three ~lternate desjgn cori:figurations for the NUHOMS · .. 
[32PTHLQSC depending op the canisterlength: a short(l85.75 in.) DSC designated as 32PTH1-
S, a mecii~in(l93.00 in.) DSC designated.as 32PTHl "'M~ and a lohg'(l98.5 in.) DSC de~~ghated 
as 32P1'Hl-~LDSQ. Eaclj.;ofthe DSC :'2c:mfigurationsis:designed t~ sfore intact (induclmg·_ .. _ .. 
recon~titlitea}'andtor 4am~ged and/or fa_iiedPwR fuel assemblies as specified in t'ribi~ u.2~1 . 
iand Table U.2-3. The foe'l to be ston~d- is limited to a·maximum assembly average)nifial · 
jenrichme~t of 5.0 wt.% U-235. The m~ximum allow.able assembly average by!Pµ12_is limit~Q_~ i 
162 GWd/MTU. The minimum requtre4 cooling timeforfuel to be stored wjtlJ.j380, 475, and 492Cj 
~gp/f:!Jis:gjpj_iqitJY.:§1!/~ci.(ied as afwktio~>of bur71up~ndy.nrichmenf_~11.1!'!!£~'2!£<!,L~J?J!EJfig~£!Q.'2~\ 
!Tables l-3a through l-3p,_~ · . ___ , _ : ·· . - _ _ _: . ___ -- - - ___ :· _ · - - · .. · 1 

Each of the DSC types is designed to store ~onii91 c_o~p~n~nt§, (CCs) ~i!h.~h~r!PJLLal!~---
radiological characteristics as listed in Table U.2-2. The CCs include purnable JZOis'on ro~ 

rssenibi.f~. ~(B."'. P~s. l_,J·h' Yfn,J£&.J!l!:Jg~?J..S.f e,m.,blie((IR.A~)~.'1r .. -. Onfrolro' d as~~.11i~l~i( c~~ro' 4_ -. -----. 
duster-cori_tfQLfl§se!Jiblie.(Q:lC_~As)) pxial power}b«t!R'i11g rod assembl!eS,J.APSM~~~-~qt_ific:<{r9_4 
rssemblie~. CQ!lfs ), ~ibrdtif>!? s_yppre_§s_(o_l'!' ins~r(~ (VS Is), ~e_uf!-~n_ s_of,tr~!I -~s_s_.e_mbj(e_~ (NS As) and 
'f1:.<}_1!:fron sourq__e_s_. Furthermore, non-foel hardware that are 2<?~!!!~!?-ecl_1w1t~!_f! !!!~ ~~Jas_~~f!!~ly __ 

1 
afte~_!he fuel a~~_!l1__9-!y_ ~s di~_~harged f~;Ill the core 

1
such as_gy._!cf§._fl!.M or L1J~!(Y7JJ:£nt tube_jjt[!_Q~ 

or ~1}.E_hor§_,_gy_uje tuJ2£ mser.!§, BPRA ~p__acerpJ(l;(f!.S., or devices that are pos1t1oned and operated 
within the foel assembly during reactor operation such as those listed above are also considered 
as CCs. 

The NUHOMS®-32PTH1 DSC is also authorized to store fuel assemblies containing blended 
ig~_ eizrii::/;J_!i~'iJiiiffl (BLEU) fuel material. Fuel pellets containing BLEU fuel material are no 
different than U02 fuel pellets except for the presence of a higher quantity of cobalt impurity. 
The consideration of cobalt impurity only affects the gamma source terms for fuel assemblies 
located in the DSC periphery. This does not affect any criticality, thermal or structural analysis 
inputs for evaluation of foel assemblies with BLEU material. The qualification of fuel 
assemblies containing BLEU fuel pellets will require an additional cooling time of three years to 
ensure that the source terms calculated with U02 material are bounding. 
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Fuel assemblies that contain fixed integral non-fuel rods are also considered as intact fuel 
assemblies. These fuel assemblies are different than reconstituted assemblies because fuel rods 
are not "replaced" by non-fuel rods, rather the non-fuel rods are part of the initial fuel design. 
The non-fuel rods displace the same amount of moderator, with zirconium-alloy (or aluminum) 
cladding and typically contain burnable absorber (or other non-fuel) material. The radiation and 
thermal source terms for the non-fuel rods are significantly lower than those of the fuel rods 
since there is no significant radioactive decay source. The internal pressure of the non-fuel rods 
after irradiation is lower than those of the fuel rods since there is no fission gas generation. The 
reactivity of the fuel rods (from a criticality standpoint) is significantly higher than that of non
fuel rods. In summary, the mechanical, thermal, shielding, and criticality evaluations for these 
rods are bounded by those of the regular fuel rods. Therefore, no further evaluations are required 
for the qualification of these fuel assemblies. 

Reconstituted assemblies containing up to 10 replacement irradiated stainless steel rods per 
assembly or an unlimited number of lower enrichment U02 rods instead of Zircaloy clad 
enriched U02 rods, or Zr rods or Zr pellets, or unirradiated stainless steel rods are acceptable for 
storage in 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 U02 
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 U02 replacement rods. 

The NUHOMS®-32PTHI 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 U.2-1 through Figure U.2-3. 
Damaged PWR fuel assemblies are assemblies containing missing or partial fuel rods, fuel rods 
with known or suspected cladding defects greater than hairline cracks, or pinhole leaks, 
including non-cladding damage. The extent of damage in the fuel assembly is to be limited such 
that a fuel assembly is being able to be handled by normal means and retrievability is assured 
following normal and off-normal conditions. The DSC basket cells which store damaged fuel 
assemblies are provided with top and bottom end caps to assure retrievability. 

Vf~e't:r6iifSii~;~~lrI:f/iFtiseI,a,;/J:/!ertiiife-:iersio-7!-'~JtlieJ-iU.f{0lv1~~732;e-riiif.'Q£C!j~is~r:~;~~:t:~ 
r«~si~~"dt9"ticcolr!mpd_a(~fail?'l/fu~l'.fh:up!g:<l7P(1>:i~~n:-:9tfo~~zaileaftiel_'-iq/z~ff{<;~;;fit:lced' 
f mJhe _corner::_~~l!~,of}~e· z~teriorfx/_l~e1Pf~r!:T~nt _cell~· of~~f:!· baslfet'~S,'.sh~~n~rn-f{$11r.~ ~-~;~,: __ 
1or::up to 16 FFCs,m a checker..bQqrd·[Qadzng as>s]1pwn_mdfzgµre: U2-~:;" 1Iazle_.dfue.lzs.dejined_ps 
lft{'ii i-i>i:{s~that ha~ebefn: r~mqy~dftorii afuel~ssi;?zl:Jly~nij}lap_ed iil'_'';/~etqnifAry ~Q~rd~rler, \: \') 
!sue~- ~.s:9{()dfitDr(l_ge,<fJa_sket. _ f;ai,(edf~ef.11J.a;lcqnhin l:Jreqcli~q, rods; ijos_sly ~rea.Pf~f!d roas, :., j 
ja~d_ /?t/jer: :"cfefects _sych 'q~,missing:Qr pa1:tiqf:ror]s,-:fiJtssing §xir] sP,acef si ·01: qamaged sptJG_.f!rs to .. i 
tth~ ekt~iit(ljgt;the• assembly cann¢q;_? ·hand/{4 by:~orptal J1leans,: /1Jdfvi{ipa~ft{~l.f pefs_,_tljqfr;re .. , j 
v1ot!q~l~d:~c:n be.siqr~_a:directiy_in_;~~~-1!: FE .~irp.o~r:.q·~~:5f/ndaryl;orit~i~er. f~q? :as.~'ti~B.~- ~h,e~::l 
!!11.ax,zmun: n_qmber off_ue} rods thqpnqY: ~e:store,cj zr; ~fml~d_fuel_can_ zs.J;QO,.wzth•a to~al_:urapp1mj 
jlbading_-U11y)(ed'(o'250-kg_if!U[qf uranjum. ·7!h<:.t<Jtaf.w_~ig~t.oft1e_fqiledftf:<:f.c;tuf:plitS,alllfS,'_·:" ··I 
t9ontefit~ ~~~{l-'1eless(ha~ {fl ~Jbj{I§l.:flbs:· t;~U I 66_5 _fbs~ fot: ·tnk.3~!:[I-IJJ~; _ ~2P:7}IJ;M; li':Z(i;, l 
[f7Pil!i_':/:LI}§f:__~.:r@P.'?ctiyJ1Jx •.. _ .... :::E:.:'--L . .;.:.2:· :: ~--~~~·: . : . -·":..:~~- ... ::;} __ ~ ~: -~:~.::t: .. ~ ... -..~::;:;_::-:~:. ·-- .. :~:J 
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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. 

The 32PTH1 DSC basket is designed with 3 alternate options: Type 1 basket with solid 
aluminum transition rails, Type 2 basket with steel transition rails including aluminum inserts, 
and Type 2-W, a variant of Type 2 with larger fuel compartments. Unless otherwise stated, all 
requirements for the Type 2 basket also apply to the Type 2-W variant, including requirements 
shown for baskets 2A through 2E. 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 store up to 32 PWR fuel assemblies arranged in any of the 
six alternate heat load zoning configurations (HLZC) as shown in Figure U.2-1 through Figure 
U.2-3Ltjnd_~f_{giJ.~J!:...~::.~ through Figure U2-7. The maximum decay heat per fuel assembly and 
the maximum canister heat load allowed is as specified in Figure U.2-1 through Figure U.2-3 
~n_ef_E{ilJLg~[f.2_:,j through Figure U2-7. The HLZCs 1, 5 and 6 with a maximum DSC heat load 
of 40.8 kW, 35.2 kW and 37. 6 kW, respectively, are applicable to Type 1 32PTH1 DSC only. 
HLZCs 2~ 3[and~ with a maximum DSC heat load of31.2 kW, 24.0 kW[f!_~ef_}__f2J}f,] 
respectively, br§Japplicable to both Type 1 and Type 2 32PTH1 DSCs. The maximum allowed 
heat load for the various 32PTH1 system configurations are presented in Table U.2-18. 
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The NUHOMS®-32PTH1 DSC is inerted and backfilled with helium at the time of loading. 
The maximum fuel assembly weight with CCs that can be accommodated in the 32PTH1-L, 
32PTH1-M, and 32PTH1-S is 1,715 lbs, 1,625 lbs, and 1,665 lbs, respectively. 

The maximum fuel cladding temperature limit of 400 °C (752 °F) is applicable to normal 
conditions of storage and all short term operations from spent fuel pool to ISFSI pad including 
vacuum drying and helium backfilling of the NUHOMS®-J2PTH1 DSC per Interim Staff 
Guidance (ISG) No. 11, Revision 3 [2.5]. In addition, ISG-11 does not permit repeated thermal 
cycling of the fuel cladding (limited to less than 10 cycles) with cladding temperature differences 
greater than 65 °C (117 °F) during DSC drying, backfilling and transfer operations. 

The maximum fuel cladding temperature limit of 570 °C (105 8 °F) is applicable to accidents or 
off-normal storage thermal transients [2.5]. 

Calculations were performed to determine the fuel assembly type which was most limiting for 
each of the analyses including shielding, criticality, thermal and confinement. These evaluations 
are performed in Chapter U.5, U.6, U.4 and U.7 respectively. The fuel assembly classes 
considered are listed in Table U.2-3. It was determined that the B&W 15x15 may be used as a 
representative fuel assembly for dose rate calculations. For criticality safety, the B&W 15x15 
assembly is the most reactive assembly type for a given enrichment. This assembly is used to 
determine the most reactive configuration in the DSC. Using this most reactive configuration, 
criticality analysis for all other fuel assembly classes is performed to determine the maximum 
enrichment allowed as a function of the soluble boron concentration and fixed poison plate 
loading. For thermal analysis, the WE 14x14 fuel assembly is limiting for the 32PTH1 DSCs, 
since it results in the lowest effective fuel thermal conductivity. The confinement analysis is 
based on B&W 15x15 fuel assembly, since it results in a smaller free volume inside the DSC 
cavity as compared to a 14x14 fuel assembly. 

For calculating the maximum internal pressure in the NUHOMS®-32PTH1 DSC, it is assumed 
that 1 % of the fuel rods are damaged for normal conditions, up to 10% of the fuel rods are 
damaged for off-normal conditions, and 100% of the fuel rods will be damaged following a 
design basis accident event [2.1]. A minimum of 100% of the fill gas and 30% of the fission 
gases within the ruptured fuel rods are assumed to be available for release into the DSC cavity, 
consistent with NUREG-1536 [2.1]. 

The maximum internal pressures used in the structural analysis for the NUHOMS®-32PTH1 
DSC are 15, 20, and 140 psig for normal, off-normal and accident conditions, respectively, 
during storage and transfer operations for the 32PTH1 DSCs. 

U.2.1.l General Operating Functions 

No change to Section 3.1.2. 
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Table U.2-1 
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Table U.2-17 
BlO Specification for the NUHOMS®-32PTH1 Poison Plates 

NUHOMS®-32PTH1 DSC Minimum 810 Areal Density, (grams/cm2
) 

Basket Type Borated Aluminum or MMC Baral® 

1A or2A 0.007 0.009 

1B or 2B 0.015 0.019 

1C or2C 0.020 0.025 

10 or2D 0.032 N/A 

1E or 2E 0.050 N/A 

Table U.2-18 
Maximum Allowable Heat Load for the NUHOMS®-32PTH1 System 

System 32PTH1 
32PTH1 

HSM TC Max. Heat Load (kW) 
Basket Configuration DSC Type Type<11.121 Configuration Configuration per DSC 

08200FC 
40.8 (HLZC 1, with intact 
or damaged fuel) 

31.2 (HLZC 2, with 
damaged fuel, fFf[g."c~ 

08200FC WffFfThfact a/Jd!o( 
:daM~gfl_<LahdtQ!J~IJ~a, 
fliefj 

32PTH1-8, 1A, 1 B, or H8M-H/ OS200FC 
35.2 (HLZC 5 with intact 

1 32PTH1-M 1C or 1 Dor fuel) 
or 32PTH1-L 1E H8M-H8 

OS200FC 
37.6 (HLZC 6 with intact 
fuel) 

31.2 (HLZC 2, with intact 
08200 fuel, HLZQ.~~~f/T[H7lilf§l 

'iiieD 

08200 
24 (HLZC 3 with intact or 
damaged fuel) 

31.2 (HLZC 2, rf:i(.ZQj .--, ·-~--~-!':"' j 

32PTH1-8, 2A, 28, or H8M-H 08200FC 
with. intact, and/of{ 

2 32PTH1-M 2C or 20 or ;darfj~gfi<li!'ii!ior ra7/eE 
or 32PTH1-L 2E H8M-H8 fue[) 

08200 24.0 (HLZC 3) 

Notes: 

(1) BasketType 1(1A,18, 1C, 1D 1E) has aluminum transition rails in the DSC basket. 

(2) Basket Type 2 (2A, 28, 2C, 20, 2E) has steel transition rails in the DSC basket. 
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The detailed information associated with this figure can he found in CoC 1004 Amendment 15 
Technical Specifications Figure l-28h. 
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The detailed information associated with this figure can be found in CoC 1004 Amendment 15 
Technical Specifications Figure 1-28c. 
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A total of six (6) heat load zoning configurations (HLZCs) are allowed for the 32PTH1 DSCs as 
shown in Figure U.4-1 through Figure U.4-3 ~@fjiiJf:'jj]JI~.i:~ through Figure U2-7. The 
different DSC types, the maximum decay heat loads, and the applicable HLZCs are summarized 
in the following table. 

System 32PTH1 DSC Basket Max. Heat Load HLZC Transfer Storage 
Configuration Type Type per DSC (kW) Number Cask Module 

40.8 1 OS200FC 

32PTH1-S or 
1A, 18, 1C, 31.2 2!:"4. OS200 

'~-,,'..! 

1 32PTH1-M or 
10or1E 

32PTH1-L 35.2 5 OS200FC 
HSM-H 

37.6 6 OS200FC 

32PTH1-S or 
2A, 28, 2C, 31.2 2f::4 OS200FC 

2(1) }_z~l 

32PTH1-M or 
20 or2E 

32PTH1-L 24.0 3 OS200 

Note (1) Include Type 2-W DSCs as evaluated in Section U.4.A. 

Borated aluminum, Boral® or MMC neutron absorbers can be used in 32PTH1 DSC. 

The thermal evaluations presented herein include steady-state and transient analyses of the 
thermal response of the NUHOMS® 32PTH1 ~i~ll! components to a defined set of thermal 
operating conditions. These operating conditions envelop~]the thermal conditions expected 
during all normal, off-normal, and postulated accident operations during loading, transfer and 
storage as defined in Chapter U.2. The allowable temperatures for the 32PTH1 system 
components, are presented and comparisons are made with calculated temperatures as the basis 
for acceptance. 

The thermal analysis methodology used for the 32PTH1 DSC, OS200 TC and HSM-H is the 
same as that used for the 24PTH system described in Appendix P, Chapter P4. A description of 
the analysis for HSM-H and OS200 TC containing 32PTH1 DSC for normal, off-normal, and 
accident conditions of storage and transfer is provided in Sections U.4.4 and U.4.5, respectively. 

~ •,~~ih"l:"YM'Fo/-/1;~ 

Section U.4.6 describes the 32PTH1 DSC analysis for storage and transfer conditionsl§r:;l:f:fZC~ 
f;i"'"l""""''~"':''<''fw""'-':':'7"-: r ":f-.,A"'"lr'" ~·"\,.,,..'!""';<~.-, ~,~-~~ ':'~ , ; ~~,,,.,~~':''4W"'"'•"~""'"" :r"'""~"•'"< r'.'~.'-'.~""'.'""':'@'""'l("~;'/"'"'. , ~,.,,,~.~?""":'"'A":] 
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describes the thermal analysis for HLZCs #5 and #6. The DSC cavity internal pressures are also 
calculated in Section U.4.6 for all storage and transfer conditions. Section U.4.7 describes the 
evaluation performed for loading/unloading conditions. The thermal evaluation concludes that 
the NUHOMS® 32PTH1 W~t~m listed above meets all the design criteria. 

An evaluation of the effective thermal conductivity of the fuel assemblies to use in the 32PTH1 
DSC thermal analysis is based on the methodology described in Appendix P, Section P.4.8. 
Section U.4.8 presents the evaluation of the fuel assembly and DSC basket effective thermal 
properties for a helium environment. 

The methodology used to evaluate the thermal performance of the HSM-H was validated by 
thermal tests performed on a 1: 1 scale of an HSM-H mockup structure for heat loads varying 
from 32 to 44 kW [4.31]. 
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The thermal tests [ 4.31] showed that the HSM-H thermal analysis methodology described in 
Sections U.4.4.2 and U.4.4.3 conservatively predicts the DSC shell and HSM-H component 
temperatures. Bounding values are used in Chapter U.3 for the thermal stress evaluation for 
these components. 
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11. Water [4.18] 

Temperature Conductivity Specific Density 
(oF) (Btu/hr-in-°F) Heat Coef. of Exp., (Ibm/ft3 ) 

(Btu/lbm-°F) 1/0 R 
44 2.803E-02 1.003 2.56E-05 62.428 

62 2.879E-02 0.999 9.67E-05 62.366 

80 2.951E-02 0.998 1.53E-04 62.241 

98 3.024E-02 0.998 2.01E-04 61.994 

116 3.082E-02 0.998 2.43E-04 61.749 

134 3.130E-02 0.999 2.80E-04 61.445 

152 3.178E-02 1.000 3.14E-04 61.144 

170 3.217E-02 1.002 3.47E-04 60.787 

188 3.245E-02 1.004 3.88E-04 60.375 

206 3.269E-02 1.006 4.05E-04 59.969 

224 3.289E-02 1.009 4.38E-04 59.512 

242 3.303E-02 1.012 4.67E-04 59.006 

260 3.313E-02 1.017 4.98E-04 58.508 

296 3.313E-02 1.028 5.61E-04 57.379 

12. Soil [4.19] 

Conductivity Density Specific 

(Btu/hr-in-°F) (lbm/in3
) 

Heat 
(Btu/lbm-°F) 

0.0144 0.0578 0.191 

13. Concrete<1
> 
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Temperature 
Conductivity Density Specific Heat 

(oF) (Btu/hr-in-°F) (lbm/in3
)

11 > (Btu/lbm-°F) [4.30] 
[4.20] 

70 0.0958 
0.084 0.22 

1382 0.0479 

(1) Conservatively, the properties used herein for the HSM-H walls and roof do 
not include the effects of rebar. Additionally, the ISFSI pad is conservatively 
modeled as concrete and does not include the effects of rebar. Including the 
effects of rebar would increase the effective conductivity of the HSM-H 
concrete walls, roofs, and ISFSI pad. 

72-1004 Amendment No. 15 

Dynamic 
Viscosity 
(lbm/hr-ft) 

3.440 

2.613 

2.068 

1.681 

1.396 

1.183 

1.016 

0.883 

0.784 

0.699 

0.629 

0.573 

0.525 

0.448 
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05200 TC Surface lnsolation (gcal/cm2
) 

Applied heating averaged over 12 
hours (Btu/hr-ft2) with absorptivity 

Cask Cylindrical Shell 400 72.15 

Cask Vertical Ends 200 36.08 

The sensitivity of the model to the thermal resolution was tested based on a preliminary thermal 
model that used model uses approximately 6,900 nodes, 4,560 solids, and 3,600 planar elements 
to define the cask body and DSC geometry. The peak cask temperature obtained for the loss of 
neutron shield accident was 3% lower than the results obtained with the current modeling based 
on the use of approximately 9,080 nodes, 6,225 solids, and 5,075 planar elements to define the 
cask body and DSC geometry. Based on the fact that a 30 to 40% increase in the modeling 
elements results in only a 3% change in the peak temperature it is concluded that the current 
modeling provides an accurate representation of the OS200 TC's thermal performance. 

U.4.5.3 Description of Cases Evaluated for the OS200 TC 

The thermal analyses of the OS200 TC are performed for the design basis ambient air 
temperatures defined in Section U.4.5.1. The evaluated cases include the vertical loading 
condition inside of the fuel handling facility, normal and off-normal horizontal transfer 
conditions without and with air circulation, and four accident scenarios. The first accident 
scenario evaluates the potential interruption of the air circulation system and establishes the time 
available to re-establish the air circulation, complete the transfer operation, or initiate some other 
recovery mode. The second accident scenario evaluated the potential loss of both the air 
circulation system and the water in the neutron shield. The evaluation establishes the transient 
heat up trend and the ultimate temperatures achieved under steady-state conditions. The third 
accident scenario involves a 15-minute hypothetical fire. The maximum duration of the fire 
event will be controlled under actual operations by administratively limiting the available fuel 
sources within the vicinity of the TC. The evaluation establishes the maximum temperatures 
reached as a result of the fire event, as well as the post-fire, steady-state conditions. The fourth 
final accident scenario involves an undamaged TC under an elevated ambient condition of 
133 °F. The evaluation addresses the maximum steady-state temperatures that would be achieved 
should this accidental ambient condition occur. 

Table U.4-4, Table U.4-5, and Table U.4-6 summarize the cases evaluated for OS200 TC with 
the 32PTH1 DSC with the HLZC #1, HLZC #2, and HLZC #3 heat load configurations, 
respectively. Since the OS200 TC is able to accommodate the HLZC #3 heat load configuration 
without air circulation, fewer design cases are needed to establish the thermal performance of the 
TC with this payload. 

U.4.5.4 OS200 TC Thermal Model Results 

The following sections present the predicted thermal results for the OS200 TC with the 32PTH1 
DSC. The resultant DSC shell temperatures from these analyses are used as boundary conditions 
in the 32PTH1 DSC basket analysis presented in Section U.4.6, l§~cf_ion_ "fl{9, and 
Section U 4.11. 
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duration for the transfer operations (defined ·as the time elapsed after the initiation of draining of 
Cask/DSC annulus water until the completion of insertion of the DSC into the HSM-H) will vary 
depending on the DSC configuration and the heat load, and whether or not the air circulation 
option for the TC is utilized. The following table summarizes the permissible operational 
conditions: 

FuelBasketT e 
Type 1 with intact fuel 

Type 1 with damaged fuel 

Type 1 

Type 2 with intact fuel 

Type 2 with damaged fuel 

Type 1 or Type 2 

Notes: 

DSC Heat Load 
Zoning Configurations 

HLZC 2 f[J"fi(J ~ (:531.2 kW) 

HLZC 2 f§"f!.d-~ (:531.2 kW) 

HLZC 1, 5 and 6 (:540.8 kW) 

HLZC 2 ~Q<lA (24 kW to 31.2 kW) 

HLZC 2 '.anc;L4, (>24 kW to :531.2 kW) 

HLZC ~ (:524 kW) 

Transfer Time Limit !1l !2l !4l 

No time limit 

38 hrs. !3l 

13 hrs. !3l 

14 hrs. !3l 

10 hrs. !3l 

No time limit 

(1) Transfer time is defined as the time elapsed after the initiation of draining of 1~d.iR/DSC annulus water I 
until the completion of insertion of the DSC into the HSM-H. 

(2) Initiate recovery operations such as air circulation if the operation time exceeds the limit. 

(3) Initiate recovery operations such as air circulation if the operation time exceeds the limit. Two hours 
is considered sufficient time to initiate the air circulation option. 

(4) The transfer operation time limit is reset only if the [Q annulus is refilled with water. I 
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. U.4.6 NUHOMS® 32PTH1 DSC Thermal Analysis 

The thermal analysis of the NUHOMS® 32PTH1 DSC is based on finite element models 
developed using the ANSYS computer code [4.22]. Two basket types are considered for 
32PTH1 DSC. Type 1 basket and Type 2 basket are identical in all aspects, except for the 
transition rails. Type 1 basket transition rails are aluminum. The transition rails for Type 2 
basket consist of stainless steel profiles with aluminum inserts. The transition rails for Type 1 
and Type 2 baskets are shown in Figure U.4-48. 

A total of six HLZCs are allowed for the 32PTH1 DSCs as shown in Figure U.4-1 through 
Figure U.4-3 ~~C£4JiR~~dJJiJJ.iYft!!:t§c::flb~ through Figure U2-7. Maximum of 16 damaged 
fuel assemblies can be stored in the 32PTH1 DSC. 

lihis section discusses die .thermal analysts ::01 ihe 32.PiiITbsc witb7iiics 7il to #3~ >i.j9urth .. i 
;HLZC, authorizes storage of up to 16.dampgedfuel ass(Jrriblies, with uptofour failedfuel .· ! 
iass?mbli~s_; ~to red in failed fuel cans (FFCs),. while· th~ telr!:ain}ng Ju_e! pp'{npar/m?'Jfs ~tor.e intac.t j 
lfuel assemblies as sliown in Appc:ndix U.:21Figure u7~5.: The thermal analysis ofH}:/Z,f~ #.4 is ':I 
~resented'ln·section-tl.4.9. ·As shown :1n§eCtion t!.{9, the .thermal arialy$is ofHLZC# 4 is · . : i 
1bounded by the thermal analysis of HLZC # 2 presented in this Section.. I I . . . I 
I ·. . . . . . ! 

~. n a.dd. itz.·b~"'Ja .. J e.valua. tion_ ~ .. ha .. t. a .. uthori7.(JS S .. t·'.·O· .. rage 0. if up t·p.· · .. • )6 faile_d fue.} ~sse. mblie.S b(J_~.-.~.d. 0 . • n_•·. . ; i 
[if LZ.C #} i~JJt,e~ented, ii?-§er:tion · f!-410, )ts sh()wn:.i~ ~~c~iQn LJ.4: JQ1 .'~~: th~rmal: a..rtqlysfs of · :l 
!HLZC # 3 w.it"f:l 16 failed fuel assemblies.is-bou'ndedby tW~ thermal analysis of HLZ<;::'.# 3 · , 
ip_~r;s_c:_ri!l!..4 tnt_hj~§!':_cJt9-n:_.~_· ___ ___ · __________ ·-·---~:______ __ ~-- ___ ·-- ---~·- · _ l 

Section U4.11 discusses the thermal analysis of the 32PTHI Type I DSC with HLZCs #5 and #6 
as shown in Appendix U2, Figure U2-6 and Figure U2-7. As shown in Section U4.11, the 
thermal analyses of HLZCs #5 and #6 are bounded by the thermal analysis of HLZC #I 
presented in this section. 

The DSC model with Type 1 basket is used for the analysis for total heat load up to 40.8 kW per 
canister with HLZC #1. The DSC model with Type 1 basket includes aluminum R45 and R90 
rails. No time limit is required for transfer operation when the DSC with Type 1 basket contains 
a maximum heat load of 31.2 kW or less. 

The DSC model with Type 2 basket is used for the analysis with total heat load of 31.2 kW per 
canister. This model includes R45 and R90 stainless steel rails with aluminum inserts. No time 
limit is required for transfer operation when the DSC with Type 2 basket contains a maximum 
heat load of 24.0 kW or less. 

U.4.6.1 NUHOMS® 32PTH1 DSC Thermal Analysis Model 

A tb!:€"€idimensional f~pj finite element model of the 32PTH1 DSC is developed using the 
ANSYS computer code [4.22] to determine the maximum fuel cladding and DSC component 
temperatures. The 3D DSC model represents a longitudinally full-length, one-half (180°) cross 
section of the 32PTH1 DSC. This model includes the DSC shell, shield plugs, basket, and fuel 
assemblies. 
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The three-dimensional models representing the DSC with Type 1 and Type 2 baskets are shown 
in Figure U.4-45 through Figure U.4-48. The fuel assemblies are modeled as homogenized 
regions within the fuel compartments. The effective thermal properties for the intact and 
damaged fuels are calculated in Section U.4.8. The ANSYS models comprise the shell assembly 
(including the shell, and top and bottom end assemblies) and the basket assembly (including fuel 
compartment tubes, aluminum and neutron absorber plates, and the R45 and the R90 transition 
rails). All these DSC components are modeled using ANSYS SOLID70 elements. Radiation 
between the rails and the DSC shell is modeled using radiation LINK.31 elements. Axial 
radiation is also considered between the top and bottom surfaces of the fuel assemblies to the 
shield plugs. 

The DSC with Type 2 basket consists of steel R45 and R90 rails with aluminum inserts. The 
geometry of this model is identical to the one developed in [4.28] for use in the 32PTH HD SAR 
analysis. The DSC with Type 1 basket is similar to the DSC with Type 2 basket, except for the 
rails. The DSC with Type 1 basket consists of aluminum R45 and R90 rails. The other 
components of the model remain essentially unchanged. 

Sufficient mesh refinement has been built into the model (see Section U.4.6.2). The total 
numbers of nodes and elements in the ANSYS model are approximately 600,000 for both 
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U4.11 Thermal Evaluations of32PTH1 Type 1 DSC Loaded with HLZCs #5 and #6 

This section evaluates the thermal performance of the 32PTH1Type1 DSC based on HLZCs #5 
and #6 during storage and transfer conditions with intact FAs. HLZCs #5 and #6 have 
maximum heat loads of35.2 kW and 37.6 kW, as shown in Appendix U2, Figure U2-6 and 
Figure U2-7, respectively. Because HLZCs #5 and #6 have higher maximum allowable heat 
loads than that for the 32PTH1 Type 2 DSC of 31.2 kW, they are only applicable to the 32PTH1 
Type 1 DSC. 

Since no other changes are considered to the 32PTH1 Type 1 DSC except for the HLZC, the 
thermal evaluation of 32PTH1 Type 1 DSC with HLZCs #5 and #6 is based on a sensitivity study 
of the bounding storage and transfer conditions described in Section U4.11.1 and U4.11.2, 
respectively. In addition, as shown in Figure U2-6 and Figure U2-7, HLZC #5 is bounded by 
HLZC #6 because HLZC #5 has both lower individual and total heat loads than those of 
HLZC #6. Therefore, the sensitivity study for the bounding storage and transfer conditions of 
the 32PTH1Type1 DSC is evaluated based on HLZC #6. 

U4.11.1 Storage of32PTH1Type1 DSC in HSM-H 

U 4.11.1.1 Bounding Storage Condition 

According to Tables U4-15, the normal hot storage with 106 °F ambient temperature is the 
bounding normal storage load case. [ 

1 
U4.11.1.2 Material 

Material properties for fuel assemblies, stainless steel SA240 Type 304, aluminum 6061, helium, 
and concrete are listed in Section U4.2. Material properties for stainless steel SA240 Type 316 
and air are listed in Table 8-6 and Table 8-28 in Chapter 8 of the NUHOM~ EOS SAR [4.44}, 
respectively. Material properties for carbon steel A36 are bounded by the values listed in Item 5 
in Section U4.2. 

[ '] 
U4.11.1.3 Methodology 

[ 

J In addition to modeling the convection within the HSM-H cavity, 
the model also includes the thermal conduction within the basket and the HSM-H; radiation heat 
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transfer among the DSC shell, heat shields, and HSM-H; and heat dissipation from the HSM-H 
and the vent outlet via convection and radiation to the ambient. 

U.4.11.1.4 Meshing 
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U. 4.11.1. 6 Results 

U.4.11.1.6.1 Maximum Component Temperatures 

The following table compares the maximum fuel cladding and DSC component temperatures for 
the 32PTH1 Type 1 DSC in the HSM-H with HLZC #6 to the design basis values presented in 
Table U.4-2, Table U.4-15, and Table U.4-16/or normal hot storage condition with 106 °F 
ambient. The design basis values presented for the 32PTH1 Type 1 DSC are based on the 
bounding temperatures determined for HLZC #1 with a maximum heat load of 40.8 kW for the 
normal hot storage condition with 106 °F ambient. 

Maximum Component Temperatures for 32PTH1Type1 DSC in HSM-Hfor Normal Storage 
with 106 °F Ambient Temperature 

Components Design Basis, Tables U.4-2, HLZC#6 I 
!1T 

U.4-15 and U.4-16 - (THLZC#6-ToesignBasis) 

Fuel Cladding 733 
Fuel Compartment 701 
Neutron Absorber 701 
R45 & R90 Rails 511 

DSC Shell 484 
Concrete 290 

Top Heat Shield 264 
Side Heat Shield 261 
DSC Support Rail 347 -

As shown in the above table, the maximum temperatures of all components for the 32PTH1 
Type 1 DSC and the HSM-H with HLZC #6 under the normal storage condition are bounded by 
design basis values listed in Table U.4-2, Table U.4-15 and Table U.4-16. Therefore, the design 
basis values in Table U.4-2, Table U.4-20 and Table U.4-21 for off-normal storage condition 
and Table U.4-3, Table U.4-24 and Table U.4-25 for accident blocked vent condition also 
remain bounding for HLZC #6. 

Thefollowingfigures show the temperature profiles for the fuel cladding, DSC shell and HSM-H 
and the velocity contours on the symmetry middle plane of the HSM-H model. 
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U4.l l.l.6.2 GCJ Calculation 

U 4.11.1. 6. 3 Maximum Internal Pressures 

As shown in Section U4.ll.l.6.l, the maximum temperatures of all components for the 32PTH1 
Type 1 DSC and the HSM-Hwith HLZC #6 are bounded by design basis values for HLZC #1. 
Therefore, the average helium temperatures determined for HLZC #6 are is also bounded by the 
design basis values listed in Table U4-35 for determining the maximum internal pressures. The 
maximum internal pressures in Table U4-19, Table U4-23, and Table U4-27 remain bounding 
for HLZC #6 under normal, off-normal, and accident storage conditions, respectively. 

U4.l l.2 Transfer of32PTH1Type1 DSC in OS200FC Transfer Cask 

A review of Table U4-15, Table U4-16, Table U4-20 and Table U4-21 shows that the 
bounding transfer operation for the 32PTH1Type1 DSC in OS200FC TC is the vertical loading 
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with HLZC #1 (40.8 kW heat load) and 140 °F ambient temperature, since it has the smallest 
margin to the fuel cladding temperature limit. 

The thermal evaluations presented in Section U4.5 for transfer operations are performed by 
considering the maximum heat load either as a heat flux on the radial inner surface of the DSC 
or as a volumetric heat generation rate applied over a homogenized basket. Because of this 
approach, the thermal evaluations presented in Section U4.5 for transfer operations are not 
dependent on the HLZC, but are dependent only on the maximum heat load. Since the maximum 
heat loads considered for HLZCs #5 and #6 remain bounded by those previously evaluated for 
HLZC #1, the DSC shell temperature profiles.from HLZC #1 remain applicable for HLZCs #5 
and #6. Therefore, the DSC shell temperature profiles from the thermal evaluation results 
presented for the 32PTH1 DSC at 40.8 kW in Section U4.5 are used as boundary conditions to 
evaluate the thermal performance of the 32PTH1 Type 1 DSC with HLZCs #5 and #6. 

As discussed in Section U4.l l, HLZC #6 is the bounding HLZC selected for both HLZCs #5 and 
#6. To determine the most appropriate temperatures and time limit for a transfer operation with 
HLZCs #5 and 6, the 32PTH1 Type 1 DSC model with HLZC #1 (transfer limit of 15. 75 hours) 
was re-evaluated using HLZC #6. No other changes are considered in this evaluation. The 
following table compares the maximum fuel cladding and DSC component temperatures of the 
32PTH1 Type 1 DSC with HLZC #6 to the design basis values with HLZC #1 presented in Table 
U4-20 and Table T.4-21 for the vertical transfer condition (DSC in TC, 140 °F ambient) with a 
time limit of 15. 75 hours. 

Maximum Component Temperatures for 32PTH1 Type 1 DSC for Vertical Transfer, 140 °F 
Ambient, 15. 75 hours 

Components 
Design Basis, Tables U.4-20 

HLZC#6 
!1T 

and U.4-21 {T HLZC #6 - T Design Basis) - I• 

Fuel Cladding 730 
Fuel Compartment 699 
Neutron Absorber 699 
R45 & R90 Rails 508 . . 

The results of this evaluation show that the maximum temperatures of all components for the 
32PTH1 Type 1 DSC with HLZC #6 under the vertical transfer condition are bounded by the 
design basis values with HLZC #I listed in Table U4-20 and Table U4-21. Therefore, the time 
limits for transfer operations determined for the 32PTH1Type1 DSC with HLZC #1 in Section 
U4.5.5 are applicable to the 32PTH1 Type 1 DSC with HLZCs #5 and #6. 

In addition, the average helium temperature determined for HLZC #6 is bounded by that of 
HLZC #1. The maximum internal pressures in Table U4-19, Table U4-23, and Table U4-27 
remain bounding/or HLZC #6 under normal, off-normal, and accident transfer conditions, 
respectively. 

Based on this discussion, no further evaluations are required for the 32PTH1Type1 DSC with 
HLZCs #5 and #6, and all design criteria described in Section U4.l are satisfied. 
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The followingfigu,res show typical temperature plots for the 32PTH1 Type 1 DSC with HLZC #6 
for off-normal vertical transfer condition with 140 ° F ambient, and without solar insolation at 
15. 75 hours. 
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U.5 Shielding Evaluation 

The radiation shielding evaluation for the Standardized NUHOMS® System (during loading, 
transfer and storage) for the other NUHOMS® canisters is discussed in other sections and 
appendices of the UFSAR. The following radiation shielding evaluation specifically addresses 
the shielding evaluation of the NUHOMS® 32PTH1 system with design-basis PWR fuel and 
control components (CCs) loaded in a NUHOMS® 32PTH1 DSC. 

The radiation shielding evaluation described below is for the NUHOMS® 32PTH1 DSC 
transferred in a NUHOMS® OS200 Transfer Cask and stored in an HSM-H module. There are 
three alternate configurations depending on the canister length applicable to the 32PTH1 system: 
1) 32PTH1-S, 2) 32PTH1-M and 3) 32PTH1-L. Each DSC has a different length and can have 
alternative rail configurations. The 32PTH1 DSC basket is designed with 3 alternate options: 
Type 1 basket with solid aluminum transition rails, Type 2 basket with steel transition rails 
including aluminum inserts, and Type 2-W, a variant of Type 2 with larger fuel compartments. 
The 32PTH1 DSCs are authorized to be transferred in the OS200 TC and stored in the HSM-H 
module. Note that HSM and HSM-H are used interchangeably throughout this chapter. For each 
32PTH1 DSC there are six Heat Load Zoning Configurations (HLZCs) described in Chapter U.2, 
Figure U.2-1 through Figure U.2-3 and Figure U2-5 through Figure U2-7. The OS200 TC is 
similar to the OS 197FC TC described in Appendix P with modifications to accommodate the 
32PTH1 DSCs. 

Of the three 32PTH1 DSC configurations the 32PTH1-L DSC has the least amount of axial 
shielding and is used for the OS200 TC and HSM shielding evaluation. Additionally, the DSC 
rail configuration is modeled to calculate conservative dose rates around the OS200 TC and 
HSM. 

Each DSC configuration is designed to store up to 32 intact (and up to 16 damaged, with 
remaining intact) PWR fuel assemblies. The 32PTH1 DSCs are also designed to store up to 32 
intact standard PWR fuel assemblies with or without Control Components (CC); such as 
burnable poison rod assemblies (BPRAs), Control Rod Assemblies (CRAs), Rod Cluster Control 
Assemblies (RCCAs), Thimble Plug Assemblies (TPAs), Axial Power Shaping Rod Assemblies 
(APSRAs), Orifice Rod Assemblies (ORAs), Vibration Suppression Inserts (VSis), Neutron 
Sources, and Neutron Source Assemblies (NSAs). 

The design-basis PWR fuel source terms are derived from the bounding fuel, B&W 15x15 Mark 
B assembly design as described in Section U.5.2. 

The NUHOMS® 32PTH1 DSCs are designed to store PWR fuel assemblies with CCs with the 
characteristic sources for CCs described in Table U.5-10. The 32PTH1 DSCs have a maximum 
decay heat of 1.5 kW per assembly and a maximum heat load of 40.8 kW per canister. Fuel in 
the 32PTH1 DSCs may be stored in six alternate heat zoning configurations as shown in Chapter 
U.2. Note that while the B&W, CE, and Westinghouse fuel designs are specifically listed, 
storing reload fuel designed by other manufacturers is also allowed provided an analysis is 
performed to demonstrate that the limiting features listed in Chapter U.2, Table U.2-3 bound the 
specific manufacturer's replacement fuel. The limiting parameters are the design basis 
radiological and decay heat source terms. 
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The design-basis fuel source terms for this evaluation are defined as the source terms from fuel 
with the burnup/initial enrichment/cooling time combination that results in the maximum dose 
rate on the surface of the HSM and/or TC. This approach is consistent with the method used to 
generate the fuel qualification tables for the Standardized NUHOMS® 24P and -52B DSC 
designs as described in Section 7.2.3, 32PT DSC design as described in Appendix Mor 
NUHOMS® 24PTH DSC design described in Appendix P. The design basis fuel source term in 
conjunction with the design basis CC source term (Table U.5-10) is used to calculate dose rates 
for the NUHOMS® 32PTH1 system. 

The enveloping heat load zoning configuration (HLZC) utilized in the shielding evaluation is 
shown in Figure U.5-3 for all cases except for the 32PTH1 Type 2-W. This HLZC produces the 
highest dose rates on the surfaces of the HSM-H and OS200 TC as compared to HLZCs 1 
through 6 because the highest source fuel assemblies are on the outer periphery of the basket 
region where self-shielding due to adjacent assemblies is limited. To bound the shielding 
analysis for all HLZCs, fuel assemblies with a decay heat of 1.5 kW at the outer 28 locations are 
used along with 1.0 kW fuel assemblies in the central 4 compartments. This results in a 
shielding analysis corresponding to a total of 46 kW decay heat per DSC which is very 
conservative because the total decay heat in 32PTH1 DSC is limited to 40.8 kW. These 
bounding gamma and neutron source terms are then used in the radiation shielding models to 
conservatively calculate dose rates on and around the NUHOMS® 32PTH1 system. 

The original 490 kgUfuel qualification tables (FQTs) developed/or the 32PTHJ DSC using 
SCALE4.4/SAS2H have been replaced with FQTsfor 380 kgU, 475 kgU, and 492 kgU developed 
by SCALE6.0/0RIGEN-ARP. These FQTs are documented in Section M5.2.6. 

In this chapter, the original design basis source terms developed by SCALE4.4/SAS2H, and the 
associated dose rate analysis, are retained as the analysis of record. However, 
SCALE6. O/ORJGEN-ARP design basis source terms are also developed consistent with the 
unified FQTs (Technical Specifications Tables J-3a through J-3p). These source terms are 
documented in Section U5.2.6. The CC source terms from Table U5-10 are added to the fuel 
source terms. The MCNP5 32PTHJ DSCIHSM-H and OS200 input files are rerun in MCNP5 
using the SCALE6. O/ORIGEN-ARP design basis source terms to determine the impact on the 
dose rates. To minimize rework, the original analysis is maintained as the analysis of record; 
however, scaling factors are developed that are used to scale up the dose rates of the analysis of 
record. This updated shielding analysis that determines the effect of uranium loading (380 kgU 
per assembly) on the dose rates is summarized in Section U5.4.12. 

In the updated analysis, the decay heat in the central 4 compartments is modeled at 0.8 kW/FA 
andthe decay heat in zone 2 is modeled at 1.3 kW/FA, for a total decay heat of 42.8 kW. This 
decay heat bounds the maximum decay heat of 40.8 kW and sufficiently bounds HLZC 1 through 
6. This arrangement is also summarized on Figure U5-3. 
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The bounding burnup, minimum initial enrichment and cooling time combinations for the fuel 
assemblies used in the shielding analyses of the 32PTH1 DSC in the HSM-H and the OS200 TC 
are as follows for the 32PTH1-M, 32PTH1-L, and 32PTH1-S DSC configurations: 

• 32PTH1 DSC in HSM-H and OS200 TC inner 4 compartments (radial zone 1 in Figure 
U.5-3): 

62 GWd/MTU, 3.4 wt.% U-235, 20.5-year cooled fuel 

• 32PTH1 DSC in HSM-H and OS200 TC middle 12 compartments (radial zone 2 in 
Figure U.5-3): 

62 GWd/MTU, 3.4 wt.% U-235, 8.5-year cooled fuel 

• 32PTH1 DSC in HSM-H outer 16 compartments (radial zone 3 in Figure U.5-3): 
32 GWd/MTU, 2.6 wt.% U-235, 3.0-year cooled fuel 

• 32PTH1 DSC in OS200 TC outer 16 compartments (radial zone 3 in Figure U.5-3): 
62 GWd/MTU, 3.4 wt.% U-235, 8.5-year cooled fuel 

The 32PTH1 Type 2-W DSC is analyzed in the OS200 TC with a uniform 1 kW loading in all 32 
compartments (Figure U.5-23): 62 GWd/MTU, 3.4 wt.% U-235, 20.5-year cooled fuel. 

The method of selecting the bounding source terms is explained in detail in Section U.5.2. 

The design basis CC source term that envelopes all CCs allowed in the 32PTH1 DSCs is taken 
from Appendix M for BPRAs. This is the same CC source term used in the 24PTH system as 
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described in Appendix P. The source term energy distribution is shown in Table U.5-10. Any 
CC to be stored in a 32PTH1 DSC must be bounded by this source term. 

Reconstituted and/or damaged fuel assemblies are also acceptable for storage in the 32PTH1 
DSC. The maximum number of reconstituted fuel assemblies that can be loaded per DSC is 32. 
Fuel assemblies may contain up to 10 rods that are reconstituted with stainless steel that is 
irradiated. There is no limit on the number of rods reconstituted with unirradiated stainless steel 
or Zircalloy or low enriched U02 or other non-fuel material. There is no effect on the source 
terms/shielding due to the position of the reconstituted rods in the fuel rod array. Reconstituted 
fuel with irradiated stainless steel rods has a rather small effect on the dose rate such that for 
cooling times less than 10 years, 1 year of cooling time is added. Alternately, the licensee can 
qualifY fuel assemblies with fewer than the maximum number of irradiated stainless steel rods 
and reduce cooling time requirements. Damaged fuel, under normal conditions, has essentially 
no impact on the dose rate as the neutron and gamma source terms would not be impacted and 
gross axial source redistribution is not likely. Therefore, shielding analysis results with intact 
fuel are also applicable to the damaged fuel under normal conditions. For accident conditions, 
damaged fuel is assumed to redistribute and is analyzed separately. 

:The "Nffiloi1SJY=32J!riiiff"l5sc::·an-~iternai~-c-;;e-:;:;;~~-ojl1ie-~ilu1WiJSJY=32J>r1i1lisc;···iS! 
~esigned to accommodate fail~dfuel in up to a maximum of four failed fuel cans (FFCs) pl/i~ed 
l . . - . ' ·; 

i!Lfb§ _fornex~~ll~ Qf:!h<! _i"IJ.(f!!fQL.1-~'! ~fJJ1JJ!.ar.trent:pells of the basket, as. shown in Figure]! 2-.?~ 
~1:. . .t!l? _to_)§l'.f'.'_<;.§_,Cl_S s,~o_wriJ1!f)g1:!!f! .'-!-?-:}· ____ lf?ailedfu.et i-s d,efi~ed asfuel deHrfsorfuelrodS.,.,,., 
that have been removed from afuel assembly and placed in a secondary container, such q.I_a_r_()_c[ 
storage basket. Failed fuel may contain breached rods, grossly breached rods; a'ndothe~ 
'defective rods._ The maximum number Qffuel rodi.that may.be stored'i~ a rod storage basket z~ 
" . .• . . . . . , " • ,. ' . . ·. .·. , ·. . . . , , . . ·. . .. ._,_, I 
1100, •with a total uranium loading less than 250- KgU. The total weight of the FFC plus all its 
~ontents shall be less than 1715 lhs, 1625/bs, and 1665 lbs;}or the 32PTHJ.:.L, 32PTHJ.:.M,_ a~d 
~2P~Hl-:S D~Cs, respective!Y· · The shie,ldingpJJ..q}J!§l~.esyfls w_ij_b__ff_f:JHQM~ :.~lfI_Ifl_D~~-f!!~ 
'flPJ!.fJca_b_((} to, tb~N!J.!JQM~-: 3 2P]']f}f,!2$9J 

An upgraded !ie~si6ti of the NUHOMS®HSM-H design, designated as NUHOMS®HSM-HS, is 
also provided to ~How the use of the NUHOMS® f§):_S,~ei!i: in locations where higher seismic levels 
exist. From a shielding standpoint, the HSM-HS module is identical to the HSM-H module. 
Therefore, all calculations performed with the HSM-H are applicable to the HSM-HS. 

[ 

] 
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U.5.1 Discussion and Results 

All 32PTH1 DSC, OS200 transfer cask and HSM-H dose calculations are performed using 
MCNP5 code [5.2] and a composite (hypothetical) DSC shielding configuration. The axial 
geometry of the 32PTH1-M DSC is used to accommodate the design basis B&W 15x15 Mark B 
fuel assembly. The shielding at the ends of the 32PTH1-M DSC is critically reduced to simulate 
the 32PTH1-L DSC axial shielding configuration. Steel rails are used for calculation of long 
term storage, transfer, welding and accident dose rates. The presence of solid aluminum rails that 
fill the space between the peripheral fuel compartments and the DSC shell results in a more 
effectively shielded configuration when the DSC.is dry. Decontamination dose rates are 
calculated with solid aluminum rails which produce conservative results. 

The 32PTH1. Type 2-W DSC is analyzed, with hollow steel rails, in normal transfer operation 
(dry DSC) and decontamination operations (wet DSC). 

Table U.5-1 summarizes the maximum and average dose rates for the NUHOMS® 32PTH1 
Design Basis (also referred to as "bounding") DSC loaded into the NUHOMS® HSM-H. 

Table U.5-2 provides a summary of the dose rates on and around the OS200 TC for transfer of 
the 32PTH1 DSC under normal, off-normal and accident conditions. 

Table U.5-3 provides a summary of the dose rates on and around the OS200 TC for 
decontamination and welding operations for the 32PTH1 DSC. 

Table U.5-21 summarizes the maximum dose rates on and around the OS200 TC for normal . I 
transfer operations for the 32PTH1 Type 2 -W DSC loaded at 32 kW decay heat. The 32PTH1 
Type 2-W dose rates are bounded by those, in normal condition, shown in Table U.5-2 for the 
32PTH1 DSC design basis loaded with enveloping heat load zoning configuration of 46 kW 
decay heat, Figure U.5-3. 

Table U.5-22 summarizes the maximum dose rates on and around the OS200 TC for 
decontamination operations for the 32PTH1Type2 - W DSC loaded at 32 kW decay heat. The 
32PTH1Type2-W dose rates are bounded by those, in decontamination operations shown in 
Table U.5-3 for the 32PTH1 DSC design basis loaded with enveloping heat load zoning 
configuration of 46 kW decay heat, Figure U.5-3. 

Based on the dose rates under normal condition and decontamination operations shown in Table 
U.5-21 and Table U.5-22, it is expected that the 32PTH1 Type 2-W DSC dose rates under off
normal, accident conditions and in welding operations are also bounded by those obtained for the 
32PTH1 DSC design basis in Table U.5-2 and Table U.5-3. 

Therefore, the dose rates under normal, off-normal and accident conditions shown in 
Table U.5-2, and the dose rates for the decontamination and welding operations detailed in Table 
U.5-3, for the 32PTH1 DSC, are bounding and applicable to the 32PTH1 Type 2-W DSC. And 
by extension, the maximum and average HSM-H dose rates shown in Table U.5-1 for the 
32PTH1 DSC design basis also apply to the 32PTH1 Type 2-W DSC. 
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The dose rates reported in Tables U5-J through U5-3, Table U5-21, and Table U5-22 are 
scaled by footnotes to account for dose rate increases due to the unified FQTs and 
corresponding source terms. The unified FQTs are documented in Section M5.2.6, and the 
corresponding source terms are documented in Section U5.2.6. The scaling/actors are 
developed in Section U5.4.12. 

A discussion of the method used to determine the design-basis fuel source terms is included in 
Section U.5 .2. The design basis CC source term which is from Appendix M is shown in Table 
U.5-10. The shielding material densities are given in Section U.5.3. The method used to 
determine the dose rates due to design-basis fuel assemblies with CCs in the various NUHOMS® 
32PTH1 DSC design configurations is provided in Section U.5.4. Radiological source terms are 
calculated with the SAS2H/ORIGEN-S modules of SCALE 4.4 [5.1] for the fuel. The shielding 
evaluation is performed with the MCNP5 [5.2] code with the ENDF/B-VI cr:oss section library. 
Sample input files used for calculating neutron and gamma source terms and dose rates are 
included in Section U.5.5. 

The NUHOMS®-32PTH1 DSC is also authorized to store fuel assemblies containing Blended 
Low Enriched Uranium (BLEU) fuel material. [ 
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U.5.2 Source Specification 

The original design basis source terms were generated using the SAS2HIORIGEN-S modules of 
SCALE 4.4 [5.1]. The development of these source terms are provided in this section. The 
original SAS2H FQTs have been replaced with FQTs developed using SCALE6. OIORIGEN-ARP 
[5. 20]. The development of these FQTs is documented in Section M'5. 2. 6. Because the FQTs 
have changed, SCALE6. O/ORJGEN-ARP design basis source terms are developed consistent with 
the unified FQTs (Technical Specifications Tables 1-3a through l-3p) to determine the impact on 
the dose rates. To minimize rework, the corresponding source terms developed using 
SCALE6.0IORJGEN-ARP are documented in Section U5.2.6. The thermal and radiological 
source terms for the CCs which are taken from Appendix M, are shown in Table U.5-10. 

The B&W 15x15 assembly is the bounding fuel assembly design for shielding purposes because 
it has the highest C0-59 content of the hardware regions as compared to the 14x14, other 15x15, 
16x16, and 17xl 7 fuel assemblies which are also authorized contents of the NUHOMS® 32PTH1 
DSC. The neutron flux during reactor operation is peaked in the active fuel or in-core region of 
the fuel assembly and drops off rapidly outside the active fuel region. Much of the fuel assembly 
hardware is outside of the active fuel region of the fuel assembly. To account for this reduction 
in neutron flux, the fuel assembly is divided into four exposure "regions." The four axial regions 
used in the source term calculation are: the bottom (nozzle) region, the fuel (active fuel) region, 
the (gas) plenum region, and the top (nozzle) region. The B&W 15x15 fuel assembly masses for 
each irradiation region are listed in Table U.5-4. The light elements that make up the various 
materials for the various fuel assembly materials are taken from Reference [5.4] and are listed in 
Table U.5-5. The design-basis heavy metal weight is 0.490 MTU in the analysis of record. 
These masses are irradiated in the appropriate fuel assembly region in the SAS2H/ORIGEN-S 
models. To account for the reduction in neutron flux outside the active fuel regions neutron flux 
(fluence) scaling factors are applied to light element composition for each region. The neutron 
flux scaling factors which are from Reference [5.4] are given in Table U.5-6. 

Evaluations of the existing data with SAS2H and the 44-group ENDF/B-V library used in the 
analysis are documented in References [ 5 .11] and [ 5 .12]. These comparisons all show generally 
good agreement between the calculations and measurements, and show no trend as a function of 
burnup in the data that would suggest that the isotopic predictions, and therefore neutron and 
gamma source terms, would not be in good agreement. A similar conclusion is also reached by 
the results documented in JAERI report [5.13]. In fact, for the case with 46,460 MWd/MTU 
burnup, the isotopic predictions are all within 2% of those measured. Therefore, the uncertainty 
in the gamma source term, and associated dose rates, is estimated to be within ±5 %. 

The above discussion does not include high-burnup data up to 62 GWd/MI'U However, as 
documented in Reference [5.14] and confirmed in the SAS2H analysis, the total neutron source 
with increasing burnup is more and more dominated by spontaneous fission neutrons. 
Reviewing the output from the SAS2H runs, the neutron source term is due almost entirely to the 
spontaneous fission of Cm-244 ( ~94% of all neutrons both spontaneous fission and ( a,n)). After 
reviewing the measured Cm-244 content compared to the Cm-244 content predicted by SAS2H 
and the 44-group ENDF/B-V library documented in References [5.11] and [5.12] for burnups up 
to 46,460 MWd/MTU, it is readily apparent that the calculated values are within ±11 % of the 
measured 

March2017 
Revision 0 72-1004 Amendment No. 15 Page U.5-5 I 



l __ _ 

values, with most of the predicted values within ±5% of the measured. Finally, there is no 
observed trend as a function of bum up in the data that would indicate that the predicted Cm-244 
content is significantly different at higher burnups. Therefore, as the Cm-244 isotope accounts 
for more than 94% of the total neutron source term, the uncertainty in the neutron source and 
associated neutron dose rates is expected to be less than ±11 %. 

As documented in Reference [5.14] and as observed in preparing the fuel qualification tables, the 
gamma radiation source strength increases nearly linearly with bumup relative to the direct 
gamma component and the neutron radiation source strength increases with burnup to the fourth 
power. Therefore, as bumups go beyond 45 GWd/MTU, the contribution from neutron (and 
associated n;y) components to the total dose rates measured on the surfaces of the DSC, TC and 
HSM-H increase in relative importance to that of the gamma component. However, this increase 
in the importance of the neutron source term has a relatively minor effect on the area dose rates 
on and around the HSM as these are dominated by the gamma component as shown in Table 
U.5-1. The surface dose rates on the HSM are dominated by the gamma component because the 
HSM is constructed of thick reinforced concrete, which is an excellent neutron shield. 
Therefore, even a postulated substantial increase in the neutron source term would have a 
relatively minor effect on the site dose rate evaluation presented in Chapter U .11 of the 
amendment application. 

For the TC, the neutron source term has a relatively minor effect on the area dose rates during 
most of the cask handling operations, since the DSC cavity and the annulus between the TC and 
DSC is filled with water and most of the work is done around the top of the cask. The neutron 
component is of more importance on and around the TC during transfer operations but, in 
general, only represents a small portion of the total dose rate on the top of the TC. While the 
neutron dose rate on the bottom of the TC is slightly higher, relatively little occupational dose is 
received from this area. The dose rates for the design basis fuel on the surfaces of HSM and TC 
are shown in Table U.5-1 through Table U.5-3. These tables show that gamma dose rates are 
substantially higher than neutron dose rates. 

The occupational exposure calculations demonstrate that most of the dose received by workers 
during cask loading and transfer operations is. due to the gamma radiation on and around the 
cask. The only surface of the TC that is dominated by neutrons is at the bottom of the cask. A 
small fraction of the total occupational exposure is due to the doses around the bottom of the 
cask because very little work is performed on or around the bottom of the cask with fuel in the 
TC. 

As discussed above, any impact of uncertainties in source terms is expected to be negligible for 
the 32PTH1 system. Therefore, isotopic depletion calculations with SAS2H for fuel burned 
above 45 GW d/MTU are appropriate. 
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The above discussion on the applicability of SCALE 4. 4/SAS2H to compute gamma and neutron 
high-burnup source terms is also largely applicable to SCALE 6. OIORIGEN-ARP because both 
code systems utilize ORIGEN-S for the depletion calculation. For PWRfuel assemblies, SAS2H 
and OR/GEN-ARP generate comparable source terms for equivalent program inputs. The 
TRITON T-DEP L module of SCALE 6. 0 is used to generate ORIG EN-ARP libraries applicable 
to B& W 15xl 5 fuel assemblies. These libraries are then used by ORIG EN-ARP to compute 
gamma and neutron source terms (see Section U5.2.6). 

Oak Ridge National Laboratory has benchmarked TRITON based on measured data from six 
different PWRs. This benchmarking is documented in NUREGICR-6968 [5.17], NUREGICR-
7012 [5.18], and NUREGICR-7013 [5.19} and includes measurement samples up to a burnup of 
78.3 GWd/MJ'U A summary of experimental samples utilized in the benchmark analysis is 
provided in Table U5-23. The benchmark references show that TRITON computed results agree 
well with experiments, thus verifying the use of SCALE 6. O/ORIGEN-ARP to compute gamma 
and neutron source terms for high-burnup fuel (burnup ~ 62 GW d/MJ'U). Because SAS2H and 
ORIGEN-ARP compute similar source terms for PWRfuel, the overall uncertainty in the gamma 
and neutron source terms developed above for SAS2H (±5%/or gammas and ±11%/or 
neutrons) is also applicable to the SCALE 6. O/ORIGEN-ARP generated source terms. 
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!As discussed in Chapter U.5, reconstituted and/or damaged fuel is also acceptable for the DSC 
payload. Reconstituted fuel may contain up to 10 irradiated solid stainless steel rods that replace 
fuel rods. Reconstituted fuel has a rather small effect on the dose rate such that for cooling times 
less than 10 years, 1 year of cooling time is added if reconstituted irradiated stainless steel rods 
are present. If the cooling time is greater than 10 years, no additional cooling time is needed. 
Alternately, the licensee can qualify fuel assemblies with fewer than the maximum number of 
irradiated stainless steel rods and reduce cooling time requirements. Additional discussion on 
the method used to analyze reconstituted fuel is provided in Section U.5.2.5. Under normal 
conditions, damaged fuel has essentially no impact on the dose rate as the source term would not 
be impacted and gross axial source redistribution is not likely. Damaged fuel under accident 
conditions is addressed by assuming the fuel turns to rubble. This assumption is only applicable 
to the transfer casks shielding analysis. 

Parameters that influence the source term calculations are fuel assembly power (expressed in 
MW/Fuel Assembly (MW/FA)) and the total time between cycles. Other depletion parameters 
like cycle length and number of cycles are derived from the target burnup, MTU loading and 
specific power. The time between cycles utilized is 30 days and is adequately bounding. 

The design-basis source terms are defined as the burnup/initial enrichment/cooling time 
combination that result in the maximum dose rate on the surface of the HSM (HSM-H) or TC 
(OS200). Note that for a given HLZC, the design basis HSM source will not necessarily be the 
same as the corresponding design basis TC source. The 1-D discrete ordinates code ANISN [5.5] 
and the CASK-81 22 neutron, 18 gamma-ray energy group, coupled cross-section library [5.3] is 
used to determine the HSM and TC dose rate by radial zone for each entry in the fuel 
qualification tables and thereby determine the design basis source. As ANISN is a 1-D code, a 
single dose location must be selected for both the HSM and TC for analysis purposes. For the 
HSM, the middle of the roof centerline is selected as the dose location, and for the middle of the 
TC the cask side is selected as the dose location. This approach, described in detail in Section 
U.5.2.4, is consistent with the method used to determine the fuel qualification tables for the 
Standardized NUHOMS® canister designs described in Section 7.2.3 and Appendices M.5 and 
P.5. The radiological source terms generated in the SAS2H/ORIGEN-S runs are used in the 
ANISN evaluations to calculate the surface dose rates. 

HLZC 1 (Figure U.2-1 in Chapter U.2) produced the bounding total surface dose rate for both the 
HSM-H and OS200 TC containing the 32PTH1 DSC. The enveloping HLZC selected for the 
shielding analysis (shown in Figure U.5-3) of the 32PTH1 DSC bounds the actual heat load 
configuration shown in Figure U.2-1 because 1.5 kW fuel is assumed in all 28 peripheral 
locations in the analysis of record. 
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p(E) = C exp(-E/a)sinh(bE)112 

with input parameters a=0.906 MeV and b=3.848 MeV-1
, as given in the MCNP manual [5.2]. 

U.5.2.3 Axial Peaking 

Axial burnup peaking factors for PWR fuel are taken from References [5.6] and [5.16]. These 
peaking factors are assumed to match the gamma axial source distribution because the gamma 
source is proportional to burnup. The neutron source is approximately proportional to the fourth 
power of the burnup. Therefore, the axial neutron source distribution may be determined as the 
fourth power of the axial burnup profile. 

Axial peaking changes with increasing burnup. As the design basis source occurs at different 
burnups for the various decay heat and shielding configurations, different axial peaking factors 
are selected for the various TC and HSM calculations. The axiai peaking factors used are 
provided in Table U .5-11. The OS200 TC calculations use peaking factors for a burn up >46 
GWd/MTU because the design basis source for 1.5 kW fuel in a TC occurs at a burnup of 62 
GWd/MTU. 

The HSM-H calculation uses peaking factors from Reference [5.16] because the design basis 
source for 1.5 kW fuel in an HSM-H occurs at an average burnup of 47 ((62 + 32) x 0.5) 
GWd/MTU. 

The neutron and gamma peaking factors are shown as a function of the active fuel region height 
in Table U .5-11. These factors are directly applied to each MCNP interval in the fuel region. 

The average values of the axial peaking distributions are also provided in Table U.5-11. For the 
gamma distribution, the average value is 1.0. However, for the neutron distribution, the average 
value of the distribution is greater than 1.0. The average value of the axial neutron distribution 
may be interpreted as the ratio of the true total neutron source in an assembly .to the neutron 
source calculated by SAS2H/ORIGEN-S for an average assembly burnup. Therefore, to 
properly correct the magnitude of the neutron source, the neutron source per assembly as 
reported in Table U.5-7, Table U.5-8 and Table U.5-9 is multiplied by the average value of the 
neutron source distribution as reported in Table U.5-11. 

U.5.2.4 ANISN Evaluation for Bounding Source Terms 

To determine which combination of burnup, wt.% initial enrichment and cooling time results in 
the bounding dose rates on the surface of the HSM-H and OS200 TC, the total source term, 
which includes the contribution from the fuel as well as the hardware in the entire assembly 
(including end fittings) is used to calculate its total ANISN dose rate on the HSM-H roof and 
OS200 TC radial model using the ANISN code. 
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An ANISN TC model is developed for the OS200 TC. An ANISN HSM model is also 
developed, for the HSM-H. The CC contribution is fixed and is included in the design basis 
shielding evaluation as such and therefore is not included in this ANISN evaluation. 

ANISN [5.5] determines the fluence of particles throughout one-dimensional geometric systems 
by solving the Boltzmann transport equation using the method of discrete ordinates. Particles 
can be generated by either particle interaction with the transport medium or extraneous sources 
incident upon the system. Anisotropic cross-sections can be expressed in a Legendre expansion 
of arbitrary order. 

The ANISN code implements the discrete ordinates method as its primary mode of operation. 
Balance equations are solved for the flow of particles moving in a set of discrete directions in 
each cell of a space mesh and in each group of a multigroup energy structure. Iterations are 
performed until all implicitness in the coupling of cells, directions, groups, and source 
regeneration is resolved. 

ANISN coupled with the CASK-81 22 neutron, 18 gamma-ray energy group, coupled cross
section library [5.3] and the ANSI/ANS-6.1.1-1977 flux-to-dose conversion factors [5.8] is 
chosen to generate the ANISN dose rates used to det<;:rmine the relative strength of the various 
source terms from fuel assemblies to determine the design basis source terms for the HSM-H and 
OS200 TC. These design basis source terms are used with MCNP models of the 32PTHI system 
to calculate the bounding system dose rates. ANISN provides an efficient method to select the 
design basis source terms. 

The surface dose rates are calculated using ANISN models to perform the evaluation for the fuel 
assembly parameters in the fuel qualification table. The ANISN model used to calculate the 
relative dose rates on the HSM-H surface is similar to a cut through the center of the MCNP 
HSM-H roof model used for the shielding evaluation. The ANISN mo.del used to generate the 
relative dose rates on the TC is similar to a cut through the center of the MCNP OS200 TC side 
model used for the shielding evaluation. Figure U.5-1 and Figure U.5-2 provide sketches for the 
ANISN models of the HSM-H roof and OS200 TC centerline, respectively. An example ANISN 
input file is included in Section U.5.5.4. 

With the exception of the fuel region, the material densities used in the ANISN models are the 
same as those used in the MCNP models as provided in Table U.5-12. The ANISN and MCNP 
number densities in the fuel region differ because in the MCNP models, the basket is modeled 
explicitly, while in the ANISN models the basket is homogenized with the fuel. The ANISN 
number densities for the fuel/basket region are provided in Table U.5-13. 

To simplify the number of ANISN calculations required, a "response function" is developed 
using ANISN. A separate response function is developed for both the OS200 TC and HSM-H. 
To generate a gamma response function, a separate ANISN model is executed with a single 
gamma per assembly in each of the 18 CASK-81 gamma energy groups. As ANISN requires the 
source in particles per second per unit volume, the volume of the homogenized source region is 
6.87E+06 cm3 (r=72.l cm and h=420.7 cm, including the top and bottom nozzle regions), 
resulting in a gamma source of 32/6.87E+06=4.657E-06 y/s-cm3

• Once the dose rate resulting 
from a single gamma per assembly is known for each energy group, the dose rate for an arbitrary 
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gamma source can be determined simply by multiplying the source strength in each group by the 
dose rate contribution for that group and summing the results. 

The neutron response function is generated in a similar fashion to the gamma response function, 
although only one ANISN neutron file is required because the neutron spectrum is adequately 
represented by the Cm-244 spectrum provided in Table U.5-14. Therefore, the ANISN model is 
executed with one neutron per assembly. As ANISN requires the source in particles per second 
per unit volume, the volume of the homogenized source region is 5.90E+06 cm3 (r=72.1 cm and 
h=361.42 cm, height for the fuel region only). The resulting neutron source for ANISN is 
provided in Table U.5-14. The dose rate from secondary capture gammas is calculated in 
addition to the neutron dose rate. This method allows for the calculation of the neutron and 
capture gamma dose rate on the surface of the OS200 TC or HSM-H knowing only the 
magnitude of the neutron source. 

The response functions for the OS200 TC and HSM-H are provided in Table U.5-15 and Table 
U.5-16, respectively. Response functions for a uniform fuel laoding configuration are also 
shown in Table U.5-16. These response functions are used to compute the dose rate for each 
entry in the original fuel qualification tables. The burnup/enrichment/cooling time combination 
that results in the highest dose rate is selected as the design basis source. 

U.5.2.5 Reconstituted Fuel 

As explained in Section U.5.2, reconstituted fuel assemblies may contain up to 10 irradiated 
stainless steel rods that replace damaged fuel rods. Because steel rods replace fuel rods, the 
decay heat of a reconstituted assembly is typically less than the decay heat of an equivalent 
standard assembly. Conversely, because steel contains Co-59 which activates to form Co-60, for 
low cooling times a reconstituted assembly typically generates higher dose rates than an 
equivalent standard assembly. As the half-life of Co-60 is 5.27 years, after 10 years the Co-60 
activity has reduced by almost a factor of four and a reconstituted assembly no longer generates 
higher dose rates than an equivalent standard assembly. To bound this effect, the fuel 
qualification tables require that for fuel assembly with irradiated reconstituted steel rods with 
cooling times less than 10 years, additional one year of cooling time is required. For cooling 
times of 10 years or greater, no additional cooling time is required to bound the reconstituted fuel 
with steel rods. 

To quantify this statement, additional SAS2H runs are generated for reconstituted assemblies. 
For each burnup and enrichment corresponding to a transition point in a fuel qualification table 
(i.e., the point where the cooling time experiences a change of 0.5 years), reconstituted assembly 
SAS2H models are developed. 

The SAS2H input files for a reconstituted assembly are very similar to the input files for a 
standard assembly except for the following changes: (1) The number of fuel rods is reduced 
from 208 to 198, (2) the POWER input variable is adjusted to maintain the correct burnup for the 
reduced fuel loading, and (3) the light elements change to reflect that 10 fuel rods have been 
replaced with steel rods. The constituent masses of the reconstituted fuel assembly required for 
the SAS2H input is provided in Table U.5-4. 
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---------------------------. 

Note that a reconstituted rod cannot be irradiated for more than two cycles because the first cycle 
will always contain fresh, undamaged fuel. To accurately model this behavior, two SAS2H 
models are generated for each transition point. The first SAS2H model is for only one cycle of 
irradiation of 10 reconstituted rods, while the second SAS2H model is for three cycles of 
irradiation of 10 reconstituted rods. By subtracting the single cycle source term of the 
reconstituted rods from the total source term (fuel and reconstituted rods) for three cycles, the 
source term for three cycle irradiation of fuel and two cycle irradiation of reconstituted rods is 
generated. 

This source term is inserted into the HSM-H and OS200 TC response functions to determine the 
dose rates for comparison to the design basis source dose rates. If the reconstituted fuel dose rate 
for either the HSM-H or OS200 TC exceeded the dose rate with design basis fuel, an additional 
0.5 year of cooling time is added to the reconstituted fuel source term. When the reconstituted 
fuel is examined in this fashion, no more than one additional year of cooling time is required for 
reconstituted fuel to be bounded by the design basis source if the decay time listed in the fuel 
qualification table is less than 10 years. After a cooling time greater than 10 years the effects of 
reconstituted fuel become insignificant. Alternately, the licensee can qualify fuel assemblies with 
fewer than the maximum number of irradiated stainless steel rods and reduce cooling time 
requirements. 

A sensitivity study performed using source terms consistent with the unified FQTs (Technical 
Specifications Tables J-3a through J-3p) indicates that the additional cooling time requirements 
for reconstituted fuel remain valid for the unified FQTs. 

U5.2.6 SCALE6. O/ORJGEN-ARP Source Terms 

Because the original FQTs have been replaced with unified FQTs (Technical Specifications 
Tables J-3a through J-3p), the design basis source terms developed in Section U5.2 are 
obsolete because they are based upon burnup, enrichment, and cooling time combinations that 
are no longer applicable. Therefore, SCALE6. O/ORIGEN-ARP design basis source terms are 
developed based on the unified FQTs. The FQTs are documented in Section M5.2.6. 

The methodology used to develop the SCALE6. O/ORIGEN-ARP design basis source terms is the 
same as described in Section U5.2. The ANISN transfer cask and HSM response functions 
developed in Section U5.2.4 are used to evaluate the source terms for each FQT burnup, 
enrichment, and cooling time (BECT) combination. The BECT combination that results in the 
maximum dose rate is selected as the design basis source. 

A heat load zone configuration is developed that bounds HLZC 1 through 6 (the HLZCs are 
defined in Figures U2-l through U2-3 and Figures U2-5 through U2-7). The decay heat in 
the central 4 compartments is modeled at 0.8 kW/FA and the decay heat in zone 2 is modeled at 
1.3 kW/FA, for a total decay heat of 42.8 kW The modeled HLZC is referred to as "Modified 
HLZC 1 " because it is the same as HLZC 1 except the inner zone is conservatively increased 
from 0.6 kW/FA to 0.8 kW/FA. The DSC decay heat bounds the maximum DSC decay heat of 
40.8 kW and sufficiently bounds HLZC 1through6. This arrangement is also summarized on 
Figure U5-3 in the lower table. 
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Based on the ANISN response function analysis, the SCALE6. OIORIGEN-ARP design basis 
source terms for Modified HLZC 1 are: 

HSM 

" Table U5-24: 0.8 kW/FA, 45 GWd/MTU, 1.1 wt.% U-235, 9.6 years cooled 

" Table U5-25: 1.3 kW/FA, 45 GWd/MTU, 1.1 wt.% U-235, 4.6 years cooled 

,, Table U5-26: 1.5 kW/FA, 19 GWd/MTU, 0.8 wt.% U-235, 2.0 years cooled 

Transfer cask 

• Table U5-24: 0.8 kW/FA, 45 GWd/MTU, 1.1 wt.% U-235, 9.6 years cooled 

• Table U5-25: 1.3 kW/FA, 45 GWd/MTU, 1.1 wt.% U-235, 4.6 years cooled 

• Table U5-27: 1.5 kW/FA, 45 GWd/MTU, 1.1 wt.% U-235, 3.9 years cooled 

Note that the 0.8 kW/FA and 1.3 kW/FA sources are the same for both the HSM and transfer 
cask, although the 1.5 kW/FA source terms are different. 

Because the FQTs in Section M5.2.6 are developed for uranium loadings of 380 kgU, 475 kgU, 
and 492 kgU for fixed heat loads, it is observed that 380 kgU source terms bound 475 or 
492 kgU source terms because self-shielding of the sources by the uranium in the fuel matrix is 
reduced. Therefore, SCALE 6. O/ORJGEN-ARP design basis source terms are developed only for 
380 kgU 

The MCNP5 neutron models are run with the NONU card to suppress subcritical neutron 
multiplication. Subcritical neutron multiplication is addressed by multiplying the neutron source 
computed by ORIGEN-ARP by 11(1-kef.{). Values ofkeffappropriatefor the burnups of the 
sources are provided in the source term tables (Table U5-24 through U5-27). 

The gamma source in the active fuel region is modeled with the axial burnup profile appropriate 
for the burnup of the source and is obtainedfrom Table 20 ofORNLITM-12973 [5.16]. These 
profiles are summarized in Appendix M5, Table M5-53. The neutron profile is derived as the 
4th power of the gamma profile and is also summarized in Table M5-53. The burnup peaking 
factor accounts for the increase in the neutron source magnitude due to the axial burnup profile. 
The burnup peaking factors used in the neutron calculations are provided in the source term 
tables (Table U5-24 through U5-27). 

The CC source terms provided in Table U5-10 are applicable and may be added to the fuel-only 
source terms provided in Table U5-24 through U5-27. 
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U.5.4 Shielding Evaluation 

Dose rate contributions from the bottom, in core, plenum and top regions, as appropriate, from 
32 0.490 MTU fuel assemblies are calculated with the MCNP Code [5.2] at various locations on 
and around the NUHOMS® 32PTH1 DSCs within the HSM and OS200 TC. 

The following shielding evaluation discussion specifically addresses the NUHOMS® 32PTH1 
DSC in an OS200 TC and the NUHOMS® 32PTH1 DSC in HSM-H using the 0.490 MTU 
design-basis source terms described in the above sections. Dose ~ate contributions from the 
bottom, in core, plenum and top regions, as appropriate, from 32 0.380 MTU fuel assemblies 
with CCs are also calculated with the MCNP 5 Code [5.2 J at various locations on and around 
the NUHOMS® 32PTHJ DSCs within the HSM and TC. 

The shielding evaluation that determines the effect of loading 0.380 MTU per assembly on the 
dose rates is described in Section U 5. 4.12. 

U.5.4.l Computer Program 

MCNP [5.2] is a general-purpose Monte Carlo N-Particle code that can be used for neutron, 
photon, electron, or coupled neutron/photon/electron transport. The code treats an arbitrary 
three-dimensional configuration of materials in geometric cells bounded by first- and second
degree surfaces and some special fourth-degree surfaces. Pointwise (continuous energy) cross
section data are used. For neutrons, all reactions given in a particular cross-section evaluation 
are accounted for in the cross section set. For photons, the code takes account of incoherent and 
coherent scattering, the possibility of fluorescent emission after photoelectric absorption, 
absorption in pair production with local emission of annihilation radiation, and bremsstrahlung. 
Important standard features that make MCNP very versatile and easy to use include a powerful 
general source; an extensive collection of cross-section data; and an extensive collection of 
variance reduction techniques that can be employed to track particles through very complex deep 
penetration problems. MCNP was employed to take advantage of its mesh tallies capabilities in 
calculating dose rates distributed over the surface of the HSM. It also allows more point 
detectors to be used in a single run that substantially reduces the number of input/out decks 
needed to perform ISFSI site dose rate calculations described in Chapter U.10. 

U.5.4.2 Spatial Source Distribution 

The source components are: 

• The neutron sources due to the active fuel region, 

• The gamma source due to the active fuel region, 

• The gamma source due to the plenum, 

• The gamma source due to the top region, 

• The gamma source due to the bottom region, 

• The gamma source due to the CC in the active fuel region, 

• The gamma source due to the CC in the plenum region, and 

• The gamma source due to the CC in the top region. 
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· U.5.4.7.2 32PTH1-L DSC in OS200 TC 

Two three-dimensional MCNP models are employed for shielding analyses of the 32PTH1 DSC 
within an OS200 TC: one model for neutrons and the other for gammas. These models are 
presented in Figure U.5-9 through Figure U.5-13. The z-axis in the MCNP models coincides 
with the axis of rotation of the cask and the 32PTH1 DSC. Select features within the cask and on 
its surface are neglected because they produce only localized effects and have minimal impact on 
operational dose rates. Examples of neglected features include the relief valves, clevises, and 
eyebolts. With the exception of the neutron shield support angles and the trunnions, the balance 
of these items are local features that increase the shielding in a small area without replacing any 
of the shielding material which is included in the model. The additional shielding material that 
these features provide is not smeared into the bulk shielding, nor is any credit taken for it in the 
occupational exposure calculation. The neutron shield support angles and trunnions are modeled 
explicitly. The density of the neutron shield water used in the cask MCNP models is 0.958 
g/cm3

. 

Design features relevant to the shielding analysis of the OS200 TC and 32PTH1 DSC are 
modeled in MCNP. The overall length of the OS200 TC is 210.72". The outer diameter of the 
OS200 TC is 92.12" (neutron shield included). The outer diameter excluding the neutron shield 
is 81.84". The bottom of the OS200 TC is designed to mate with a 32PTH1 DSC. The overall 
length of the 32PTH1 DSC as modeled is 192.75" (excluding the grapple) and its outer diameter 
is 69.75". The bottom end of the 32PTH1 DSC is elevated approximately 6.72" from the bottom 
of the OS200 TC. 

The OS200 TC has a ventilated top lid to facilitate air circulation. In MCNP, the ventilation 
cutouts in the top cover assembly are modeled as a single complete annular gap. The supporting 
steel around the bolts is modeled by reducing the density by 5 0%. Likewise, the density of the 
neutron shielding in the top lid is also reduced by 50% to conservatively account for the bolt 
cutouts. The ram access cover is modeled in the shielding evaluation. 

Dose rates for this scenario are provided in Table U.5-2. Dose rates on the side, top, and bottom 
of this cask are presented graphically in Figure U.5-20 through Figure U.5-22. 

A sample MCNP model input file for OS200 TC with 32PTH1 is included in Section U.5.5.3. 

U.5.4.8 Accident Models 

No accident models were developed for the HSM-H because no accident scenario in Chapter 
U.11 has been identified that would alter the dose rates provided in Table U.5-1. 

For the OS200 TC, an accident case is performed assuming the neutron shield and steel neutron 
shield jacket (outer skin) of each have been torn off. This bounds the fire and cask drop 
accidents described in Chapter U .11. A second case is considered to analyze the effect of 
damaged fuel turning to rubble in the bottom of the cask following an accident. The dose rates 
from fuel rubble exhibit local peaking; however at far distances the accident dose rates without 
damaged fuel are conservative. Accident dose rates at Im, lOOm, and 500m from the side of the 
cask are presented in Table U.5-2. 
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U.5.4.9 OS200 TC Models During Fuel Loading Operations 

MCNP models are developed for the cask decontamination and welding operations during fuel 
loading using the 32PTH1 DSC. 

Cask Decontamination: The 32PTH1 DSC and the OS200 TC are assumed to be completely filled 
with water up to the bottom surface of the DSC shield plug and including the region between 
32PTH1-DSC and cask, which is referred to as the "cask/32PTHI-DSC annulus." The 32PTH1-DSC 
top shield plug and inner top cover plate are assumed to be in place and the temporary shielding has 
not yet been installed. These models are utilized axially to determine the dose rates prior to the 
installation of the welding system. Results for this case are provided in Table U.5-3. 

Welding.and 32PTH1-DSC Draining: Before the start of welding operation, approximately 60% of 
the water in the DSC cavity is removed due to hydrogen generation. A dry DSC cavity is assumed in 
all welding models to be conservative. Temporary shielding consisting of three inches ofNS-3 and 
one inch of steel is assumed to cover the 32PTH1-DSC inner top cover plate. In addition, the DSC 
outer top cover plate is not present. The cask/32PTH1-DSC annulus is assumed to remain 
completely filled with water. Results for this case are provided in Table U.5-3. 

I iJ.5,:4: JO ·-.-Impact o-n-Doie Ratesdue-io Redu;;abe-nsTty~C~ncrite and~Gap~ be/;vein iisi.ir·-
1 ,,.' ' ' , '·: ,,,,» ,' . ., . , ,,,,.. •, " 

'The purpose of this section is to report the impac/ on surface maximum and ·average. dose rates 
lfor a2xLside-by-side arnw ofHS)J1:...Hs containing 32PTHI DSC.s due)b .. lowe~lr1gthe concrete 
!density from l 4Spounds per cubfr:foot (pcf) to 140 pcf and adding a i.5-inch gap between 
adjacent HSMs. Table U.5-18 and Table U5-l!/provide ra(ios of the.maximum.and 
[s~~jace-avi~age :dose rate'results,respecti~ely, with the 1.5-inch:gaps ahdlow~r. density' .... 
~concrete to the maximum and surface-average dose rates with no gaps and a concrete'-density of 
:14~pcf . · l 

:The 1results in Table_U5-18show that the lower density concrete and 1.5-inch gqps cause an 
ioverallJncr~ase ofapproxirrz.ately40% in:the mct;imu~.dose rates on t~e HSM.r:_f:!oJ, ~n)ncrease I 
:of 10% inthe maximum dose rate at the HSM-Hfrdnt .bird screen and an increase of14% ih the : 
.maxtmum dose rate at the HSM-H door centerline·., A larger ratio of 4.'64 is observeq-between • 
fthe maximum·doseriite.sfqithe HSMend/sidet~hieldwafl.surfgce. This increfise indoseia:fe is! 
:localized and occurs outside·the gap between the' HSM and rear shield: wall at approximately 
/65 ~:-~n: frorrz the jront an~ is ~ue :.ro radiation s~~alrlin? fhroug~, th~ .gap.. · · · 

!The re~ults)n Table U5-19 show that'the lower density concrete and 1.5-inch gaps.~ause 
:appro,xlmately a factOr .of 2 incr~ase orl:fhe SU;rfcjce::average dose. rate for the .J!SM--Hroof.and .· 
lfor the l!Slv.i:-H end (side) shield wall suijace; a 23% increase on: the·surface-'average dose rate 
ifor th? HS]y[.-Hfr01:ztand aratio of f5 increase on the HSMback shield.wau.··. 
i· '. »', "· .. '. . . •' .. ·; ' ' . j. . • '... . • ·:;::. •, . • "· : • '\ 

I The-ratios shown in Table U.5-18 and Table U.5-J'9can be used as scalingfatto~s to.increase, ' 
:the !fZaxilflym and surface-.caverage dose rates of an HSM-..H arr.ay to·.accountfor low density 
fcohc_r_e_ie-_qh_iFJ.5~)6~h_gapS, 4tJti~g:lJSMfabricqtion and)11staflption." · . '.: . ..·· > . •. 

U 5.4.11 Not Used. 
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---------------~-------

U5.4.12 Shielding Analysis with a Loading o(0.380 MTU per Fuel Assembly 

As discussed in Section U5.4, additional shielding analysis is performed with a reduced 
Uranium loading of 0.380 MTU per fuel assembly. The objective of this analysis is to determine 
the impact that reduced Uranium loading has on system dose rates. The results of this analysis 
are employed to scale the dose rate results for the 32PTH1 System. For this purpose, the 
MCNP5 models employed for the 0.490 MTU analysis rerun with updated source terms as 
described in U 5. 2. 6, and with updated material specifications to reflect the reduction in MTU 
MCNP5 calculations are performed for the 32PTH1 DSC inside the HSM-H in the normal 
storage configuration. MCNP5 calculations are also performed for the 32PTH1 DSC inside the 
OS200 TC in the decontamination and welding configurations, and in the normal and accident 
transfer configurations. The resulting dose rates are compared to the 0.490 MTU dose rates to 
determine scaling factors for each of these configurations. Based on the updated results, six 
scaling/actors are determined and are summarized as follows: 

• The dose rates for the HSM front and roof are to be scaled by 1.18. 

• The dose rates for the HSM side and rear are to be scaled by 1. 3 6. 

• The site dose for the HSM is to be scaled by 1.18. 

• The dose rates for the TC for normal, welding and decontamination are to be scaled as 
follows: 

• by 1.24 for the side, 

by 1.63/or the top, 

by 1.91 for the bottom. 

• The dose rates for the TC for accidents are bound by the 0.490 MTU analysis results, and do 
not require updating. 

• The occupational exposure for the TC loading and storage operations is to be scaled by 1.20. 

These scaling/actors are included as footnotes in the dose rate results summarized in Table U5-
1, Table U5-2, Table U5-3, Table U5-21, and Table U5-22. 

These scaling factors are also employed to scale the occupational exposure and generic site dose 
(2Xl 0 back-to-back and front-to-front arrays) results calculated for the 32PTH1 system in 
Appendix U 10, and to scale the dose rate consequences of accidents for the 32PTH1 system in 
Appendix U 11. 
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Table U.5-1 
Summary of Bounding Maximum and Average Dose Rates with NUHOMS®-32PTH1 

Bounding DSC in HSM-H <2) 

Maximum Gamma Maximum Neutron Maximum Total 
Dose Rate Location Gamma MCNP Neutron MCNP Total11 ·~l MCNP 10" 

(mrem/hr) 1cr Error (mrem/hr) 1cr Error (mrem/hr) Error 

HSM Roof (centerline)14J 14.13 0.04 0.74 0.01 14.86 0.04 

HSM Roof Bird screen(4J 114.71 0.01 6.47 0.01 121.17 0.01 

HSM End (Side) Shield 
Wall Surface(5J 

1.49 0.05 0.06 0.01 1.54 0.05 

HSM Door Exterior Surface 0.61 0.07 0.08 0.06 0.70 0.06 (centerline)(4J 

HSM Front Bird screen'"1 471.28 0.04 5.89 0.02 477.17 0.04 

Gamma Gamma Average Neutron Avera~e Total 
Dose Rate Location Average MCNP1cr Neutron MCNP 10" TotalJ MCNP 10" 

(mrem/hr) Error (mrem/hr) Error (mrem/hr) Error 

HSM Roof~' 11.27 0.01 0.62 <0.01 11.89 0.01 
HSM End (Side) Shield 
Wall Surface(5J 

0.36 0.01 0.02 <0.01 0.38 0.01 

HSM Front14J 14.87 0.06 0.31 0.02 15.19 0.06 
HSM Back Shield Wall'"1 0.07 0.01 0.004 0.01 0.07 0.01 

Notes: 
(1) Gamma and Neutron dose rate peaks do not always occur at same location; therefore, the maximum of total 

dose rate is not always the sum of the gamma plus neutron dose rate maximums. 
(2) Dose is calculated using bounding 32PTH1 DSC, from the shielding performance stand point. This DSC 

contains the design basis assembly source loaded in accordance with bounding HLZC depicted in Figure U.5-3. 
Also, it is assumed that design basis CC sources are present in each fuel assembly. Dose rates can be higher 
by 6% to account for the use of grout during HSM fabrication and installation. 

r[(3);., 'Use .the·rfJfiosshowmnTable ·D:5-11Jand~Ta6Te-:u. S:.T9:f6.increase:fhe:maxliilurnanCisur:faCe:::averaJilt. 'do~e-::-71 
.. rates,r:espect1ve1Ytd ~ccount torreauced af?n.sit:/ coMre(e; and gaps, at up 'to. 1.5",as. descrf6e'alin section:.•· . , . i 
.;,;__.JL~A;LO.;. ·. _ _,,_:_..:__.~---~-----"--..:._,,,,:,.c_.~.~~;__~- ··--·-·~_.:, __ ..:_ __ :_, __ , ___ ·«_·~ __ : ___ ;,:,:_ __ ----~ c:: ~-"·-~-...:::_~·"' ~,::::.___:_J 
(4) These dose rates increase by 18% when loading 0.380 MTU FAs. 
(5) These dose rates increase by 36% when loading 0.380 MTU FAs. 
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Table U.5-2 
Summary of NUHOMS® 32PTH1 DSC, OS200 TC Maximum Dose Rates During Transfer 

Operations 

Maximum Gamma Maximum Neutron Maximum Total 
Dose Rate Location Gamma MCNP1cr Neutron MCNP Tota1<1> MCNP 

(mremlhr) Error (mremlhr) 1cr Error (mremlhr) 1cr Error 

Cask Side Surface (Radial)<
3
J 4.07E+02 0.0048 2.02E+02 0.0085 6.09E+02 0.0043 

Cask Top Axial Surface<4J 2.32E+02 0.0602 3.86E+01 0.0452 2.51E+02 0.0556 

Cask Bottom Axial Surface<
5
J 2.15E+03(2l 0.0181 1.40E+03(2l 0.0136 3.55E+o3<2

> 0.0122 

50 cm from Cask Side 
2.39E+02 0.0047 1.23E+02 0.0082 3.62E+02 0.0042 

(Radial)(3J 

50 cm from Cask Top Axial 
Surface<4J 

4.71E+01 0.0793 2.07E+01 0.0453 5.95E+01 0.0653 

50 cm from Cask Bottom Axial 
9.25E+02 0.0190 3.43E+02 0.0194 1.27E+03 0.0148 

Surface<5J 

1 m from Cask Side (Radial)(3J 1.61E+02 0.0046 8.39E+01 0.0082 2.45E+02 0.0041 

1 m from Cask Top Axial 
Surface<4J 

2;95E+01 0.0488 1.44E+01 0.0692 3.79E+01 0.0393 

1 m from Cask Bottom Axial 
4.65E+02 0.0200 1.40E+02 0.0299 6.05E+02 0.0169 

Surface<5J 

Cask 1 m (Radial) Accident 
1.74E+02 0.0280 3.58E+03 0.003 3.76E+03 0.0031 

Condition 

Cask 100 m (Radial) Accident 
9.38E-02 0.0175 1.00E+OO 0.0029 1.10E+OO 0.0030 

Condition 

Cask 500 m (Radial) Accident 
5.25E-04 0.0188 3.40E-03 0.0043 3.92E-03 0.0045 

Condition 

Notes: 
(1) Gamma and Neutron dose rate peaks do not always occur at same location; therefore, the total dose rate is 

not always the sum of the gamma plus neutron dose rate. 
(2) 

(3) 
(4) 
(5) 

The peak bottom surface dose rate is directly below the grapple ring cut out in the bottom of the cask. The 
bottom average dose rates, including the grapple area, are 113 mrem/hr gamma, 71 mrem/hr neutron for a 
total average dose rate of 184 mrem/hr. 
The Side dose rates increase by 24% when loading 0.380 MTU FAs. 
The Top dose rates increase by 63% when loading 0.380 MTU FAs. 
The Bottom dose rates increase by 91% when loading 0.380 MTUFAs. 
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Table U.5-3 
Summary of NUHOMS® 32PTH1 DSC, OS200 TC Maximum Dose Rates During 

Decontamination and Welding Operations 

Maximum Gamma Maximum Neutron Maximum Total 
Dose Rate Location Gamma MCNP 1cr Neutron MCNP Tota1!1l MCNP 

(mrem/hr) Error (mrem/hr) 1cr Error (mrem/hr) 1cr Error 
Decontamination ; 

Cask Side Surface 
3.46E+02 0.0035 3.73E+02 0.0040 7.19E+02 0.0027 (Radial)14J -

Top Axial Surface1"1 8.32E+02 0.0226 9.34E+OO 0.0308 8.33E+02 0.0226 
Cask Bottom Axial 1.70E+o3!2l 0.0153 6.83E+01 '2l 0.0424 1.77E+03'2l 0.0148 Surface16J 

50 cm from Cask Side 
2.02E+02 0.0035 2.29E+02 0.0037 4.31E+02 0.0025 (Radial) <4! 

50 cm from Top Axial 
Surface15J 

6.15E+02 0.0298 5.64E+OO 0.0443 6.16E+02 0.0298 

50 cm from Cask Bottom 
7.31E+02 0.0160 1.82E+01 0.0534 7.49E+02 0.0157 Axial Surface16J 

1 m from Cask Side 
1.35E+02 0.0034 1.58E+02 0.0037 2.92E+02 0.0025 (Radial)14J 

1 m from Top Axial 
4.27E+02 0.0345 3.61E+OO 0.0537 4.28E+02 0.0344 Surface15J 

1 m from Cask Bottom Axial 
3.68E+02 0.0174 8.06E+OO 0.0808 3.76E+02 0.0171 Surface16J 

Weldino 
Cask Side Surface 

3.09E+02 0.0053 1.47E+02 0.0076 4.56E+02 0.0043 (Radial)14J 

Top Axial Surface1"
1 7.20E+02 0.1107 4.21E+01 0.0618 7.62E+02 0.1047 

Cask Bottom Axial 2.17E+o3(3l 0.0164 1.22E+o3(3l 0.0110 3.39E+o3(3l 0.0112 
Surface16J 

50 cm from Cask Side , 1.85E+02 0.0051 8.99E+01 0.0072 2.75E+02 0.0042 (Radial 14J 
50 cm from Top Axial 
Surface15J - 4.25E+02 0.0214 1.74E+01 0.0592 4.42E+02 0.0207 

50 cm from Cask Bottom 
9.27E+02 0.0171 3.00E+02 0.0157 1.23E+03 0.0135 

Axial Surface16J 

1 cm from Cask Side 
1.27E+02 0.0050 6.23E+01 0.0077 1.89E+02 0.0042 (Radia1)14J 

1 cm from Top Axial 
Surface151 2.94E+02 0.0231 1.17E+01 0.0788 3.06E+02 0.0224 

1 cm from Cask Bottom 
4.66E+02 0.0182 1.21E+02 0.0244 5.87E+02 0.0153 

Axial Surface16J 

Notes: 
(1) Gamma and Neutron dose rate peaks do not always occur at same location; therefore, the total dose rate is 

not always the sum of the gamma plus neutron dose rate. 
(2) The peak bottom surface dose rate is directly below the grapple ring cut out in the bottom of the cask. The 

bottom average dose rates, including the grapple area, are 86 mrem/hr gamma, 11 mrem/hr neutron for a total 
average dose rate of 97 mrem/hr. 

(3) The peak bottom surface dose rate is directly below the grapple ring cut out in the bottom of the cask. The 
bottom average dose rates, including the grapple area, are 108 mrem/hr gamma, 57 mrem/hr neutron for a 
total average dose rate of 165 mrem/hr. Note that this bottom axial dose rate has no impact on the 
occupational exposure because no operations are performed near bottom axial location. 

(4) The Side dose rates increase by 24% when loading 0.380 MTU FAs. 
(5) The Top dose rates increase by 63% when loading 0.380 MTU FAs. 
(6) The Bottom dose rates increase by 91% when loading 0.380 MTU FAs. 
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Table U.5-18 
Ratios of 2xl HSM-H Array Maximum Dose Rates 

(2xl Array Dose Rates with 1.5-inch Gaps and 140 pc/Concrete/No Gaps Dose Rates and 
145 pc/Concrete) 

Location Maximum Gamma Maximum Neutron Maximum Total Ratio 
Ratio Ratio 

HSM Roof (centerline) 1.45 1.35 1.45 
HSM Roof Bird Screen 1.42 1.27 1.41 
HSM End (Side) Shield Wall 4.79 1.86 4.64 
Surface 
HSM Door Exterior Surface 1.12 1.28 1.14 
(centerline) 
HSM Front Bird Screen 1.10 1.12 1.10 

Table U.5-19 
Ratios of 2xl HSM-H Array Surface Average Dose Rates 

(2xl Array Dose Rates with 1.5-inch Gaps and 140 pc/Concrete /No Gaps Dose Rates and 
145 pc/Concrete) 

Location 

HSMRoof 
HSM End (Side) Shield Wall 
Swface 
HSMFront 
HSM Back Shield Wall 
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Maximum Gamma Maximum Neutron 
Ratio 
1.99 
2.39 

1.23 
4.68 

Table U.5-20 

Deleted 

Ratio 
1.51 
1.91 

1.21 
2.42 

72-1004 Amendment No. 15 

Maximum Total Ratio 

1.96 
2.36 

1.23 
4.52 
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Table V.5-21 
Summary ofNUHOMS® 32PTH1Type2-W DSC OS200 TC Maximum Dose Rates During 

Normal Transfer Operations 

Maximum Gamma Maximum Neutron Maximum Total 
Dose Rate Location Gamma MCNP Neutron MCNP1a Total MCNP 1a 

(mrem/hr) 1a Error (mrem/hr) Error (mrem/hr) Error 

Cask Side Surface (Radial)<2J 2.27E+02 0.0025 1.38E+02 0.0061 3.66E+02 0.0028 

Cask Top Axial Surface<3J 8.12E+01 0.0381 2.90E+01 0.0287 9.69E+01 0.0322 

Cask Bottom Axial Surface<4J 7.54E+02 0.0140 1.02E+03 0.0095 1.77E+03 0.0081 

1.5 ft from Cask Side (Radial)!2J 1.29E+02 0.0024 8.38E+01 0.0057 2.13E+02 0.0027 

1.5 ft from Cask Top Axial Surface<3J 1.73E+01 0.0477 1.49E+01 0.0326 2.63E+01 0.0366 

1.5 ft from Cask Bottom Axial 3.06E+02 0.0153 2.51E+02 0.0140 5.57E+02 0.0105 
Surface<4J 

3 ft from Cask Side (Radia1)<2J 8.45E+01 0.0024 5.81E+01 0.0058 1.43E+02 0.0027 

3 ft from Cask Top Axial Surface!3J 1.10E+01 0.0316 9.76E+OO 0.0448 1.76E+01 0.0231 

3 ft from Cask Bottom Axial Surface<4J 1.55E+02 0.0177 1.03E+02 0.0209 2.58E+02 0.0135 

Notes: 

1. Gamma and Neutron dose rate peaks do not always occur at same location; therefore, the total dose rate is not 
always the sum of the gamma plus neutron dose rate. 

2. The Side dose rates increase by 24% when loading 0.380 MTU FAs. 
3. The Top dose rates increase by 63% when loading 0.380 MTU FAs. 
4. The Bottom dose rates increase by 91% when loading 0.380 MTU FAs. 
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Table U.5-22 
Summary ofNUHOMS®32PTH1Type2-W DSC OS200 TC Maximum Dose Rates During 

Normal Decontamination Operations 

Maximum Gamma Maximum Neutron Maximum Total MCNP Dose Rate Location Gamma MCNP1a Neutron MCNP1a Total 
(mrem/hr) Error (mrem/hr) Error (mrem/hr) 1a Error 

Cask Side Surface (Radial)f2J 8.99E+01 3.3E-03 1.34E+02 3.0E-03 2.24E+02 2.2E-03 

Top Axial Surfacef3J 3.62E+02 2.42E-02 3.37E+OO 2.49E-02 3.62E+02 2.42E-02 

Cask Bottom Axial Surfacef4J 5.74E+02 1.49E-02 3.74E+01 2.70E-02 6.11 E+02 1.41E-02 

1.5 ft from Cask Side 5.26E+01 3.26E-03 8.21E+01 2.70E-03 1.35E+02 2.0BE-03 
(Radial)f2J 

1.5 ft from Top Axial 2.48E+02 2.45E-02 1.93E+OO 3.29E-02 2.48E+02 2.45E-02 
Surface!3J 

1.5 ft from Cask Bottom Axial 2.31E+02 1.64E-02 1.03E+01 3.44E-02 2.41E+02 1.58E-02 
Surface!4J 

3 ft from Cask Side (Radial)f2J 3.51E+01 3.26E-03 5.68E+01 2.70E-03 9.18E+01 2.0BE-03 

3 ft from Top Axial Surfacef3J 1.69E+02 2.BOE-02 1.19E+OO 4.0BE-02 1.69E+02 2.BOE-02 

3 ft from Cask Bottom Axial 1.18E+02 1.91E-02 4.87E+OO 4.57E-02 1.22E+02 1.84E-02 
Surface!4J ' 

Notes: 

1. Gamma and Neutron dose rate peaks do not always occur at same location; therefore, the total dose rate is not 
always the sum of the gamma plus neutron dose rate. 

2. The Side dose rates increase by 24% when loading 0.380 MTU FAs. 
3. The Top dose rates increase by 63% when loading 0.380 MTU FAs. 
4. The Bottom dose rates increase by 91% when loading 0.380 MTU FAs. 
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Table U.5-23 
Summary of Experimental Samples as a Function of Burnup Range 

Power Plant 

Takahama-3 
Three Mile Island - 1 

Calvert Cliffs 

Vandell6s Ii 

Gosgen 
GKNIJ 

March 2017 
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Total 

LowBurnup 
(B < 45 GWd/MTU) 

Reference 
No of Range 

Samples (GWd/MTU) 

NUREG/CR-6968 
14 8.55 - 42.16 
JO 22.80-44.8 

Reference [5.17] 
3 27.35 - 44.34 

NUREGICR-7013 
1 42.50 

Reference {5.197 
NUREGICR-7012 1 3l.10 
Reference [5.18] - -

29 -

72-1004 Amendment No. 15 

HighBurnup 
(B > 45 GWd/MTU) 

No of Range 
Samples (GWd/MTU) 

2 47.03 - 47.25 
9 50.10-55.70 
- -
5 54.85 - 78.30 

5 46.00-70.30 
1 54.10 

22 -
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Table U.5-24 
Modified HLZC#l 0.8 kW Design Basis HSM and TC Source Term 

Bounding Radiological Source at 380 kgUIFA: 
45 GWDIMTU, 1.1 wt. %, after 9.6 years of cooling 

E111;,., MeV to E111=MeV 
Bottom Nozzle 

In-core (gls) Plenum (gls) 
Top Nozzle 

(g/s) (g/s) 
O.OOe+OO to 5.00e-02 1.975E+ll 6.392E+l4 3.835E+ll 1.112E+JJ 
5.00e-02 to 1.00e-01 3.130E+10 1.624E+ 14 6.856E+l0 2.156E+10 
1.00e-01 to 2.00e-01 1.163E+10 l.238E+l4 1.919E+l0 5.218E+09 
2.00e-01 to 3. OOe-01 6.657E+08 3.467E+l3 1.015E+09 2.596E+08 
3.00e-01 to 4.00e-01 1.455E+09 2.105E+l3 1.706E+09 3.392E+08 
4.00e-01 to 6.00e-01 2.180E+l0 l.627E+l4 1.424E+10 2.325E+07 
6.00e-01 to 8.00e-01 1.293E+10 l.460E+l5 1.533E+10 1.328E+09 
8.00e-01 to 1.00e+OO 4.280E+09 8.674E+13 8.930E+09 2.903E+09 
1.00e+OO to 1.33e+OO 9.044E+l2 1.419E+ 14 1.994E+l3 6.282E+12 
1.33e+OO to 1.66e+OO 2.554E+l2 3.474E+l3 5.631E+l2 1.774E+12 
1.66e+OO to 2.00e+OO 9.587E+Ol 9.910E+10 6.248E+Ol 1.182E-02 
2.00e+OO to 2.50e+OO 6.111E+07 5.213E+l0 1.347E+08 4.245E+07 
2.50e+OO to 3.00e+OO 5.221E+04 4.249E+09 1.151E+05 3.627E+04 
3.00e+OO to 4.00e+OO 1.009E-05 4.816E+08 5.163E-05 8.309E-06 
4.00e+OO to 5.00e+OO 0.0 3.459E+07 0.0 0.0 
5.00e+OO to 6.50e+OO 0.0 1.388E+07 0.0 0.0 
6.50e+OO to 8.00e+OO 0.0 2.723E+06 0.0 0.0 
8.00e+OO to 1.00e+Ol 0.0 5.782E+05 0.0 0.0 

Total Gamma, ~l(sec*FA) J.188E+l3 2.867E+l5 2.608E+l3 8.199E+l2 
(])Total Neutrons, nl(sec*FA) 9.996E+8 

<'JThis is a "raw" source calculated with ORIGEN-ARP. Multiply it by bpf/(1-keJ) to account for subcritical 
multiplication and an axial variation of burn-up profile in the active fuel region, where the dry keJF 0.25189 
and bpf=l.152. 
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Table U.5-25 
Modified HLZC#l 1.3 kW Design Basis HSM and TC Source Term 

Bounding Radiological Source at 380 kgUIFA: 
45 GWD/MTU, 1.1 wt. %, after 4.6 years of cooling 

E,,,;,,, MeV to E,,,a:oMeV 
Bottom Nozzle 

In-core (g/s) Plenum (gls) 
Top Nozzle 

(g/s) (g/s) 
O.OOe+OO to 5.00e-02 4.723E+ll 1.250E+l5 7.888E+ll 2.121E+ll 
5.00e-02 to 1.00e-01 6.083E+l0 3.513E+l4 1.324E+ll 4.159E+10 
l.OOe-01 to 2.00e-01 2.914E+10 2.984E+l4 4.132E+l0 1.009E+10 
2.00e-01 to 3.00e-01 1.757E+09 8.428E+l3 2.260E+09 4.995E+08 
3.00e-01 to 4.00e-01 4.391E+09 5.889E+l3 4.319E+09 6.530E+08 
4.00e-01 to 6.00e-01 7.735E+l0 8.964E+ 14 5.044E+l0 4.328E+07 
6.00e-01 to 8.00e-01 4.190E+l0 2.331E+l5 3.421E+l0 1.335E+09 
8.00e-01 to 1.00e+OO 1.382E+ll 3.795E+l4 3.231E+l0 7.909E+10 
J.OOe+OO to 1.33e+OO 1. 744E+ 13 2.845E+ 14 3.844E+l3 1.211E+13 
1.33e+OO to 1.66e+OO 4.924E+12 8.354E+l3 1.086E+l3 3.420E+l2 
l.66e+OO to 2.00e+OO 2.479E+03 l.565E+l2 5.201E+03 1.592E+03 
2.00e+OO to 2.50e+OO 1.178E+08 2.450E+ 12 2.597E+08 8.184E+07 
2.50e+OO to 3.00e+OO 1.007E+05 1.225E+ll 2.219E+05 6.992E+04 
3.00e+OO to 4.00e+OO 1.121E-05 1.150E+l0 5.738E-05 9.234E-06 
4.00e+OO to 5.00e+OO 0.0 4.195E+07 0.0 0.0 
5.00e+OO to 6.50e+OO 0.0 1.684E+07 0.0 0.0 
6.50e+OO to 8.00e+OO 0.0 3.303E+06 0.0 0.0 
8.00e+OO to 1.00e+Ol 0.0 7.013E+05 0.0 0.0 

Total Gamma, z/(sec*FA) 2.319E+13 6.022E+15 5.038E+l3 l.588E+l3 
r1JTotal Neutrons, nl(sec*FA) 1.214E+9 

('JThis is a "raw" source calculated with ORIGEN-ARP. Multiply it by bpf/(1-ke.r) to account for a subcritical 
multiplication and an axial variation of burn-up profile in the active fuel region, where the dry keg= 0.25189 
and bof=l.152. 
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Table U.5-26 
Modified HLZC#l 1.5 kW Design Basis HSM Source Term 

Bounding Radiological Source at 380 kgU/FA: 
19 GWD/MTU, 0. 8 wt. %, after 2. 0 years of cooling 

E111;m MeV to E,,.=MeV 
Bottom Nozzle 

In-core (gls) Plenum (gls) 
Top Nozzle 

(g/s) (g!s) 

O.OOe+OO to 5.00e-02 6.587E+ll 2.781E+15 8.406E+Jl 1.823E+ll 

5.00e-02 to 1.00e-01 5.321E+JO 9.152E+14 1.151E+Jl 3.600E+10 

1.00e-01 to 2.00e-01 2.874E+JO 8.695E+14 3.811E+JO 8.770E+09 

2.00e-01 to 3.00e-01 1.962E+09 2.352E+14 2.258E+09 4.384E+08 

3.00e-01 to 4.00e-01 9.786E+09 J.850E+l4 7.645E+09 5.686E+08 

4.00e-01 to · 6.00e-01 8.573E+JO 1.097E+l5 5.771E+JO 8.519E+08 

6.00e-01 to 8.00e-01 6.524E+JO 1.558E+ 15 4.580E+ JO 6.451E+08 

8.00e-01 to 1.00e+OO 8.305E+ll 2.954E+l4 l.523E+Jl 4.729E+ll 

J.OOe+OO to l.33e+OO l.505E+13 2.656E+l4 3.330E+l3 1.046E+13 

l.33e+OO to 1.66e+OO 4.250E+l2 8.283E+13 9.403E+l2 2.955E+l2 

J.66e+OO to 2.00e+OO 1.899E+07 6.288E+l2 4.061E+07 1.254E+07 

2.00e+OO to 2.50e+OO 1.018E+08 1.676E+13 2.250E+08 7.071E+07 

2.50e+OO to 3.00e+OO 8.696E+04 4.659E+ll 1.923E+05 6.042E+04 

3.00e+OO to 4.00e+OO 4.193E-06 4.269E+JO 2.146E-05 3.454E-06 

4.00e+OO to 5.00e+OO 0.0 3.420E+06 0.0 0.0 

5.00e+OO to 6.50e+OO 0.0 1.373E+06 0.0 0.0 

6.50e+OO to 8.00e+OO 0.0 2.692E+05 0.0 0.0 

8.00e+OO to 1.00e+Ol 0.0 5.716E+04 0.0 0.0 

Total Gamma, g/(sec*FA) 2.104E+l3 8.309E+l5 4.396E+l3 l.412E+ 13 

OJTotal Neutrons, nl(sec*FA) 9.818E+7 

(J)This is a "raw" source calculated with OR/GEN-ARP. Multiply it by bpf/(1-k.;} to account for a subcritical 
multiplication and an axial variation of burn-up profile in the active fuel region, where the dry k.JF 0.34041 
and bpf= 1.403. 
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Table U.5-27 
Modified HLZC#l 1.5 kW Design Basis TC Source Term 

Bounding Radiological Source at 380 kgUIFA: 
45 GWD/MTU, 1.1 wt. %, after 3.9 years of cooling 

E,,,;,,, MeV to E,,,o:o MeV 
Bottom Nozzle 

In-core (g/s) Plenum (gls) 
Top Nozzle 

(g/s) (g/s) 
O.OOe+OO to 5.00e-02 5.519E+ll 1.577E+ 15 8.838E+ll 2.314E+ll 
5.00e-02 to 1.00e-01 6.655E+l0 4.610E+l4 1.446E+ 11 4.543E+JO 
1.00e-01 to 2.00e-01 3.320E+JO 3.998E+ 14 4.602E+JO 1.102E+JO 
2.00e-01 to 3.00e-01 2.018E+09 l.132E+l4 2.532E+09 5.455E+08 
3. OOe-01 to 4.00e-01 5.180E+09 8.171E+l3 4.967E+09 7.131E+08 
4.00e-01 to 6.00e-01 9.170E+10 1.164E+l5 5.978E+JO 4.821E+07 
6.00e-01 to 8.00e-01 4.940E+JO 2.595E+l5 3.909E+JO l.337E+09 
8.00e-01 to 1.00e+OO 2.363E+ll 4.727E+l4 4.906E+ JO 1.349E+ll 
1.00e+OO to 1.33e+OO 1.904E+l3 3.200E+14 4.198E+ 13 1.323E+l3 
1.33e+OO to 1.66e+OO 5.377£+12 9.694E+l3 J.186E+l3 3.735E+l2 
1.66e+OO to 2.00e+OO 2.627E+04 2.466E+l2 5.633£+04 1.741E+04 
2.00e+OO to 2.50e+OO 1.287£+08 4.224E+l2 2.837£+08 8.938E+07 
2.50e+OO to 3.00e+OO 1.099E+05 l.936E+ll 2.424E+05 7.637E+04 
3.00e+OO to 4.00e+OO 1.137E-05 1.809E+l0 5.821£-05 9.368E-06 
4.00e+OO to 5.00e+OO 0.0 4.308E+07 0.0 0.0 
5.00e+OO to 6.50e+OO 0.0 1.729£+07 0.0 0.0 
6.50e+OO to 8.00e+OO 0.0 3.392E+06 0.0 0.0 
8.00e+OO to 1.00e+Ol 0.0 7.203E+05 0.0 0.0 

Total Gamma, f!/(sec*FA) 2.546£+13 7.288E+l5 5.507E+l3 1.739E+l3 
(1

1Total Neutrons, nl(sec*FA) l.247E+9 
11JThis is a "raw" source calculated with ORIGEN-ARP. Multiply it by bpjl(J-keJ) to account for a subcritical 

multiplication and an axial variation of burn-up profile in the active fuel region, where the dry keff=0.25189 
and bpf=l.152. 
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Radial Radial Rad ial 
Source Source Source 
Zone 1 Zone 2 Zone 3 

Design Basis Analysis 

Heat Zone Zone 1 Zone 2 Zone 3 

Number of Fuel Assemblies 4 12 16 

Maximum Decay Heat (kW/FA) 1.0 1.5 1.5 

Maximum Decay Heat per Zone (kW) 4.0 18.0 24.0 

Maximum Decay Heat per DSC (kW) 46.0 

Scaling Factor Analysis 

Heat Zone Zone 1 Zone2 Zone3 

Number of Fuel Assemblies 4 12 16 

Maximum Decay Heat (kW/FA) 0.8 1.3 1.5 

Maximum Decay Heat per Zone (kW) 3.2 15.6 24.0 

Maximum Decay Heat per DSC (kW) 42.8 

Figure U.5-3 
32PTH1 DSC Bounding HLZC Used for Shielding Analysis for All Configurations except 

for 32PTH1 Type 2-W 

I 

I 
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U.10.1 Occupational Exposure 

The occupational exposure results shown herein do not account for loading of 0. 380 MTU fuel, 
which is described in Section U5.4.12. Loading 0.380 MTU fuel results in an increase in 
occupational exposure of 20%. 

The expected occupational dose for placing a canister of spent fuel into dry storage is based on 
the operational steps outlined in Table 7.4-1 of the UFSAR. The total exposure for the 
occupational dose due to placing a single NUHOMS® 32PTH1 DSC loaded with design basis 
fuel assemblies into storage is conservatively estimated to be 2 person-rem as summarized in 
Table U.10-1. This is a very conservative estimate because the dose rates on and around 
32PTH1 DSCs used in these calculations are based on very conservative assumptions for the 
design-basis source terms and analyses models. The calculated exposures are due mainly to the 
expected gamma dose rate during preparation for welding. 

The NUHOMS® 32PTH1 system loading operations, the number of workers required for each 
operation, and the amount of time required for each operation are presented in Table U.10-1. 
This information is used as the basis for estimating the total occupational exposure associated 
with one fuel load. The dose rates applicable for each operation are based on the results 
presented in Section U.5.4 for loading operations. Engineering judgment and operational 
experience are used to estimate dose rates that were not explicitly evaluated. This evaluation 
assumes that a transfer trailer/skid with an integral ram is used for the DSC transfer operations. 
Licensees may elect to use different equipment and/or different procedures. Each Licensee must 
evaluate any such changes in accordance with its ALARA program. 

Unique steps are sometimes necessary at the individual site to load the canister, complete closure 
operations and place the canister in the HSM-H. Specifically, the licensee may choose to modify 
the sequence of operations in order to achieve reduced dose rates for a larger number of steps, 
with the end result of reduced total exposure. The only requirement is that the licensee practice 
ALARA with respect to the total exposure received for a loading campaign. These estimated 
durations, manloading and dose rates are not limits. 

The amount of time required to complete some operations as identified in Table U.10-1 may be 
greater than the actual amount of time spent in a radiation field. The process of vacuum drying 
the DSC includes setting up the vacuum drying system (VDS), verifying that the VDS is 
operating correctly, evacuating the DSC cavity, monitoring the DSC pressure, and disconnecting 
the VDS from the DSC. Of these tasks, only setup and removal of the VDS require a worker to 
spend time near the DSC. The most time consuming task, evacuating the DSC, does not require 
anyone to be present near DSC at all. The total exposure calculated for each task is therefore not 
necessarily equal to the number of workers multiplied by the total time required, multiplied by a 
dose rate. The exposure estimation for each task correctly accounts for cases such as vacuum 
drying and assumes that good ALARA practices are followed. 

Localized regions of elevated dose rates should be anticipated and minimized with good ALARA 
practices. Such regions exist due primarily to radiation streaming, including for example, 
streaming through the cask/DSC annulus, the ventilation paths in OS200 lid and the DSC 
vent/siphon ports. 
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The results of the evaluations of the NUHOMS® 32PTH1 are presented in Table U.10-1. 

The potential for streaming due to gaps associated with the alternate top closure have been 
evaluated using standard hand calculation methods. In this configuration streaming paths around 
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U.11.2.3.l Cause of Accident 

No change to the description presented in UFSAR Section 8.2.2.1. No change to the 
determination of the tornado wind and tornado missile loads acting on the HSM-H / HSM-HS as 
detailed in Appendix P, Section P .2.2.1. 

U.11.2.3.2 Accident Analysis 

An evaluation that investigates the effect of the addition of the NUHOMS® 32PTH1 DSC, is 
presented in Chapter U.3, Section U.3.7.1. The evaluation of the HSM-H for the effect ofDBT 
wind pressure loads is addressed in Section U.3.7.1.1. The tornado missile impact evaluation of 
the HSM-H / HSM-HS is presented in the following sections. 

U.11.2.3.2.1 HSM-H/HSM-HS Missile Impact Analysis 

No change to the missile impact evaluation presented in Appendix P, Section P.11.2.3.2.1. 

To accommodate the longest 32PTH1 DSC inside the HSM-H / HSM-HS cavity, the concrete 
thickness of the shield door is reduced from 22.5 inches to 18.5 inches. The missile evaluations 
of the shielded composite door, described in Section P.11.2.3.2.1, do not take credit for the 22.5 
inch concrete thickness that is structurally composite with the 7.875 inch total steel plate 
thickness. Therefore, the shielded door evaluations for missile loadings as presented in Section 
P .11.2.3 .2.1 remain applicable for the shielded door with reduced concrete thickness. 

In addition, as shown in the drawings for the HSM-H / HSM-HS in Section U.1.5, an optional 
door has been added to the HSM-H / HSM-HS design. The optional door has an additional 6.875 
inches concrete thickness but the steel thickness is reduced to 3 inches. 

As noted above, the evaluation of the shielded door includes an additional missile (8" diameter 
armor piercing artillery shell with a mass of 280 lbs and impact velocity of 508 fps). The 
controlling missile evaluations require a minimum steel thickness of 2.5 inches. Therefore, a 
door with 3 inch steel thickness is qualified for missile loads. 

U.11.2.3.3 Accident Dose Calculations 

The increase in the dose rates at the localized impact location following the missile impact 
accident is expected to be bounded by the dose rates at the HSM-H vents, calculated to be 600 
mrem/hour in Table U.5-1, since the structural analysis results demonstrate that there is no full 
penetration. This represents an increase in the peak roof dose rates by a factor greater than 20 
and is conservative. 

For the purpose of this calculation, it is conservatively assumed that the affected area is twice the 
area of impact~ 1.6 ft2

• The surface area at the HSM-H front is 140 ft2
, at the HSM-H roofis 

200 ft2 and that at the HSM-H side is 280 ft2
. The impact area, therefore, represents 

approximately 0.6% to 1.2% of the surface area of the HSM-H. This will result in an increase of 
not more than 3 7% in the average dose rates at the front or roof or the side of the HSM-H. This 
increase does not significantly affect the ISFSI site dose rates and the results from Section 
U.10.2 (specifically Table U.10-7) can be utilized to determine the exposure. The dose received 
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by a person located 100 meters away from the ISFSI for the assumed 8 hour duration would be 
less than 5 mrem (8 *HSM-H dose rates at 1 OOm, 8. 7 5E-02 mrem/hour * 1.18 MTU scaling factor) 
with a 2x10 array of HSM-Hs. The increased dose to an offsite person located 500 meters away 
for the assumed 8 hour duration would be less than 0.01 mrem (8* HSM-H dose rates at 500m, 
l.83E-04mrem/hour*1.18 MTU scaling factor) with a 2x10 array ofHSM-Hs. 

U.11.2.3.4 Corrective Actions 

After excessive high winds or a tornado, the HSM-H/HSM-HS and OS200 TC would be 
inspected for damage. Any debris would be removed. Any damage resulting from impact with a 
missile would be evaluated to determine ifthe system was still within the licensed design basis. 

U.11.2.4 Flood 

This event is described in UFSAR Section 8.2.4. 

U.11.2.4.1 Cause of Accident 

No change. See UFSAR Section 8.2.4.1. 

U.11.2.4.2 Accident Analysis 

The HSM-H I HSM-HS and DSCs are evaluated for flooding in Section U.3.7.3. The DSC is 
designed and tested to be leak tight to the criteria of ANSI N14.5 [11.2]. The stresses in the DSC 
due to the design basis flood are well below the allowable stresses for Service Level C of the 
ASME Code Subsection NB [11.5]. Therefore, the NUHOMS® 32PTH1 DSC will withstand the 
design basis flood without breach of the confinement boundary. 

U.11.2.4.3 Accident Dose Calculations 

The radiation dose due to flooding of the HSM-H is negligible. The NUHOMS® 32PTH1 DSC is 
designed and tested as a leak-tight containment boundary. Flooding does not breach the 
containment boundary. Therefore radioactive material inside the DSC will remain sealed in the 
DSC and, therefore, will not contaminate the encroaching flood water. 

U.11.2.4.4 Corrective Actions 

No change. See UFSAR Section 8.2.4.4. 

U.11.2.5 Accidental TC Drop 

This event is described in UFSAR Section 8.2.5. 

U.11.2.5.1 Cause of Accident 

See Section U.3.7.4. 
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U.11.2.7 Blockage of Air Inlet and Outlet Openings 

This accident conservatively postulates the complete blockage of the ventilation air inlet and 
outlet openings of the HSM-H. 

U.11.2.7.1 Cause of Accident 

No change. See UFSAR Section 8.2.7.1. 

U.11.2.7.2 Accident Analysis . 

The thermal evaluation of this event is presented in Chapter U.4 for HSM-H and the 32PTH1 
DSCs. The temperatures determined in Chapter U.4 are used in the structural evaluation of this 
event, which is presented in Chapter U.3, Sections U.3.7.6 and U.3.4.4.3. 

The section below describes the additional analyses performed to demonstrate the acceptability 
of the system with the NUHOMS® 32PTH1 DSC. 

U.11.2.7.3 Accident Dose Calculations 

There are no off-site dose consequences as a result of this accident. The only significant dose 
increase is that related to the recovery operation. Based on the results presented in Chapter U.5, 
Table U.5-1, the bounding average dose rate on HSM front or roof is 15.5 mrem/hr. 

It is conservatively estimated that the on-site workers will receive an additional dose of no more 
than 150 (=l5.5x8*1.18 MTU scaling/actor) mrem during the eight hour period it is estimated 
may be required for removal of debris from the inlet and outlet vent openings. These exposures 
are well within the limits of 10CFR72.106 for an accident condition. 

U.11.2.7.4 Corrective Action 

No change to UFSAR Section 8.2.7.4. 

U.11.2.8 DSC Leakage 

The NUHOMS® 32PTH1 DSC is designed as a pressure retaining containment boundary to 
prevent leakage of contaminated materials. The analyses of normal, off-normal, and accident 
conditions have shown that no credible conditions can breach the DSC shell or fail the double 
seal welds at each end of the DSC. The NUHOMS® 32PTH1 DSC is designed and tested to be 
leak tight. Therefore DSC leakage is not considered a credible accident scenario. See Chapter 
U.7 for additional details on the confinement evaluation. 

U.11.2.9 Accident Pressurization of DSC 

U .11.2.9 .1 Cause of Accident 

The bounding internal pressurization of the NUHOMS® 32PTH1 DSC is postulated to result 
from cladding failure of the spent fuel in combination with the transfer accident case with the 
loss of sunshield and liquid neutron shield in the transfer cask under extreme ambient 
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Y.2.1 Spent Fuel to be Stored 

Y.2.1.1 Intact or Damaged Fuel 

As described in Appendix Y.1, the NUHOMS®-69BTH DSC is designed to store intact 
(including reconstituted) and/or damaged 'f}fQ:J1f~g~1g/1:trffEffA.~f!2iJ BWR fuel assemblies as 
specified in Table Y.2-1 and Table Y.2-2. The fuel to be stored is limited to a maximum lattice 
average initial enrichment of 5.0 wt.% U-235. The maximum allowable fuel assembly average 

r,·_,.,, -~'<"' ''"'."' ~~,,,~, ~· '""'. "". ""''." ~"'."'~"'1 ""'\,:"" •" .• ,,,,",''." , '""."= ~""''fef".' "'" ~,..,.,,, ____ <~"' '"""'"~ '""';:"'~ '':" "","""".~.''~'."" :"" '.''' "" ~(""-~:--";•"';"1 

bumup is limited to 62 GW d/MTU. i'f'he:mihiinum required~:co&lfrig:t1mej/fr.fuefte.8e.sttiretl 

~f~~i~t~~~!!'ffft&l~~~l~~t~*~l~~~f'Jt~~i;1J 
~ete'r111tnHtlb''.usin··~the:instrtictioris: .fofvldedSiii:fli'e'the:nbfoi and:exam··tesifi}>ilowff{:./f'dGle 
r • ·.' ··. ••· :: r··~-·::i:;·~····· g~·--· ·~····-·········~11.. ....•• ~·····~-·-,,·····~··-~~·~···-·~····12!.M. ·~·-·····"'"'·······gL ..... ~ •. !;2 

~~~ ' ch.~····~~ 

l~ .. ~.!:LUJ-I0¥.§~::-~69BTH DSC is also authorized to store fuel assemblies containing ~{~liii}1;;:flitt; 
~'JJ:rJ¢.hgf[t1J:..t~tz.!'1J:i:!A (BLEU) fuel material. Fuel pellets containing BLEU fuel material are no 
different than U02 fuel pellets except for the presence of a higher quantity of cobalt impurity. 
The consideration of cobalt impurity affects only the gamma source terms for fuel assemblies 
located in the DSC periphery. This does not affect any criticality, thermal or structural analysis 
inputs for evaluation of fuel assemblies with BLEU material. The qualification of fuel 
assemblies containing BLEU fuel pellets will require an additional cooling time of three years to 
ensure that the source terms calculated with U02 material are bounding. 

Reconstituted fuel assemblies containing up to 10 replacement irradiated stainless steel rods per 
assembly or 69 lower enrichment U02 rods instead of zircaloy clad enriched U02 rods are 
acceptable for storage in 69BTH 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 U02 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 69 
with U02 rods or Zr rods or Zr pellets or unirradiated stainless steel rods. 

The NUHOMS®-69BTH DSCs can also accommodate up to a maximum of 24 damaged fuel 
assemblies placed in the four outer "six compartment" arrays located at the outer edge of the 
DSC as shown in Figure Y.2-7. Damaged BWR fuel assemblies are assemblies containing 
missing or partial fuel rods, 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, including non-cladding damage, is able to be handled by normal means 
and the retrievability is assured following the normal and off-normal conditions. Missing fuel 
rods are allowed. The DSC basket cells which store damaged fuel assemblies are provided with 
top and bottom end caps. 

A 69BTH DSC containing less than 69 fuel assemblies may contain dummy fuel assemblies in 
the empty slots. The dummy.assemblies are unirradiated, aluminum blocks that approximate the 
weight and center of gravity of a fuel assembly. 
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Table Y.2-1 
(Part 1 o/2) 
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Z.1.1 Introduction 

The NUHOMS®-37PTH system is designed to store up to 37 intact (including reconstituted) 
PWR fuel assemblies with uranium dioxide (U02). The fuel to be stored is limited to a maximum 
assembly average initial enrichment of 5.0 wt% U-235, a maximum assembly average burnup of 
62 GWd/MTU, and a minimum cooling time of 2.0 years. Each of the 37PTH DSC types is 
designed to store up to 37 control components (CCs) which include control spiders, 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), integral fuel burnable absorber (IFBA) assemblies, 
and neutron source assemblies (NSAs) and neutron sources. The design characteristics, including 
physical and radiological parameters of the payload, are described in Appendix Z.2. 

Reconstituted fuel assemblies containing up to 10 replacement rods (irradiated stainless steel 
rods) per assembly or unlimited lower enrichment U02 rods instead of zircaloy clad enriched 
U02 rods are acceptable for storage in 37PTH 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 U02 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 37 with U02 rods or Zr rods or Zr pellets or unirradiated stainless steel rods. 

Provisions have been made for storage of up to 4 damaged fuel assemblies in lieu of an equal 
number of intact assemblies in the cells located at the periphery of the 37PTH basket as 
described in Appendix Z.2, Figures Z.2-1 through Z.2-3. Damaged PWR fuel assemblies are 
defined in Appendix Z.2. 

The NUHOMS®-37PTH system consists of the following components: 

e A 37PTH DSC, with two alternate configurations, described in detail in Section Z.1.2, 
provides confinement, an inert environment, structural support, and criticality control for the 
37 PWR fuel assemblies. 

• A modified HSM-H/HSM-HS module, described in Section Z.1.2, provides environmental 
protection, shielding, and heat rejection during storage. 

• An OS200 or OS200FC TC, described in Appendix U.l, Section U.1.2.1.3, provides for 
onsite transfer of the 37PTH DSCs. 

The NUHOMS®-37PTH system requires the use of non-safety related auxiliary transfer 
equipment similar to those described in Chapter 1, Section 1.3 .2.2 and Appendix U .1, Section 
U.1.2.1.3 (when using the air circulation feature of the OS200FC TC). There is no change to any 
of the design features of the auxiliary transfer equipment. 

Approval of the NUHOMS®-37PTH system components described in Section Z.1.2 is sought 
under the provisions of 10 CFR 72, subpart L for use under the general license provisions of 10 
CFR 72, subpart K. The 3 7PTH system components are intended for storage on a reinforced 
concrete pad. 
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Z.2.1 Spent Fuel to be Stored 

Z.2.1.1 Intact or Damaged Fuel 

As described in Appendix Z.1, there are two alternate design configurations for the 
NUHOMS®-37PTH DSC depending~Qn the canister length: a short (182.00 !f11:J; DSC designated 
as 37PTH-S, and a medium (189.25 lin:V DSC designated as 37PTH-M. Each of the DSC 
configurations is designed to store intact (including reconstituted) and/or damaged PWR fuel 
assemblies as specified in Table Z.2-1 and Table Z.2-3. The fuel to be stored is limited to a 
maximum assembly average initial enrichment of 5.0 wt.% D-235. The maximum allowable 
assembly average burnup is limited to 62 GWd/MTD. 'ifne~minimum req;ii~edcooltngtimeftJ 
·-~. .--~·-- -~---- .--. ·1 :----. ~.-·. --·•: . · · ·· ·· · · •· • · · · · • · · r 
Juet-to.be~storedwiJ!J.~380, 475, and 492flSgI!lEA:.;ts <!_Jf:I!)idtJ:ispeclf~d:asafunction ofburnuPi 
bnd enrichment if!:lTechnical Specifications Table 1-3a through 1-3p>For Jue( with a kgU/f_:I}, 
I . . • ·~ •. - ·- ·..,---. - ·-. - ---- .--.--- -------:----,-- .. __,. . -,-·~-- - : . . . . • .• . f' 
roading between. these values, :the minimum. required cqolingtipw for fael'to 'be stor;ed,·a,J. a, 
• . . . . . . . • ... . ·. . -~ .·. . . . ... :·. . ........ · . : .. . . . . .. . . . . . . . . . . ·.• --·: ·. ---·---- ··1 

~:;:;;;~!~{ ;7~~~j¥;~~:7:~11;::{J;~~~~~?Ja%f !1~J:fJns_fr_71_&g_71s_p_rovidedi1!_0_t!J2!!!§J 

Each of the DSC types is designed to store control components (CCs) with thermal and 
radiological characteristics as listed in Table Z.2-2. The CCs include burnable poison rod 
assemblies (BPRAs), neutron source assemblies (NSAs), 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), and 
neutron sources. Non-fuel hardware that are positioned within the fuel assembly after the fuel 
assembly is discharged from the core such as guide tube or instrument tube tie rods or anchors, 
guide tube inserts, BPRA spacer plates or devices that are positioned and operated within the 
fuel assembly during reactor operation such as those listed above are also considered as CCs. 

:r~~ NUii9M_S®-:37PTH DSC is also authorized to store fuel assemblies containing l'/J[efzd~!fzq;;J, 
~'l'l!.Jfhd_<ll:lrCJniun}, (BLED) fuel material. Fuel pellets containing BLED fuel material are no 
different than DO~ fuel pellets except for the presence of a higher quantity of cobalt impurity. 
The consideration of cobalt impurity affects only the gamma source terms for fuel assemblies 
located in the DSC periphery. This does not affect any criticality, thermal or structural analysis 
inputs for evaluation of fuel assemblies with BLED material. The qualification of fuel 
assemblies containing BLED fuel pellets will reguire an additional cooling time of three years to 
ensure that the source terms calculated with DO~ material are bounding. 

,-.-···-- -------~------'("·-.--- --:--·-- -----·- ---:~-----(·------------.... - --- ---------- -··-.-------------- .. ·---:--··- ---·---.-------- ~"l 
:The WE 17x17 class fuel (JSSemblyis aufhorizedfor loading' at solubl~_ boron concentrations. in. __ _ 
{he; range;2,:QOO:tol600 ppm proyirf.ed that:P RA:~ :ar.e also used/is a1f additional'.:critiC{1liry: '?:.QlJJr:gl 
'rfle~ha~snt~J3-9jh··ifi1gct:q~ef__qam_qgg_qflj~.J!§S~lfJJJ..lii!§)dre~q!!f}j_9_rj?_e_fj_j'pi__§!!!rage_!JJJ/i:af14 
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without CCs in a five-assembly or nine-assembly PRA configuration, as shown in Figure Z.2-5 
and Figure Z.2-6, respectively, with each of the five or nine assemblies containing eight poison ' ---:-·-·--~ --,-: -- ----- ·:·- -·--~ ------·-·· --;-~-- ·----- ··----..,.- ·- ·.-..,.--- ·-.-.·· ----,--·11 
rods. [qblg Z}-_5qpr,ovjd_e_s.tbe_ milgimirm r_e_qyjre_ij_ ~AJ. 99.1Jfe_n_t12er r_()_tf1 

Fuel assemblies that contain fixed integral non-fuel rods are also considered as intact fuel 
assemblies. These fuel assemblies are different than reconstituted assemblies because fuel rods 
are not "replaced" by non-fuel rods, rather the non-fuel rods are part of the initial fuel design. 
The non-fuel rods displace the same amount of moderator, with zirconium-alloy (or aluminum) 
cladding and typically contain burnable absorber (or other non-fuel) material. The radiation and 
thermal source terms for the non-fuel rods are significantly lower than those of the fuel rods 
since there is no significant radioactive decay source. The internal pressure of the non-fuel rods 
after irradiation is lower than those of the fuel rods since there is no fission gas generation. The 
reactivity of the fuel rods (from a criticality standpoint) is significantly higher than that of non
fuel rods. In summary, the mechanical, thermal, shielding and criticality evaluations for these 
rods are bounded by those of the regular rods. Therefore, no further evaluations are required for 
the qualification of these fuel assemblies. 

Reconstituted assemblies containing up to 10 replacement irradiated stainless steel rods per 
assembly or unlimited lower enrichment U02 rods instead of zircaloy clad enriched U02 rods, or 
Zr rods or Zr pellets, or unirradiated stainless steel rods are acceptable for storage in the 3 7PTH 
DSC as intact fuel assemblies. 
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The stainless steel rods are assumed to have two-thirds the irradiation time as the remaining fuel 
rods of the assembly. The reconstituted U02 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 37 with U02 replacement rods. 

® r.· "• 
The NUHOMS -37PTH DSCs can also accommodate up to a maximum offo_l{ti damaged fuel 
assemblies placed in the outer cells of the DSC as shown in Figure Z.2-2 and Figure Z.2-3. 
Damaged PWR fuel assemblies are assemblies containing missing or partial fuel rods, fuel rods 
with known or suspected cladding defects greater than hairline cracks, or pinhole leaks. The 
extent of damage in the fuel assembly, including non-cladding damage, is to be limited such that 
a fuel assembly will still be able to be handled by normal means and the retrievability is ensured 
following the normal and off-normal conditions. Missing fuel rods are allowed. The DSC 
basket cells which store damaged fuel assemblies are provided with top and bottom end caps. 

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. 

The 37PTH DSC basket is designed with solid aluminum transition rails for support and to 
facilitate heat removal, since the solid aluminum rails allow a more direct heat conduction path 
from the basket edge to the DSC shell. 

The NUHOMS®-37PTH DSCs may store up to 37 PWR fuel assemblies arranged in any of the 
two alternate heat load zoning configurations (HLZC) as shown in Figure Z.2-2 and Figure 
Z.2-3. The maximum decay heat per fuel assembly and the maximum canister heat load allowed 
is as specified in Figure Z.2-2 and Figure Z.2-3. The maximum allowed heat load for the various 
37PTH system configurations are presented in Table Z.2-17. 

The NUHOMS®-37PTH DSC configuration is analyzed for three alternate DSC basket designs 
for criticality control. In Option 1, the poison plate co!!f!guration consists of a 0.05/fil nominal 
thickness aluminum plate in combination with a 0.0751tn.J nominal thickness neutron absorber ... r··, ····~ 

plate. Option 2 and Option 3 consist of a single neutron absorber plate of 0.125 ~fJJ and 0.105 ~1:1.~ 
nominal thickness, respectively. Option 1 results in the most reactive configuration. 

In addition, the NUHOMS®-37PTH DSC basket is provided with three alternate neutron 
absorber plate materials (poison material) for criticality control: borated aluminum alloy, boron 
carbide/aluminum metal matrix composite (MMC) and Baral®. For criticality analysis, 90% of 
BIO content present in the borated aluminum and MMC poison plates is credited, while only 
75% is credited for Baral®. The minimum B910 poison loadings allowed are presented in Table 
Z.2-16. The use of Baral is restricted .to Option 1 DSC basket designs only. 

The selection of the poison material does not have any impact on the thermal analysis, since it is 
based on the limiting thermal conductivity ofBoral® as discussed in Appendix Z.4, Section 
Z.4.3. 
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Table Z.2-4 summarizes the maximum assembly average initial enrichment as a function of 
soluble boron concentration for intact and damaged fuel. Technical Specification Tables l-3a 

~·----,---.. ·-- -·c·-·------·-· ·-·- .. ·• . .------ - ...... ---,--·------·~----- -:--1 
through J-3p 'qfQrzg ljij[hf}je__(!Xpfqn/J.[Q,ry~J1p[e§_{b_qfJ1C<j_071JJ?._(J_'fl)!dl:J..eJql]]e~ 
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define the minimum required cooling time after reactor discharge for a fuel assembly with or 
without CCs for a given assembly heat load, burnup, and maximum assembly average initial 
enrichment parameters. These tables ensure that the fuel assembly decay heat load is less than 
that specified for each table and that the corresponding radiation source term is bounded by that 
analyzed in Appendix Z.5. 

The NUHOMS®-37PTH DSC is inerted and backfilled with helium at the time ofloading. 
The maximum fuel assembly weight with CCs that can be accommodated is 1665 lbs in the 
37PTHDSC. 

Z.2.1.2 DELETED. 

Z.2.1.3 Thermal and Related Design Criteria 

The maximum fuel cladding temperature limit of 400 °C (752 °F) is applicable to normal 
conditions of storage and all short term operations from spent fuel pool to ISFSI pad including 
vacuum drying and helium backfilling of the NUHOMS®-37PTH DSC per NUREG 1536 [2.1]. 
In addition, [2.1] does not permit repeated thermal cycling of the fuel cladding (limited to less 
than 10 cycles) with cladding temperature differences greater than 65 °C (117 °F) during DSC 
drying, backfilling and transfer operations. 

The maximum fuel cladding temperature limit of 570 °C (1058 °F) is applicable to accidents or 
off-normal storage thermal transients [2.1]. 

Calculations were performed to determine the fuel assembly type which was most limiting for 
each of the analyses including shielding, criticality, thermal and confinement. These evaluations 
are performed in Appendix Z.5, Z.6, Z.4 and Z.7 respectively. The fuel assembly classes 
considered are listed in Table Z.2-3. Although B&W 15x15 fuel assembly is not authorized for 
storage in the 37PTH DSC, this fuel assembly design may be used as a representative fuel 
assembly for dose rate calculations. For criticality safety, the WE 17xl 7 fuel assembly is the 
most reactive assembly type for a given enrichment. This assembly is used to determine the most 
reactive configuration in the DSC. Using this most reactive configuration, criticality analysis for 
all other fuel assembly classes is performed to determine the maximum enrichment allowed as a 
function of the soluble boron concentration and fixed poison plate loading. For thermal analysis, 
the WE 14x14 fuel assembly is limiting for the 37PTH DSCs, since it results in the lowest 
effective fuel thermal conductivity. The confinement analysis, similar to the shielding analysis, is 
conservatively based on the B&W 15x15 fuel assembly, since it results in a smaller free volume 
inside the DSC cavity as compared to a 14x14 fuel assembly. 

For calculating the maximum internal pressure in the NUHOMS®-37PTH DSC, it is assumed 
that 1 % of the fuel rods are damaged for normal conditions, up to 10% of the fuel rods are 
damaged for off-normal conditions, and 100% of the fuel rods will be damaged following a 
design basis accident event [2.1]. A minimum of 100% of the fill gas and 30% of the fission 
gases within the ruptured fuel rods are assumed to be available for release into the DSC cavity, 
consistent with NUREG-1536 [2.1]. 
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Table Z.2-1 
(Part 1 of2) 
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Table Z.2-1 
(Part 2 of2) 
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Deleted 
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Deleted 
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Z.3.6.2.2 Off-Normal Thermal Loads Analysis 

As described in UFSAR Section 8.1.2.2, the NUHOMS® system is designed for use at all reactor 
sites within the continental United States. Therefore, off-normal ambient temperatures of -40°F 
(extreme winter) and l l 7°F (extreme summer) are conservatively chosen. Each licensee should 
verify that this range of ambient temperatures envelopes the design basis ambient temperatures 
for the ISFSI site. The NUHOMS® system components affected by the postulated extreme 
ambient temperatures are the TC and DSC during transfer from the plant's fuel/reactor building 
to the ISFSI site, and the HSM-H/HSM-HS during storage of a DSC. 

Appendix Z.4 provides the off-normal thermal analyses for storage and transfer modes for the 
NUHOMS®-37PTH DSC. Maximum DSC shell assembly thermal stress analysis results for the 
normal and off-normal conditions are summarized in Table Z.3.6-2. Basket assembly thermal 
results are summarized in Table Z.3.6-3a and Table Z.3.6-4a. The resulting stress intensities for 
the NUHOMS®-37PTH DSC are acceptable. 

The off-normal stress analysis results and thermal loading for the HSM-H/HSM-HS are 
presented in Appendix U, Sections U.3.6.2.3 and U.3.6.2.4, respectively, and are applicable to 
the HSM-H/HSM-HS loaded with the 37PTH DSC. 

Z.3.6.3 Damaged Fuel Cladding Structural Evaluation for Normal and Off-Normal Loads 

The structural analysis documented in Section U3.6.3 conservatively evaluates a limiting 
configuration with a single rod and the spacer grids in designated locations without any support 
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from the fuel compartment to provide assurance of limiting additional cladding damage. The 
changes to the fuel assembly corifiguration do not have impact on retrievability due to damage to 
spacer grids, as long as the assembly is able to be handled by normal means and the 
retrievability is ensured following the normal and off-normal conditions. The DSC basket cells 
that store damaged fuel assemblies are provided with top and bottom end caps to ensure 
retrievability. The criticality analysis documented in Section Z. 6. 4 also considers the impact of 
damage to the fuel assembly that includes missing and damaged grid spacers, which results in 
limiting the enrichment of these fuel assemblies. Therefore, additional corifigurations are not 
evaluated herein. Licensees can perform specific evaluations to demonstrate retrievability using 
actual configurations. 
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Z.5 Shielding Evaluation 

The radiation shielding evaluation for the standardized NUHOMS® ~iit~ (during loading, 
transfer, and storage) for the other NUHOMS® canisters is discussed in other sections and 
appendices of the UFSAR. The following radiation shielding evaluation specifically addresses 
the shielding performance of the NUHOMS®-37PTH ~p_§~ with design-basis PWR fuel 
assembly (FA) containing U02 fuel and control components (CCs) loaded in a NUHOMS®-. 
37PTHDSC. 

The radiation shielding evaluation described below is for the NUHOMS®-37PTH DSC 
transferred in a NUHOMS® OS200/0S200 FC transfer cask 7:[(;); and stored in an HSM
H/HSM-HS module. There are two alternate configurations depending on the canister length 
applicable to the 37PTH system: (1) 37PTH-S, and (2) 37PTH-M. Each DSC has a different 
length. The basket layout for these configurations is identical except for the length of the 
compartments. Note that HSM and HSM-H (or HSM-HS), as well as OS200 and OS200 FC, are 
used interchangeably throughout this appendix. Also, 37PTH, 37PTH-S, and 37PTH-M 
nomenclatures are used interchangeably. For each 37PTH DSC there are two heat load zoning 
configurations (HLZCs) described in Appendix Z.2, Figures Z.2-2 and Figure Z.2-3. The OS200 
TC is the same as described in Appendix U. 

Each DSC configuration is designed to store up to 37 intact (and up to 4 damaged in the comer 
fuel compartments, with remaining intact) PWR fuel assemblies with or withou(J CCs. The 
authorized CCs include burnable poison rod assemblies (BPRAs), control rod assemblies 
(CRAs), rod cluster control assemblies (RCCAs), thimble plug assemblies (TPAs), axial power 
shaping rod assemblies (APSRAs), orifice rod assemblies (ORAs), vibration suppression inserts 
(VSis), neutron sources, and neutron source assemblies (NSAs). Furthermore, non-fuel 
hardware that are positioned within the fuel assembly after the fuel assembly is discharged from 
!h~ ~9~~~~~. as r:gµ~qe,J_ft}J~ or [n§_tf~mi~f(~~e :fie-~~Q~dJ or fdndf!or~, r.gijTJe~fube _ifl.i~t1, BPRA 
~pq£f!i..,i!l_'Cfl§_~ or devices that are positioned and operated within the fuel assembly during reactor 
operation such as those listed above are also considered as CCs. 

The design-basis PWR fue(Q~49D}ji_fJY?f_lieav:r_;fiet~[}fl_igtifj source terms are derived from 
the bounding fuel assembly design (B&W 15x15 Mark B assembly design), as described in 
Section Z.5.2; however, B&W 15x15 Mark B assemblies are not authorized for storage or 
transfer in the 37PTH DSC. The SAS2H\ORIGEN-S depletion model of these assemblies is 
utilized because it results in radiological sources that are bounding for all PWR assemblies 
described in Appendix Z.2. 

The NUHOMS®-37PTH DSCs are designed to store PWR fuel assemblies with or without CCs 
with the characteristic sources for CCs described in Table Z.5-13. The 37PTH DSCs have a 
maximum decay heat of 1.2 kW per assembly and a maximum heat load of 30.0 kW per canister. 
Note that while the specific fuel designs are listed in Appendix Z.2, storing reload fuel designed 
by other manufacturers is also allowed provided an analysis is performed to demonstrate that the 
limiting features listed in Appendix Z.2 bound the specific manufacturer's replacement fuel. The 
limiting parameters are the design basis radiological and decay heat source terms. 
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The design-basis fuel source terrns~·bqsedp.~~Q.4.~Q"-'jytjf)jlheqy~:f!J.§taL-;;;eTg_hd for this 
evaluation are defined as the source terms from fuel with the bumup/initial enrichment/cooling 
time combination that result in the maximum dose rate on the surface of the HSM and/or TC. 
This approach is consistent with the method used to generate the fuel qualification tables for the 
Standardized NUHOMS®-24P and -52B DSC designs as described in Chapter 7, Section 7.2.3, 
32PT DSC design as described in Appendix M, NUHOMS®-24PTH DSC design described in 
Appendix P, or NUHOMS®-32PTH DSC design described in Appendix U. The design basis fuel 
source terms in conjunction with the design basis CC source terms (Table Z.5-13) are used to 
calculate dose rates for the NUHOMS®-37PTH ~~~t~.i!i. 

The original 0.490 MTU fuel qualification tables (FQTs) developed for the 32PTH1 DSC using 
SCALE4.4/SAS2H have been replaced with FQTsfor 0.380 MTU, 0.475 MTU, and 0.492 MTU 
developed by SCALE6.0IORIGEN-ARP. These FQTs are documented in Section M5.2.6. 

In this chapter, the original design basis source terms developed by SCALE4.4/SAS2H, and the 
associated dose rate analysis, are retained as the analysis of record. However, 
SCALE6. OIORIGEN-ARP design basis source terms are also developed consistent with the 
unified FQTs. These source terms are documented in Section Z.5.2.5. The CC source terms 
from Table Z.5-13 are added to the.fuel source terms. The MCNP5 37PTHIHSM-H input files 
are rerun in MCNP5 using the SCALE6.0IORIGEN-ARP design basis source terms to determine 
the impact on the dose rates. To minimize rework, the original analysis is maintained as the 
analysis of record; however, scaling factors are developed that are used to scale up the dose 
rates of the analysis of record. This updated shielding analysis that determines the effect of a 
reduced Uranium loading of0.380 MTU per assembly on dose rates is summarized in Section 
Z.5.4.11. 

The enveloping heat load zoning configuration (HLZC) utilized in the shielding evaluation is 
shown in Figure Z.5-1. This HLZC produces the highest dose rates on the surfaces of the HSM
H and OS200 TC as compared to the allowable HLZCs because the highest source fuel 
assemblies are on the outer periphery of the basket region where self-shielding due to adjacent 
assemblies is limited. This results in a shielding analysis corresponding to a total of 31.2 kW 
decay heat per DSC which is conservative because the total decay heat in 37PTH DSC is limited 
to 30 kW. These bounding gamma and neutron source terms are then used in the radiation 
shielding models to conservatively calculate dose rates on and around the NUHOMS®-37PTH 
r:::~~·':i 

i§y~tefiJ,. 

The bounding bumup, minimum initial enrichment, and cooling time combinations for the 0.490 
MTUfuel assemblies used in the shielding analyses of the 37PTH DSC in the HSM-H and the 
OS200 TC are as follows: 

37PTH DSC in HSM-H: 

o Zones 1and2: 40 GWD/MTU, 1.5 wfu% 235U, 40.2 years cooled, 0.40 kW/FA 
o Zone 3: 16 GWD/MTU, 0.7 wt% 235U, 3.1 years cooled, 0.70 kW/FA 
o Zone 4: 26 GWD/MTU, lfJ5 wt% 235U, 3.1 years cooled, 1.2 kW/FA 
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37PTH DSC in OS200: 

o Zones 1and2: 40 GWD/MTU, 1.~ wtjj% 235U, 40.2 years cooled, 0.40 kW/FA 
o Zone 3: 41 GWD/MTU, 1.5 wt% 35U, 15.3 years cooled, 0.70 kW/FA 
o Zone 4: 41 GWD/MTU, 1.5 wt]% 235U, 5.7 years cooled, 1.2 kW/FA. For dry cask and 

dry DSC. 
r 2~ · o Zone 4: 62 GWD/MTU, 3.4 wtj% U, 13.7 years cooled, 1.2 kW/FA. For wet cask and 

wet DSC. 

The method of selecting the bounding source terms is explained in detail in Appendix Z.5.2. 

The design basis CC source term that envelopes all CCs allowed in the 37PTH DSCs is taken 
from Appendix J !]for BPRAs. This is the same CC source term used in the 32PT, 24PTH and 
32PTH1 systems as described in Appendix M, Appendix P and Appendix U, respectively. The 
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source term energy distribution is shown in Table Z.5-13. Any CC to be stored in a 37PTH DSC 
must be bounded by this source term. 

Reconstituted and/or damaged fuel assemblies are also acceptable for storage in the 37PTH DSC. 
The maximum number ofreconstituted fuel assemblies that can be loaded per DSC is 37. Fuel 
assemblies may contain up to 10 fuel rods that are reconstituted with stainless steel that is 
irradiated. There is no limit on the number of rods reconstituted with unirradiated stainless steel 
or zircaloy or low enriched U02 or other non-fuel material. There is no effect on the source 
terms/shielding due to the position of the reconstituted rods in the fuel rod array. Reconstituted 
fuel with irradiated stainless steel rods has a rather small effect on the dose rate such that for 
cooling times less than 10 years, 1 year of cooling time is added. Alternately, the licensee can 
qualify fuel assemblies with fewer than the maximum number of irradiated stainless steel rods 
and reduce cooling time requirements. Damaged fuel, under normal conditions, has essentially 
no impact on the dose rate as the neutron and gamma source terms would not be impacted and 
gross axial source redistribution is not likely. Therefore, shielding analysis results with intact 
fuel are also applicable to the damaged fuel under normal conditions. For accident conditions, 
damaged fuel is assumed to redistribute and is analyzed separately. 

The methodology, assumptions, and criteria used in this evaluation are summarized in the 
following subsections. 

The 32PTH1 DSC, analyzed in Appendix U, is also authorized for transfer and storage in 
OS200/0S200 FC and HSM-H/HSM-HS, respectively. The minimum thicknesses of the 
shielding materials on the bottom and top end of 32PTH1 DSC are 6.5" and 10.0", respectively. 
The minimum thickness of the shielding materials on the bottom and top end of 37PTH DSC are 
7.25" and 9.75", respectively. The side shell for both the DSCs is 0.5'' thick. Both DSCs have 
solid aluminum transition rails on side of the baskets, but the 32PTH1 DSC has an option with 
hollow rails. 

The bounding shielding performance evaluation for OS200/0S200 FC and HSM-H/HSM-HS 
containing 32PTH1 DSC is documented in Section U.5. The enveloping heat load zoning 
configuration (HLZC) utilized in the shielding evaluation is shown in Appendix U.5, Figure 
U.5-3. This HLZC produces the highest dose rates on the surfaces of the HSM-H and OS200 TC 
as compared to the allowable HLZCs because the highest source fuel assemblies are on the outer 
periphery of the basket region where self-shielding due to adjacent assemblies is limited. To 
bound the shielding analysis for all HLZCs, fuel assemblies with a decay heat of 1.5 kW at the 
outer 28 locations are used along with 1.0 kW fuel assemblies in the central 4 compartments. 
This results in a shielding analysis corresponding to a total of 46 kW decay heat per DSC which 
is very conservative because the total decay heat in 32PTH1 DSC is limited to 40.8 kW. These 
bounding gamma and neutron source terms are then used in the radiation shielding models to 
conservatively calculate dose rates on and around the NUHOMS® -32PTH1 system. Because 
shielding properties of 32PTH1 DSC materials are lower compared to those of 37PTH DSC, 
dose rates on and around the HSM and TC containing 32PTH1 DSC with 32PTH1design basis 
sources are used to conservatively approximate the dose rates from 37PTH DSC containing 
37PTH design basis sources. Shielding analysis for the HSM-H containing 37PTH DSC has 
demonstrated this assertion. Therefore, it is acceptable to apply dose rates near the transfer cask 
documented in Appendix U.5 to the current analysis. 
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Since results of the shielding analysis and dose rates near the transfer cask containing 32PTH1 
DSC documented in Appendix U.5 are used directly in the current section, representative 
shielding configurations corresponding to 32PTH1 DSC and the cask containing 32PTH1 DSC 
are referred to in the current section as bounding DSC and bounding cask, respectively. Note, 
bounding cask/cask as well as bounding DSC/DSCs terms are used interchangeably in the text 
that follows unless required otherwise. Also, the shielding configuration of 32PTH1 DSC in 
HSM is referred to as the bounding HSM. Dose rates near the bounding cask and the bounding 
HSM are due to design basis radiological sources used in Appendix U.5. Those source terms 
result in dose rates that conservatively approximate the dose rates one would obtain using source 
terms in Table Z.5-7 through Table Z.5-12. Dose rates presented in Table Z.5-1 through Table 
Z.5-3, Figure Z.5-11 through Figure Z.5-19 correspond to the bounding HSM and the bounding 
cask. Those dose rates and figures are from Appendix U.5. 

The NUHOMS® -37PTH DSC is also authorized to store fuel assemblies containing Blended 
Low Enriched Uranium (BLEU) fuel material. [ 

[ 
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Z.5 .1 Discussion and Results 

All 37PTH DSC, OS200 transfer cask, and HSM-H dose calculations are performed using 
MCNP5 code [5.2] and a composite (hypothetical) DSC shielding configuration. The axial 
geometry of the 37PTH-M DSC is used to accommodate the design basis B&W 15x15 Mark B 
fuel assemblies. Steel rails are used for calculation of long term storage, transfer, welding and 
accident dose rates. The presence of solid aluminum rails that fill the space between the 
peripheral fuel compartments of the bounding DSC and the DSC shell results in a more 
effectively shielded configuration when the bounding DSC is dry. Decontamination dose rates 
near the bounding cask are calculated with solid aluminum rails which produce conservative 
results. 

Table Z.5-1 summarizes the maximum and average dose rates for the NUHOMS®-37PTH 
Design Basis (also referred to as "bounding") DSC loaded into the NUHOMS® HSM-H. 

Table Z.5-2 provides a summary of the bounding dose rates on and around the OS200 TC for 
transfer of the 37PTH DSC under normal, off-normal and accident conditions. 

Table Z.5-3 provides a summary of the bounding dose rates on and around the OS200 TC for 
decontamination and welding operations for the 37PTH DSC. 

The dose rates reported in Tables Z.5-1 through Z.5-3 are scaled by footnotes to account for 
dose rate increases due to the 0.380 MTUIFA based source terms. The unified FQTs are 
documented in Section M5.2.6, and the corresponding 37PTH source terms are documented in 
Section Z.5.2.5. The scaling/actors are documented in Section Z.5.4.11. 

A discussion of the method used to determine the design-basis fuel source terms is included in 
Appendix Z.5.2. The design basis CC source term, which is from Appendix J, is shown in Table 
Z.5-13. The shielding material densities are given in Section Z.5.3. The method used to 
determine the dose rates due to design-basis fuel assemblies with CCs in the various 
NUHOMS®-37PTH DSC design configurations is provided in Section Z.5.4. Radiological source 
terms are calculated with the SAS2H/ORIGEN-S modules of SCALE 4.4 [5.1] for the fuel. The 
shielding evaluation is performed with the MCNP5 [5.2] code with the ENDF/B-VI cross section 
library. Sample input files used for calculating neutron and gamma source terms and dose rates 
are included in Section Z.5.6. 

In summary, the shielding evaluation of the 37PTH system is conservatively approximated by 
that of the 32PTH1 system described in Appendix U.5. Therefore, the results from Appendix 
U.5 are directly utilized herein. 
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Z.5.2 Source Specification 

The 0.490 MTU/FA design basis source terms were generated using the SAS2HIORJGEN-S 
modules of SCALE 4. 4 [5.1}. The development of these source terms are provided in this section. 
For the addition of 0. 380 MTU fuel, the original FQTs are replaced with FQTs developed using 
SCALE6.0IORIGEN-ARP [5.20]. The development of these FQTs is documented in Section 
M5.2.6. Because the FQTs have changed, SCALE6.0/0RJGEN-ARP design basis source terms 
are developed to determine the impact on the dose rates. The source terms developed using 
SCALE6.0IORIGEN-ARP are documented in Section Z.5.2.5. 

The B&W 15x15 assembly is the bounding fuel assembly design for shielding purposes because 
it has the highest initial heavy metal loading and 59Co content of the hardware regions as 
compared to fuel assemblies listed in Appendix Z.2 which are authorized contents of the 
NUHOMS®-37PTH DSC. The neutron flux during reactor operation is peaked in the active fuel 
or in-core region of the fuel assembly and drops off rapidly outside the active fuel region. Much 
of the fuel assembly hardware is outside of the active fuel region of the fuel assembly. To 
account for this reduction in neutron flux, the fuel assembly is divided into four exposure 
"regions." The four axial regions used in the source term calculation are: the bottom (nozzle) 
region, the fuel (active fuel) region, the (gas) plenum region, and the top (nozzle) region. The 
B&W 15x15 fuel assembly masses for each irradiation region are listed in Table Z.5-4. The light 
elements that make up the various materials for the various fuel assembly materials are taken 
from Reference [5.4] and are listed in Table Z.5-5. The design-basis heavy metal weight is 0.490 
MTU for the analysis of record. These masses are irradiated in the appropriate fuel assembly 
region in the SAS2H/ORIGEN-S models. To account for the reduction in neutron flux outside 
the active fuel regions neutron flux (fluence) scaling factors are applied to light element 
composition for each region. The neutron flux scaling factors which are from Reference [5.4] are 
given in Table Z.5-6. 

Evaluations of the existing data with SAS2H and the 44-group ENDF/B-V library used in the 
analysis are documented in References [5.11] and [5.12]. These comparisons all show generally 
good agreement between the calculations and measurements, and show no trend as a function of 
bumup in the data that would suggest that the isotopic predictions, and therefore neutron and 
gamma source terms, would not be in good agreement. A similar conclusion is also reached by 
the results documented in JAERI report [5.13]. In fact, for the case with 46,460 MWd/MTU 
bumup, the isotopic predictions are all within 2% of those measured. Therefore, the uncertainty 
in the gamma source term, and associated dose rates, is estimated to be within ±5 %. 

The above discussion does not include high-burnup data up to 62 GWd/MTU However, as 
documented in Reference [5.14] and confirmed in the SAS2H analysis, the total neutron source 
with increasing bumup is more and more dominated by spontaneous fission neutrons. Reviewing 
the output from the SAS2H runs, the neutron source term is due almost entirely to the 
spontaneous fission of 244Cm (~94% of all neutrons both ~ontaneous fission and (a, n)). After 
reviewing the measured 244Cm content compared to the 24 Cm content predicted by SAS2H and 
the 44-group ENDF/B-V library documented in References [5.11] and [5.12] for bumups up to 
46,460 MWd/MTU, it is readily apparent that the calculated values are within ±11 % of the 
measured values, with most of the predicted values within ±5% of the measured. Finally, there is 
no observed trend as a function of bumup in the data that would indicate that the predicted 244Cm 



content is significantly different at higher burnups. Therefore, as the 244Cm isotope accounts for 
more than 94% of the total neutron source term, the uncertainty in the neutron source and 
associated neutron dose rates is expected to be less than ±11 %. 

As documented in Reference [5.14] and as observed in preparing the fuel qualification tables, the 
gamma radiation source strength increases nearly linearly with burnup relative to the direct 
gamma component and the neutron radiation source strength increases with burnup to the fourth 
power. Therefore, as burnups go beyond 45 GWD/MTU, the contribution from neutron (and 
associated n,y) components to the total dose rates measured on the surfaces of the DSC, TC and 
HSM-H increase in relative importance to that of the gamma component. However, this increase 
in the importance of the neutron source term has a relatively minor effect on the area dose rates 
on and around the HSM as these are dominated by the gamma component as shown in Table 
Z.5-1. The surface dose rates on the HSM are dominated by the gamma component because the 
HSM is constructed of thick reinforced concrete, which is an excellent neutron shield. Therefore, 
even a postulated substantial increase in the neutron source term would have a relatively minor 
effect on the site dose rate evaluation presented in Appendix Z.11 of the amendment application. 

For the TC, the neutron source term has a relatively minor effect on the area dose rates during 
most of the cask handling operations, since the DSC cavity and the annulus between the TC and 
DSC is filled with water and most of the work is done around the top of the cask. The neutron 
component is of more importance on and around the TC during transfer operations but, in 
general, only represents a small portion of the total dose rate on the top of the TC. While the 
neutron dose rate on the bottom of the TC is slightly higher, relatively little occupational dose is 
received from this area. The dose rates for the design basis fuel on the surfaces of HSM and TC 
are shown in Tables Z.5-1 through Z.5-3. These tables show that gamma dose rates are 
substantially higher than neutron dose rates. 

The occupational exposure calculations demonstrate that most of the dose received by workers 
during cask loading and transfer operations is due to the gamma radiation on and around the 
cask. The only surface of the TC that is dominated by neutrons is at the bottom of the cask. A 
small fraction of the total occupational exposure is due to the doses around the bottom of the 
cask because very little work is performed on or around the bottom of the cask with fuel in the 
TC. 

As discussed above, any impact of uncertainties in source terms is expected to be statistically 
insignificant for the 37PTH system. Therefore, isotopic depletion calculations with SAS2H for 
fuel burned above 45 GWD/MTU are appropriate. 

The above discussion on the applicability of SCALE 4.4/SAS2H to compute gamma and neutron 
high-burnup source terms is also largely applicable to SCALE 6. O/ORIGEN-ARP because both 
code systems utilize ORIGEN-S for the depletion calculation. For PWRfuel assemblies, SAS2H 
and ORJGEN-ARP generate comparable source terms for equivalent program inputs. The 
TRITON T-DEPL module of SCALE 6.0 is used to generate ORIGEN-ARP libraries applicable 
to B& W J 5xl 5 fuel assemblies. These libraries are then used by ORIG EN-ARP to compute 
gamma and neutron source terms (see Section Z.5.2.5). 
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Oak Ridge National Laboratory has benchmarked TRITON based on measured data from six 
different PWRs. This benchmarking is documented in NUREGICR-6968 [5.17], NUREGICR-
7012 [5.18}, and NUREGICR-7013 [5.19} and includes measurement samples up to a burnup of 
78.3 GWd/MI'U A summary of experimental samples utilized in the benchmark analysis is 
provided in Table Z.5-20. The benchmark references show that TRITON computed results agree 
well with experiments, thus verifying the use of SCALE 6.0/0RIGEN-ARP to compute gamma 
and neutron source terms for high-burnup fuel (burnup :'.S 62 GW d/MI'U). Because SAS2H and 
ORIG EN-ARP compute similar source terms for PWRfuel, the overall uncertainty in the gamma 
and neutron source terms developed above for SAS2H (±5% for gammas and ±11 % for 
neutrons) is also applicable to the SCALE 6. OIORIGEN-ARP generated source terms. 
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As discussed previously, reconstituted and/or damaged fuel is also acceptable for the DSC 
payload. Reconstituted fuel may contain up to 10 fuel rods replaced with irradiated solid 
stainless steel rods. Reconstituted fuel has a rather small effect on the dose rate such that for 
cooling times less than 10 years, 1 year of cooling time is added if reconstituted irradiated 
stainless steel rods are present. If the cooling time is greater than 10 years, no additional cooling 
time is needed. Alternately, the licensee can qualify fuel assemblies with fewer than the 
maximum number of irradiated stainless steel rods and reduce cooling time requirements. Under 
normal conditions, damaged fuel has essentially no impact on the dose rate as the source term 
would not be impacted and gross axial source redistribution is not likely. Damaged fuel under 
accident conditions is addressed by assuming the fuel turns to rubble. This assumption is only 
applicable to the transfer casks shielding analysis. 

Parameters that influence the source term calculations are fuel assembly power (expressed in 
MW/fuel assembly (MW/FA)) and the total time between cycles. Other depletion parameters like 
cycle length and number of cycles are derived from the target burnup, MTU loading and power. 
The time between cycles utilized is 30 days and is adequately bounding. 

The design-basis source terms are defined as the burnup/initial enrichment/cooling time 
combination given in the fuel qualification tables that result in the maximum dose rate on the 
surface of the HSM (HSM-H) or TC (OS200). Note that for a given HLZC, the design basis 
HSM source will not necessarily be the same as the corresponding design basis TC source. For 
the HSM, the middle of the roof centerline is selected as the dose location, and for the middle of 
the TC the cask side is selected as the dose location. This approach is consistent with the method 
used to determine the fuel qualification tables for the Standardized NUHOMS® canister designs 
described in Chapter 7, Section 7.2.3 and Appendices M.5, P.5, and U.5. 

HLZC 3 (Figure Z.2-3 in Appendix Z.2) produced the bounding total surface dose rate for both 
the HSM-H and OS200 TC containing the 37PTH DSC. The enveloping HLZC selected for the 
shielding analysis (shown in Figure Z.5-1) of the 37PTH DSC bounds the actual heat load 
configuration shown in Figure Z.2-3 because 1.2 kW fuel is assumed in all 16 peripheral 
locations. 

A sample SAS2H/ORIGEN-S input file for the active fuel region for the 26 GWD/MTU, 1.5 wt. 
% U-235, and 3.1-years cooling case is listed in Section Z.5.6.1. Input for reconstituted fuel is 
similar, except for a reduced number of fuel pins from 208 to 198, light element masses that 
reflect reconstituted rods, and slightly different power input to maintain the same burnup for a 
reduced fuel mass. 

Z.5.2.1 Gamma Source Term for MCNP 

Z.5 .2.1.1 Design Basis Gamma Fuel Assembly Source Terms 

Once the design basis burnup/enrichment/cooling time combinations have been determined for 
each shielding configuration of interest, four SAS2H/ORIGEN-S runs are required for each 
combination to determine gamma source terms for the four fuel assembly regions (i.e., bottom, 
active fuel, plenum and top). The only difference between the runs is in Block # 10 "Light 
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Elements" of the SAS2H input and the 82$$ card in the ORIGEN-S input. Each run includes the 
appropriate light elements for the region being evaluated and the 82$$ card is adjusted to have 
ORIGEN-S output the total gamma source for the active fuel region and only the light element 
source for the plenum, bottom, and top regions. Gamma source terms for the active fuel region 
include contributions from actinides, fission products, and activation products. The bottom, 
plenum and top nozzle regions include the contribution from the activation products in the 
specified region only. The SAS2H/ORIGEN-S gamma radiation source is output in the CASK-
81 energy group structure. 

A design basis source is developed for each decay heat (0.4, 0.7, and 1.2 kW) and shielding 
structure combination used in the shielding analysis. The enveloping configuration evaluated in 
the shielding analyses is based on four radial zones. Radial zone 1 is comprised of the center fuel 
compartments of the 3 7PTH DSC, radial zone 2 is comprised of the inner middle 8 assemblies, 
and the outer middle 12 assemblies are of radial zone 3. The remaining 16 outer assemblies 
define radial zone 4. Source terms are generated for the following enveloping (hypothetical) 
configuration. 

(1) Radial zone 1 and 2: 0.4 kW fuel 
(2) Radial zone 3: 0.7 kW fuel 
(3) Radial zone 4: 1.2 kW fuel 

The source terms for radial zone 1 and 2 fuel in a 37PTH DSC loaded in the HSM-H (0.4 kW, 40 
GWD/MTU, 1.5 wt.% U-235, and 40.2-years cooling) are shown in Table Z.5-7. The source 
terms for radial zone 3 fuel in a 37PTH DSC loaded in the HSM-H (0.7 kW, 16 GWD/MTU, 0.7 
wt.% U-235 and 3.1-years cooling) are shown in Table Z.5-8. The source terms for radial zone 4 
fuel in a 37PTH DSC loaded in the HSM-H (1.2 kW, 26 GWD/MTU, 1.5 wt.% U-235, 3.1-years 
cooling) are shown in Table Z.5-9. The bounding radiological source terms for 37PTH DSC in 
the cask from assemblies in the similar zones are shown in Table Z.5-7, Table Z.5-10 through 
Table Z.5-12. Dose rates on and around HSM containing 37PTH DSC from sources in Table 
Z.5-7 through Table Z.5-9 are conservatively approximated by the dose rates presented in 
Appendix U.5, Table U.5-1. Dose rates near the bounding cask and the bounding HSM are due to 
radiological sources in Table U.5-7 through Table U.5-9. 

Z.5.2.1.2 Design Basis CC Source Terms 

The design basis CC source terms are taken from Appendix J and are listed in Table Z.5-13. All 
CCs to be stored in the 37PTH DSC must be bounded by this source. The source terms from the 
fuel assembly and the CCs are utilized in the MCNP shielding models. 

Z.5.2.1.3 Uncertainty in Gamma Source Terms 

Almost 100% of the gamma spectrum from light elements is in the range of 0.70 to 1.33 MeV 
which corresponds exactly to two of the most prominent lines of 6°Co. As for fission products, 
the main contributors after six years with a fraction greater then 5% in the range of 0.01 to 0.90 
MeV are· 90Sr 90Y 106Rh mes 144Pr 154Eu and 155Eu Contributions from 90Y 106Rh mes . ' ' ' ' ' ' . ' ' ' 144Pr, and 154Eu are dominant in the range of 0.90 to 1.50 MeV. 106Rh, 147Sm, and 142Ce are the 
strongest emitters at energies greater then 2.0 MeV. The accuracy of gamma spectrum is 
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dependent upon the energy. Photon rates computed for fission products tend to be more accurate 
then those for actinides because the calculation of their inventory has less uncertainty [5.1]. 

Shortly after discharge the emission at higher energies is dominated by actinides. This is true for 
energies >4 Me V at all cooling times and energy above 3 .5 Me V for cooling times after 10 years 
[5.1]. The major part of this emission comes from 244Cm. Thus the uncertainty for energy groups 
of order 3 .0 Me V and greater is bounded with the precision with which the inventory of 244Cm 
is calculated. Per SCALE 4.4 [5.1], reported experimental 244Cm densities are accurate within± 
20%. The gamma emission intensity from Cm, which is proportional to the quantity of Cm in the 
actinide inventory, is bounded by this value. Uncertainty in the source strength in the gamma 
energy range 0.5 to 2.5 MeV is approximately 10 to 15 % [5.1]. 

Z.5.2.2 Neutron Source Term for MCNP 

One SAS2H/ORIGEN-S run is required for each bumup/initial enrichment/cooling time 
combination to determine the total neutron source term for the active fuel regions. At discharge 
the neutron source is almost equally produced from 242Cm and 244Cm. The other strong 
contributor is 252Cf, which is approximately 1/10 of the Cm intensity, but its share vanishes after 
6 lears of cooling time because the half-life of 252Cf is 2.65 years. The half-lives of 242Cm and 
24 Cm are 163 days and 18 years, respectively. Contributions from the next stron§est emitters, 
238Pu and 240Pu, are lower by a factor of 1000 and 100, respectively, relative to 24 Cm. For the 
ranges of exposures, enrichments, and cooling times in the fuel qualification tables, 244Cm 
represents more than 85% of the total neutron source. The neutron spectrum is, therefore, 
relatively constant for the fuel parameters addressed herein. 

The magnitude of the neutron source is provided as the final row in the gamma source term 
tables; see Tables Z.5-7 through Table Z.5-12. Neutron source terms for use in the MCNP 
shielding models are calculated by multiplying the assembly source by the number of assemblies 
in heat zones of interest. The magnitude of the neutron source is also increased to account for the 
axial distribution in the fuel, as explained in Section Z.5.2.3. The neutron source terms for 
3 7PTH DSC in the cask from assemblies in the similar zones are shown in the last row of Table 
Z.5-7, Table Z.5-10 through Table Z.5-12. Dose rates near the cask containing 37PTH DSC from 
radiological sources in those tables are conservatively approximated by the dose rates presented 
in Appendix U.5. 

The fixed source spectrum in MCNP is assumed to follow a 244Cm spontaneous fission spectrum 
for all of the calculations in this chapter, except Section Z.5.5. It is based on the following 
relationship: 

f (E) ~ C exp[ (-aE}inh(bE)Y,] 
where input parameters a= 0.906 Me V and b = 3 .848 (Me vr1

, as given in the MCNP manual 
[5.2] and Eis energy (MeV). 

Z.5.2.3 Axial Peaking 

Axial burnup peaking factors for PWR fuel are taken from References [5.6] and [5.16]. These 
peaking factors are assumed to match the gamma axial source distribution because the gamma 
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rate with design_ basis fuel, an additional 0.5 year of cooling time is added to the reconstituted 
fuel source term. When the reconstituted fuel is examined in this fashion, no more than one 
additional year of cooling time is required for reconstituted fuel to be bounded by the design 
basis source if the decay time listed in the fuel qualification table is less than 10 years. After a 
cooling time greater than 10 years the effects of reconstituted fuel become insignificant. 

The SAS2H input files for a reconstituted assembly are very similar to the input files for a 
standard assembly except for the following changes: (1) The number of fuel rods is reduced from 
208 to 198, (2) the POWER input variable is adjusted to maintain the correct burnup for the 
reduced fuel loading, and (3) the light elements change to reflect that 10 fuel rods have been 
replaced with steel rods. The constituent masses of the reconstituted fuel assembly required for 
the SAS2H input is provided in Table Z.5-4. 

Note that a reconstituted rod cannot be irradiated for more than two cycles because the first cycle 
will always contain fresh, undamaged fuel. To accurately model this behavior, two SAS2H 
models are generated for each transition point. The first SAS2H model is for only one cycle of 
irradiation of 10 reconstituted rods, while the second SAS2H model is for three cycles of 
irradiation of 10 reconstituted rods. By subtracting the single cycle source term of the 
reconstituted rods from the total source term (fuel and reconstituted rods) for three cycles, the 

· source term for three cycle irradiation of fuel and two cycle irradiation of reconstituted rods is 
generated. Alternately, the licensee can qualify fuel assemblies with fewer than the maximum 
number of irradiated stainless steel rods and reduce cooling time requirements. 

A sensitivity study performed using the 0.380 MTUIFA source terms indicates that the additional 
cooling time requirements for reconstituted fuel remain valid for the unified FQTs (Technical 
Specifications Tables 1-3a through 1-3p). 

Z.5.2.5 SCALE6.0/0RJGEN-ARP Source Terms 

Because the system specific FQTs have been replaced with unified FQTs, the design basis source 
terms developed in Section Z.5.2 are obsolete, as they are based upon burnup, enrichment, and 
cooling time combinations that are no longer applicable. Therefore, SCALE6. OIORJGEN-ARP 
design basis source terms are developed based on the unified FQTs. The FQTs are documented 
in Section M5.2.6. 

The methodology used to develop the SCALE6. OIORIGEN-ARP design basis source terms is the 
same as described in Section Z.5.2. HSM response functions are used to evaluate the source 
terms for each FQT burnup, enrichment, and cooling time (BECT) combination. The BECT 
combination that results in the maximum dose rate is selected as the design basis source. 

Source terms are not needed for the transfer cask because it has been demonstrated that the dose 
rate behavior of the 32PTH1 DSC in the transfer cask reasonably approximates that of the 
37PTH DSC in the transfer cask. Therefore, only the 37PTH DSC HSM source terms are 
determined. 
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The heat load zone configuration used in the shielding analysis is provided in Figure Z.5-1. 
Based on the response function analysis, the SCALE6. O/ORIGEN-ARP design basis source terms 
for HSM analysis are: 

HSM 

" Table Z.5-21: 0.380 MTU, 0.4 kW/FA, 45 GWd/MTU, 1.1 wt.% U-235, 36.4 years cooled 
• Table Z.5-22: 0.380 MTU, 0. 7 kW/FA, 10 GWd/MTU, 0. 7 wt.% U-235, 2.4 years cooled 
• Table Z.5-23: 0.380 MTU, 1.2 kW/FA, 19 GWd/MTU, 0.8 wt.% U-235, 2.4 years cooled 

Because the FQTs in Appendix M, Section M5.2.6 are developed for uranium loadings of0.380 
MTU, 0.475 MTU, and 0.492 MTU for fixed heat loads, it is observed that 0.380 MTU source 
terms bound the 0.475 MTU and 0.492 MTV source terms because self-shielding of the sources 
by the uranium in the fuel lattice is reduced. Therefore, SCALE 6. O/ORIGEN-ARP design basis 
source terms are developed only for 0.380 MTU 

The MCNP5 neutron models are run with the NONU card to suppress subcritical neutron 
multiplication. Subcritical neutron multiplication is addressed by multiplying the neutron source 
computed by ORIG EN-ARP by 11(1-kejj). Values of keffappropriatefor the burnups of the 
sources are provided in the source term tables (Table Z.5-21 through Z.5-23). 

The gamma source in the active fuel region is modeled with the axial burnup profile appropriate 
for the burnup of the source and is obtainedfrom Table 20 ofORNL/TM-12973 [5.16]. These 
profiles are summarized in Table M5-53. The neutron profile is derived as the ih power of the 
gamma profile and is also summarized in Table M5-53. The burnup peaking factor accounts for 
the increase in the neutron source magnitude due to the axial burnup profile. The burnup 
peaking factors used in the neutron calculations are provided in the source term tables (Table 
Z.5-21 through Z.5-23). 

The CC source terms provided in Appendix Z, Table Z.5-13 are applicable and may be added to 
the fuel-only source terms provided in Appendix Z, Table Z.5-21 through Z.5-23. 
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Z.5.4 Shielding Evaluation 

Dose rate contributions from the bottom, active fuel, plenum, and top regions, as appropriate, 
from 37 0.490 MIU fuel assemblies are calculated with the MCNP Code [5.2] at various 
locations on and around the NUHOMS®-37PTH DSCs within the HSM and OS200 TC. 

The following shielding evaluation discussion specifically addresses the NUHOMS®-37PTH 
DSC in an OS200 TC and the NUHOMS®-37PTH DSC in HSM-H using the 0.490 MIU design
basis source terms described in the above sections. 

Dose rate contributions from the bottom, in core, plenum and top regions, as appropriate, from 
37 0.380 MIU fuel assemblies with CCs are also calculated with the MCNP5 Code [5.2] at 
various locations on and around the NUHOMs® 37PTH DSCs within the HSM and TC. 

The shielding evaluation that determines the effect of loading 0.380 MIU per assembly on the 
dose rates is described in Appendix Z, Section Z. 5. 4.11. 

Z.5.4.1 Computer Program 

MCNP [5.2] is a general-purpose Monte Carlo N-Particle code that can be used for neutron, 
photon, electron, or coupled neutron/photon/electron transport. The code treats an arbitrary three
dimensional configuration of materials in geometric cells bounded by first- and second-degree 
surfaces and some special fourth-degree surfaces. Pointwise (continuous energy) cross-section 
data are used. For neutrons, all reactions given in a particular cross-section evaluation are 
accounted for in the cross section set. For photons, the code takes account of incoherent and 
coherent scattering, the possibility of fluorescent emission after photoelectric absorption, 
absorption in pair production with local emission of annihilation radiation, and bremsstrahlung. 
Important standard features that make MCNP very versatile and easy to use include a powerful 
general source; an extensive collection of cross-section data; and an extensive collection of 
variance reduction techniques that can be employed to track particles through very complex deep 
penetration problems. MCNP was employed to take advantage of its mesh tallies capabilities in 
calculating dose rates distributed over the surface of the HSM. It also allows more point 
detectors to be used in a single run that substantially reduces the number of input/out decks 
needed to perform ISFSI site dose rate calculations described in Appendix Z.10. 

Z.5.4.2 Spatial Source Distribution 

The source components are: 

the neutron sources due to the active fuel region, 
the gamma source due to the active fuel region, 
the gamma source due to the plenum, 
the gamma source due to the top region, 
the gamma source due to the bottom region, 
the gamma source due to the CC in the active fuel region, 
the gamma source due to the CC in the plenum region, and 
the gamma source due to the CC in the top region. 
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Axial peaking is accounted for in the active fuel region by inputting an axial shape, as discussed 
in Section Z.5.2.3. 

Z.5.4.3 Cross Section Data 

The cross-section data used is the continuous energy ENDF/B-VI provided with the MCNP code 
[5.2]. The cross-section data allows coupled ne~tron/gamma-ray dose rate evaluation to be made 
to account for secondary gamma radiation (n, y), if desired. All of the TC and HSM-H dose rate 
calculations account for the dose rate due to secondary gamma radiation. 

Z.5.4.4 Flux-to-Dose-Rate Conversion 

The flux distribution calculated by the MCNP code is converted to dose rates using flux-to-dose 
rate conversion factors from ANSI/ANS-6.1.1-1977 [5.8] given in Table Z.5-16. 

Z.5.4.5 Methodology 

The methodology used in the shielding analysis of the bounding cask and HSM is based on the 
one employed in the 32PTH1 system described in Appendix U.5. The MCNP computer code was 
utilized to perform the shielding analyses. MCNP allows for explicit 3-D modeling of any 
shielding configuration. The methodology used herein is summarized below. 

1. Sources are developed for all fuel regions using the source term data described in Section 
Z.5 .2. Source regions include the active fuel region, bottom end fitting (including all 
materials below the active fuel region), plenum, and top end fitting (including all materials 
above the plenum region). An effect of CC sources on dose rates is also accounted for in 
these evaluations. 

2. The response functions developed for the 37PTH DSC were shown to be lower than the 
response functions for the 32PTH1 DSC. Differences in shielding properties and bounding 
radiological sources of 32PTH1and37PTH DSCs were analyzed. They are discussed in 
Section Z.5.2. 32PTH1 bounding sources are stronger than those for 37PTH.This implies the 
dose rate for the HSM and the cask containing 37PTH DSC will be lower than those for 
HSM and the cask containing 32PTH1 bounding DSC. 

3. An analysis was performed with the 37PTH DSC in the HSM-H. Surface averaged doses 
were tabulated and are shown in Table Z.5-19. These dose rates are compared to the 32PTH1 
DSC in the HSM, as shown in Table Z.5-1 conservatively approximated. The dose rates for 
the 37PTH DSC are bounded by the 32PTH1 DSC when both are loaded with their 
respective design basis fuel and HSM-H. This indicates that the dose rates near the transfer 
cask containing 37PTH DSC with 37PTH design basis sources are also conservatively 
approximated by dose rates near the transfer cask containing bounding 32PTH1 DSC with 
32PTH1 design basis sources. Therefore, transfer cask dose rates presented in Appendix U.5 
can be used to represent dose rates near the cask containing 3 7PTH DSC. 

4. MCNP results from 32PTH1 are used to derive offsite exposures (see Appendix Z.10). 
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5. MCNP models are also generated to determine the effects of accident scenarios, such as loss 
of cask neutron shield for the OS200 TC (Appendix Z.11 ). Dose rates near the transfer cask 
documented in Appendix U.5 to describe a shielding performance of the cask containing 
32PTH1 design basis sources are conservatively applied for the cask containing 37PTH DSC 
with the 37PTH design basis sources. The design basis sources for the cask containing 
37PTH DSC are presented in Table Z.5-7 and Table Z.5-10 through Table Z.5-12. 

Z.5.4.6 Assumptions 

The following general assumptions are used in the analyses. 

Z.5.4.6.1 Source Term Assumptions 

• The primary neutron source in LWR spent fuel is the spontaneous fission of 244Cm. For the 
ranges of exposures, enrichments, and cooling times in the fuel qualification tables, 244Cm 
represents more than 85% of the total neutron source. The neutron spectrum is, therefore, 
relatively constant for the fuel parameters addressed herein and is assumed to follow the 
244Cm fission spectrum provided in Section Z.5.2.2. 

• Surface gamma dose rates are calculated for the HSM and cask surfaces using the actual 
photon spectrum applicable for each case. 

• The PWR heavy metal weight is assumed to be 0.490 MTU per assembly to bound existing 
PWR fuel designs in the analysis of record. 

Z.5.4.6.2 HSM-H Dose Rate Analysis Assumptions 

• The 37PTH DSC and fuel assemblies are positioned at approximately 30 cm to the HSM-H 
front door. 

• Planes ofreflection are used to simulate adjacent HSM-Hs in a side-by-side arrangement. 
• Embedments and rebar in the HSM-H concrete are conservatively neglected. 
• Penetrations on the exterior of the HSM-H modules for instrumentation and ease of 

installation are not modeled since they do not result in any significant change in dose rate 
distribution. 

• The borated neutron absorber sheets in the 37PTH DSC are modeled as aluminum. 
• Axial peaking factors assumed as shown in Table Z.5-14. 
• Fuel is homogenized within the fuel compartment, although the 37PTH DSC basket is 

modeled explicitly. 

Z.5.4.6.3 OS200 TC Dose Rate Analysis Assumptions 

For the 37PTH, dose rates for the 32PTH1 loaded in the OS200 TC conservatively approximate 
the dose rates for the 37PTH loaded in the OS200 TC. Appropriate assumptions from Appendix 
U.5 are applicable for the 37PTH DSC in the OS200 TC. 

Z.5.4.7 Normal Condition Models 

Two classes ofMCNP models are developed: (1) 37PTH DSC in HSM-H and (2) 32PTH1 DSC 
in OS200 TC. These models are described in subsequent sections. 
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Z.5.4.7.1 37PTH DSC in HSM-H 

Two three-dimensional MCNP models are developed for the 37PTH bounding DSC within a 
HSM-H: one model for neutrons and the other for gammas. Note that the DSC is loaded in HSM
H in accordance with the bounding HLZC depicted on Figure Z.5-1. This is a fictitious HLZC 
but it results in HSM dose rates that are bounding for all DSC/HSM shielding and source terms 
combinations defined for NUHOMS®-37PTH system. These models are presented in Figures 
Z.5-2 through Z.5-6. The HSM-H length is designated as the z axis, the width as the x axis, and 
the height as they axis. The HSM-H door is designated as the south side and the -z direction, 
with the west wall as the -x direction. The roof is the +y direction. The west wall is designated as 
a reflective boundary and an end shield wall (3 ft thick) is attached to the east wall. 

The bottom (bottom of bottom fitting) of the fuel assembly is assigned to a z plane at 103.51 cm. 
The center of the HSM-H inner cavity is at (x, y, z) = (0, 0, 346.71). The 37PTH DSC lid on top 
end is located at approximately 3" from the HSM-H rear wall (z = 556.26 cm). The bottom of the 
DSC is at z = 85.09 cm, about 21.6 cm in from the door interior. The 37PTH DSC support rails 
are included in the model. The heat shields are modeled as flat plates and horizontal vent "liner" 
plates (2 cm thick) are modeled in the top side vents. The HSM-H door is modeled with 3 inches 
of stainless steel and approximately 25 inches of concrete. 

The dose rate results calculated from these evaluations are shown in Table Z.5-19. These results 
confirm that the use of dose rates calculated for the 32PTH1 DSC described in Appendix U.5 are 
applicable. 

Dose rates are calculated on thin cells surrounding the HSM-H and are segmented into 20 to 30 
cm increments to capture the peak dose rates. Dose rates are also calculated at the inlet and outlet 
vents. Dose rates applicable to the 37PTH are provided in Table Z.5-1. Dose rates for the front, 
side shield wall and roof surface at DSC centerline of the HSM-H are also plotted as a function 
of distance in Figures Z.5-11 through Z.5-16, respectively. 

A sample MCNP model input file ofHSM-H with 37PTH DSC is included in Section Z.5.6.2. 

Z.5.4.7.2 32PTH1-L DSC in OS200 TC 

For the 37PTH, dose rates for the 32PTH1 loaded in the OS200 TC conservatively approximate 
dose rates for the 37PTH loaded in the OS200 TC. The material presented is directly from 
Appendix U.5, Section U.5.4.7.2. 

Two three-dimensional MCNP models are employed for shielding analyses of the 32PTH1 DSC 
within an OS200 TC: one model for neutrons and the other for gammas. These models are 
presented in Figures Z.5-6a through Z.5-10. The z-axis in the MCNP models coincides with the 
axis of rotation of the cask and the 32PTH1 DSC. Select features within the cask and on its 
surface are neglected because they produce only localized effects and have minimal impact on 
operational dose rates. Examples of neglected features include the relief valves, clevises, and 
eyebolts. With the exception of the neutron shield support angles and the trunnions, the balance 
of these items are local features that increase the shielding in a small area without replacing any 
of the shielding material which is included in the model. The additional shielding material that 
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Welding and 32PTH1-DSC Draining: Before the start of welding operation, approximately 
60% of the water in the DSC cavity is removed due to hydrogen generation. A dry DSC cavity is 
assumed in all welding models to be conservative. Temporary shielding consisting of three 
inches of NS-3 and one inch of steel is assumed to cover the 32PTH1 DSC inner top cover plate. 
In addition, the DSC outer top cover plate is not present. The cask/32PTH1 DSC annulus is 
assumed to remain completely filled with water. Results for this case are provided in Table 
Z.5-3. 
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Z.5.4.11 Shielding Analysis with a Loading of0.380 MTU per Fuel Assembly 

As discussed in Section Z.5.4, additional shielding analysis is performed with a reduced 
Uranium loading of0.380 MTU per fuel assembly. The objective of this analysis is to determine 
the impact that reduced Uranium loading has on system dose rates. The results of this analysis 
are employed to scale the dose rate results for the 37PTH System. For this purpose, the MCNP5 
models employed for the 0.490 MTU analyses are rerun with updated source terms as described 
in Section Z.5.2.5, and with updated material specifications to reflect the reduction in MTU 
MCNP5 calculations are performed for the 37PTH DSC inside the HSM-H As described in 
Section Z.5.4.5, the TC dose rates obtained from Section U5 for the 32PTH1 DSC are 
applicable to the 37PTH DSC The TC analysis for the 0.380 MTU loading is documented in 
Appendix U, Section U 5. 4.11 and includes decontamination, welding, normal and accident 
conditions of transfer. The resulting dose rates are compared to the 0.490 MTU dose rates to 
determine scalingfactorsfor these configurations. 
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Based on the updated results, six scaling factors are determined and are summarized as follows: 

• The dose rates for the HSM-Hfront and roof are to be scaled by 1.25. 
• The dose rates for the HSM-H side and rear are to be scaled by 1.35. 
• The site dose for the HSM is to be scaled by 1. 25. 
• The dose rates for the TC for normal, welding and decontamination are to be scaled as 

follows: 

o by 1.24 for the side, 
o by 1. 63 for the top, 
o by 1. 91 for the bottom. 

• The dose rates for the TC for accidents are bound by the 0.490 MTU analysis results, and do 
not require updating. 

• The occupational exposure for TC loading and storage operations is to be scaled by 1.20. 

These scaling/actors are included as footnotes in the dose rate results summarized in 
Table Z.5-1, Table Z.5-2 and Table Z.5-3. 

These scaling factors are also employed to scale the occupational exposure and generic site dose 
(2Xl0 back-to-back and front-to-front arrays) results calculated for the 37PTH system in Section 
Z.10, and to scale the dose rate consequences of accidents for the 37PTH system in Section Z.11 
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Table Z.5-1 
Summary of Bounding Maximum and Average Dose Rates for HSM-H<2

> Containing 
NUHOMS®-37PTH DSC 

Maximum Gamma Maximum Neutron Maximum Total 
Dose Rate Location Gamma MCNP lcr Neutron MCNP Tota1<1>r3J MCNP 

(mrem/hr) Error (mrem/hr) lcr Error (mrem/hr) lcr Error 

HSM Roof (centerline f4J 14.13 0.04 0.74 O.Ql 14.86 0.04 

HSM Roof Bird screen(4J 114.71 0.01 6.47 0.01 121.17 0.01 

HSM End (Side) Shield 
1.49 0.05 0.06 0.01 1.54 0.05 

Wall Surface<5J 

HSM Door Exterior Surface 
0.61 0.07 0.08 0.06 0.70 0.06 

(centerline / 4J 

HSM Front Bird screen<4J 471.28 0.04 5.89 0.02 477.17 0.04 

Gamma Gamma Average Neutron Average Total 
Dose Rate Location Average MCNP lcr Neutron MCNP lcr Totat3J MCNP lcr 

(mrem/hr) Error (mrem/hr) Error (mrem/hr) Error 

HSMRoof4J 11.27 0.01 0.62 <0.01 11.89 0.01 

HSM End (Side) Shield 
0.36 0.01 0.02 <0.01 0.38 0.01 

Wall Surface<5J 

HSM Front<4J 14.87 0.06 0.31 0.02 15.19 0.06 

HSM Back Shield Wa11<5J 0.07 0.01 0.004 O.Ql 0.07 0.01 

(1) Gamma and Neutron dose rate peaks do not always occur at the same location; therefore, the maximum of total dose 
rate is not always the sum of the gamma plus neutron dose rate maximums. 

(2) Dose rate is calculated using the 32PTH1 bounding DSC. This DSC contains the design basis assembly source loaded 
in accordance with the HSM bounding loading configuration. 

(3J r{18eJfiZ;:J1io;sllO:W"7iTnT4"P/leri7liX"u5,~fabiZU.5-:.Tsa;;;JfCi7Jll""Tf3:T§ to ;~'d~~ase lhe·;;@t;;:;U;a'"n·;y;~;Ja"'Cecaverag~ 
f9~e rates r~spe~f!V.f!JY..fo.a.i;_q_q·f!llf[O£!:f_4!.!ff3.4.<kr.i§.lty~c2nqf?_(fi.[IJJ:flggJ?§.~Of:.uR to:.LX:;..9§.~r!i!§s:.rJ{Jed,injJ_pp.!!_IJ.gj~J:L~J 
'Sectio_YI~ u, 5.4JQ,1 

(4) These dose rates increase by 25% when loading 0.380 MTU FAs. 

(5) These dose rates increase by 35% when loading 0.380 MTU F As. 
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Table Z.5-2 
Summary ofNUHOMS®-37PTH DSC, OS200 TC Maximum Dose Rates During Transfer 

Operations 

Maximum Gamma Maximum Neutron Maximum Total 
Dose Rate Location Gamma MCNP 10' Neutron MCNP Total(1l MCNP 

(mrem/hr) Error (mrem/hr) 1cr Error (mrem/hr) 1cr Error 
Cask Side Surface (Radial)13J 4.07E+02 0.0048 2.02E+02 0.0085 6.09E+02 0.0043 
Cask Top Axial Surface<4

J 2.32E+02 0.0602 3.86E+01 0.0452 2.51E+02 0.0556 
Cask Bottom Axial Surface<5

J 2.15E+03\LJ 0.0181 1.40E+Q3l"! 0.0136 3.55E+03\"! 0.0122 
50 cm from Cask Side (Radial)13J 2.39E+02 0.0047 1.23E+02 0.0082 3.62E+02 0.0042 
50 cm from Cask Top Axial 
Surface(4J 4.71 E+01 0.0793 2.07E+01 0.0453 5.95E+01 0.0653 

50 cm from Cask Bottom Axial 
9.25E+02 0.0190 3.43E+02 0.0194 1.27E+03 0.0148 Surface(5J 

1 m from Cask Side (Radial)r3J 1.61E+02 0.0046 8.39E+01 0.0082 2.45E+02 0.0041 
1 m from Cask Top Axial 
Surface(4) 2.95E+01 0.0488 1.44E+01 0.0692 3.79E+01 0.0393 

1 m from Cask Bottom Axial 
4.65E+02 0.0200 1.40E+02 0.0299 6.05E+02 0.0169 Surface(5J 

Cask 1 m (Radial) Accident 
1.74E+02 0.0280 3.58E+03 0.003 3.76E+03 0.0031 Condition 

Cask 100 m (Radial) Accident 
9.38E-02 0.0175 1.00E+OO 0.0029 1.10E+OO 0.0030 Condition 

Cask 500 m (Radial) Accident 5.25E-04 0.0188 3.40E-03 0.0043 3.92E-03 0.0045 Condition 

(1) Gamma and neutron dose rate peaks do not always occur at same location; therefore, the total dose rate is 
not always the sum of the gamma plus neutron dose rate. 

(2) The peak bottom surface dose rate is directly below the grapple ring cut out in the bottom of the cask. The 
bottom average dose rates, including the grapple area, are 113 mrem/hr gamma, 71 mrem/hr neutron for a 
total average dose rate of 184 mrem/hr. 

(3) The Side dose rates increase by 24% when loading 0.380 MTU FAs. 
(4) The Top dose rates increase by 63% when loading 0.380 MTU FAs. 
(5) The Bottom dose rates increase by 91% when loading 0.380 MTU FAs. 
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Table Z.5-3 
Summary ofNUHOMS®-37PTH DSC, OS200 TC Maximum Dose Rates During Decontamination 

and Welding Operations 

Maximum Gamma Maximum Neutron Maximum Total 
Gamma MCNP 1cr Neutron MCNP1cr Total(1l MCNP 

Dose Rate Location (mremlhr) Error (mremlhr) Error (mremlhr) 1cr Error 
Decontamination 

Cask side surface (radial)(4
J 3.46E+02 0.0035 3.73E+02 0.0040 7.19E+02 0.0027 

Top axial surfacers; 8.32E+02 0.0226 9.34E+OO 0.0308 8.33E+02 0.0226 
Cask bottom axial surface10

J 1.70E+03(2l 0.0153 6.83E+01 (2l 0.0424 1.77E+03(2l 0.0148 
50 cm from cask side 
(radiali4; 2.02E+02 0.0035 2.29E+02 0.0037 4.31E+02 0.0025 
50 cm from top axial 
surfacers; 6.15E+02 0.0298 5.64E+OO 0.0443 6.16E+02 0.0298 
50 cm from cask bottom 
axial surface(6J 7.31E+02 0.0160 1.82E+01 0.0534 7.49E+02 0.0157 
1 m from cask side (radial)r4

; 1.35E+02 0.0034 1.58E+02 0.0037 2.92E+02 0.0025 
1 m from top axial surface(s; 4.27E+02 0.0345 3.61E+OO 0.0537 4.28E+02 0.0344 
1 m from cask bottom axial 
surface(6J 3.68E+02 0.0174 8.06E+OO 0.0808 3.76E+02 0.0171 

Welding 
Cask side surface (radial)(4

J 3.09E+02 0.0053 1.47E+02 0.0076 4.56E+02 0.0043 
Top axial surfacers; 7.20E+02 0.1107 4.21 E+01 0.0618 7.62E+02 0.1047 
Cask bottom axial surface(6J 2.17E+o3(3l 0.0164 1.22E+o3(3l 0.0110 3.39E+o3(3l 0.0112 
50 cm from cask side 
(radial/'1; 1.85E+02 0.0051 8.99E+01 0.0072 2.75E+02 0.0042 
50 cm from top axial 
surfacers; 4.25E+02 0.0214 1.74E+01 0.0592 4.42E+02 0.0207 
50 cm from cask bottom 
axial surface(6J 9.27E+02 0.0171 3.00E+02 0.0157 1.23E+03 0.0135 
1 cm from cask side 
(radiall4; 1.27E+02 0.0050 6.23E+01 0.0077 1.89E+02 0.0042 
1 cm from top axial 
surfacers; 2.94E+02 0.0231 1.17E+01 0.0788 3.06E+02 0.0224 
1 cm from cask bottom 
axial surface(6J 4.66E+02 0.0182 1.21E+02 0.0244 5.87E+02 0.0153 
(1) Gamma and neutron dose rate peaks do not always occur at same location; therefore, the total dose rate 1s 

not always the sum of the gamma plus neutron dose rate. 
(2) The peak bottom surface dose rate is directly below the grapple ring cut out in the bottom of the cask. The 

bottom average dose rates, including the grapple area, are 86 mrem/hr gamma, 11 mrem/hr neutron for a total 
average dose rate of 97 mrem/hr. 

(3) The peak bottom surface dose rate is directly below the grapple ring cut out in the bottom of the cask. The 
bottom average dose rates, including the grapple area, are 108 mrem/hr gamma, 57 mrem/hr neutron for a 
total average dose rate of 165 mrem/hr. Note that this bottom axial dose rate has no impact on the 
occupational exposure because no operations are performed near bottom axial location. 

(4) The Side dose rates increase by 24% when loading 0.380 MTU FAs. 
(5) The Top dose rates increase by 63% when loading 0.380 MTU FAs. 
(6) The Bottom dose rates increase by 91% when loading 0.380 MTU FAs. 
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Table Z.5-19 
Averaged Dose Rates for HSM-H Containing NUHOMS®-37PTH DSC 

Gamma Gamma Average 
Dose Rate Location Average MCNP10' Neutron 

(mrem/hr) Error (mrem/hr) 

HSM Roof1J 10.7 0.02 0.14 
HSM End (Side) Shield 
Wall Surface(.1J 0.3 0.02 0.01 
HSM Front(1J 11.5 0.09 0.05 
HSM Back Shield Wal1(2J 0.04 0.06 0.001 

(1) These dose rates mcrease by 25% when loadmg 0.380 MTU FAs. 
(2) These dose rates increase by 35% when loading 0.380 MTU FAs. 
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Neutron Average 
MCNP Total 

10' Error (mrem/hr) 

0.02 10.8 

0.01 0.3 
0.05 11.5 
0.02 0.04 

Total 
MCNP10' 

Error 

0.02 

0.02 
0.09 
0.05 
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Table Z.5-20 
Summary of Experimental Samples as a Function of Burnup Range 

Power Plant 

Takahama-3 

Three Mile Island - 1 

Calvert Cliffs 

Vande/16s II 

G6sgen 

GKN II 

March2017 
Revision 0 

Total 

LowBurnup 
(B < 45 GWd/MTU) 

Reference No of Range 
Samples (GWd!MTU) 

14 8.55-42.16 
NUREGICR-6968 

10 22.80-44.8 
Reference [5. 17] 

3 27.35- 44.34 

NUREGICR-7013 
1 42.50 

Reference [5. 19] 

NUREGICR-7012 1 31.10 

Reference [5. 18] - -
29 -

72-1004 Amendment No. 15 

High Burnup 
(B > 45 GWd/MTU) 

No of Range 
Samples (GWd!MTU) 

2 47.03 - 47.25 

9 50.10- 55.70 

- -

5 54.85- 78.30 

5 46.00-70.30 

1 54.10 

22 -
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Table Z.5-21 
0.4 kW Design Basis HSM Source Term 

Bounding Source at 380 kgU/FA: 

45 GWDIMTU, 1.1 wt. %, after 36.4 years of cooling 

Emim MeV to Emax1 MeV 
Bottom 

In-core (g!s) 
Plenum Top Nozzle 

Nozzle (g/s) (g/s) (g/s) 

O.OOe+OO to 5.00e-02 · 6.498E+09 3.054E+14 1.666E+10 4.571E+09 

5.00e-02 to 1.00e-01 8.963E+08 9.062E+13 2.021E+09 6.245E+08 

1.00e-01 to 2.00e-01 2.227E+08 4.896E+13 5.031E+08 1.527E+08 

2.00e-01 to 3.00e-01 1.281E+07 1.510E+13 3.019E+07 8.792E+06 

3.00e-01 to 4.00e-01 1.623E+07 9.904E+12 3.456E+07 1.058E+07 

4.00e-01 to 6.00e-01 2.581E+07 7.212E+12 2.238E+07 2.479E+06 

6.00e-01 to 8.00e-01 1.569E+09 6.913E+14 7.920E+09 1.320E+09 

8.00e-01 to 1.00e+OO 1.513E+09 3.701E+12 7.659E+09 1.281E+09 

1.00e+OO to 1.33e+OO 2.550E+11 7.817E+12 5.621E+11 1. 771E+11 

1.33e+OO to 1.66e+OO 7.200E+10 1.227E+12 1.587E+11 5.001E+10 

1.66e+OO to 2.00e+OO 4.915E+01 2.508E+10 3.203E+01 6.144E-03 

2.00e+OO to 2.50e+OO 1. 723E+06 1.353E+09 3. 798E+06 1.197E+06 

2.50e+OO to 3.00e+OO 1.472E+03 1.270E+08 3.245E+03 1.022E+03 

3.00e+OO to 4.00e+OO 5.694E-06 3.727E+07 2.914E-05 4.690E-06 

4.00e+OO to 5.00e+OO 0.0 1.258E+07 0.0 0.0 

5.00e+OO to 6.50e+OO 0.0 5.050E+06 0.0 0.0 

6.50e+OO to 8.00e+OO 0.0 9.906E+05 0.0 0.0 

8.00e+OO to 1.00e+01 0.0 2.103E+05 0.0 0.0 

Total Gamma, g!(sec*FA) 3.377E+11 1.181E+15 7.557E+11 2.351E+11 

(/'Total Neutrons, nl(sec*FA) 3.650E+8 
.. .. 

(1) This 1s a "raw" source calculated with OR/GEN-ARP. Multiply tt by bpf/(1-keff) to account for subcnt1cal 
multiplication and an axial variation of burn-up profile in the active fuel region, where the dry keff = 0.25189 
and bpf=1.152. 
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Table Z.5-22 
0. 7 kW Design Basis HSM Source Term 

Bounding Source at 380 kgU!FA: 

10 GWDIMTU, 0. 7 wt. %, after 2.4 years of cooling 

Emim MeV to Emax1 MeV 
Bottom In-core (gls) Plenum Top Nozzle 

Nozzle (g/s) (g/s) (g/s) 

O.OOe+OO to 5.00e-02 3.728E+11 1.372E+15 4.980E+11 1.130E+11 

5.00e-02 to 1.00e-01 3.286E+10 4.487E+14 7.140E+10 2.234E+10 

1.00e-01 to 2.00e-01 1.658E+10 4.307E+14 2.284E+10 5.436E+09 

2.00e-01 to 3.00e-01 1.084E+09 1.142E+14 1.310E+09 2.696E+08 

3.00e-01 to 4.00e-01 4.739E+09 9.000E+13 3.874E+09 3.513E+08 

4.00e-01 to 6.00e-01 4.634E+10 4.215E+14 3.066E+10 2.245E+08 

6.00e-01 to 8.00e-01 2.923E+10 6.643E+14 2.092E+10 3.677E+08 

8.00e-01 to 1.00e+OO 4.351E+11 9.548E+13 7.813E+10 2.477E+11 

1.00e+OO to 1.33e+OO 9.341E+12 1.429E+14 2.069E+13 6.497E+12 

1.33e+OO to 1.66e+OO 2.638E+12 4.271E+13 5.843E+12 1.835E+12 

1.66e+OO to 2.00e+OO 4.586E+06 2.887E+12 9.972E+06 3.100E+06 

2.00e+OO to 2.50e+OO 6.313E+07 8.624E+12 1.398E+08 4.390E+07 

2.50e+OO to 3.00e+OO 5.393E+04 2.077E+11 1.195E+05 3. 751E+04 

3.00e+OO to 4.00e+OO 1.590E-06 1.892E+10 8.137E-06 1.310E-06 

4.00e+OO to 5.00e+OO 0.0 3.327E+05 0.0 0.0 

5.00e+OO to 6.50e+OO 0.0 1.335E+05 0.0 0.0 

6.50e+OO to 8.00e+OO 0.0 2.617E+04 0.0 0.0 

8.00e+OO to 1.00e+01 0.0 5.554E+03 0.0 0.0 

Total Gamma, gl(sec*FA) 1.292E+13 3.835E+15 2.726E+13 8.722E+12 
11JTotal Neutrons, nl(sec*FA) 9.631E+6 

r1J This is a "raw" source calculated with OR/GEN-ARP. Multiply it by bpf/(1-kett) to account for 
subcritical multiplication and an axial variation of burn-up profile in the active fuel region, where the 
dry kett= 0.39328 and bpf=1.414 
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Table Z.5-23 
1.2 kW Design Basis HSM Source Term 

Bounding Source at 380 kgUIFA: 
J9 GWDIMTU, 0.8 wt. %, after 2.4 years of cooling 

Emiw MeV to Emax• MeV 
Bottom 

In-core (g/s) Plenum (g/s) 
Top Nozzle 

Nozzle· (gls) (g/s) 

O.OOe+OO to 5.00e-02 5.602E+ I J 2.J63E+J5 7.566E+ll J. 733E+ J J 

5.00e-02 to J.OOe-01 5.036E+JO 7.055£+14 J.093E+ 11 3.422E+JO 
J.OOe-OJ to 2.00e-OJ 2.655E+JO 6.6JOE+J4 3.57JE+JO 8.322£+09 

2.00e-OJ to 3.00e-01 J.705E+09 J.805E+J4 2.032£+09 4.123£+08 

3.00e-OJ to 4.00e-OJ 6.440E+09 J.413E+l4 5.399£+09 5.376E+08 

4.00e-OJ to 6.00e-OJ 7.706E+ JO 9.03JE+J4 5.07JE+JO 2.45JE+08 

6.00e-OJ to 8.00e-OJ 4.525E+JO J.398E+J5 3.278E+JO 6.434E+08 
8.00e-OJ to J.OOe+OO 6.088E+ll 2.547E+14 J.095E+ll 3.466E+ll 

J.OOe+OO to J.33e+OO J.432E+ 13 2.397E+J4 3.J67E+l3 9.955E+J2 

J.33e+OO to J.66e+OO 4.043E+J2 7.353E+J3 8.945E+J2 2.811E+J2 

J.66e+OO to 2.00e+OO 4.854E+06 4.797E+J2 J.043E+07 3.228£+06 

2.00e+OO to 2.50e+OO 9.675£+07 J.2J6E+J3 2.140E+08 6.726£+07 

2.50e+OO to 3.00e+OO 8.267E+04 3.589E+ll J.829E+05 5.747£+04 

3.00e+OO to 4.00e+OO 4.J60E-06 3.295E+ JO 2.J29E-05 3.426£-06 
4.00e+OO to 5.00e+OO 0.0 3.323E+06 0.0 0.0 

5.00e+OO to 6.50e+OO 0.0 J.334E+06 0.0 0.0 

6.50e+OO to 8.00e+OO 0.0 2.6J6E+05 0.0 0.0 
8.00e+OO to J.OOe+OJ 0.0 5.554E+04 0.0 0.0 

Total Gamma, g/(sec*FA) J.974E+l3 6.738E+J5 4.J72E+J3 J.333E+ 13 

(J)Total Neutrons, nl(sec*FA) 9.531E+7 
(1) " " - -Thzs zs a raw source calculatedwzth ORIGENARP. Multzply zt by bpj!(J ke.u) to accountfor 
subcritical multiplication and an axial variation of burn-up profile in the active fuel region, where the 
dry keff= 0.3404J and bpf=J.403. 
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Z4 Z4 Z4 

B Z3 Z3 Z3 Z4 

Z4 Z3 Z2 Z2 Z2 Z3 Z4 

Z4 Z3 Z2 Zl Z2 Z3 Z4 

Z4 Z3 Z2 Li./. L;,i, Z3 Z4 

'7A I Z3 Z3 Z3 Z4 

Z4 Z4 Z4 

Zone 1 Zone2 Zone3 Zone 4 

Max. Decay Heat 
0.40 0.40 0.7 1.2 (kW/FA)<2> 

No. of Fuel 
1 8 12 16 Assemblies (lJ 

Max. Decay Heat 
0.4 3.2 8.4 19.2 per Zone (kW) <2l 

Max. Decay Heat 31.2(1) 
per DSC (kW) 

Note (1): The 37PTH DSC 1s flmited to 30.0 kW 

Figure Z.5-1 
37PTH DSC Bounding HLZC Used for Shielding Analysis 
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Z.10.1 Occupational Exposure 

The occupational exposure results shown herein do not account for loading of 0.380 lv!TU fuel, 
which is described in Section Z.5.4.11. Loading 0.380 lv!TU fuel results in an increase in 
occupational exposure of 20%. 

The expected occupational dose for placing a canister of spent fuel into dry storage is based on 
the operational steps outlined in Chapter 7, Table 7.4-1 of the UFSAR. The total exposure for the 
occupational dose due to placing a single NUHOMS® 37PTH DSC loaded with design basis fuel 
assemblies into storage is estimated to be 2 person-rem as summarized in Table Z.10-1. The 
calculated exposures are due mainly to the expected gamma dose rate during preparation for 
welding. 

The NUHOMS® 37PTH system loading operations, the number of workers required for each 
operation, and the amount of time required for each operation are presented in Table Z.10-1. This 
information is used as the basis for estimating the total occupational exposure associated with 
one fuel load. The dose rates applicable for each operation are based on the results presented in 
Appendix U.5, Section U.5.4 for loading operations. Based on the NUHOMS®-37PTH system 
HSM-H dose rates in Appendix Z.5, Section Z.5.4, it is conservative to bound the NUHOMS®-
37PTH system by the NUHOMS®-32PTH1 system. Engineering judgment and operational 
experience are used to estimate dose rates that were not explicitly evaluated. This evaluation 
assumes that a transfer trailer/skid with an integral ram is used for the DSC transfer operations. 
Licensees may elect to use different equipment and/or different procedures. Each licensee must 
evaluate any such changes in accordance with its ALARA program. 

Unique steps are sometimes necessary at the individual site to load the canister, complete closure 
operations and place the canister in the HSM-H. Specifically, the licensee may choose to modify 
the sequence of operations in order to achieve reduced dose rates for a larger number of steps, 
with the end result of reduced total exposure. The only requirement is that the licensee practice 
ALARA with respect to the total exposure received for a loading campaign. These estimated 
durations, manloading, and dose rates are not limits. 

The amount of time required to complete some operations as identified in Table Z.10-1 may be 
greater than the actual amount of time spent in a radiation field. The process of vacuum drying 
the DSC includes setting up the vacuum drying system (VDS), verifying that the VDS is 
operating correctly, evacuating the DSC cavity, monitoring the DSC pressure, and disconnecting 
the VDS from the DSC. Of these tasks, only setup and removal of the VDS require a worker to 
spend time near the DSC. The most time consuming task, evacuating the DSC, does not require 
anyone to be present near DSC at all. The total exposure calculated for each task is therefore not 
necessarily equal to the number of workers multiplied by the total time required, multiplied by a 
dose rate. The exposure estimation for each fask correctly accounts for cases such as vacuum 
drying and assumes that good ALARA practices are followed. 

Localized regions of elevated dose rates should be anticipated and minimized with good ALARA 
practices. Such regions exist due primarily to radiation streaming, including for example, 
streaming through the cask/DSC annulus, the ventilation paths in OS200 TC lid, and the DSC 
vent/siphon ports. 

The results of the evaluations of the NUHOMS® 37PTH are presented in Table Z.10-1. 

March2017 
Revision 0 72-1004 Amendment No. 15 Page Z.10-2 I 



calculated by multiplying the current (in particles/cm2/sec per mrem/hr) by the average dose rate 
of the face and by the area of the face. 

2xl 0 Back-to-Back Array 

A box that envelops the HSM-H array and shield walls, as modeled in MCNP, approximates the 
2x10 back-to-back array of HSMs. The dimensions of the box also include the width of the 
HSM-H end shield walls. As discussed above, the total activity of each face of the box is 
calculated by multiplying the current by the average dose rate of the face and by the area of the 
face. 

Two lxl 0 Front-to-Front Arrays 

A box that envelopes the HSM-H array and shield walls, as modeled in MCNP, approximates the 
two lxlO arrays ofHSM-Hs. The dimensions of the box also include the width of the HSM-H 
end and back shield walls. As discussed above, the total activity of each face of the box is 
calculated by multiplying the current by the average dose rate of the face and by the area of the 
face. 

The surface activities are summarized in Table Z.10-6 for the HSM-H. 

Z.10.2.2 Dose Rates 

Dose rates are calculated for distances of 6.1 meters (20 feet) to 600 meters from the edges of the 
two ISFSI designs by directly employing the NUHOMS® 32PTH1 dose rates presented in 
Appendix U.10, Section U.10.2. 

The methodology employed in Appendix U.10 (including the use of scaling factors) is directly 
utilized herein. The dose rate and annual dose results shown herein do not account for loading 
of 0.380 MTU fuel, which is described in Section Z.5.4.11. Loading 0.380 MTU fuel results in an 
increase in annual dose of 25%. 

The HSM-H MCNP site dose rate results are summarized in Tables Z.10-7 through Z.10-9. The 
front dose rates for the 2x10 configuration are provided in Table Z.10-7, the back dose rates for 
the 2-lxlO configuration are provided in Table Z.10-8, and the side dose rates for both ISFSI 
configurations are provided in Table Z.10-9. 

The preceding analyses and the results provided in Figure Z.10-1 are intended to provide typical 
dose rates for the generic ISFSI layouts described in Section Z.10.2. They may not be applicable 
to an actual ISFSI. The written evaluations performed by a licensee for an actual ISFSI must 
consider the type and number of storage units, layout, characteristics of the irradiated fuel to be 
stored, site characteristics (e.g., berms, distance to the controlled area boundary, etc.), and 
reactor operations at the site in order to demonstrate compliance with 10CFR72.104. 
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Z.11 Accident Analyses 

This section describes the postulated off-normal and accident events that could occur during 
transfer and storage of the NUHOMS® 37PTH DSC. Sections which do not affect the evaluation 
presented in Chapter .8 are identified as "No change." Detailed analysis of the events are 
provided in other sections and referenced herein. 

All the analyses provided in this section are applicable to both the HSM-H and the high seismic 
option of the HSM-H (HSM-HS) unless specifically listed. 
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Z.11.1 Off-Normal Operations 

Off-normal operations are design events of the second type (Design Event II) as defined in 
ANSI/ ANS 57 .9 [11.1]. Off-normal conditions consist of those sets of events that, although not 
occurring regularly, can be expected to occur with moderate frequency or on the order of once 
during a calendar year of ISFSI operation. 

The off-normal conditions considered for the NUHOMS® 37PTH DSC are off-normal transfer 
loads, extreme temperatures and a postulated release of radionuclides. 

Z.11.1.1 Off-Normal Transfer Loads 

No change. The limiting off-normal event is the jammed DSC during loading or unloading from 
the HSM. This event is described in Chapter 8, Section 8.1.2. Other off-normal events are 
bounded by the jammed DSC event. 

Z.11.1.1.1 Postulated Cause of Event 

See Chapter 8, Section 8.1.2. The probability of a jammed DSC does not increase with the 
NUHOMS® 37PTH DSC since the interfacing design features and dimensions of the transfer 
cask top end and HSM access opening are not changed. The 37PTH DSC is provided with 
similar beveled lead-ins as the 24P/24PTH DSC. The maximum allowed misalignment of the 
sliding surfaces has not changed nor have any of the HSM insertion/retrieval procedures. 

Z.11.1.1.2 Detection of Event 

No change. See Chapter 8, Section 8.1.2. 

Z.11.1.1.3 Analysis of Effects and Consequences 

A detailed evaluation of this event is presented in Appendix Z.3, Section Z.3.6.2 for the 37PTH 
DSC and is summarized below. The NUHOMS® 37PTH DSC has a 0.5 inch shell wall thickness, 
while the NUHOMS® 24P has 0.625 inch thick shells. Therefore, the stresses in the canister shell 
are increased. The DSC shell stress due to the 3,836 in-kip moment due to axial sticking of the 
DSC is Smx = 2.06 ksi. This magnitude of stress is negligible when compared to the allowable 
membrane stress of 17 .5 ksi. 

The DSC shell stress due to the 1,920-pound axial load during the binding of the DSC is 21.5 
ksi. As stated in Appendix Z.3, Section Z.3.6.2.1, this stress is considered secondary and is 
enveloped by other handling stresses. 

The evaluation of the basket due to normal and off-normal handling and transfer loads is 
presented in Appendix Z.3, Section Z.3.6.1.3. 

Z.11.1.1.4 Corrective Actions 

No change. See Chapter 8, Section 8.1.2. 
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Z.11.1.2 Extreme Temperatures 

No change. The off-normal maximum ambient temperature of 125°F is used in Chapter 8, 
Section 8.1.2.2. For the NUHOMS® 37PTH system, a maximum ambient temperature of 1l7°F 
is used. Appendix Z.3, Section Z.3.4.4.3 addresses the thermal stress analysis for the 37PTH 
DSC, HSM-H (HSM-HS) and OS200 TC. 

Z.11.1.2.l Postulated Cause of Event 

No change. See Chapter 8, Section 8.1.2.2. 

Z.11.1.2.2 Detection of Event 

No change. See Chapter 8, Section 8.1.2.2. 

Z.11.1.2.3 Analysis of Effects and Consequences 

The thermal evaluation of the NUHOMS® 37PTH system for off-normal conditions is presented 
in Appendix Z.4. The 106°F normal condition with insolation bounds the 1 l 7°F case without 
insolation for the DSC in the TC. Therefore the normal condition maximum temperatures are 
bounding. The 1l7°F case with the DSC in the HSM-H is not bounded by the normal conditions 
and therefore evaluated in Appendix Z.4. 

The structural evaluation of the 37PTH DSC for off-normal temperature conditions is presented 
in Appendix Z.3, Section Z.3.6.2.2. The structural evaluation of the basket due to off-normal 
thermal conditions is presented in Appendix Z.3, Section Z.3 .6.1.3. The structural evaluation of 
HSM-H and OS200 Transfer Cask for off-normal conditions with 37PTH DSC are presented in 
Appendix Z.3, Section Z.3.6.1.4 and Appendix Z.3, Section Z.3.6.1.5, respectively. 

Z.11.1.2.4 Corrective Actions 

Restrictions for onsite handling of the TC with a loaded DSC under extreme temperature 
conditions are presented in Technical Specification Section 5.3.1. 

Z.11.1.3 Off-Normal Releases of Radionuclides 

The NUHOMS® 37PTH DSC is designed and tested to the leak tight criteria of ANSI N14.5 
[ 11.2]. Therefore the estimated quantity of radionuclides expected to be released annually to the 
environment due to normal or off-normal events is zero. 

Z.11.1.3.1 Postulated Cause of Event 

In accordance with the Standard Review Plan, NUREG-1536 [11.3] for off-normal conditions, it 
is conservatively assumed that 10% of the fuel rods fail. 

Z.11.1.3.2 Detection of Event 

Failed fuel rods would go undetected, but are not a safety concern since the canister is designed 
and tested to the leak tight criteria of ANSI N14.5 [11.2]. 
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Z.11.1.3.3 Analysis of Effects and Consequences 

The bounding off-normal pressure for the NUHOMS® 37PTH DSC is calculated with the DSC 
in either the HSM-H or in the TCs in Appendix Z.4, Section Z.4.7 as 17.1 psig. The NUHOMS® 
37PTH DSC stresses were evaluated in Appendix Z.3, Section Z.3.6 assuming conservatively a 
20 psig off-normal internal DSC pressure. The results show that the stresses due to these 
pressures are below the allowable stresses for off-normal conditions, as shown in Appendix Z.3, 
Section Z.3.6. 

The NUHOMS® 37PTH DSC is designed and tested to the leak tight criteria of ANSI N14.5 
[11.2]. Therefore the estimated quantity of radionuclides expected to be released annually to the 
environment due to normal or off-normal events is zero. 

Z.11.1.3.4 Corrective Actions 

None required. 

Z.11.1.4 Radiological Impact from Off-Normal Operations 

The NUHOMS® 37PTH DSC is designed and tested to the leak tight criteria of ANSI N14.5 
[11.2]. The off-normal conditions have been evaluated in accordance with the ASME B&PV 
code [11.5]. The resulting stresses are below the allowable stresses. There will be no breach of 
the confinement boundary due to the off-normal conditions. Therefore, the estimated quantity of 
radionuclides expected to be released annually to the environment due to off-normal events is 
zero. 
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Z.11.2 Postulated Accidents 

Z.11.2.1 Reduced HSM Air Inlet and Outlet Shielding 

Z.11.2.1.1 Cause of Accident 

For HSM-H, this accident is not credible since the array of HSM-Hs is designed with the 
elimination of 6-inch gaps between the adjacent HSM-Hs. The HSM-Hs are placed next to each 
other and even in the unlikely event of large settlement of the ISFSI foundation, shifting of 
adjacent HSM-Hs occurring and causing the HSM-Hs to separate is not credible. 

Z.11.2.1.2 Accident Analysis 

Not required. 

Z.11.2.1.3 Accident Dose Calculations 

None 

Z.11.2.1.4 Corrective Actions 

None 

Z.11.2.2 Earthquake 

This event is described in Chapter 8, Section 8.2.3 and Appendix Z.2, Section Z.2.2.3. 

Z.11.2.2.1 Cause of Accident 

As described in Appendix Z.2, Section Z.2.2.3, the loads due to the postulated seismic event are 
consistent with the criteria set forth in Chapter 8, Section 3.2.3, with the exception that the NRC 
Regulatory Guide 1.60 (R.G. 1.60) [11.9] response spectra is anchored to a maximum ground 
acceleration of 0.30g (instead of 0.25g) for the horizontal components and 0.25g (instead of 
O.l 7g) for the vertical component (i.e., the site ZPA is 0.3g horizontal and 0.25g vertical). This 
earthquake is evaluated against Level C allowable criteria for those components evaluated in 
accordance with the ASME Code. The HSM-H is evaluated in accordance with ACI-349 Code 
[11.10]. 

In addition, an alternate higher seismic design loading is postulated. The alternate higher seismic 
loading consists of an "enhanced" NRC R.G. 1.60 response spectra anchored at l .Og maximum 
horizontal accelerations and l .Og maximum vertical acceleration. The enhanced R.G. 1.60 
response spectra is enriched in the frequency range above 9 Hz as shown in Figure Z.2-4. This 
earthquake level is evaluated against Level D allowable criteria for those components evaluated 
in accordance with the ASME Code. The HSM-HS is evaluated in accordance with ACI-349 
Code [11.10]. 
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Z.11.2.2.2 Accident Analysis 

Appendix Z.3, Section Z.3.7.2 describes the analysis performed to demonstrate the adequacy of 
the NUHOMS® 37PTH System components for the postulated seismic events defined in Section 
Z.11.2.2.1. 

Appendix Z.3, Section Z.3.7.2.3 and Section Z.3.7.2.4 address the seismic stability of the 37PTH 
DSC resting on the steel support structure of the HSM-H and HSM-HS, respectively. Seismic 
stability of the 37PTH DSC in the OS200 TC is addressed in Appendix Z.3, Section Z.3.7.2.5. 

Appendix Z.3, Section Z.3.7.2.1 addresses the stress evaluation of the DSC shell assembly for 
the Level C and Level D postulated seismic loadings. Similarly, Section Z.3.7.2.2 addresses the 
seismic basket evaluations. Section Z.3.7.2.3 and Section Z.3.7.2.4 address the seismic stress 
analysis of the HSM-H and HSM-HS, respectively, when loaded with the 37PTH DSC. The 
OS200 seismic stresses for the Level C seismic loading are considered bounded by the 
transfer/handling load evaluation using a combined load of 2g applied simultaneously in all 
directions. The OS200 TC stresses due to the Level D seismic load are considered bounded by 
the 75g accident drop stresses and no explicit seismic evaluation is performed for this case. 

The results of the analyses show that the seismic stresses of the DSC shell assembly are well 
within the allowable criteria limits and, thus, the leak-tight integrity of the canister is not 
compromised. Similarly, the stresses in the basket are well within Code allowable limits and do 
not result in deformation that would prevent fuel from being unloaded from the canister. The 
HSM-H I HSM-HS capacities computed in accordance with the ACI-349 Code exceed the 
computed seismic loads and, therefore, no damage to the HSM-H/HSM-HS is expected due to 
postulated seismic loads. 

Z.11.2.2.3 Accident Dose Calculations 

The NUHOMS® 37PTH system is designed and analyzed to withstand the design basis 
earthquake accident. Hence, no radioactivity is released and there is no associated dose increase 
due to this event. 

Z.11.2.2.4 Corrective Actions 

After a seismic event, the NUHOMS® HSM-H I HSM-HS and TC would be inspected for 
damage. Any debris would be removed. An evaluation would be performed to determine ifthe 
system components were still within the licensed design basis. 

Z.11.2.3 Extreme Winds and Tornado Missiles 

This event is described in Chapter 8, Section 8.2.2. 

Z.11.2.3.1 Cause of Accident 

No change to the description presented in Chapter 8, Section 8.2.2.1. No change to the 
determination of the tornado wind and tornado missile loads acting on the HSM-H I HSM-HS as 
detailed in Appendix P.2, Section P.2.2.1. 
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The section below describes the additional analyses performed to demonstrate the acceptability 
of the system with the NUHOMS® 37PTH DSC. 

Z.11.2.7.3 Accident Dose Calculations 

There are no off-site dose consequences as a result of this accident. The only significant dose 
increase is that related to the recovery operation. Based on the results presented in Appendix Z.5, 
Table Z.5-1, the bounding average dose on HSM front or roof is 15 .5 mrem/hr. 

It is conservatively estimated that the on-site workers will receive an additional dose of no more 
than 160(=15.5x8*1.25 MIU scaling/actor) mrem during the eight hour period which is the 
estimated duration that may be required for removal of debris from the inlet and outlet vent 
openings. These exposures are well within the limits of 10CFR72.106 for an accident condition. 

Z.11.2.7.4 Corrective Action 

No change. See Chapter 8, Section 8.2.7.4. 

Z.11.2.8 DSC Leakage 

The NUHOMS® 37PTH DSC is designed as a pressure retaining containment boundary to 
prevent leakage of contaminated materials. The analyses of normal, off-normal, and accident 
conditions have shown that no credible conditions can breach the DSC shell or fail the double 
seal welds at each end of the DSC. The NUHOMS® 37PTH DSC is designed and tested to be 
leak tight. Therefore DSC leakage is not considered a credible accident scenario. See Appendix 
Z. 7 for additional details on the confinement evaluation. 

Z.11.2.9 Accident Pressurization of DSC 

Z.11.2.9.1 Cause of Accident 

The bounding internal pressurization of the NUHOMS® 37PTH DSC is postulated to result from 
cladding failure of the spent fuel in combination with the transfer accident case with the loss of 
sunshield and liquid neutron shield in the transfer cask under extreme ambient temperature 
conditions of 1 l 7°F and maximum insolation, and the consequent release of spent fuel rod fill 
gas and free fission gas. The evaluation conservatively assumes that 100% of the fuel rods have 
failed. 

Z.11.2.9.2 Accident Analysis 

The pressure due to this case is evaluated in Appendix Z.4, Section Z.4.7. The maximum 
accident condition pressure calculated is 117.3 psig for the 37PTH DSC. The accident design 
pressure is conservatively assumed to be 140 psig in the structural load combinations presented 
in Appendix Z.2, Table Z.2-15 for 37PTH. 

Z.11.2.9.3 Accident Dose Calculations 

There is no increase in dose rates as a result of this event. 
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